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Abstract
A methodology to detect the weekly cycle impact of the particulate matter (PM), and PM sources on
the near surface temperature and wind speed is discussed in the paper. Chemically-speciated PM10 and
PM2.5 samples are analyzed to detect the weekly cycle of both the PM mass concentrations and the PM
sources identified by the Positive Matrix Factorization technique. The average percent departure (APD)
of the PM mass concentration from the mean value calculated for each day of the week shows that a
positive (higher values during midweek) and a negative (higher values during weekend) weekly cycle
characterizes the PM10 and PM2.5 mass concentrations in Autumn-Winter (AW, September-February)
and Spring-Summer (SS, March-August), respectively. The westerly transport of pollution seems to
have a role on the negative PM weekly cycle found in SS. The analysis of the six identified aerosol
sources indicates that in SS, the mixed anthropogenic and the reacted dust sources likely impact the
PMI10 negative weekly cycle and that the mixed anthropogenic source likely impacts the PM2.5

negative weekly cycle. The mixed anthropogenic and soil dust sources likely affect in AW the positive
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weekly cycle of the PM 10 mass concentration. Both sources in addition to the reacted dust source seem
to affect the PM2.5 mass concentration in AW. The APD analysis of the temperature (T) and wind speed
(WS) at the surface from measurements co-located in space and time with the PM ones reveals that the
WS and T values are characterized by a negative weekly cycle in AW. Conversely, in SS, the WS-APD
value decreases on Sunday and the T-APD values increase in the second half of the week. These last
results likely give evidence of the PM impact on the near-surface temperature and wind speed at the

study site.

Keywords: weekly cycles; PM mass concentration; temperature and wind speed; Positive Matrix

Factorization; long-range transport.
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1. Introduction

The impact of the anthropogenic activities on climate is still uncertain based on the Fifth Assessment
Report by the International Panel on Climate Change (IPCC, http://www.ipcc.ch/pdf/assessment-
report/ar5/wgl/). Weekly cycles in pollution, meteorological, and climate parameters have been
investigated to distinguish between anthropogenic and natural contributions to the tested parameters,
since no natural processes with a constant cycle of 7 days over long time periods are known to exist
(Sanchez-Lorenzo et al., 2008; 2012). Consequently, the existence of weekly cycles in aerosols and
meteorological parameters would imply that the human activities affect the Earth’s climate even in such
short timescales.

Studies of weekly cycles in meteorological parameters have determined contrasting results (Schultz et
al., 2007; Rosenfeld et al., 2008; Hendricks Franssen, 2008; Barmet et al., 2009; Quaas et al., 2009).
The aerosol-to-precipitation link is non-linear and contains potentially cancelling mechanisms,
challenging the discovery of an aerosol signal in meteorological data, according to Stjern (2011).
Jacobson and Kaufman (2006) have found that aerosol particles, directly and through their enhancement
of clouds, might reduce near-surface wind speeds below them by up to 8% locally. Gong et al. (2007)
have investigated the weekly cycle of aerosol concentrations and meteorological parameters in major
urban regions over east China, one of the most polluted areas in the world, during summertime in the
2001-2006 years. The PM10 mass concentrations at 29 monitoring stations showed significant weekly
cycles with the largest values around midweek and the smallest values in weekend. The meteorological
variables also showed notable and consistent weekly cycles. Changes in the atmospheric circulation
have likely been triggered by the accumulation of PM10 through diabatic heating of the lower
troposphere, based on Gong et al. (2007). Sanchez-Lorenzo et al. (2012) have reported a review on the
assessment of large-scale weekly cycles in meteorological variables. They have reviewed the studies
reporting significant and non-significant weekly cycles in different meteorological variables over large-
scale for different regions around the world and have shown that the assessment of the statistical

significance of the weekly cycle faces a number of challenges. The direct and indirect aerosol effects
3
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have been considered possible causes for large-scale weekly cycles because a large-scale weekly cycle
in the anthropogenic aerosol emissions was found. In fact, using satellite data, Georgoulias et al. (2015)
have found in summer that the total cloud cover (TCC) weekly variability exhibits a very good
agreement with the aerosol optical thickness (AOT) weekly variability over Central, Southwestern, and
Northeastern Europe and a moderate agreement for Central Mediterranean data. They have suggested
that the common weekly variability of TCC and AOT over Europe could be a sign of the aerosol cloud
lifetime-effect and the storm invigoration effect giving evidence that the aerosol indirect effects were
partially responsible for the correlation between TCC and AOT data.

Weekly cycles in measurements of atmospheric air pollution have been observed in many regions of
the world (e.g., Barmet et al., 2009; Srimuruganandam et al., 2010; Liu et al., 2016), with their phase
and magnitude greatly dependent on region/sites and seasons. Barmpadimos et al. (2011) have
investigated the existence of a weekly cycle for the coarse mass concentration (PM10-PM2.5)
monitored at seven sites of the Swiss National Air Pollution Monitoring Network. They have detected
a strong weekly variation at the urban street, urban background, and suburban sites, where the maximum
day-of-the-week average concentration was larger than the minimum by a factor 1.53. A low-altitude
rural background site had a weaker but clear weekly cycle too. Traffic emissions have mainly been
considered responsible for the (PM10-PM2.5) weekly cycle. The PM weekly cycle in the USA was also
pronounced in urban areas, where weekend concentrations were about 15% lower than the weekday
levels, but the differences between weekend and weekdays PM mass concentrations have not been
observed at non-urban stations, based on Stern (1977). Bigi and Ghermandi (2016 and references
therein) have analyzed time series 7 or 10 years-long to assess the variability of the PM10 and PM2.5
mass concentrations across the Po Valley. They have found a significant weekly cycle (possibly forced
by anthropogenic emissions) for several PM2.5 series. The periodicity occurred more often in summer,
probably because of the lower contribution to PM by biomass burning emission compounds and

secondary inorganic aerosol (especially nitrates) during warmer months (Vecchi et al., 2009; 2018),
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along with an increase of the primary particle fraction. For all (PM10-PM2.5) series, a significant
weekly cycle was found throughout the year.

Béumer et al. (2008) have analyzed the aerosol optical thickness at 440 nm retrieved from sun/sky
photometer measurements performed at 14 Central Europe stations operating within the AErosol
ROBotic NETwork (AERONET). In 12 out of 14 stations, they have observed that the AOTs showed a
weekly periodicity with lower values on Sunday and Monday, but higher values from Wednesday until
Saturday. The observed differences were significant at least on a 90% confidence level. Georgoulias
and Kourtidis (2011) have investigated over Europe the spatial and temporal variability of the aerosol
weekly cycle using the AOTs retrieved from the Terra MODIS (February 2000 - February 2009) and
Aqua MODIS (July 2002 - December 2008) satellite measurements. A strong positive (higher values
during midweek) weekly cycle appeared over Central Europe (CE), while a strong negative (higher
values during weekend) weekly cycle appeared over the North-Eastern Europe. The Central
Mediterranean (CM), Eastern Mediterranean (EM), and Central-Eastern Europe (CEE) presented a
weak negative weekly cycle. In general, CM, EM, and CEE exhibited different weekly variability for
different seasons. The AOT weekly variability examined in conjunction with the dominating synoptic
wind pattern showed that the negative AOT weekly cycle over Eastern Europe and the Mediterranean
Sea could be partially attributed to the westerly transport of pollution. More specifically, Georgoulias
and Kourtidis (2011) showed that air masses from regions with strong weekly cycles (e.g., CE) could
significantly affect the aerosol weekly variability over regions away from highly populated and
industrialized areas or characterized by a weak weekly cycle. A high-resolution satellite view of the
aerosol weekly cycle variability over Central Europe by Georgoulias and Kourtidis (2012) showed that
the positive weekly cycle plume was stronger and larger during summer. The day of the maximum
average percent departure (APD) ranged between Wednesday-Thursday-Friday becoming Saturday for
the Eastern regions and the day of minimum was Monday for Central areas and it became Tuesday

moving toward East. The one-day- shift of the day of maximum and minimum for regions situated in
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Central and Eastern Central Europe was an indication of the aerosol transport due to the dominating
westerly wind flow, according to Georgoulias and Kourtidis (2012).

The columnar aerosol parameters from sun/sky photometer measurements and near-surface aerosol
parameters from nephelometer measurements were used by Perrone et al. (2015) to investigate the
aerosol weekly cycle at the monitoring site of this study, in the Central Mediterranean. The daily
evolution of the aerosol properties referring to working days (Monday to Friday) and Sunday and the
weekly cycle analysis suggested that the aerosol source contributions varied during the weekends. In
particular, the yearly-averaged ground-level and columnar aerosol parameters indicated that the
weekend daily means of the aerosol optical depth and scattering coefficient were likely affected by the
transboundary pollution from Eastern Europe, due to weekday anthropogenic activities, in agreement
with the results by Georgoulias and Kourtidis (2011).

Mass concentrations of the simultaneously collected PM2.5 and PM10 samples are analyzed in this
study, with the main aim of investigating the existence of a weekly cycle and contributing to the
understanding of the results reported by Perrone et al. (2015). The PM sampling was performed from
October 2014 to October 2015 at a coastal site of southeastern Italy, in the Central Mediterranean Basin.
The chemical composition of the collected PM2.5 and PM10 samples is analyzed and the Positive
Matrix Factorization (PMF) technique (Paatero and Tapper, 1994) is applied to the chemically speciated
PMI10 and PM2.5 samples to determine the main pollution sources at the study site and their potential
impacts on the weekly cycle of PM2.5 and PM10 mass concentrations. The weekly cycle in nitrogen
dioxide (NO;) measurements, co-located in space and time with the PM measurements, is also analyzed.
NQO; is a relevant air pollutant due to combustion sources and contributes to the formation of nitrate
aerosols by gas-to-particle conversion processes (Seinfeld and Pandis, 1998). The weekly cycle in
temperature and wind speed measurements, co-located in space and time with the PM measurements,
is also analyzed to investigate their relationships with the PM weekly cycle. It is noteworthy that it is
beyond the scope of the paper to find cause-effects relationships. As outlined by Sanchez-Lorenzo et al.

(2012) and more recently by Georgoulias et al. (2015), it has been established that the aerosol’s effects
6
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have a clear impact on the energy balance, and especially on precipitation processes and clouds,
temperature and wind speed. However, more research is needed to identify, understand, and quantify
the physical mechanisms beyond the observed atmospheric changes. Therefore, one of the main aims
of this paper is to contribute to the understanding of the aerosol-meteorology feedback by analysing co-
located in space and time surface measurements of chemically speciated PM10 and PM2.5 particles,
NO,, temperature, and wind speed. Most of the previous studies based on surface measurements have

mainly analyzed long-time series of PM mass concentrations (e.g., Bigi and Ghermandi, 2016).

2. Sampling site and methods

2.1 Site description and sampling instrument

The PM samples have been collected at ~10 m above the ground level, at the Mathematics and Physics
Department of the University of Salento. The monitoring site is in a suburban area (40.4°N; 18.1°E),
~6 km away from the city center of Lecce, ~20 km away from both the Ionian and Adriatic seas, and
~100 and 800 km away from the Balkan and North African coasts, respectively (Figure 1).
Consequently, it can be considered representative of coastal sites of the Central Mediterranean (Perrone
et al., 2013) affected by long-range-transported pollution from surrounding countries (Perrone et al.,

2015).

A low volume (2.3 m? h'') HYDRA-FALI dual sampler was used to simultaneously collect 24-hour PM10
and PM2.5 samples on 47-mm-diameter pre-heated filters (PALLFLEX, Tissuquartz) from October
2014 to October 2015. The sampling was made on 7 consecutive days (from Monday to Sunday) of
each month and PM samples from 13 different weeks were collected for a total of 90 samples. Filters
were conditioned for 48 hours in an air-controlled chamber (25°C and 50% humidity) before and after
sampling and the PM mass was determined by gravimetric measurements. Uncertainties on mass
concentrations were lower than 5%. The PM loaded filters were divided in four portions for the

determination of inorganic ions, metals, organic and elemental carbon.

7
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Figure 1. Geographical location of the monitoring site. The open dot indicates the location of the monitoring site at the
Mathematics and Physics Department of Salento University, in Lecce (southeastern Italy). Grey and black lines show the
pathways of the four-day analytical back trajectories that reached the study site at 500 m above sea level (asl), at 12:00

UTC of each day of the week April 6-12, 2015.

2.2 Chemical analyses

The PM2.5 and PM10 samples were chemically characterized for ions and metals at the Chemistry
Department of the University of Florence. Ion chromatography analyses were performed by a Flow
Analysis Ton Chromatography (FA-IC, modified after Morganti et al., 2007) for selected anions (CI,
NOs-, SO4>, MS") and cations (Na*, NH,*, K*, Mg?*, Ca?"). Particular attention was devoted to the
evaluation of the blanks, which was at least one order of magnitude lower than the mean concentration
found in the analyzed samples for each reported ion result. The detection limit was 0.08 ng m3 for CI-,

NOs-, SO42, MS-, Na*, NH4*, and K* and 0.16 ng m?3 for Mg?" and Ca?*.
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A Varian 720-ES Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES) equipped
with an ultrasonic nebulizer (U5000 AT*, Cetac Technologies Inc.) was used to determine the mass
concentration of selected metals (Al, As, Ba, Cd, Ce, Co, Cr, Cu, Fe, La, Mn, Mo, Ni, P, Pb, Sr, Ti, V,
Zn). Elements were extracted by using HNO; and H,0, in a macro-wave oven in accordance with the
methodology UNI EN 14902 2005. High purity nitric acid obtained by sub-boiling distillation was used
in order to reduce blank values. Samples were spiked with 100 ppb of Ge (A = 209.426 nm) used as
internal standard. Calibration standards were prepared by gravimetric serial dilution from mono
standards at 1000 mg L-!. Detection limits for Al, As, Ba, Cd, Ce, Co, Cr, Cu, Fe, La, Mn, Mo, Ni, P,
Pb, Sr, Ti, V, and Zn were 0.1, 0.2, 0.1, 0.4, 0.05, 0.1, 0.02, 0.13, 0.1, 0.02, 0.04, 0.05, 0.04, 0.2, 0.1,

0.05, 0.03, 0.04, and 0.22 ng m™3, respectively.

More details about ion and metal analyses can be found in Becagli et al. (2012).

The thermal optical transmittance technique by means of the Sunset Carbon Analyzer Instrument (Birch
and Cary, 1996) was used to determine the EC and OC mass concentrations in a 1.5 cm? punch of the
filter sample. The used temperature program follows the NIOSH protocol (NIOSH, 1999; Birch and
Cary, 1996). The uncertainties in the EC and OC measurements given by the manufacturer (Sunset Lab,
OR) are estimated to be of the order of 5%. The OC and EC analyses were performed at the Mathematics

and Physics Department of the University of Salento. More details can be found in Perrone et al. (2009).

2.3 Receptor modelling

The Positive Matrix Factorization (PMF, EPA-PMF v.5.0, Norris et al., 2014) was applied to the
PM10 and PM2.5 chemically speciated dataset to retrieve major emission sources impacting on the
study area. The PMF is a widespread receptor model (Belis et al., 2014) based on a least squares
program solving models where the data values are fitted by sums of products of unknown factor

elements (Paatero, 2000). For bilinear problems, it takes the form X = G-F + E, where X is the known
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n by m matrix of the m measured chemical species in n samples, G is an n by p matrix of factor
contributions to the samples, F is a p by m matrix of species concentrations in the factor profile, p is
the number of factors. The G and F are factor matrices to be determined and they are constrained only
to non-negative values. E is defined as the residual matrix, i.e. the difference between the
measurements X and the model Y = G-F as a function of G and F.

The dataset (composed of 90 samples) was analyzed by the EPA-PMF and comprised only strong
variables (23 aerosol chemical components plus PM mass in both cases), defined according to the
signal-to-noise criterion reported in Paatero (2015). All data were pre-treated according to Polissar et

al. (1998) as for uncertainties, below detection limits and missing data.

3. Results and discussion

3.1 PM mass concentrations and weekly cycle

Previous investigations at the study site (e.g., Perrone et al., 2013, 2015; Pietrogrande et al., 2018)
have shown that the chemical, optical, and microphysical properties of the ground level PM are season
dependent. Consequently, the data of this study are grouped for Autumn-Winter (AW, September-
February) and Spring-Summer (SS, March-August) to better detect a weekly cycle and investigate its
seasonal dependence. The AW and SS PM samples are representative of 6 and 7 measurement weeks,
respectively. Table 1 shows the mean mass concentration of the PM10 and PM2.5 samples for AW
and SS. The mean mass concentration of the 41 AW samples and the 49 SS samples shows that 71
and 76% of the PM10 mass, respectively, is accounted for by the PM2.5 particles because of the
significant contribution of fine mode particles at this site (Perrone et al., 2009, 2014). In SS, the
significant contribution of the photochemical produced species over the Mediterranean Basin
combined with the less precipitation contribute to the increase of the mean percentage of the PM2.5
mass. The mean PM10 mass concentration is 34 ug m3 in AW and decreases by 15% in SS. The

mean PM2.5 mass concentration, which is 24 pg m3 in AW and decreases by 8% in SS (Table 1),
10
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suggests that nearly 7% of the PM10 decrease is due to the reduction of the coarse mode particle
contribution. The mean PM2.5 mass concentration of this study is in good agreement with the one
retrieved in PM2.5 samples collected from July 2008 to May 2010 at the same site (Perrone et al.,

2013).

The identification of the PM weekly pattern in AW and SS is based on Xia et al. (2008). A new daily
index of the PM mass concentration (PM; , ) corresponding to the day j (Monday-Sunday) of the

week m is calculated from the following equation:
PM; 1 new = 100 - (PM; ,, — PMgy, ) / PMgy (1)

where j varies from 1 to 7, m ranges from 1 to 13, PM,, ,, represents the weekly average of PM mass
concentration, and PM; ,, ,..,, represents the percentage departure of the initial daily value PM; ,, from the
weekly average (PM,,,,). The PM; ,, ..., values are averaged for each day of the week separately and the
average percent departure (APD) of the mass concentration is calculated for each day of the week.
Figure 2 shows the APD of the (a) PM10 and (b) PM2.5 mass concentrations as a function of the day
of the week in AW (grey line) and SS (black lines). Error bars represent the standard error of the mean
(SEM). The PM10 and PM2.5 APD values are characterized by a similar weekly cycle in both AW and
SS because of the large contribution (>70%) of the PM2.5 particles. A positive (higher values during
midweek) weekly cycle characterizes the PM10 and PM2.5 mass concentrations in AW. The Thursday-
APD value is approximately 20% higher than the Sunday-APD value in AW and the difference is
statistically significant at the 88 and 92% confidence level for PM10 and PM2.5 samples, respectively,
based on a two-tailed t-test. A negative (higher values during weekend) weekly cycle characterizes the
PM10 and PM2.5 mass concentrations in SS. The Sunday-APD value is about 30% higher than the
Monday-APD value in SS and the difference is significant at the 90 and 94% confidence level for PM10
and PM2.5 samples, respectively, based on a two-tailed t-test. These results are consistent with those
reported by Georgoulias and Kourtidis (2011) and Perrone et al. (2015). Barmet et al. (2009) have shown

that tests between two groups, such as the t-test, may overestimate the significance and therefore they
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may be inappropriate. They considered more appropriate the Kruskal-Wallis (KW) test since it does not
require normality as the t-test and it is also adequate to compare more than two groups. Table 2 provides
the confidence level percentage for PM10 and PM2.5 samples calculated by the t-test and the KW-test.
Both tests provide similar confidence levels in SS, but the KW-test provides lower confidence levels
than the t-test in AW, confirming what was already outlined by Barmet et al. (2009). The confidence
level as a percentage from the KW-test are given in brackets in each plot of Figure 2. The higher day-
by-day variability of the PM mass concentration in AW than in SS has likely contributed to the
confidence level difference of the two tests in AW. As mentioned, Bigi and Ghermandi (2016) have
analyzed long time series of PM2.5 mass concentrations at 44 sites across the Po Valley and found that
all sites exhibited a significant weekly pattern in summer and almost none in winter, in reasonable
accordance with the results of this study. The lower contribution to the PM by secondary inorganic
aerosols (especially nitrate and organic matter) and by biomass burning emissions (see e.g. Bernardoni
et al., 2011) during warmer months has been considered responsible for the significant weekly cycle
observed in summer. Georgoulias and Kourtidis (2012) also showed that the positive weekly cycle

plume appearing over Central Europe was stronger and larger during summer.
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Table 1. The mean mass concentrations and related standard errors of the mean (SEMs) of the analyzed components in

PM10 and PM2.5 samples for Autumn-Winter (AW, September-February) and Spring-Summer (SS, March-August). The

mean mass percentages of measured species with respect to the total sampled mass are reported in brackets.

PM10 (ng m) PM2.5 (ng m?)
Species AW SS AW SS

Mean SEM Mean SEM Mean SEM Mean SEM
Na* 636 (1.9) 27 718 (2.5) 25 218 (0.9) 10 224 (1.0) 9
NH,* 377 (1.1) 19 633 (2.2) 17 450 (1.9) 19 913 (4.2) 17
K* 452 (1.3) 24 296 (1.0) 22 451 (1.9) 25 296 (1.3) 23
Mg2* 114 (0.3) 3 165 (0.6) 3 40 (0.2) 2 76 (0.3) 1
Ca?* 433 (1.3) 18 807 (2.8) 17 179 (0.7) 7 402 (1.8) 6
Cl 465 (1.4) 34 218 (0.8) 31 144 (0.6) 11 66 (0.3) 10
NOs- 2170 (6.4) 110 1910 (6.6) 100 1198 (5.0) 80 583 (2.7) 73
SO 2103 (6.2) 76 4440 (15.3) 70 1920 (8.0) 70 4303 (19.6) 64
MS- 14 (0.04) 1 45 (0.2) 1 13 (0.05) 1 41(0.2) 1
Al 101 (0.3) 10 153 (0.5) 9 53(0.2) 7 89 (0.4) 6
Ba 6.2 (0.02) 0.2 4.7 (0.02) 0.2 3.3(0.01) 0.1 2.2(0.01) 0.1
Cd 0.5 (0.002) 0.1 0.1 (0.0003) 0.1 0.41 (0.002) 0.04 0.12 (0.0005) 0.04
Ce 0.17 (0.001)  0.01 0.12 (0.0004) 0.01 0.12 (0.0005) 0.01 0.09 (0.0004) 0.01
Co 0.4 (0.002) 0.1 0.2 (0.0007) 0.1 0.21 (0.0009) 0.01 0.14 (0.0006) 0.01
Cr 1.8 (0.006) 0.1 1.9 (0.007) 0.1 1.4 (0.006) 0.1 1.5 (0.007) 0.1
Cu 10.0 (0.03) 0.4 7.0 (0.02) 0.4 6.3 (0.03) 0.4 3.7 (0.02) 0.4
Fe 255 (0.8) 10 227 (0.8) 9 128 (0.5) 5 119 (0.5) 5
La 0.09 (0.0003) 0.01 0.07 (0.0002) 0.01 0.10 (0.0004) 0.01 0.04 (0.0002) 0.01
Mn 3.6 (0.01) 0.1 4.9 (0.02) 0.1 2.1 (0.009) 0.1 2.8(0.01) 0.1
Mo 2.8 (0.008) 0.1 2.3 (0.008) 0.1 2.7(0.01) 0.1 2.3(0.01) 0.1
Ni 4.1 (0.01) 0.5 3.1(0.01) 0.5 2.8(0.01) 0.1 2.9 (0.01) 0.1
P 21.5 (0.06) 0.5 32.9(0.1) 0.5 14.5 (0.06) 0.3 21.7 (0.1) 0.2
Pb 13 (0.04) 3 8(0.03) 2 9 (0.04) 1 5(0.02) 1
Sr 1.7 (0.005) 0.1 1.9 (0.007) 0.1 0.9 (0.004) 0.1 0.9 (0.004) 0.1
Ti 2.8 (0.008) 0.2 4.9 (0.02) 0.2 1.5 (0.006) 0.1 4.1 (0.02) 0.1
A% 2.3 (0.007) 0.1 5.3(0.02) 0.1 2.1 (0.009) 0.1 5.0 (0.02) 0.1
Zn 67 (0.2) 6 49 (0.2) 5 58 (0.2) 5 42 (0.2) 5
oC 8990 (26.4) 380 5040 (17.3) 360 8050 (33.5) 350 4430 (20.1) 320
EC 2980 (8.8) 150 1660 (5.7) 140 2860 (11.9) 150 1580 (7.2) 130
PM 34000 800 29000 5000 24000 800 22000 800
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Figure 2. Average Percent Departure (APD) of the (a) PM10 and (b) PM2.5 mass concentrations as a function of the day
of the week and for Autumn-Winter (AW, dots and grey line) and Spring-Summer (SS, triangles and black lines). Error
bars represent the standard error of the mean (SEM). The confidence level percentage of the difference between the
Thursday and the Sunday APD for AW and between the Monday and the Sunday APD for SS by the Kruskal-Wallis test

is reported in brackets.

At the study site, Perrone et al. (2013) have investigated the impact of long-range transport on the
PM mass concentration. They found from the cluster analysis of the four-day back trajectories that
the airflows from the Northeastern European regions and the Adriatic coast were responsible for the
largest median values of the PM2.5 and PM1 mass concentrations. Consequently, the westerly
transport of pollution due to weekday anthropogenic activities, favoured in SS by the low air mass
renovation occurring over the Mediterranean Basin (Querol et al., 2009), is likely responsible for the
negative PM weekly cycle found in SS at the study site, as Georgoulias and Kourtidis (2011) also

showed. The Mediterranean Basin is a crossroad of air pollution (Lelieveld et al., 2002) being affected
14
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by polluted particles from the industrialized surrounding regions and by desert dust from the African
continent. Consequently, Querol et al. (2009) pointed out that most Mediterranean sites face the
problem of the long-range transport of PM, which adds to local emissions, preventing to reach air

quality objectives set by public authorities.

Table 2. Confidence level percentage for PM10, PM2.5, NO,, temperature (T), and wind speed (WS) in Autumn-Winter
(AW) and in Spring-Summer (SS) calculated by the two-tailed t-test and the Kruskal-Wallis (KW) test. The compared days

of the week are also reported in the Table.

Confidence Level (%)
Parameter Season Compared Days t-test KW-test
AW Thursday-Sunday 88 61
PM10
SS Monday-Sunday 90 87
AW Thursday-Sunday 92 61
PM2.5
SS Monday-Sunday 94 95
NO AW Friday-Sunday 90 87
’ SS Wednesday-Sunday 93 96
T AW Thursday-Sunday 82 61
SS Tuesday-Sunday 85 96
WS AW Tuesday-Friday 96 96
SS Monday-Friday 91 87

3.2 Chemical PM characterization in AW and SS

The mean chemical composition of the PM 10 and PM2.5 samples is analyzed to characterize the main
pollution sources and investigate their relationships with the observed weekly cycle of mass
concentrations (Figure 2a-b). The daily-averaged mass concentrations (= 1 SEM) of the analyzed
inorganic ions (CI~, Na*, SO4>, NOs~, NH,", K*, Mg?*, Ca?", MS"), metals (Al, As, Ba, Cd, Ce, Co,
Cr, Cu, Fe, La, Mn, Mo, Ni, P, Pb, Sr, Ti, V, Zn), EC, and OC are in Table 1 for the PM10 and PM2.5

samples in AW and SS. The marine- and crust-originated ions (Cl~, Na*, Mg?*, and Ca?") and NO;~
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are the dominant ionic components in the coarse fraction being their mass concentration more than
twice greater in PM10 than in PM2.5 samples in AW and SS, respectively. SO4>~, NH;", K*, and MS-
are dominant ionic components in the PM2.5 fraction being their mass concentration approximately
equal in the PM10 and PM2.5 samples, both in AW and in SS. Particular attention deserves the NH4*
mass concentration that is 1.2 and 1.4 greater in PM2.5 than in PM10 samples in AW and in SS,
respectively. Similar results have been found at western and eastern Mediterranean sites by other
authors (e.g., Nicolas et al., 2009; Pey et al., 2009; Kogak et al., 2007). The interaction of ammonium
particulate with alkaline PM is responsible for the loss of ammonium (Danalatos and Glavas, 1999).
In fact, at the monitoring site of this study, Perrone et al. (2009, 2011, 2016) found that the NH4*
mass percentage, calculated with respect to the total detected ion mass, decreases as the mass
percentage of Na*, Mg?", Ca?*, and K" increases. Note that the reactions leading to the loss of
ammonium particulate are favoured in total suspended particulate and PM10 samples, being Na*,

Mg?*, and Ca?" dominant ions in the coarse fraction.

The higher mass contribution of nitrate in PM10 than in PM2.5 samples mainly found in SS is also
peculiar of most coastal sites of the southern Mediterranean Basin (Bardouki et al., 2003). It is
probably due to the low thermal stability of NH4NO; in SS, when the formation of HNO; instead of
NH4NO:s is favoured under the prevalent warm conditions of most of the Central Mediterranean sites
(Querol et al., 2008). The presence of gaseous HNO; and the possible interaction of the pollutant with
mineral calcium carbonate, K, and sea salt may account for the increase of the coarse nitrate
proportion (Perrone et al., 2013). The NO;™ partitioning in the coarse fraction can be quite variable
depending on the ability of coarse particles to trap gaseous HNO; (e.g., Putaud et al., 2010; Kogak et
al., 2007). Fine nitrate particles are usually the result of nitric acid/ammonia reactions leading to the
formation of ammonium nitrate.

Organic and elemental carbon (OC and EC, respectively) are relevant species in PM10 and PM2.5

samples. Their mass concentration is approximately equal in PM10 and PM2.5 samples, both in AW
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and in SS, being mostly in the fine mode fraction. OC represents 33 and 20% of the PM2.5 mass in
AW and SS, respectively. EC accounts for 12 and 7% of the PM2.5 mass in AW and SS, respectively.
Table 1 highlights the significant seasonal dependence of the contributions of the detected species.
The mass concentration of Na*, NH4*, Mg?*, Ca?*, SO42", and MS- is greater in SS than in AW.
Conversely, the mass concentration of K™, NO5~, EC, and OC is greater in AW than in SS because of
the seasonal dependence of the pollution sources, as it will be shown in the following. The main
results of this study on the chemical composition and seasonal dependence of the PM10 and PM2.5
samples are comparable to those reported in previous publications (e.g., Perrone et al., 2009, 2011,
2013), where the PM mass concentration and chemical composition have also been compared with

the corresponding ones of different Mediterranean coastal sites.

3.2.1 Weekly cycle of chemical component mass concentrations
The weekly cycles of Na*, NH,*, K*, Ca?", NO; ™, SO4>", OC, and EC mass concentrations are analyzed
to investigate their respective impact on the weekly cycle of the PM10 and PM2.5 mass concentrations
(Figure 2). The above selected chemical components show mass percentages greater than 1% in PM10
and PM2.5 samples, both in AW and in SS. Figure 3 shows the APD values of Na*, NH,*, K*, and
Ca?" mass concentrations in AW (grey) and SS (black), both for the PM10 (a-c-e-g, respectively) and
PM2.5 (b-d-f-h, respectively) particles. Analogously, the APD values of NO;~, SO,>~, OC, and EC are
shown in Figure 4a-h. A quick look at Figures 3 and 4 highlights that the AW- and SS-APD values of
the investigated chemical components are generally characterized by a similar weekly cycle trend in
PM10 and PM2.5 samples. The APD and corresponding SEM values are characterized by a lower day-
by-day variation in SS than in AW, as the APD values of PM10- and PM2.5-mass concentration also
show (Figure 2). The above reported result can be explained by the low frequency of rainy days
occurring in SS over the Mediterranean Basin, which favours the air mass aging, enhances natural and
anthropogenic dust resuspension and limits the removal of atmospheric particles by wet deposition

(Perrone et al., 2015). Note that Perrone and Romano (2018) have shown that the planetary boundary
17
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layer (PBL) height is larger in AW than in SS at the study site, and that the daily cycle changes of the
PBL height are more relevant in AW than in SS, in contrast to what is generally observed. The level
of confidence (%) of the difference between the Sunday and Thursday APD value of each chemical
component has been calculated by the KW- and the two-tailed t-test, to better evaluate the weekly
cycle significance of the measured PM chemical components. The KW-test confidence levels (%) are
provided in brackets in each plot of Figures 3 and 4 for AW and SS. Table S1 in the supplementary

material provides the confidence levels (%) calculated from the KW- and the t-test.
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Figures 3c and 3d highlight that a negative weekly cycle characterizes the NH,*-APD values of PM10
and PM2.5 in AW and SS, respectively. The level of confidence (LoC) of the difference between the
Sunday and the Thursday-APD value is higher in SS than in AW for PM10 and PM2.5 samples,
respectively. Moreover, the PM2.5-LoC value is greater than the PM10-LoC value both in AW and
in SS. A marked positive (higher values during weekdays) weekly cycle, supported by the high LoC
values, characterizes the Ca?"-APD values of the PM10 and PM2.5 samples both in AW and in SS
(Figures 3g and 3h, respectively). A negative weekly cycle (LoC = 79%) characterizes the K™-APD
values of PM10 and PM2.5 samples in SS (black lines, Figures 3e and 3f, respectively). The positive
weekly cycle that characterizes the K™-APD values of the PM10 and PM2.5 samples in AW (grey

lines, Figures 3e and 3f, respectively) is not significant.

Figures 4a and 4b highlight that the positive weekly cycle that characterizes the NO5;-APD values of
the PM10 and PM2.5 particles both in AW and in SS is not very significant, unless in SS for the
PM10 samples. A significant negative weekly cycle characterizes the SO4>-APD values of the PM10
and PM2.5 samples in AW (Figures 4c-d). The OC and EC weekly cycle is not significant (Figures

4e-4h).

In conclusion, Figures 3 and 4 indicate that NH, and K* likely contribute to the SS negative weekly
cycle of the PM10 and PM2.5 mass concentration. The NH4" is a marker of secondary photochemical
processes (Calzolai et al., 2015) and K* can be associated with combustion emissions. In AW, the
positive weekly cycle of Ca?* likely contributes to the positive weekly cycle of PM10 and PM2.5

mass concentrations.

3.3 Source apportionment by Positive Matrix Factorization

For the PM10 dataset, PMF solutions from 4 to 9 factors have been explored and a 6-factor solution

was considered to be the most reliable. The optimal solution presented below is obtained by
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constraining the base-solution using a sulphate-to-ammonium ratio of 2.7 (i.e. stoichiometrically
referred to ammonium sulphate) and pulling up maximally sulphate in the factor associated to the
secondary sulphate. The implementation of these constraints has improved a lot the mapping of the
factors as retrieved from bootstrap analysis and has given a sum of species not exceeding the PM
mass (as required by a physically consistent solution). Finally, scaled residuals result smaller than 3

standard deviations and the PM10 mass is well reconstructed by the model within 10%.

The factor-to-source assignment is tentatively done considering both the percentage of species in the
factor (as indication of source tracers when higher than 30%) and the factor chemical profiles (Figure
S1, Supplementary Material). Factor 1 is associated to ammonium sulphate due to the high percentage
of SO4* and NH,4". The not negligible percentage of lead in this factor, a result already found by other
authors (Taiwo et al., 2014), could be explained with the accumulation of sulphate and nitrate on
metal-rich particles (e.g., forming ZnSO, and PbSO, particles). Factor 2 is labelled as mixed
anthropogenic because of the presence of markers from both traffic (e.g., EC, OC, Cu, Fe, Ba) and
biomass burning (e.g., K*, OC, EC). A more detailed disentanglement of the mixed anthropogenic
source (e.g., traffic vs. biomass burning) has not been taken into consideration in order to achieve a
better comparability with the results from PM2.5 source apportionment and because not particularly
useful for the aim of the present work. Factor 3 is characterized by high EC values for V and Ni,
typical tracers of heavy oil combustion (e.g., Mazzei et al., 2006), and their contributions are likely
due to pollution from ship emissions (Becagli et al., 2012). In this factor, it is also notable a high
percentage of MS- because of the oxidation of dimethylsulphide emitted by the plankton activity in
the sea, thus suggesting the association to a secondary marine source. Previous works have related
the concomitant presence of MS- and sulfur-derived particles, gaseous MS- condensed onto sea salt
and soil-derived particles (Kerminen et al., 1997). Following the results obtained at the same site by
Perrone et al. (2013), Factor 4 is labelled as reacted dust, in agreement with the source profiles

reported in previous source apportionment studies (e.g., Perrone et al., 2013; Cesari et al., 2014; Bove
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et al., 2015; SPECIEUROPE database): indeed, it has signatures from crustal particles mixed with
secondary species like the nitrates and sulphates. Factor 5 has Na" and Cl- as typical markers for sea
salt particles. Factor 6 shows soil-related elements in high percentages thus suggesting resuspended
dust as source (e.g., Al, Ca?*, Sr, Ti, Fe).

The apportionment of the resolved sources to the PM10 mass is as follows (Figure 5a as overall mean
percentages): mixed anthropogenic source (40%), sulphate (20%), soil dust (21%), reacted dust
(10%), sea salt (8%), and heavy oil combustion/shipping and secondary marine contributions (1%).
It is noteworthy that the large majority of the sources here identified are the same as those detected

at the study site by Perrone et al. (2013).
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Figure 5. Apportionment of the resolved sources in (a) PM10 and (b) PM2.5.

The PM2.5 dataset has been similarly analyzed and a 6-factor solution has been chosen (Figure S2,
Supplementary Material). The base-case solution is constrained exactly as done for the PM10 and the
final solution has been improved in both the factor mapping and the mass reconstruction. The solution
presented in the following shows scaled residuals for chemical components smaller than or equal to
3 standard deviations in almost all cases (except 9 cases out of 2160 that were smaller than 3.5). The
agreement between the reconstructed and modelled PM2.5 values is satisfactory, i.e. within 10%. The
factor-to-source assignment has been performed according to the same criteria described above for
the PM10 solution and using the same tracers. Thus, by taking into account the chemical profiles

(Figure S2, Supplementary Material) and the component percentages in each factor, the 6 factors are
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related to the mixed anthropogenic source (37%), sulphate (29%), sea salt (16%), soil dust (9%),
reacted dust (8%), and heavy oil combustion/shipping and secondary marine contributions (0.3%), as
reported in Figure 5b. The high relative contribution of sea salt can be ascribed to secondary
components (i.e. OC, sulphate, nitrate, and ammonium), which give non negligible contributions to

the chemical profile compared to PM10 results.

The percentage contribution of the 23 aerosol chemical components inserted in the PMF analysis to
each identified pollution source is shown in Figures S3a and S3b of the Supplementary Material for

the PM10 and PM2.5 particles, respectively.

3.3.1 Seasonal dependence of the PM10 and PM2.5 aerosol sources

Figure 6 shows the mean mass percentage of the six sources identified by the PMF technique for AW
(dark grey bars) and SS (light grey bars) and for (a) PM10 and (b) PM2.5, highlighting that the source
seasonal dependence is rather similar for PM10 and PM2.5 particles. The mixed anthropogenic is the
dominant pollution source in AW contributing with 57 and 54% to the PM10 and PM2.5 mass,
respectively. It is characterized by high contributions due to the OC, EC, NO;~, and K*, which are
dominant chemical components of the PM10 and PM2.5 samples in AW, in addition to the SO4*
(Table 1). The contribution of the mixed anthropogenic source decreases more than 50% in SS
because of the decrease of the OC, EC, NOj;-, and K™ mass percentages from AW to SS, both in the
PM10 and in the PM2.5 samples. The decrease of the residential heating contribution from AW to SS
likely contribute to this result. Sulphate, soil dust, and mixed anthropogenic sources contribute almost
equally to the PM 10 mass in SS (i.e. 27, 25, and 26%, respectively, see Figure 6). The sulphate source
is characterized by the high SO,2~ and NH,4* contributions, which generally increase by about 50%
from AW to SS, both in the PM10 and in the PM2.5 samples, because of the enhanced photochemical

processes and the low air mass replacement occurring in SS over the Mediterranean (Querol et al.,
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2009). The sulphate is by far the dominant pollution source of the PM2.5 particles in SS, contributing

with 42% to the PM2.5 mass (Figure 6b).

The low frequency of rainy days occurring in SS over the Mediterranean Basin is responsible for the
enhanced natural and anthropogenic dust resuspension, the limited removal of atmospheric particles
by wet deposition and, hence, the air mass aging (Perrone et al., 2015). Consequently, the PM10 soil
dust source increase from 16% in AW to 25% in SS. In AW and SS, the soil dust source almost

equally contribute in the PM2.5 samples (about 10%).
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Figure 6. Mean mass percentage of the six sources identified by the PMF technique for Autumn-Winter (AW, dark grey
bars) and Spring-Summer (SS, light grey bars) and for (a) PM10 and (b) PM2.5 particles.

3.3.2 Weekly cycle of the PM10 and PM2.5 pollution sources in AW and SS

The pollution source contributions on Thursday (mid-week day) and Sunday are compared to detect
the weekly cycle of the identified pollution sources and obtain a better understanding of the PM10
and PM2.5 weekly cycle both in AW and in SS. The highest weekday APD value is reached on
Thursday in AW for the PM10 and PM2.5 particles. Conversely, it is reached on Sunday in SS. Note
that the comparison of data referring to two different days of the week allow a data treatment based

on equal numbers of PM samples.

Figures 7 and 8 show the mean mass percentage of the PM10 and PM2.5 sources, respectively, on
Thursday (dark grey bars) and Sunday (light grey bars) and for (a) AW and (b) SS. Due to the limited

number of available data for Thursdays and Sundays, it has to be taken into account that variability
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associated to sources contribution is non negligible and the weekly cycle here presented is to be
considered as a first guess. As an example, the sea salt contribution in PM10 during SS shows a
marked difference that has to be ascribed to a huge episode of air mass transport from the sea (see

section 3.6).

A quick look at Figures 7 and 8 highlights that the weekly cycle of the identified pollution sources
varies with the PM fraction and that the sources exhibit different weekly variability for different

seasons, in reasonable accordance with the results by Georgoulias and Kourtidis (2011;2012).
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Figure 7. Mean mass percentage of the PM10 sources on Thursday (dark grey bars) and Sunday (light grey bars) and for
(a) Autumn-Winter (AW) and (b) Spring-Summer (SS).

Figure 7 shows that in AW the sulphate and reacted dust contribution to the PM10 mass is a bit larger
on Sunday than on Thursday. Conversely, the contribution of both the mixed anthropogenic and the
soil dust source is greater on Thursday than on Sunday, thus contributing to the PM10 positive weekly
cycle found in AW. As shown in Figure 3g, it is noteworthy that Ca®* is the main species contributing

to both sources, which is characterized by a significant positive weekly cycle in AW.

In SS, the contribution of the mixed anthropogenic source is greater on Sunday than on Thursday and

it is likely responsible for the PM 10 negative weekly cycle found in SS. As represented in Figure 3e,
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K™ is the species contributing to the mixed anthropogenic source that is characterized by a significant

negative weekly cycle in SS.
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Figure 8. Mean mass percentage of the PM2.5 sources on Thursday (dark grey bars) and Sunday (light grey bars) and for
(a) Autumn-Winter (AW) and (b) Spring-Summer (SS).

The mixed anthropogenic source likely also contribute to the PM2.5 negative weekly cycle observed
in SS (Figure 8). The PM2.5-K* is also characterized by a significant negative weekly cycle in SS

(Figure 3f1).

The soil dust, reacted dust, and mixed anthropogenic sources likely contribute to the positive PM2.5

weekly cycle observed in AW. Note that Ca?" (Figure 3h) and NO;  (Figure 4b) are dominant
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components of the soil dust, reacted dust, and mixed anthropogenic sources, respectively, and are

both characterized by a positive weekly cycle in AW.

The sulphate source contribution is higher on Sunday than on Thursday in AW (Figures 7a and 8a).
It deserves particular attention being on average one of the main sources contributing to the PM. NH,*
and SO4>~ are the dominant species contributing to the sulphate source: both chemical components
are characterized by a significant negative weekly cycle in AW (Figures 3c-d and 4c¢-d, respectively)
and are dominant in the fine fraction (Table 1). Consequently, the main features of the sulphate source
are similar for PM10 and PM2.5 particles (Figures 6-8). SO4> and NH4* are markers of secondary
photochemical processes and, because of this, their contribution is likely greater on Sunday than on
the working days. Wagstrom and Pandis (2009) have investigated the age distribution of primary and
secondary aerosol species using a chemical transport model. They defined the aerosol age as the time
that elapsed since a particle (or its precursor) entered the atmosphere and found over a polluted
continental region of the United States that primary aerosol species had average ages of
approximately 24 h, while the average ages for secondary species were 48-72 h near the surface. They
also found that the average age of all aerosol components increase vertically in the atmosphere. The
westerly transport of pollution at the study site during the weekend could also have contributed to the
negative weekly cycle of the SO4>~ and NH4* found in AW, based on Georgoulias and Kourtidis
(2011) and Perrone et al. (2015). In SS, the enhanced photochemical processes and the low air mass
renovation occurring all over the Mediterranean Basin are responsible for the strong increase (more
than 50%) of the sulphate source contribution (e.g., Querol et al., 2009). Moreover, Miyakawa et al.
(2007) observed that the average formation efficiency of SO4> is six times greater in summer than in

winter and that the SO lifetime is about two times longer in summer than in winter.

3.4 Detection of the weekly cycle in the NO, mass concentrations
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Nitrogen oxides -NO and NO,- are important precursors responsible for the secondary aerosol
production through gas-to-particle conversion processes (Seinfeld and Pandis, 1998; Jacobson and
Kaufman, 2006). NO, is emitted in small quantities from combustion processes along with NO and it
is largely formed in the atmosphere by the oxidation of NO (Seinfeld and Pandis, 1998). Most of NO,
in cities comes from motor vehicle exhaust. Other sources of NO, are petrol and metal refining,
electricity generation from coal-fired power stations, domestic heating, manufacturing industries, and
food processing. Nitrogen oxides, whose occurrence is closely related to human activities, influence
chemical and biological processes both locally and globally (e.g., Hayn et al., 2009 and references
therein). Hayn et al. (2009) have analyzed spatio-temporal patterns of the global NO, distribution
from satellite observations (1996-2001). In particular, they have found that clear weekly cycles
appeared in urban areas indicating anthropogenic sources and that the significance of the weekly cycle
changed on smaller spatial scales than, for example, the annual cycle.

The daily average of NO, mass concentration for the sampling days of this study is obtained from the
Regional Air Quality monitoring station in Arnesano (http://www.arpa.puglia.it/pentaho/ViewAction
?solution=ARPAPUGLIA &path=metacatalogo&action=meta-aria.xaction), which is ~500 m away
from the study site. The mean of NO, mass concentration is equal to 32 and 22 pg m= in AW and SS,
respectively. Figure 9 shows the average percent departure of the NO, concentrations for AW (grey
lines) and SS (black lines). Error bars represent the standard error of the mean (SEM). A positive
weekly cycle characterizes the NO,-APD values in AW. The Friday-APD value is 31% greater than
the Sunday-APD value and the difference is significant at the 87% confidence level (KW-test, Table
2). A negative weekly cycle characterizes the NO,-APD values in SS. The Sunday-APD value is 39%
greater than the Wednesday-APD value and the difference is significant at the 96% confidence level
(KW-test, Table 2). The comparison of Figure 9 with Figures 2a and 2b shows that the NO,-APD
weekly evolution is rather similar to that of the PM10- and mainly the PM2.5-APD values both in
AW and in SS. This result likely indicates that NO, is largely due to the aerosol sources responsible

for the PM weekly cycle both in AW and in SS. In fact, NO, is mostly emitted from motor vehicle
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exhaust, electricity generation from coal-fired power stations, domestic heating, and manufacturing
industries (Stjern, 2011) and, in the urban pollution plumes, aerosols generate a remarkable increase
of the surface NO, via reducing its photolytic loss and diffusion in the boundary layer, based on Li et
al. (2017) and references therein.

Hayn et al. (2009) found that a positive weekly cycle characterized the NO, tropospheric vertical
column density (TVCD) over Europe, without differentiating the data with seasons. In particular, a
closer look at the day of the minimum NO,-TVCD in the plume of large anthropogenic sources with
a strong weekly cycle revealed a west-east translation of the weekly NO, minimum. In particular, the
original Sunday minimum in western Europe (5°E-15°E) moved eastwards with the dominating west
wind and it was observed on Monday in east Poland (20°-23°E). The findings by Hayn et al. (2009)
are in reasonable agreement with the ones of this study found in AW, when the NO, mass

concentration reached the highest mean seasonal value at the study site.
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Figure 9. Average Percent Departure (APD) of the NO, mass concentration as a function of the day of the week and for
Autumn-Winter (AW, dots and grey line) and Spring-Summer (SS, triangles and black lines). Error bars represent the
standard error of the mean (SEM). The confidence level percentage of the difference between the Friday and the Sunday

APD for AW and between the Wednesday and the Sunday APD for SS by the Kruskal-Wallis test is reported in brackets.

3.5 Weekly cycle of the near-surface temperature and wind speed

Temperature and wind speed measurements, co-located in space and time with the PM measurements,
are analyzed to identify the weekly cycle in meteorological parameters and investigate their
relationship with the PM weekly cycle. Aerosol particles are known to affect temperature and wind
speed at the surface, even if the aerosol impact on meteorological parameters is still controversial
(e.g., Gong et al., 2007; Sanchez-Lorenzo et al., 2012). T and WS hourly means from a local
meteorological station at about 10 m from the ground level are averaged to obtain a daily mean value.
The T and WS means are equal to 12.7 °C and 1.6 m s°!, respectively, in AW and 20.4 °C and 2.7 m
s, respectively, in SS. The T- and WS-APD values are calculated in accordance with Eq. 1. Figures
10a and 10b show the T- and WS-APD weekly evolution with corresponding SEMs, respectively, for

AW (grey lines) and SS (black lines). A quick look at Figure 10 reveals that the day-by-day changes
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of T and WS are greater in AW than in SS, as the PM-APD values also show (Figure 2), likely

suggesting the existence of a relationship between the PM and the T and WS changes.
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Figure 10. Average Percent Departure (APD) of the (a) air temperature (T) and (b) wind speed (WS) as a function of the
day of the week and for Autumn-Winter (AW, dots and grey line) and Spring-Summer (SS, triangles and black lines).
Error bars represent the standard error of the mean (SEM). The confidence level percentage of the difference between the
Thursday and the Sunday T-APD for AW and between the Tuesday and the Sunday T-APD for SS by the Kruskal-Wallis
test is reported in brackets in (a). The confidence level percentage of the difference between the Tuesday and the Friday
WS-APD for AW and between the Monday and the Friday WS-APD for SS by the Kruskal-Wallis test is reported in
brackets in (b).

A clear negative weekly cycle characterizes the T-APD values in AW. The Sunday T-APD value is

more than 20% greater than the Thursday value but the difference is not significant (Table 2). The
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decrease of the T daily mean values on the mid-week days likely gives evidence of the PM cooling
effect at the surface (e.g., Jacobson 1998; Jacobson and Kaufman, 2006) because of the increase of
the PM mass concentrations up to Thursday (Figure 2). During the day, absorbing and scattering
aerosol particles may contribute to the solar radiation reduction to the ground. Moreover, Jacobson
(1998) has shown that, during the day and night, all boundary-layer particles radiatively warm the
surface and that aerosols affect temperatures primarily through ground-atmosphere turbulent heat
transfer. The link between solar irradiance, meteorological parameters, and aerosol properties at the
surface has been investigated at the study site during the March 20, 2015 solar eclipse (Romano et
al., 2017) and the December 3, 2015 Etna volcano’s eruption (Romano et al., 2018), whose main

results are in accordance with the findings of Jacobson (1998).

The working-day anthropogenic activities contribute to the PM positive weekly cycle in AW, as
observed worldwide (e.g., Barmpadimos et al., 2011). Moreover, the mixed anthropogenic is the
dominant source in AW and the combustion particles, which have a large impact on solar radiation
by scattering and absorption processes, are the main components of this source. Note that a significant
negative correlation characterizes the relationship between the PM mass concentrations and
corresponding T values in AW. The Pearson correlation coefficients are equal to -0.37 (p <0.02) and

-0.42 (p <0.01) for the 41 PM10 and PM2.5 samples, respectively.

A weak positive weekly cycle characterizes the T-APD values in SS (Figure 10a, black line). The T-
APD values vary from -6% in the first days of the week to about 3% in the second part of the week.
The negative PM weekly cycle observed in SS and the changes of the PM optical and chemical
properties and/or aerosol source properties from AW to SS (Figure 6) likely contribute to the T weekly
cycle in SS. The sulphate is the dominant source in SS and it is mainly contributed by fine non-
absorbing particles (Seinfeld and Pandis, 1998). One must also be aware that the mean near-surface
T is about 10 °C higher in SS than in AW (Perrone et al., 2013, 2015) and, because of this, the sign

of the PM impact on T is likely less relevant in SS. A significant positive correlation is found in SS
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between both the PM10- and the PM2.5-APD values and the corresponding T-APD values. The
Pearson correlation coefficients are 0.87 (p < 0.02) and 0.82 (p < 0.05) for PM10 and PM2.5,

respectively.

Figure 10b shows that the WS is characterized by a notable negative and positive weekly cycle in
AW and SS, respectively. More specifically, in AW, the WS-APD reaches the highest value (44%)
on Tuesday and the smallest (-30%) on Friday and the level of confidence of the difference is 96%
(KW-test, Table 2). Note that the highest PM-APD value is reached on Thursday in AW (Figure 2).
In SS, the WS-APD values increase from Monday (-11%) to Friday (15%) and then decrease up to
Sunday (-9%), when the PM-APD reaches the highest value. The level of confidence of the difference
between the Friday and the Monday WS-APD values is 87% (KW-test, Table 2). In AW, a significant
negative correlation is found between both the PM10 and the PM2.5 mass concentrations and the
corresponding WS values. The Pearson correlation coefficients are -0.65 (p < 0.001) and -0.66 (p <
0.001) for the 41 PM10 and PM2.5 samples, respectively. Conversely, any significant correlation of
WS with the PM is found in SS. The changes of the particle optical and microphysical properties
from AW to SS likely contribute to this last result.

As mentioned, Romano et al. (2017) have recently investigated the effects of the partial solar eclipse
of March 20, 2015 on the near surface meteorological variables at three coastal sites of southern Italy,
including the monitoring site of this study. They have found that the solar eclipse was responsible at
the study site for a T decrease within 0.5-0.8 K and a WS decrease within 0.5-1.0 m s™! because of
its cooling effect. Similar results were found at the other two sites. We believe that the cooling effect
at the surface due to an eclipse is to some extent similar to that due to an aerosol cloud. Consequently,
the results by Romano et al. (2017) could further support those of this study.

Scientific papers regarding the aerosol particle effect on surface wind are scarce, based on Baro et al.
(2015). They have performed numerical simulations for Europe during the Russian fires from July 25

to August 15, 2010. The results showed that the presence of aerosol reduced the wind speed module
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over Russia. More specifically, they have observed that the aerosol radiative effects decreased the
shortwave radiation at the surface, leading to a reduction of the T monitored at 2 m above the ground
level. Because of that, convective processes and turbulence decreased, developing a more stable
planetary boundary layer with lower heights and reducing WS. However, they have found that the T
decrease over Central Europe was responsible for a surface pressure decrease and a WS increase.
Jacobson and Kaufman (2006) have investigated the WS reduction due to aerosol particles by
numerical models. They have observed that aerosol particles and aerosol-enhanced clouds decreased
near-surface air temperatures, increased stability, and reduced turbulent kinetic energy (TKE). Then,
the reduced TKE helped to reduce WS over land near the coast, increasing convergence of offshore
WS as well. Jacobson and Kaufman (2006) have performed simulations over a regional costal area in

California (USA).

Gong et al. (2007) have reported different results from observations of individual stations in seriously
polluted east China. They have found that stronger winds on Thursday and Friday followed the PM10
maximum of Wednesday. They have hypothesized that during the early part of the week the
gradually-accumulated anthropogenic aerosol induced radiative heating, likely destabilizing the
middle to lower troposphere and generating anomalously vertical air motion and thus resulting in
stronger winds. The resulting circulation could promote ventilation to reduce aerosol concentrations
in the boundary layer during the latter part of the week. The above comments show that the
uncertainties regarding the underlying aerosol-meteorology feedback still exist likely because of the
significant role played by the geographical location of the monitoring site and the particle chemical
properties (Romano et al., 2017). Consequently, studies as the one reported in this paper, which likely
display the PM signal on meteorological data, are essential to improve the knowledge of the

underlying aerosol-meteorology feedback.

3.6 Results from a case study: April 6-12, 2015
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The main results on PM10 and PM2.5 mass concentrations and T and WS daily means monitored at
the study site during the April 6-12, 2015 week are discussed in this sub-section to highlight the
impact of the long-range transport on PM mass concentrations by a case study and display the T and
WS daily change. Figure 1 shows the pathways of the four-day analytical back trajectories that
reached the study site at 500 m above sea level (asl) at 12:00 UTC of each day of the week. The back
trajectories calculated at 00:00, 06:00, 12:00, and 18:00 UTC of each day of the week are provided
in the Supplementary Material (Figure S4). Analytical back trajectories are calculated from the
Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) Model (Draxler and Rolph,
2003). Figure 1 shows that air masses from the west reached the study site on Monday, while air
flows that crossed northeastern European regions reached the study site from Tuesday to Sunday. The
PM10 and PM2.5 mass concentrations increase with the day of the week from 14 and 11 pg m?3,
respectively, on Monday to 45 and 34 ug m, respectively, on Sunday. Figure 11a shows that the
PM10 (grey triangles) and PM2.5 (black dots) APD values are representative of a negative weekly
cycle (Figure 2, black dots). These last results are in accordance with those from Perrone et al. (2013,
2015), which show that the low PM mass concentrations are generally associated with the west
airflows. Conversely, the largest PM mass concentrations are generally associated with northeastern
air flows, which are also responsible for the advection of fine mode particles due to sulphate and
traffic sources, as Lelieveld et al. (2002) and Querol et al. (2009) also suggest for the Mediterranean
Basin. Figure 12 shows the daily mean mass concentrations of some dominant chemical components
as (a) K*, (b) EC, (¢) OC, and (d) SO, during the April 6-12, 2015 week, for the PM10 (grey dots)
and PM2.5 (black triangles) particles. Figure 12 highlights both that the tested species are mainly in
the fine fraction and that the mean mass concentrations of K*, EC, and OC (associated with a traffic
source) and SO4> generally increase with the day of the week supporting the above reported
comments. Figure 13 shows the mean mass percentage of the identified aerosol sources on Thursday

April 9 (dark grey bars) and Sunday April 12 (light grey bars) for (a) PM10 and (b) PM2.5 particles.
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The mixed anthropogenic and sulphate sources likely significantly contribute to PM10 and PM2.5 on

Sunday.

Figure 11b shows the T- (grey triangles) and WS-APD (black dots) values during the April 6-12,
2015 week. The weekly mean of T and WS is 11 °C and 4 m s°!, respectively. The T-APD values on
average increase with the PM-APD values since Tuesday. Conversely, the WS-APD decreases fast
with the day of the week since Wednesday. Likely, Figure 11b also gives evidence of a possible PM

impact on the local meteorology.
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738
739 Figure 13. Mean mass percentage of the (a) PM10 and (b) PM2.5 sources on Thursday April 9, 2015 (dark grey bars)

740 and on Sunday April 12, 2015 (light grey bars).

741

742 4. Summary and conclusion

743 Chemically speciated PM10 and PM2.5 samples collected over one year (October 2014 - October
744 2015) are analyzed in this study to present a methodology that allows identifying the PM weekly
745  cyclein SS and AW and single out their possible role on the near surface temperature and wind speed.
746  The PMF technique is applied to chemically speciated PM samples to retrieve major aerosol sources
747  affecting the study area and likely assess their impact on the PM weekly cycle both in AW and in SS.

748 A 6-factor solution is the most reliable for both the PM10 and PM2.5 particles because of the large
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contribution of fine particles at the study site. On average, 71 and 76% of the PM10 mass

concentration is accounted for by the PM2.5 particles in AW and SS, respectively.

e A positive (higher values during midweek) and negative (higher values during weekend) weekly
cycle characterizes the PM10 and PM2.5 mass concentrations in AW and SS, respectively. The
westerly long-range transport of pollution is likely contributing to the PM negative weekly cycle

observed in SS. Results from a case study support the above comment.

¢ The mixed anthropogenic source likely contribute to the PM10 and PM2.5 negative weekly cycle,

in SS.

e In AW, the mixed anthropogenic and soil dust sources likely contribute to the positive weekly cycle
of the PM10 particles, while the mixed anthropogenic, soil dust, and reacted dust sources likely

contribute to the PM2.5 positive weekly cycle.

e The negative and positive weekly cycles, which characterized the NO, mass concentrations in SS
and AW, respectively, suggest that NO, is largely due to the aerosol sources responsible for the PM

weekly cycle.

e The analysis of the near surface T and WS seems to display the PM signal on meteorological data:

- a clear negative weekly cycle characterizes the near-surface T- and WS-APD values in AW
likely giving evidence of the PM cooling effect on weekdays, which decreases the near surface

T, increases the stability, reduces the turbulent kinetic energy, and decreases the WS.

- a positive weekly cycle characterizes the near-surface T- and WS-APD values in SS likely
because of the negative PM weekly cycle and the changes of the particle optical and microphysical

properties from AW to SS.

In conclusion, the work shows the existence of a PM weekly cycle dependent on seasons at a coastal

site of the Central Mediterranean. The westerly long-range transport of pollution has likely
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contributed to the observed PM weekly cycle, in accordance with previous studies. The notable and
consistent seasonal variability of meteorological parameters and PM mass concentrations and the
good correlations between them could be a sign of the aerosol impact on the local meteorology. The
changes of the PM chemical, optical, and microphysical properties from AW to SS, in addition to the
local and synoptic meteorology, have likely contributed to the observed results. We believe that
studies as the one of this paper are essential either to improve the knowledge of the underlying
aerosol-meteorology feedback and to further contributing to the characterization of the aerosol main
features over the Mediterranean Basin, which is a hot spot in climate change studies. Paper’s results
come from a single year of measurements and this may represents a questionable aspect, since it could
have an impact not only on the statistical significance, but also on the “representativeness” of the
results: weekly cycle variability may change with the passing of the years. However, we believe that
the results from a single year of measurements could have the advantage to better single out the sign
of the aerosol impact on the local meteorology. The PM-to-meteorology link is non-linear and
contains potentially cancelling mechanisms, challenging the discovery of an aerosol signal in
meteorological data when, for example, results related to many years add up. Work is in progress in

this direction.
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Figure S2. Chemical profiles and percentage contributions of the six PMF factors identified by PMF

in PM2.5.
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Figure S3. Percentage contributions of chemical components to the six identified aerosol sources of
(a) PM10 and (b) PM2.5 particles.
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Figure S4. Pathways of the four-day back trajectories that reached the study site at 500 m above sea
level, at 00:00, 06:00, 12:00, and 18:00 UTC for each day of the week April 6-12, 2015.



Table S1. Confidence level percentage of the difference between the Thursday and the Sunday
average percent departure (APD) value of each analyzed chemical compound (Na*, NH4*, K*, Ca?",
NOs-, SO4*, OC, and EC) in Autumn-Winter (AW) and in Spring-Summer (SS) and for PM10 and
PM2.5, calculated by the two-tailed t-test and the Kruskal-Wallis (KW) test.

(1)
Chemical PM Confidence Level (%)
Compound  Fraction Season T-TEST KRUSKAL-
P WALLIS TEST
AW 33 30
Na* PMI0 SS 62 62
AW 25 18
PM2.5 SS 88 84
AW 88 76
N PMI10 SS 92 84
4 PM.S AW 89 87
' SS 94 97
AW 5 18
K PMI10 SS 92 79
AW 6 6
PM2.5 SS 88 79
AW 93 96
Cat PMI10 SS 99 99
AW 99 99
PM2.5 SS 88 93
AW 63 61
o PM10 ss 20 o
3 PM2.S AW 66 76
: SS 17 5
AW 87 96
SO PMI10 SS 17 10
4
AW 87 81
PM2.5 SS 42 54
AW 57 34
oc PM10 SS 80 71
PM2.5 AW 59 46
' SS 69 38
AW 25 7
EC PMI0 SS 70 55
PM2.5 AW - 7

SS 58 47






