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S1. Ammonium nitrate and sulfate calibrations
Ammonium nitrate calibrations were performed at least once every season following the procedure
described by Aerodyne (2010); results are presented in Figure S2. Although noticeable discrepancies are

observed when comparing RFNO3 values season by season - e.g. 3.8E-11+2.0E-12 and 2.7E-11+4.0E-13

amp/(ug/m?3) during April and June, respectively, for ACSM#1 - , Figure S2 suggests that these
differences are not attributable to a seasonal behaviour of the instrument but instead represent the
uncertainties associated with the calibration procedure (related to e.g. the aerosol generator, the DMPS
flow or the relative humidity of the generated particles). Thus, for several-months campaigns with an
ACSM, we suggest using an average nitrate response factor determined by the slope of all plotted
calibration points, independently of the calibration (Figure S2). We also suggest using an average
ammonium RIE, which can be calculated as the average of every seasonal calibration (i.e. average of the
slopes) since y-intercepts differ from one calibration to the other, likely due to the lower sensitivity of
the instrument to ammonium-related fragments (e.g. m/z 17 and 16 from NH;* and NH,’, respectively)
for which interferences with water and air fragments (HO" and O, respectively) are usually observed (Ng
et al., 2011a). The resulting RIEyy, are 5.8+0.1 and 6.5£1.0 for ACSM#1 and #2, respectively, which is in
the 3.2-14.7 range reported in Crenn et al. (2015) from an inter-ACSM comparison. Sulfate RIEs (RIEspa)
are calculated similarly to RIEyys when ammonium sulfate (AS) calibrations are performed. A literature-
based RIEsq, value of 1.15 (Canagaratna et al., 2007) was applied to ACSM#1 since the custom scan file
later developed by Aerodyne for AS calibration was not available yet; two attempts to experimentally
determine RIEso, on ACSM#1 were however made by injecting one AS solution of a given concentration
using the AN tool similarly to what is described by Aerodyne (2010), which led to an approximate
average RlEso, of 1.25+0.23 i.e. to experimental values that are comparable to the aforementioned
literature one. An experimentally determined RIEsos value of 0.6+0.1 was applied to ACSM#2 based on

two AS calibrations performed following Aerodyne (2013) using 5-10 solutions ranging from 0 to 15

pg/m”.

S2. Source apportionment configurations
Constrained factor profiles set up
Unconstrained PMF allowed for the identification of an HOA-like factor (with high m/z 55 and 57), a
BBOA-like factor (with high m/z 60 and 73, except for summer where BBOA was not found) and an OOA-
like factor (with high m/z 44 and 43). However, the BBOA factor profile was not fully satisfactory since

specific fragments (e.g. m/z 43 and 44, Figure S4) were missing, contrary to what is reported in the



literature for primary BBOA emissions (Heringa et al., 2011). Constraining the HOA factor only, with low
a-values (0.05; Crippa et al.,, 2014) leads to solutions with high seed variability indicating unstable
results. Constraining the BBOA factor only with relatively high a-values (0.3-0.5; Crippa et al., 2014) does
not allow an HOA factor to be identified (factor with high m/z 44 and 60), and leads to unsatisfactory
BBOA time series (which are similar to HOA time series when HOA is constrained). Constraining both
HOA and BBOA factors leads to satisfactory solutions with relevant factor profiles, time series and daily
cycles that will be discussed later on. Note that an attempt to constrain a COA factor was also made,
since it has been reported to be an important source of OA (10-30%) in urban areas widely (e.g. Allan et
al.,, 2010; Huang et al.,, 2010; Mohr et al.,, 2012; Sun et al.,, 2011). No clear evidence indicates the
presence of COA from our dataset as it is suggested by i) the absence of lunch and dinner peaks for
constrained COA factor contributions, ii) the position of our data in the fs5 to fs; scatter plot suggested
by Mohr et al. (2012) (slope closer to HOA-like aerosols) and iii) the dubiously high COA and low HOA
relative contributions to OA (13 and 7% on average, respectively) when constraining COA. The absence
of a COA factor in our study might be related to i) high similarities existing between HOA and COA unit
mass resolution factor profiles, ii) lower sensitivity, time- and mass-to-charge-resolution of the ACSM
compared with the (high-resolution time-of-flight-) AMS used in the aforementioned studies, iii) the
type of site studied here (rural), which is likely less influenced by local cooking emissions than urban
sites, but which could instead be impacted by aged, processed COA particles emitted in urban areas that
would then undergo oxidative processes during their transport leading to OOA-like aerosols. Further
discussion on the presence (or absence) of cooking factors at rural sites of the Po Valley can be found in
Dall’Osto et al. (2015).

Identification of the optimal number of factors

Solutions applying various numbers of factors and constraining different factor profiles for each season
are summarized in Table S1. During summer, the optimal solution is found with two factors, which
allows for the identification of HOA and OOA (OOA-2F). Setting three factors splits OOA-2F into SV-OOA
and LV-OOA like factors as suggested by their factor profiles and daily cycles. However, the absence of
m/z 57 in SV-O0A contrary to what is reported in the literature (Ng et al., 2011b), the high correlation
observed between SV-O0A and HOA (r’=0.67) and the poor correlation observed with nitrate (r’=0.13)
highlights the limitations of this SV-OOA factor. During summer, the HOA and OOA 2-factor solution was
thus preferred, considering that OOA is here likely influenced by both SV- and LV-OOA. During spring,
autumn and winter, the optimal solution is found with three factors, which allows for the identification

of HOA, BBOA and OOA. Setting two factors leads to an HOA factor, and a mixing of BBOA and OOA in a



single factor, as it is attested by the presence of high fus, fas, fss, fs7, feo and f+3 in the latter. Choosing four
factors splits the initial OOA (OOA-3F) into two OOA factors (OOA1-4F and OOA2-4F), for which mass
spectra and time series vary depending on the season studied. In general, OOA1-4F is similar to OOA-3F
in terms of factor profile and time series, whereas OOA2-4F presents biomass burning characteristics
(high fso and f3, correlations with BBOA, etc.) in addition to typical OOA features (high f.4). However, this
second O0OA2-4F factor cannot be clearly interpreted as an OOA-BBOA factor as it has previously been
reported (e.g. Crippa et al., 2013), due to the absence of key mass fragments during Spring and Autumn
(e.g. m/z 29, Alfarra et al., 2007), or higher correlations with primary factors than secondary compounds
during winter (see Table S1). During spring, autumn and winter, we therefore chose the HOA, BBOA and
OOA 3-factors solution, keeping in mind that OOA is likely influenced by secondary BBOA here.
Identification of the appropriate a-value

The influence of a-values on the apportionment of organics has been investigated. Different scenarios
were tested applying very low to very high constraints to HOA and BBOA factors (see Table S2 for more
details). Solutions were defined as relevant or not depending on the seed variability, factor daily cycles,
the independence of factor contributions, etc. They were then compared by investigating i) variations of
the seasonal average contribution of each factor and ii) factor time series correlations with independent
measurements. Results are summarized in Table S2 and Figure S5. In general, very low and very high
constraints lead to irrelevant solutions (e.g high seed variability, traffic peaks for BBOA, etc.) for which
the average contributions of each factor vary substantially from other scenarios (e.g. see very high
constraint during winter). Low to high constraints results in comparable solutions in terms of both
relative contributions and correlations with external measurements. We decided to apply low
constraints (i.e. a-values of 0.1 and 0.5 for HOA and BBOA, respectively) to give as much freedom as
possible to our factor profiles while remaining in the range of plausible solutions. Correlations with
independent measurements are further discussed in Sect. 3.2 of the manuscript.

Set up of the period duration

Choosing the appropriate period duration for source apportionment (SA) analysis demands a
compromise between i) including as many data as possible to reach robust and statistically significant
solutions and ii) limiting this amount of data to respect the assumption that factor profiles are constant
during the studied period. In our study, SA was performed on three period durations: i) the entire year,
ii) two 6-months periods and iii) four distinct seasons. Comparable solutions are found for the three
different configurations with the identification of reasonable (factor profile, diurnal cycle, comparison

with external data) HOA, BBOA and OOA factors. However, when performing SA on the entire year and



on 6-months periods i) the HOA factor does not exhibit a clear morning (i.e. traffic) peak and ii) the ME-2
assumption that factor profiles are constant during a studied period becomes questionable. Note that in
the 1-year and 6-months configurations, BBOA represents 3 and 4% of OA during summer, respectively,
which can be viewed as an upper estimate of agricultural waste burning contributions. In addition,
performing SA on a seasonal basis allows the seasonal variability of factor profiles to be captured (e.g.
higher contribution of fs, in OOA during winter). We thus preferred interpreting SA results based on
seasonal experiments, although comparable conclusions would be reached with the 6-months and one-

year configurations.

S3. Errors in the estimation of elemental ratios
The errors (average absolute value of the relative error) are estimated to be 28%, 8% and 13% for O/C,
OM/0OC and H/C for standard molecules, respectively, and 0.06 units for OSc (Canagaratna et al., 2015).
Discrepancies in fi, quantifications between different ACSMs, and between ACSMs and AMS (Crenn et
al., 2015; Frohlich et al., 2015) are however likely to increase the uncertainties associated with O/C,
OM/OC and OSc estimates. In particular, in the abovementioned inter-instrument comparison, ACSMs
have been reported to overestimate f,, by up to a factor of 2 compared to the HR-ToF-AMS (Frohlich et
al., 2015). Comparisons with studies using (HR-ToF-) AMS instruments will thus not be reported and only
variations within this dataset will be discussed. Regarding the two ACSMs used in this study, absolute
differences between median estimates from two-months co-located measurements in summer are 0.05,

0.07, 0.07 and 0.17 for O/C, OM/OC, H/C and OSc, respectively (see Figure S8).

S4. Seasonal characteristics of fine aerosol pollution events
The seasonal variations of NR-PM; chemical composition and OA factors’ contributions as a function of
total NR-PM; mass is shown in Fig. S9. During spring and autumn, the characteristics of submicron
aerosol pollution events are similar to what is described on the annual scale (Sect. 4.3). Nitrate and
BBOA are the main responsible for NR-PM; concentrations increase. Specific patterns are observed
during summer, with i) fairly stable contributions of OA sources irrespective of NR-PM; levels, and ii)
noticeable proportions of sulfate (~20%). Sulfate is nevertheless not responsible for the increase of NR-
PM; concentrations. Note that the intensity and frequency of NR-PM; pollution events are lower during
summer compared to other seasons. Finally, the importance of BBOA in submicron aerosol pollution

events is highlighted during winter ([BBOA]~40% of [OA], when [NR-PM;]> 30 ug/m>). An increase of



HOA is for the first time observed during this season, which indicates that primary sources largely

contribute to high NR-PM; concentrations during winter.



Table S1. Tests to identify the optimal number of factors.

Season  Number Factors Factors identified Comments
of factors  fixed
Spring 2 HOA HOA, OOA mixed  OOA mixed with primary BBOA
3 HOA, BBOA HOA, BBOA, OOA Optimal solution
4 HOA, BBOA HOA, BBOA, OOAL1 factor not fully satisfactory: high time
OO0A1, O0OA2 series correlation with BBOA factor (r’=0.74)

suggesting an OOA-BBOA factor but
discrepancies with already-found OOA-BBOA
factor profile in the literature (e.g. m/z 17, 29,

41)
5 HOA, BBOA  Factors split High correlations between factor profiles and
time series
Summer 2 HOA HOA, OOA Optimal solution
3 HOA HOA, LV-O0A High seed variability. SV-OOA factor not fully

like, SV-O0A like satisfactory: no m/z 57, high time series
correlations with HOA (r’=0.67), poor
correlation with nitrate (r’=0.13)
3 HOA, BBOA HOA, BBOA, OOA High contribution of BBOA compared to HOA
(22 and 7% of OA, respectively) which is very
unlikely in summer

4 HOA Factors split High correlations between factor profiles and
time series
Autumn 2 HOA HOA, OOA mixed  OOA mixed with primary BBOA
3 HOA, BBOA HOA, BBOA, OOA Optimal solution
4 HOA, BBOA HOA, BBOA, OOA1 factor not fully satisfactory: high profile
OO0A1, O0A2 correlations with OOA2 factor (r’=0.97), high

time series correlation with BBOA (r’=0.69)
suggesting an OOA-BBOA factor but
discrepancies with already-found OOA-BBOA
factor profile in the literature (e.g. m/z 17,

29)
5 HOA, BBOA  Factors split High correlations between factor profiles and
time series
Winter 2 HOA HOA, OOA OOA mixed with primary BBOA
3 HOA, BBOA HOA, BBOA, OOA Optimal solution
4 HOA, BBOA HOA, BBOA, OOA1 factor not fully satisfactory: time series
OO0A1, O0A2 correlation with primary factors such as HOA

(r’=0.72) and BBOA (r’=0.70), but poor
correlations with secondary compounds such
as NO; (r’=0.22) or SO, (r’=0.12)

5 HOA, BBOA  Factors split High correlations between factor profiles and
time series




Table S2. Influences of a-values on the relative contribution of each factor and the agreement with specific m/z or independent measurements.
Constraints are defined as: very low: a-values calculated for every m/z from the relative standard deviation of reference factor profiles; low:
ahoa=0.10, aggoa=0.50; intermediate: a;,04=0.075, aggoa=0.40; high: a;0,=0.05, agsoa=0.30; very high: ay0a=0, agsoa=0. Note that a-values used from

low to high constraints are chosen following the empiric recommendations of Crippa et al. (2014).

HOA BBOA OOA

Contribution r2 Contribution r2 Contribution r2
Constraint Rel‘;‘l’jt':gi of 9%  Org 670rg 81 NOx CO BC %  Org 600rg 73 NOx CO BC %  Org 430rg_44 NH4 SO4 NO3
SPRING verylow Notrelevant 13 027 0.23 0.00 0.00 0.14 32 098 0.95 0.31 0.78 0.66 55 0.88 0.7 0.79 0.43 0.81
low Relevant 9 0.60 0.55 0.03 0.08 0.28 32 099 0.97 0.32 0.81 0.70 59 078 0.67 0.76 0.43 0.77
intermediate  Relevant 8 052 046 0.02 0.050.24 31 099 096 0.310.80 0.69 61 0.89 095 0.75 0.43 0.77
high Relevant 8 042 036 0.010.02 0.18 29 098 096 0.310.79 0.67 64 092 096 0.75 0.40 0.77
very high  Not relevant 7 0.83 0.80 0.19 0.43 0.56 25 090 0.92 0.24 0.69 0.64 64 091 0.98 0.79 0.40 0.81
SUMMER verylow Acceptable 22 093 095 0.07 0.42 0.56 78 094 094 0.56 0.63 0.18
low Relevant 14 090 091 0.07 0.40 0.52 86 097 0.94 0.54 0.60 0.19
intermediate  Relevant 13 0.89 0.91 0.07 0.40 0.51 - 87 0.97 0.92 0.54 0.60 0.19
high Relevant 13 0.89 091 0.07 0.40 0.51 87 0.97 0.93 0.54 0.60 0.19
veryhigh  Relevant 12 088 0.90 0.07 0.39 0.50 88 097 091 0.54 0.59 0.19
AUTUMN verylow Acceptable 15 043 039 0.02 0.01 0.13 23 097 0.7 0.07 0.67 0.48 63 077 0.94 0.53 0.57 0.42
low Relevant 11 063 0.61 0.07 0.10 0.24 21 099 0.97 0.06 0.68 0.47 68 0.82 0.92 0.47 0.53 0.38
intermediate  Relevant 11 058 0.55 0.06 0.07 0.20 21 099 0.97 0.06 0.68 0.47 69 081 0.92 0.47 0.54 0.38
high Relevant 10 056 0.53 0.06 0.06 0.20 21 098 0.97 0.06 0.67 0.47 68 0.80 0.91 0.47 0.55 0.37
veryhigh Notrelevant 11 0.84 085 0.11 0.35 0.45 22 0.86 0.91 0.06 0.62 0.50 67 0.82 0.5 0.51 0.52 0.43
WINTER verylow  Relevant 11 076 0.75 0.41 0.51 0.55 37 097 0.97 0.20 0.66 0.63 52 079 0.98 0.51 0.42 0.66
low Relevant 11 058 0.57 0.34 0.33 0.39 36 098 0.97 0.20 0.66 0.63 53 0.80 0.99 0.50 0.39 0.66
intermediate  Relevant 11 051 049 0.32 0.29 0.35 35 097 0.97 0.20 0.65 0.62 54 0.80 0.99 0.50 0.39 0.66
high Relevant 11 059 0.58 0.37 0.36 0.42 37 097 0.97 0.20 0.65 0.62 53 0.80 0.99 0.50 0.39 0.66
veryhigh Notrelevant 15 091 091 0.42 0.69 0.72 24 091 0.92 0.17 0.59 0.57 61 093 0.95 0.42 0.38 0.56
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Figure S1. Map of the sampling site (constructed with Google Earth). EC-JRC: European Commission —

Joint Research Centre.
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Figure S9. Relative NR-PM; chemical composition and OA factor contributions as a function of NR-PM;
mass concentrations, for spring (a), summer (b), autumn (c) and winter (d). Only bins with at least 2
pollution events are presented here.
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