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Text:

Text S1: PMz2.s mass concentration correction

The Grimm monitor was based on particle scattering measurements or called optical particle
counter. A PM_; cut-off was placed before the GRIMM 180. The PM25s mass concentration by
Grimm 180 was corrected by the daily PM2s mass concentration with quartz filter measurement.
We first integrated the hourly Grimm 180 data into daily basis, and then compared with the daily
PM2.s mass concentration with quartz filter measurement (PQ200 Ambient Air Particulate Sampler
with a PM2s cut-off). The daily mass concentration by quartz filter sampling was then obtained
gravimetrically. The PQ200 and Grimm 180 measurements were in good agreement with R? of
0.93, with a slope of PQ200 vs. Grimm 180 data of 1.232 (Figure S3). We then used the linearly
fitted parameter to correct the hourly Grimm 180 data to derive the hourly PMa2s mass

concentration.

Text S2: Source apportionment for OA

Several source profiles from previously reported HR-ToF-AMS data with different a values were
explored. However, some ions were missing from the reference source profile when compared
with our dataset. For these ions, the signal intensities were estimated based on the unit-mass-
resolution (UMR) source profile from the average of multiple ambient data sets (Ng et al., 2011)
as follows:

Imiz=K *lumR(m/z)-IHRrest(m/z) (2);
k= lumRitota)/ IHR totar) ).

where I is the signal intensity of the missing ions in the reference profile; k is a correction factor,
derived from the ratio of total signal intensities in the UMR and HR profiles, which accounts for
the difference in total signal intensity between the profiles; lumrmiz) is the total signal intensity at
UMR level for the missing ions in the UMR profile; and Inrrestmiz) is the sum of the signal
intensities of the rest of the ions from HR reference profile that shares the same integer m/z as the
missing ions. For these ions, whose intensities are derived from the above equation, an a value of

1 (100% deviation) was used.
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We used the ME-2 solver with reference mass spectra to tackle the problem of mixing sources in
our PMF runs. The HOA the Paris campaign (Crippa et al., 2013) as an input reference however
were not fitted in our dataset. The resolved-HOA factor contributed no more than 5% of total OA,
and only exhibited a small morning rush peak in the diurnal pattern (Fig. S6). Furthermore, another
factor was observed to share similar features with the HOA mass spectrum. This factor exhibited
clear rush-hour peaks during the morning and late afternoon, as with traffic-related pollutants (e.g.
NOx and BC). Also, the mass fraction of this factor is 3-4 times higher than the resolved-HOA
factor. Alternatively, we directly extracted a local HOA source profile (HOAIqc) from the data set
using a separate PMF run in selected time series with peaks in organic mass concentration. We
selected the high OA events in order to capture some periods with potentially high HOA. As shown
in Fig S7, the concentrations of other traffic tracers (for example BC and NOx) were also high,
indicating the potential influence by high HOA. A similar approach of extracting factors in
unconstrained PMF and subsequent combination of duplicate factors was also used in a previous
study (Frohlich et al., 2015). (Frohlich et al., 2015) Using the peaks or only one peak yield similar
mass spectra for local HOA factors with Ryc=0.99 (Fig. S7a, S7b). The HOA profiles remained
the similar with even more factors (Fig. S7c). We then used the HOA source profile obtained from
all of the short peaks as the input HOA source profile (LHOA therein). However, constrained
LHOA alone cannot resolved an environmentally reasonable solution either (Fig. S8). We then
tried to added other primary OA source profiles as constrain. For COA source profile, we chose
the COA source profile from the Hong Kong campaign (HK) to constrain our ME-2 runs as
cooking styles and ingredients in Guangzhou are similar to those in Hong Kong. For the BBOA
factor, we used the reference BBOA profile from MILAGRO (Aiken et al., 2009). The resolved
BBOA factor tracked well with its tracer ion (C2H402") and potassium (K*) in time series.

A four-factor (HOA, COA, BBOA and a free factor) solution had a higher Q/Qexp, While a six-
factor (HOA, COA, BBOA and three free factors) solution seemed to split OOA factors without
obvious physical meaning. An five-factor solution with a values of 0.1, 0.2, 0.3 for HOAqcal,
COAHk, and BBOAwmiLAGRo, respectively, was finally adopted. The a values for these POA factors
were also in line with previous ME-2 studies (Canonaco et al., 2013; Crippa et al., 2014; Frohlich
etal., 2015). We further run the ME-2 with the same conditions with 10 runs to explore the stability
of solution. The time series and mass spectra for these 10 runs were quite steady (Fig. S10). The

final solution came from results obtained with averaging these ten runs. Two oxygenated organic
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aerosol factors, SVOOA and LVOOA, were assigned based on their degree of oxygenation.

Text S3: Time series and diurnal patterns of meteorological conditions and gas and particle
species.

Fig. S11 shows the time series of NR-PMy species (sulfate, nitrate, ammonium, chloride, and
organics), BC, and meteorological factors (precipitation, RH, temperature, wind direction, and
wind speed) for the whole campaign. Northerly winds (hourly integrated) prevailed through the
whole campaign. As located at the southerly of downtown Guangzhou, the sampling site was
greatly affected by the pollutants transport from downtown area under such condition. NOx ranged
from 9 to 333 ppb, averaging at 40.8 ppb. The high NOy levels reflect heavy influences from traffic
emissions. The high NOx concentration provided great potential for secondary production of
particulate nitrate. Ozone ranged from 0.2 to 119.9 ppb with an average of 22.7 ppb. An episodic
high O3 period occurred from the November 14" to 27", 2014, and peaked in every afternoon. The
average temperature was 5 °C lower in December than in November.

Diurnal patterns for temperature, RH, irradiance (IR), NOy, Oz, all NR-PM: species, and BC in
November and December are depicted in Figure S12.

In November, IR, an indicator of photochemical activities, showed a clear noon time peak.
Ozone concentration slowly increases after sunrises and reaches its maximum in mid-afternoon.
The relatively high IR and Os concentrations at noon time indicate the strong photochemical
activities. Obvious diurnal cycles of temperature and RH were observed. SO, had morning peaks
while NOx showed clear rush hour peaks. Sulfate showed a slight concentration increase in median
hourly data in the early morning in November, consistent with the SO> morning peaks. The
daytime decrease in nitrate and chloride in November may due to the combinative effects of higher
mixing layer height and gas-to particle partitioning under high temperature and low RH conditions
(Seinfeld and Pandis, 2006). Ammonium concentration decreased in the early morning and
increased in late afternoon, which was the combined result of the variations of anions in the particle
(sulfate, nitrate and chloride). Organics had a significant increase after 16:00, and stayed at a high
level at night, which might be attributed to combined effects of enhanced vehicular emissions and
lower mixing layer height. Other vehicle-related pollutants such as NOx and BC also showed an

increase in concentrations after 16:00. Also, a small organics peak appeared in the afternoon,
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coincided with the peak of O3, suggesting the possibility of photochemical formation of SOA. The
diurnal patterns of individual organic factors as characterized by ME-2 which will be discussed in
a later section. Similar diurnal variations for most of the PM1 species in November were also
observed in the earlier field campaign conduced in November in Shenzhen (He et al., 2011).

In December, although Oz concentrations were significantly lower than those in November, the
daytime peak was still obvious. Both temperature and RH were lower in December than in
November while obvious diurnal cycles of temperature and RH were also observed. No obvious
diurnal variation for SO, were observed in December. NOxy still showed clear rush hour peaks.
However, a discrepancy between mean and median data in diurnal patterns for NOx was apparent
during night to early morning in December because of intense traffic emissions on 24-25
December, as also shown in the high NOx concentrations in Figure S11. SOg slightly increased at
night, which might be attributed to the lower mixing layer height during nighttime. However,
nitrate concentration did not experience a significant decrease, while the daytime decrease in
chloride is still obvious. Other contributing factors of nitrate may somewhat offset the decrease
due to higher mixing layer height and evaporation from particles in daytime. Ammonium
concentration increased in late afternoon, which was the combined result of the variations of anions
in the particle. Organics had a significant increase after 16:00, stayed at a high level at night, and

tracked well with vehicle-related pollutants such as NOx and BC.

Text S4: Organic nitrate and inorganic nitrate estimation

To exanimate the interference of organic nitrate (ON) to our analysis in the nitrate formation, we
adopted two methods to estimate the ON concentration. The first method (Method 1, therein) is
using the ratio of NO*/NO"(Farmer et al., 2010), which takes the advantage of the difference of
NO*/NOz" in organic nitrate and ammonium nitrate. The fraction of the total nitrate signal due to

organic nitrate(x) can be derived from:

_ (Robs—RNHaN03)(1+RoN) (1)
(RoN—RNH4N03)(1+Rops)

where Rops is the NO*/NO:"in the ambient observation, Rnnanos is the NO*/NO2* of ammonium
nitrate in IE calibration, while Ron is the NO*/NO,* of ON. Xu et al.(2015) suggested that the
NO*/NO," values of 5 and 10 likely correspond to the upper and lower bounds of the ratios from
ON. Such a boundary using NO*/NO2" method is adopted in this study for the estimation of organic

nitrate’s contribution to the AMS nitrate concentration. The organic nitrate can be derived by



121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

multiplying the organic nitrate fraction (x) with the total nitrate in AMS. And the inorganic nitrate
can then be calculated by subtracting the organic nitrate from the total nitrate concentration. But
still, we should be cautious in this method as the vast array of possible ON parent compounds in
ambient particles and the in consistency of the ratio between instruments may led to some bias in
the calculation. We also use the organic concentration and elemental ratio (OM:OC and N:C) from
HR-ToF-AMS measurement to estimate the lower bounder of organic nitrate (Method 2, therein)
adopted from Schurman et al.(2015).

ONmin=(Organics/OM:OC)*N: C*(14/12) (2)

where Organics is total organic concentration. ON may be underestimated using this method as
N:C includes only N from CHON and CHN fragments. The maximum inorganic nitrate can also
be estimated by deducting the ONmin from the total nitrate concentration in this method.

The time series of total nitrate form AMS and MAGRA, and inorganic nitrate and organic nitrate
calculated from Method 1 and Method 2 are shown in Fig. S13, while the campaign average mass
concentration and mass fraction derived from each method are shown in Fig. S14-S15. On average,
the maximum IN concentration estimated from Method 1 was 6.15 pg/m?3, accounted for 81.2% of
the total nitrate mass concentration from AMS measurement. And the minimum IN concentration
from Method 1 was 4.95 pg/m?, contributed to 74.4% of the total nitrate mass. While using Method
2, the minimum nitrate was 6.48 pug/m?®, accounted for 89.8 % of the total nitrate. And the time
series of the calculated inorganic was tracked well with the total AMS measured nitrate (Fig. S13).
Fig. 2 shows the scatter plot of estimated inorganic nitrate versa total AMS measured nitrate. We
found that the estimated inorganic nitrate was highly correlated with (Rp2>0.95) with the total
AMS nitrate concentration and followed with the 1 to 1 line for each method we used. Even though
organic nitrate also contributed to the total nitrate we measured, both the variation and the
concentration of the nitrate did not change a lot after subtracting the organic nitrate. Furthermore,
as shown in Fig. S2, AMS measured nitrate were comparable to those from MAGRA, with a
correlation slope of 0.9 and a Rp of 0.95. Given the uncertainties associated with each estimations,

we conservatively used the total HR-ToF-AMS nitrate concentration in our discussion.
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line, and mean as dot).
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Figure S 15 Box and whisker plot of inorganic nitrate and organic nitrate mass fraction calculated from Method 1 and Method 2
(25th and 75th percentile boxes, 10th and 90th percentile whiskers, median as line in solid line, and mean as dot).
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Figure S 16. Scatter plots of NO3-molar concentration from MARGA (PM2.5) against those of excess NH4+, Na+ and Ca2+.
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Figure S 17. (a)SOA against temperature; (b) SOA against LWC during the day.
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223

224 Table S 1 Correlation of ME-2 resolved OA factors with tracers

Correlation (R,) | NOx C:H;0 C2H,0; NO; SO4
HOA 0.83 0.84 0.81 0.58 0.18
COA 0.51 0.66 0.42 0.08 0.08
BBOA 0.18 0.47 0.71 0.52 0.33
LVOOA -0.01 0.31 0.42 0.43 0.7
SVOOA 0.21 0.66 0.62 0.68 0.49
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