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S1 Collection efficiency of the ACSM

A collection efficiency (CE) of the ACSM was determined by comparing the mass
concentrations of ammonium and sulfate derived by the ACSM to those measured by a
conventional filter based off-line chemical analysis. The filter samples were collected using a
9-stage Andersen sampler (model AN-200, Tokyo Dylec corp.) with a flow rate of 28.3 L/min.
Sampling duration was 1 week per sample. The filters were extracted and water soluble
inorganic components were analyzed by ion chromatography. Ammonium and sulfate
concentrations were integrated for the smallest 3 stages (including backup filter) to get the
PML1.1 fraction. The CE was tuned so that the ACSM derived ammonium and sulfate match

the filter based analysis.

In addition, volume concentrations of NR components were calculated using the ACSM data
using the same procedure with our previous study (Nakayama et al. 2014), and were
compared to volume concentrations estimated using the SMPS data (TSI, model 3936L72).
As a result, the volume concentrations estimated from SMPS data were found to be about 1.7
times larger than those calculated from ACSM data. While different size-cut profiles of the
ACSM, Andersen sampler, and SMPS may have affected the result, measurement uncertainty

of SMPS may also contribute to the difference.

S2 Morphological types of individual particles

Based on TEM image analysis, the particles were classified into seven types based on their

morphological features, as presented in Figure 8.

Particles classified as type 1 are aggregations of globules with a diameter less than 50 nm,
which is characteristic of soot particles (Janzen, 1980; Pdésfai et al., 2004; Murr and Soto,
2005). The results of the EDS analysis suggested that particles in this type were composed

mainly of carbon.

Particles of types 2 and 3 are, respectively, single spherical and single coccoid (having
parallel straight lines for the particle perimeter). These particles showed strong contrast with
the film, suggesting that they are thick or highly crystalline. Because the length of the Pt/Pd

shadow of these particles is long (i.e., comparable to the particle diameter), it can be inferred



that these were collected on the film as solid particles. According to results of the EDS
analysis, type 2 and 3 particles were mostly sulfate-rich. Similar coccoid shaped sulfate
particles have been reported by several studies on aerosols in urban regions and an Asian
outflow (Li and Shao, 2010; Ueda et al., 2011), as well as aerosols emitted from biomass
burning (Li et al., 2003). These workers identified such particles as ammonium sulfate

particles based on selected—area electron diffraction analysis.

Type 4 particles have a spherical cap and show weak contrast to the collection film and a
short Pt/Pd shadow. The short shadow length suggests a dome shape, implying that the
particles were not solid when sampled. Most type 4 particles are rich in sulfur, and several of

them were rich in carbon or sea-salt.

Type 5 particles are clustered, connected to form numerous spherical or coccoid units
resembling type 2 or 3 particles in shape and size (0.2-0.5 um diameter). Most type 5

particles in this study were also sulfate-rich.

Type 6 particles are crystalline coarse particles having some straight lines for the particle
perimeter, but an otherwise coccoid shape. These particles have larger diameters (around 1

um) than type 3. Most of the type 6 particles were sea salt-rich or aged sea salt-rich particles.

Type 7 particles are recrystallized droplet particles. They show a short Pt/Pd shadow, similar
to type 4 particles, but partially show a strong contrast with the collection film. These results
imply that they dried on the film after their collection as liquid particles. Most type 7 particles

were also sea salt-rich or aged sea salt-rich.

The volume-equivalent diameters of each particle were calculated from measurements of the
projected particle area S. For type 1, 2, 3, 5 and 6 particles, which were considered to be solid
at the time of their collection, the particle diameter d was defined as 2(S/x)*2. For types 4 and
7, which were considered as liquid droplets at the time of their collection, d was defined as

223(S/m)M? by assuming half-sphere.

S3 Mixing states of individual particles

The mixing states of particles were classified by comparing particle morphology before and
after irradiation by the intense electron beam of the EDS analysis. The types of mixing states

are shown in Figure 9. Type a is non-volatile soot particles, which have the characteristic



shape of soot (i.e., morphological type 1) and show no change in morphological appearance
after irradiation by electron beam. Type b is non-volatile particles without the characteristic
shape of soot. Type ¢ is mixed particles of beam-sensitive material and non-volatile soot
aggregate. Type d is mixed particles of beam-sensitive material and a non-volatile core,
without the characteristic shape of soot. Type e is semi-volatile particles. Although contrasts
of the type e particles decrease overall after irradiation by a high electron beam, the area does
not change. In contrast to types b and c, type e particles do not have a non-volatile core. Type

fis volatile particles.

S4 Internal mixing states and shape factors for soot-containing particles

The shape factors for soot-containing particles were estimated by electron micrographs before
and after irradiation with an intense electron beam. Figure S1 shows examples of electron
microphotographs of a soot-containing particle before and such irradiation together with their
shape factors determined in this study. The projected area (Ap), perimeter (L), length of
longest axis (a), right-angled length to longest axis (b), and coordinates of folding center (x,,
Yp) Of soot-containing particles before EDS analysis, and the projected area (As) and
coordinates of folding center (xs, ys) of soot in the particle after EDS analysis were measured
using image analysis software. Using these, six parameters for soot-containing particles
(particle and soot diameters (d, and ds), volume fraction and relative position of soot (VFs and
RP), circularity factor (CF), and aspect ratio (AR)) were estimated based on the equation
shown in Table S1. The CF and AR represent shape factors; their values for a circle are 1,
while for irregular shapes are less than 1 and higher than 1, respectively. The RP is an
indicator of soot position in the particle. Values of 0, 1, and > 1 mean that the soot is in the
center of the soot-containing particle, in a position equal to the sphere-equivalent diameter
from the particle center, or outside of the sphere-equivalent diameter from the particle center,

respectively.
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Table S1. Parameter descriptions of soot-containing particles by image analysis.

Parameter Symbol  Equation

Particle diameter dp dp =2(Ay/m)2 for type 1, 2, 3, 5 and 6 particles

d, =2%3(A,/m)""? for type 4 and 7 particles

Soot diameter ds ds =2(Ay/m)*?

Volume fraction of soot VFs VFs =(ds /dy)°

Relative position of soot RP RP=2[(Xp-Xs)*+( yp-ys)°1¥% d,
Circularity factor CF CF =4mA,/L,°

Aspect ratio AR AR=a/b
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Figure S1 Photographs and shape parameters of projection area of soot-containing particles

before (a) and after (b) irradiation by high densely electron beam.



