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1. Introduction

Our research group has performed long-term monitoring of size-classified Airborne
Particulate Matter (APM) in Tokyo since 1995 [1]. The averaged enriched factors of major elements
such as Na, Fe were high in coarse particle, whereas those of toxic trace elements such as As, Se,
Cd, Sb and Pb were extremely enriched in fine APM (PM2.5). Especially, Sb is tremendously
enriched in fine APM, and large anthropogenic emission sources had been implied. Our previous
study demonstrated a number of edge-shaped fine APM contained high concentration of Sb, which
inferred brake abrasion dusts generated from friction of brake pads are one of the major
atmospheric Sb sources [1]. Based on this background, we sampled size-classified APM at urban
and roadside sites in Tokyo metropolitan area, and the characteristics of the nanoparticulate matter
fraction such as shape and elemental composition were investigated by bulk analysis using an
Inductively Coupled Plasma Mass Spectrometer (ICP-MS) and single particle analysis using a
Scanning Electron Microscope equipped with Energy Dispersive X-ray spectroscopy (SEM-EDX).

2. Single particle measurement of fine APM (PM2.5) collected at roadside and ambient sites in
Tokyo

Field sampling of fine APM (PM2.5) was performed simultaneously in urban and road side
atmosphere in central Tokyo, and then shape and elemental composition of single APM was
measured by SEM-EDX. From the shape distribution of fine APM by SEM, each shape of fine
APM distribute almost equally in the urban atmosphere, whereas edge-shaped and cotton-like APM
dominated at the roadside atmosphere. Edge-shaped and cotton-like APM are generated by
mechanical abrasion and coagulation of nano-sized particles, respectively. Consequently,
automobile originated APM such as brake dusts and road dusts generated by mechanical abrasion
and coagulated diesel exhaust particles are considered be dominant sources of fine APM in roadside
atmosphere.

From the elemental analysis by EDX, high concentration of Sb was found in spherical and
edge-shaped APM in urban atmosphere. Our previous study showed that brake pads contain few %
of Sb [2], and thus many of edge-shaped APM were considered to be originated from mechanical
abrasion of brake pads. The other possible major source of Sb is incineration of plastic materials
which are major use of Sb in Japan [3]. The spherical APM containing high Sb is presumably
associated with incineration of plastic materials.

In the roadside atmosphere, high concentration of Sb was found in edge-shaped and

cotton-like fine APM. The major sources of was edge-shaped APM containing high Sb is



considered to be brake abrasion dusts. The possible sources of cotton-like APM are coagulation of
nano-sized brake abrasion dusts and microparticulation of gaseous Sb. A lead electrode plate in
most starter battery contain up to 2.5 % Sb, and SbH3 will be generated while charging a starter
battery, particularly at the end of charging or upon overcharging [4]. Consequently, edge-shaped and
cotton-like fine APM in the roadside atmosphere are mainly originated from automobile related
emission sources such as brake abrasion dusts and coagulated particles containing volatile Sb in a

starter battery.

3. Bulk analysis and single particle measurement of size classified APM collected at a roadside site
in Tatebayashi

In order to investigate characteristics of nanoparticulate matter in high size resolution, field
sampling was performed in Tatebayashi, a suburban city of Tokyo metropolitan area, by using a low
pressure impactor (13 classes, Particle size range: 0.06 um — 11 um). Then, elemental distribution
of size classified APM was investigated by bulk analysis using ICP-MS. APM showed a
characteristic bimodal profile in which peaks were found in coarse (3.6 — 5.2 um) and fine (0.5 —
0.7 wm) fractions. The coarse fraction of APM was well agreed with the elemental ratios of Cu/Sb
and Ba/Sb in brake dusts [5]. On the other hand, the fine fraction was well agreed with the
elemental ratios of Cd/Sb and Pb/Sb in waste fly ash [5]. Furthermore, shape and elemental
mapping of coarse and fine APM were similar to those of brake dusts and fly ash, respectively.
Consequently, it was suggested that micron-sized APM containing high concentration of Sb is
mainly originated from brake abrasion dusts, and nano-sized APM containing high concentration of

Sb is mainly originated from waste fly ash.

4. Conclusions

From the field investigation of size-classified APM in Tokyo metropolitan area, APM
containing high Sb, one of toxic heavy metals, could be characterized by bulk analysis using
ICP-MS and single particle analysis using SEM-EDX. In the urban atmosphere, spherical and
edge-shaped APM containing high Sb are considered to be mainly originated from plastic materials
from incinerators and breke abrasion dusts, respectively. In the roadside atmosphere, automobile
related APM such as brake dusts and nano-sized particles generated by nucleation of SbH3 from a

starter battery are major sources of APM containing high Sb.
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1. Objective of the study, measurement method of airborne particulate matter (APM)
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2. Single particle measurement of fine APM (PM2.5) collected at roadside and
ambient sites in Tokyo
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3. Bulk analysis and single particle measurement of size classified APM collected at a

roadside site in Tatebayashi

Elemental distribution of size classified
APM (collected in September 2008)

, |5k Sb showed bimodal profile. The peaks are found
at ca. 4 um (coarse) and 0.6 um (fine) fractions.
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considered as a tracer of brake dusts.
Elemental ratios of Cu/Sh and Ba/Sb of brake
dusts were calculated in our previous study
(lijima et al., 2007). These values are similar to
the elemental ratios in the coarse fraction.

» Single particle measurement
Intensive signal of S and Sb were simultaneously
detected in an edge-shaped particle. Also the
same results were obtained in the measurement
of brake dusts.
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Elemental ratios of Cd/Sb and Pb/Sb of fly
ash were calculated to be ca. 0.1 to 0.4.
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Sh were simultaneously detected in an edge-
shaped particle. Also the same results were
obtained in the measurement of fly ash.
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4. Conclusions

Shape and elemental mapping of size classified APM, brake dusts
and fly ash originated from incineration

Coarse fraction APM (3.6 um < Dp < 5.2um) Brake dusts collected from indoor experiments

3um ———

B pm

Fine fraction APM (0.5 um < Dp < 0.7um)

..
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_.
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e From measurement at roadside and ambient sites in Tokyo, automobile originated particles were dominant at roadside and brake dusts were a prominent source of Sh.

Especially, cotton-like particles (submicron size) at roadside contained high

e From bulk analysis and single particle measurement of size classified APM

amount of Sbh. This nanoparticles may be originated from nucleation of SbH3 generated from a starter battery.
collected at a roadside site in Tatebayashi, the distribution of Sh concentration in size-classified APM

showed a characteristic bimodal profile in which peaks were found in coarse (3.6 — 5.2 um) and fine (0.5 — 0.7 um) fractions.

e The coarse fraction of APM were presumably associated with brake dust sources, whereas the fine fraction was associated with fly ash originated from incineration.
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