TERAEAZEA A FAA R ERRRE

PRE QO X PRI K 0K P I 0% 9K DR IS O SO I KOOTONOK
X e E KR T AR AC 2 IR D) d
PP PP P PP S P PP P P PR P ERP S

dHEm e g (et E
3t & 43k« NSC89—2314—B—002—382

WMATEAR (89 F£8 A1 RE9HET7 A3 A

FEEHAC THA

PITER BALEBARENLEES A
3 R OB 9 £ 8 A 31 8



ARRAEFAEEE & FAA RN IARRS

B AR P AR bk A2 Aok 2 45 P BH(ID
Characterization of Ultrafine Particles in Urban Atmosphere (II)
3 £ % % NSC89—-2621—Z—002—058
#H AT MR 89 %8H18E9%%F7RH318

£ # A EHA

R &BREQPAGALR

e-mail: cswang@ccms.ntu.edu.tw

HESRAR D REF

& B4

&M RER A AR AR

PxER

AMEEZEHANAERTER
RAfA v (AAMAFEARA
dp <0.18 pm) #kr2 % FIRART ER
78 2 ok R &M 4 R4 78 (Reactive
Oxygen Species, ROS)# R & » F B iR+t
THELEROSEZEZRA X -

AR EHI| EHARBERY
AR T8RP
ROS 4 B8 & - f1 K& ¥ 448 ROS K
BRACERAREZARFZERAN
Mo R EBETALERBEABEX
G ez ROSSEMEIERE
REAH B BERER T - sbih o R
b A &R 3 4 ROS B2 &R 3 sk #k
AREATA PSRBT - K
MEAFTLAZERMACRFHETHL
WA ROS EERMZEEAF -

Mg M EAB > MBHEE &
LAB  REMEAMIE

Abstract

The objective of this study was to
measure the mass concentration of ambient
ultrafine particles (defined in this study as
the particles with aerodynamic diameter <
0.18 pm) and the concentration of reactive
oxygen species (ROS) in various size
fractions for the Taipei aerosols and diesel
exhaust particles. The factors affecting the

concentration of ROS in particles were also
investigated.

For the same mass concentration of
particles, the ROS content was found to be
higher in smaller particles, except for
ultrafine particles. This pattern was
observed both in the particles sampled at the
gidewalk and from diesel exhausts. The
concentration of ROS in ambient particles
had good correlations with the intensity of
photochemical reactions. The correlation
coefficient between the ROS concentration
and the O3 concentration was higher for
smaller particles. This indicates that the
intensity of photochemical reactions is an
important major factor affecting ROS
concentration in smaller particles, especially
in  ultrafine  particles. Moreover,
Measurements of ROS concentrations in
particle samples aged for different periods of
time showed that the ROS concentration was
higher for the ‘fresh’ particles analyzed 1 h
after sampling as compared to the particles
‘aged’ for a longer period of time.

Keywords: urban aerosol, fresh aerosol,
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Introduction

Highly reactive oxygen-containing
species and their derivatives, collectively
described as reactive oxygen species (ROS),
originate from various sources and have
different lifetimes in the atmosphere. ROS



appear in both gas phase and particulate
phase.  Several studies on ROS in the gas
phase and in rain and cloud droplets have
been reported (Sakugawa and Kaplan, 1990),
but concentration data on ROS in the
particulate phase are limited.

Particles in diesel emissions and those
generated by photochemical reactions
generally contain high concentrations of
ROS. These particles are mostly in the
submicrometer range and therefore have a
relatively high rate, about 20~30 %, of lung
deposition. As a result, toxicants in these
particles can be efficiently transferred to the
lungs (Friedlander and Yeh, 1998). ROS are
also produced naturally in biclogical
systems to defend against foreign organisms
and other environmental challenges. High
ROS concentrations can induce cell injury
that may trigger a cascade of free radical
reactions promoting the disease process.
Consequently, a central role has been
implicated for ROS in the pathogenesis of
many puimonary diseases.

Exposure to reducing compounds in air
18 an important factor that affects the
concentration of ROS in particles. It has
been well documented that freshly fractured
silica dust has a higher concentration of free
radicals, which decays with time by
first-order kinetics and exhibits a half life of
~30 h when the dust was exposed to air after
grinding (Sh1 et al, 1988). Compared to
aged silica dust, freshly ground silica dust
shows a greater bioclogical effect on
respiratory systems (Vallyathan et al., 1995).

Rapid quantitation of ROS can be made
with a fluorogenic probe. Dichlorofluorescin
(DCFH3) is a non-fluorescent reagent that
becomes fluorescent dichlorofluorescein
(DCF) when oxidized in the presence of
ROS. This fluorometric method has been
widely applied in measurements of oxidative
activity in biological systems. Its
application in the quantitation of ROS in
aerosol particles has been made recently
{Antonini et al., 1998).

The objective of this study was to use

the fluorogenic probe to determine the
concentrations of reactive oxygen species in
various size fractions of Taipei aercsol and
diesel exhaust particles. The factors
affecting the concentration of ROS in
particles were also investigated. These
factors  include  the  intemsity  of
photochemical reactions and the aging of
particles.

Results and Discussion

The results for aerosols sampled at a
Taiper sidewalk show that the mass
concentrations of very fine (2.9~36.7 ug/m®)
and ultrafine (3.4~22.1 pg/m®) particles
were higher than fine (1.8~11.2 ug/m’) and
coarse (3.4~13.9 pg/m’) particles. Table 1
shows the average ROS concentrations
expressed in terms of H,O: concentrations
(nanomoles of H;O; per cubic meter of air
sampled, nmol/m*) were 0.064, 0.058, 0.322,
and 0.163 nmol/m’, respectively, for the
coarse, fine, very fine, and ultrafine particles.
Since very fine particles (0.18~1 pum) had
higher mass concentrations and ROS
concentrations per unit mass of particles
than those of other size fractions, it is not
surprising that the ROS concentrations per
unit volume of air were higher in ambient
particles of this size range.

The concentrations of ROS in particles
{nanomoles of H:0, per unit mass of
particles, nmol/mg) of different size
intervals of particles sampled at a sidewalk
and from diesel emissions were compared
using the fluorescence measurements for
liquid suspensions of sampled particles
having identical mass concentration of 10
pg/ml. For the purpose of comparison,
ROS concentrations in particles collected at
the sidewalk were categorized into two
subgroups, one with corresponding average
Os;  concentrations  below 20  ppb
(representing weak photochemical reactions)
and one with corresponding average Os
concentrations above 20 ppb (representing
intense photochemical reactions). Figure 1
shows the concentrations of ROS in particles
sampled at a sidewalk and from diesel



emigsions.  During periods of intense
photochemical  reactions, the ROS
concentrations in very fine particles were
higher than those in fine and coarse particles
at the sidewalk. Such a relationship
between the ROS concentration and the
particle size was seen in particles larger than
0.18 pm, but not in ultrafine particles that
have larger surface areas per unit mass than
very fine particles. Nevertheless, for the
same particle mass concentration, the ROS
concentration in smaller particles was still
higher than those in larger particles.

The pattern that smaller particles
contain higher levels of ROS per unit mass
of particles was also observed on the
particles sampled from diesel emissions.
The particles collected at the sidewalk
during periods of weak photochemical
reactions showed a slightly higher level of
ROS per mass of particles in smaller
particles. On the other hand, the ROS
concentration in smaller particles sampled at
the sidewalk during periods of intense
photochemical reactions was significantly
higher than those sampled from the diesel
exhaust and at the sidewalk during periods
of weak photochemical reactions.

Figure 2 shows the decay of ROS with
time in particles of different size intervals
sampled at the sidewalk. The ROS
concentration was higher for the ‘fresh’
particles analyzed 1 h after sampling as
compared to the particles 'aged' for 115 h.
For particles of different size intervals, the
ratio of ROS concentration in ‘aged' particles
to that in 'fresh' particles was 0.27~0.38,
Limited by the number of available samplers,
only two different "ages" of particles
collected at the sidewalk were analyzed.
Figure 3 shows the decay of ROS with time
in very fine and ultrafine particles sampled
from diesel emissions. The result also
indicates that the ROS concentration was
higher for the 'fresh' particles analyzed 0.5 h
after sampling as compared to the particles
‘aged’ for 4, 20, and 168 h. For very fine
and ultrafine particles, the decay of ROS
was fast in the first 4 hours.

Self-evaluation of Results

The goals of this study, which included
measuring the mass concentration, and the
concentration of reactive oxygen species in
atmospheric ultrafine particles in an urban
environment, were completed. In addition,
the concentration of ROS was also
determined for diesel exhaust particles of
different size fractions. A paper based on
the results of this study has been accepted by
Journal of Aerosol Science for publication.
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Table 1 Equivalent hydrogen peroxide concentrations of ROS in
aerosol particles collected at a sidewalk. (n: sample size)

Equivalent H;Q, c oncentration, nmolz‘ms

Size interval {pum) n
Range Mean SD
3.2~10 (coarse) 32 0.006~0.138 0.064 0.033
1~3.2 {fine) 31 0.016~0.144 0.058 0.040
0. 18~1 (very fine} 32 0.043~0.991 0.322 0.249
< .18 {ultrafine) 32 0.026~0.592 0.163 0.155
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Fig. 2 Equivalent hydrogen peroxide coneentrations in aerosol particles

(nmol/mg} collected at an sidewalk. The concentration of ROS was

determined | h and 115 h after particle collection.
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Fig. 1 ROS conwentrations m 10 pgiml liqued suspensions of particles obtained From diesel,
and sidewalk samplea expressed in terms of equivalent bydrogen peroxade concentrations.
Values were mean X 81, {Q,]; and [O, ), represented periods of weak and intense

phatochemisal reactions, respectively.
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Fig. 3 Equivalent hydrogen peroxide concentrations in aerosal particles

{nmol/mg) collected from diesel emissions. The concentration of ROS
was determined [ h, 4h, 20 b, and 168 h after particle collection.



