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• Ambient ultrafine particles were associated with oxidative stress in children.
• Particles sized 47nm was most strongly associated with increase in urinary 8-OHdG.
• Immediate effect of particle on oxidative stress was observed in children with eczema.
• The effect of mass fraction particle on oxidative stress in children was less clear.
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Ambient fine and ultrafine particles (UFPs) in urban air are known to contribute to inflammatory and allergic
disease. It has been suggested that oxidative stress is anunderlyingmechanism for the detrimental health effects.
The objective of this study was to investigate the short-term effect of ambient UFPs and particulate polycyclic
aromatic hydrocarbons (PAHs) on urinary 8-hydroxyl-2-deoxyguanosine (8-OHdG) concentrations in children
with and without eczema. Spot urine samples were collected from 84 children twice weekly for 61 days and
8-OHdG content was measured. Significant associations were found between the ambient UFPs and particle
bound PAHs and increase in urinary 8-OHdG levels. An inter-quartile range (IQR) increase in the UFP concentra-
tion in the 24-h (IQR, 32,300/m3) period preceding urine collectionwas significantly associatedwith a 5.7% (95%
confidence interval [CI], 0.16–1.27%) increase in the urinary 8-OHdG level children with AD. In children without
eczema, such short-term effect of previous day UFPs on urinary 8-OHdGwas not observed. Therewere no signif-
icant positive associations between the mass fraction of PMs and urinary 8-OHdG. The results suggest that
short-term exposure to ambient UFPs plays a critical role in PM induced oxidative stress in childrenwith eczema.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Ambient particulate matters (PMs) consist of particles of varying
sizes originating from different sources. Epidemiological studies have
linked a variety of adverse health effects, including respiratory and al-
lergic diseases, to the presence of ambient PMs (Penttinen et al., 2001;
Rodriguez et al., 2007; von Klot et al., 2002). However, the underlying
mechanisms bywhich this occurs, and the properties of the particles re-
sponsible for the observed health effects, remain unclear.

Experimental studies have indicated that the ultrafine-sized fraction
of diesel exhaust particles may increase allergic sensitization (Diaz-
Sanchez et al., 1999, 2000). The small size relatively large surface area
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per unit mass of ultrafine particles (UFPs) has prompted interest in
their potential adjuvant effect (de Haar et al., 2006). Exposure to ambi-
ent UFPs is associatedwith decreased pulmonary function (Penttinen et
al., 2001; Peters et al., 1997), increased asthma symptoms and medica-
tion use (von Klot et al., 2002), and an increased number of hospital
admissions for pediatric asthma (Andersen et al., 2008). Previously,
we and others examined the short term effect of ambient particles on
symptoms in children with atopic dermatitis and found a positive asso-
ciation between UFPs and an exacerbation of eczema symptoms (Song
et al., 2011). The biological effects of ambient UFPs appear to be linked
to oxidative damage attributable to excessive ROS formation. Accumu-
lating evidence suggests that these particles can penetrate tissues and
induce the production of reactive oxygen species (ROS) (Li et al.,
2003b; Oberdorster et al., 2005). The ROS not only aggravates airway
inflammation by inducing pro-inflammatory mediators or enhancing
bronchial hyper-responsiveness (Cho and Moon, 2010; Li et al., 2003a),
but also may increase oxidative stress which is detected during acute
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exacerbations of allergic symptom in the patientswith atopic dermatitis
(Tsukahara et al., 2003).

8-Hydroxyl-2-deoxyguanosine (8-OHdG) is a major by-product
of hydroxyl radical attack on DNA, and is frequently measured in
assessing oxidative damage. During the repair process that follows
damage to DNA, 8-OHdG is excised and excreted into the urine with-
out further metabolism (Marnett, 2000; Shigenaga et al., 1989). Urine
collection is easy and non-invasive; thus urinary 8-OHdG is consid-
ered a convenient marker of oxidative stress (Loft et al., 1993; Pilger
and Rudiger, 2006; Wu et al., 2004). Some clinical studies have mea-
sured urinary 8-OHdG to assess oxidative stress in patient with ecze-
ma (Nakai et al., 2009; Omata et al., 2001; Tsuboi et al., 1998). The
association between ambient PM and urinary 8-OHdG levels has
been inconsistent; a study have found that elevated levels of urinary
8-OHdG was associated with exposure to PM2.5 (less than 2.5 μm in
diameter) in workplace (Kim et al., 2004) whereas, other failed to de-
tect such association. These studies did not address responsible size
mode of particles or modifying effect of allergic diseases on the oxida-
tive damage.

The objectives of this study were to investigate the effect of expo-
sure to urban ambient fine and ultrafine particles, as well as particulate
PAHs, on oxidative stress in children and to examinewhether the effect
of particulate pollutants on oxidative stress was modified by the pres-
ence eczema. Itwas hypothesized that elevated concentrations of ambi-
ent UFPs are associated with an increase in urinary 8-OHdG, especially
in children with eczema. Furthermore, this study examined whether
urban particles of differing sizemodes may affect the oxidative damage
differently. We performed a panel study that included repeated mea-
surements of ambient pollutants and urinary 8-OHdG in children with
and without eczema to assess transient within-subject variation in
oxidative stress in response to changes in particulate pollutants. Under-
standing the effect of different particle sizes on induction of oxidative
stresswill be helpful in assessing the role of PM in inflammation process
driving acute allergic exacerbation.

2. Material and methods

2.1. Study population

The study participants were 84 schoolchildren attending the same
elementary school located in Incheon City, South Korea.We followed up
all subjects to collect their urine two times aweek for 61 days fromApril
to June 2009, excluding holidays. The children were aged 8–12 years
andwere selected from 779 students in the school after preliminary ex-
amination to identify signs of eczema according to the Hanifin and
Rajka's diagnostic criteria (Hanifin and Rajka, 1980). Forty one children
were suffered frommild or intermediate eczemawith severity scoring of
atopic dermatitis or SCORAD indices (Stalder and Taieb, 1993) of 15–40.
Forty three healthy, age- and sex-matched subjects were randomly
assigned to a control group. Relevant information on individual charac-
teristics such as passive smoking was obtained through a questionnaire
completed by the children's parents. The study protocol was approved
by an ethical committee in the National Institute of Environmental
Research, and written consent was obtained from the parents of all
study participants.

2.2. Urine collection

During the study, we visited the school approximately every
3 days to collect urine samples from theparticipants. Spot urine samples
were obtained from each subject attending class, between 9:30 a.m. and
noon on each sampling day. Up to 18 samples were collected for each
subject. All urine samples were centrifuged at 2500 r/min for 10 min
to eliminate suspended debris, and were then stored at −20 °C until
further analysis.
2.3. Urinary 8-OHdG

Urinary 8-OHdG levels were determined using a competitive
enzyme-linked immunosorbent assay kit (ELISA; Japan Institute for
the Control of Aging, Fukuroi, Japan) following the manufacturer's in-
structions as described elsewhere (Kim et al., 2004; Lai et al., 2005;
Wei et al., 2009). Briefly, 50-μL samples or standards were added to mi-
crotiter plates pre-coated with 8-OHdG, followed by 50-μL of primary
anti-8-OHdG monoclonal antibody. The plates were then incubated at
37 °C for 1 h. After washing, 100-μL of horseradish peroxidase-
conjugated secondary antibody was added and incubated at 37 °C for
1 h. Plates were washed again and 100-μL of chromogenic substrate
was added and allowed to react at room temperature. Phosphoric acid
was added to terminate the reaction. Absorbance at 450 nm was mea-
sured with a microplate spectrophotometer, and the limit of detection
(LOD) was 0.2 ng/mL 8-OHdG. The concentration of 8-OHdG in each
urine sample was adjusted to the creatinine concentration and was
expressed as μg/g creatinine. Urinary creatinine concentrations were
determined by Jaffe's reaction using an automated analyzer (Hitachi
7600).

2.4. Ambient air pollutants

The ambient particles were measured continuously on the roof of
the school during the period fromMarch 27 to June 5 2009, as described
previously (Song et al., 2012). All study subjects lived within a 2 km ra-
dius of themeasurement site, which is situated close to amain road and
0.3 km from a 4-lane highway. Number concentrations (NC) of particles
were measured with a scanning mobility particle sizer and counter
(SMPS + C) in 7-min intervals. The SMPS + C consists of a differential
mobility analyzer (DMA,Model 5.5-900 GrimmAerosol Technik; GmbH
& Co., Germany) and a condensation particle counter (CPC, Grimm
Model 5.400), which counts the number of particles with a diameters
between 11.1 and 1083.3 nm, classified in 44 channels. For analyses, 2
size fractions of 11.1–101 nm (NC0.01–0.1), and 111–454 nm (NC0.1–0.5)
were calculated by combining the relevant channels. The mass concen-
trations of PM10, PM2.5, and PM1 were measured by a multi-channel
aerosol spectrometer (Grimm Model 1.107), which samples particles
at 1.2 L/min using a laser light scattering optical particle counter.
Particle-bound PAHs were measured with a photoelectric aerosol
sensor direct reading instrument (PAS 2000, EcoChem Technologies)
that detects PAH on particles by photoionization.

2.5. Data analysis

All statistical analyses performed using SAS software (version
9.1.3; SAS Institute, Cary, NC). As multiple samples were obtained
from each subject, we used a linear mixed model (Proc mixed) to
assess the association between air pollutants and 8-OHdG. The distri-
butions of the urinary biomarker were skewed, and therefore, we
log-transformed the data for analysis. Exposure variables were evalu-
ated using the continuously monitored pollutants averaged over the
24 h (9 a.m. to 9 a.m.) preceding the time of urine collection (lag 1)
as well as the 2 previous 24 h period (lags 2–3). To account for corre-
lation among the repeated measurements per student, each models
included random intercepts for each subject. A compound symmetric
covariance structure was used to model repeated measures for each
subject over time because it resulted in the best Akaike's Information
Criterion compared with other covariance structures, including a first
order autoregressive structure.

The effects of PMs and particle-bound PAHs on urinary 8-OHdG
levels were estimated after adjusting for individual variables such as
age, BMI, passive smoking, temperature on the previous day and
time trend (sampling date). All effect estimates were expressed as
percentage changes in urinary 8-OHdG associated with an increase
of one inter-quartile range (IQR) for each air pollutant. In addition,



Table 1
Characteristics of study subjects and their urinary 8-OHdG concentration (mean ± SD
or number).

Children with eczema Children without eczema

N 41 43
Age (years) 10 ± 1.3 10 ± 1.1
Male/female 24/17 24/19
Height (cm) 140.3 ± 9.6 138.6 ± 8.1
Weight (kg) 40 ± 12.6 36.5 ± 10.1
BMI (kg/m2) 19.3 ± 4.4 18.7 ± 3.4
Live with smoker (n) 23 21
SCORAD index 15.3 ± 6.9 0
Urinary 8-OHdG (μg/g crea.) 12.0 ± 6.3 10.1 ± 5.5

BMI, body mass index, weight (kg) ÷ height (cm)2 × 0.0001.
SCORAD index, scoring atopic dermatitis index.
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we performed regression analyses on all subjects including interac-
tion term between eczema status (dummy variable for eczema 1
and no eczema 0) and continuous exposure variable to test whether
eczema was an effect modifier.
3. Results

Table 1 presents the basic characteristics of the study subjects. 84
subjects, 41 with eczema and 43 healthy children, with an average
age of 10 years and ranged from 8 to 12 years, were included in the
final analysis. Nonewas diagnosed as having asthma or other respirato-
ry diseases by a physician. 44 children (23 for eczema children) lived
with a smoker. There were no differences in age, sex-ratio, and body
mass index (BMI) between children with and without eczema. In
total, 1269 (638 for atopic children) urine samples were obtained
from the 84 subjects, with each individual providing 10–18 samples.
The average urine 8-OHdG concentration for the atopic children was
12 μg/g creatininewhichwas slightly higher than that in childrenwith-
out eczema.

Table 2 summarizes the concentrations of ambient particulate pollut-
ant. The highest particle number was observed in the ultrafine fraction
ranging from 0.01 to 0.1 μm. Because the particles sized b500 nm con-
stituted 96% of the total particle number concentration, the 33 channels
of that particle size class (11.1–454 nm) were included in the analyses.

The 24-h averages ranged from 22.1 to 122.2 μg/m3 for PM10, 20.1 to
106.6 μg/m3 for PM2.5, and 8.7 to 34.0 ng/m3 for particle-bound PAHs.
The 24-h averaged number concentrations of ambient particles
were 9710 to 117,300 count/cm3 for NC0.01–0.1, and 1688 to
15,480 count/cm3 for NC0.1–0.5 respectively.
Table 2
Summary of pollutants concentration 1–2 and 3-days prior to urine sample collection of 84

Pollutants Lag 1

PM10
a Mean ± SD 68.95 ± 25.52

(μg/m3) n 17
PM2.5 Mean ± SD 55.15 ± 21.62
(μg/m3) n 17
PM1 Mean ± SD 48.64 ± 19.61
(μg/m3) n 17
NC0.1–0.5

b Mean ± SD 7.48 ± 4
(1000/cm3) n 17
NC0.01–0.1 Mean ± SD 48.61 ± 30.73
(1000/cm3) n 17
P-PAHsc Mean ± SD 18.71 ± 6.69
(ng/m3) n 17

Lag 1: 24 hour (09:00–09:00) average, lag 2: 25th to 48th hour average, lag 3: 49th to 72t
a PM, particulate matter (numbers represent diameter of particles in μm).
b NC, number concentration of particles (numbers represent diameter of particles in μm)
c P-PAHs, particle-bound polycyclic aromatic hydrocarbons.
Table 3 shows the associations between the ambient particulate
pollutants and urinary 8-OHdG levels in the study subjects. The
mass fractions of PMs were not significantly associated with in-
creased urinary 8-OHdG in both eczema and healthy children. There
were inverse associations between the mass fraction of PMs (PM10,
PM2.5, and PM1) at lag 2 and urinary 8-OHdG concentrations in the
atopic subjects, but these were not statistically significant except
PM2.5. On the contrary, the number concentration of ultrafine-sized
particles measured at lags 1 to 2 days showed significant associations
with increased in the urinary 8-OHdG concentrations in children with
eczema. For an IQR increase in the NC0.01–0.1 concentrations at lag 1
and lag 2, the estimates of urinary 8-OHdG increase were 5.7% (95%
CI, 1.3–10.2) and 6.6% (95% CI, 0.1–13.5), respectively. The particle-
bound PAHs also showed significant and positive associations with
urinary 8-OHdG concentrations in children with eczema. The largest
effect was observed for the particle-bound PAHs at lag 1, which was
associated with a urinary 8-OHdG increase of 14.4 (95% CI, 5.6–23.8).

There were significant associations between lagged 2-day number
concentrations of particles and urinary 8-OHdG among subjects with-
out eczema. For an IQR increase in the NC0.01–0.1 at lag 2, the estimates
of urinary 8-OHdG increase were 13.4% (95% CI, 4.7–22.7) and 12.7%
(95% CI, 6.5–19.2), respectively. However, NC0.01–0.1 was not signifi-
cantly associated with the increase in urinary 8-OHdG at lag 1 day
in children without eczema. The particle-bound PAHs also showed
positive associations with urinary 8-OHdG concentrations in children
without eczema. For an IQR increase in the particle-bound PAHs at lag
2 days, the estimates of urinary 8-OHdG increase were 16.8 (95% CI,
6.5–28.1). The urinary 8-OHdG changes per IQR change in each pol-
lutant exposure were not significantly different between children
with and without eczema (p-value for interaction > 0.05).

In analyzing the associations between the urinary 8-OHdG of chil-
dren with eczema and the particle size classes sampled in the previous
24 h, we noted that the 8-OHdG increase was associated with the spe-
cific size ranges of ambient UFPs (Fig. 1). In previous 24 h, the urinary
8-OHdG was positively and significantly associated with particles in
sizes ranging from 11.1 to 82.8 nm and 153 to 214 nm, and was most
strongly associated with particles 46.8 nm in diameter (p = 0.003).

4. Discussion

We examined the association between ambient ultrafine-sized
particles and oxidative DNA damage, as indicated by urinary 8-OHdG
concentrations, in a panel of schoolchildren with and without eczema.
We found that the ambient number concentration of particles, especially
UFPs were significantly associatedwith urinary 8-OHdG concentrations.
study subjects.

Lag 2 Lag 3 3-d mean

69.43 ± 26.44 64.85 ± 26.77 66.78 ± 15.62
18 18 17
54.38 ± 22.43 49.46 ± 21.27 52.02 ± 12.79
18 18 17
47.54 ± 21.19 42.62 ± 19.54 45.24 ± 11.75
18 18 17
6.23 ± 3.3 6.21 ± 3 7.03 ± 2.54
16 15 14
38.69 ± 21.71 44.11 ± 29.58 46.26 ± 23.54
16 15 14
15.34 ± 5.83 16.88 ± 8.29 17.31 ± 5.1
17 16 16

h hour average before urine sampling.

.



Table 3
Percentage changesa in urinary 8-OHdG for interquartile range increase of ambient pollutants in linear mixed models.

Pollutants IQRb Changes of urinary 8-OHdG (%) p-Value for interactionc

Children with eczema Children without eczema

PM10 (μg/m3)
Lag 1 37.19 2.04 (−3.40 to 7.77) −1.92 (−7.20 to 3.72) 0.26
Lag 2 37.19 −5.14 (−10.02 to −0.01) 0.15 (−4.97 to 5.54) 0.14
Lag 3 38.08 −1.29 (−7.12 to 4.92) 4.82 (−1.29 to 11.29) 0.11

PM2.5 (μg/m3)
Lag 1 33.01 3.23 (−2.70 to 9.52) −0.26(−6.11 to 5.97) 0.41
Lag 2 32.65 −5.28 (−10.21 to −0.07)⁎ −0.52 (−5.80 to 5.03) 0.22
Lag 3 32.39 −1.89 (−7.81 to 4.42) 4.63 (−1.64 to 11.30) 0.07

PM1 (μg/m3)
Lag 1 31.84 4.51 (−1.83 to 11.26) 0.91 (−5.36 to 7.58) 0.40
Lag 2 31.21 −4.48 (−9.50 to 0.79) −0.06 (−5.49 to 5.67) 0.30
Lag 3 31.46 −3.58 (−9.78 to 3.06) 3.73 (−2.91 to 10.81) 0.07

NC0.1–0.5 (1000/cm3)
Lag 1 5.49 5.96(0.15 to 12.10)⁎ −0.92 (−7.02 to 5.58) 0.22
Lag 2 5.32 4.11 (−2.68 to 11.38) 8.14 (1.13 to 15.63)⁎ 0.19
Lag 3 5.51 1.38 (−8.23 to 12.00) 11.32 (0.58 to 23.20)⁎ 0.16

NC0.01–0.1 (1000/cm
3)

Lag 1 32.30 5.65 (1.31 to 10.18)⁎⁎ 1.99 (−2.93 to 7.16) 0.50
Lag 2 32.29 6.62 (0.12 to 13.54)⁎ 13.37 (4.74 to 22.71)⁎⁎ 0.12
Lag 3 32.30 2.77 (−2.24 to 8.02) 5.87 (−3.71 to 16.41) 0.38

P-PAHsd (ng/m3)
Lag 1 12.32 14.35 (5.60 to 23.83)⁎⁎ 12.63 (3.81 to 22.20)⁎⁎ 0.80
Lag 2 11.93 10.55 (0.60 to 21.47)⁎ 16.82 (6.52 to 28.11)⁎⁎ 0.24
Lag 3 11.93 4.09 (−3.62 to 12.41) 7.29 (−0.67 to 15.89) 0.24

a The percentage changes and 95% confidence intervals (CIs) were calculated as [exp(model estimate × IQR) − 1] × 100, adjusted by age, sex, BMI, and passive smoke, date,
temperature on previous day.

b IQR: interquartile range (25–75 percentile).
c Interaction product term: pollutants × eczema status (eczema, 1; no eczema, 0.
d Particle-bound polycyclic aromatic hydrocarbons.
⁎ b0.05.

⁎⁎ b0.01.
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Fig. 1. Estimated percent changes of urinary 8-OHdG and 95% confidence intervals
(vertical error bars) in children with atopic dermatitis (A) and without atopic dermatitis
(B) by interquartile increase of particle number concentrations in 33 size classes (lag 1)
after adjusting for age, sex, BMI, passive smoking, temperature and date.
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UFPs are thought to be more toxic than larger particles (Donaldson
et al., 2002; Li et al., 2003b) because of their small size, large surface
area, and high content of redox-cycling chemicals, such as PAHs and
quinines, which contribute to inflammation and oxidative stress (Li et
al., 2008; Nel et al., 2006). Their unique small size may enable the UFP
access to mitochondria and then release redox cycling chemicals that
damage the inner membrane (Li et al., 2003b). ROS could be generated
from ambient particles in several ways: the particles contain soluble
transition metals that may generate ROS through Fenton-type reac-
tions, the particle itself could induce phagocyte activation where ROS
are released, and their chemical contents could activate quinine radicals
generate ROS through redox cycling (Bolton et al., 2000; Li et al., 2003a;
Sorensen et al., 2003b). These data are in accordance with previous
in vitro and in vivo studies where nano-sized particles or UFPs have
been shown to induce greater ROS and inflammatory responses (Brown
et al., 2001; Li et al., 2003b; Oberdorster et al., 2005; Zhou et al., 2003).
This result is also consistent with a recent controlled-exposure study
in humans, in which exposure to UFPs, especially the 57-nm diameter
fraction, showed significant association with oxidative stress markers
(Brauner et al., 2007).

In this study, a significant association was observed between in-
creased urinary 8-OHdG and ambient particle-bound PAHs, the metab-
olites of which can generate ROS inmacrophages. Particulate PAHs have
been known as a surrogate for other redox cycling chemicals being
capable of inducing ROS production. This finding indicates that it is not
only the size of the particles but also the compounds associated with
them that are important factors in particle-induced oxidative stress.

Our results indicated that the eczema status did not significantly
modify the associations between oxidative damage and particulate
pollutants. However, the childrenwith eczema seem to have a faster re-
sponse to UFP exposure than children without eczema. We found that
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the previous 24-h averaged concentrations of UFPs were associated
with increases in urinary 8-OHdG in children with eczema, with the
strongest association observed for the particle size of 47 nm. Such
short-term effects imply that exposure to ambient UFPs might have a
rapid affect on eczema patients to increase oxidative stress. Atopic
eczema, a chronic inflammation of the skin is mediated by increased
activated T cells, eosinophils, macrophages, and IgE (Beck and Leung,
2000; Spergel et al., 1998) that also produce increased amounts of
ROS after immunological stimulation (Leung, 1999; Okayama, 2005;
Tsuboi et al., 1998). Previous studies showed that urinary 8-OHdG
levels in patients with atopic eczema were significantly higher than in
healthy controls, suggesting that bioactive substances such as cytokines,
chemokines, and ROS are released during inflammation of the skin
(Nakai et al., 2009; Omata et al., 2001). It seems that such changes
could create a vicious cycle leading to further immune activation, oxida-
tive stress, and thus propagation of skin inflammation (Omata et al.,
2001). Our data supported the hypothesis that the ambient UFP can
act as adjuvants for allergic sensitization, probably due to their high
oxidative potential (de Haar et al., 2006; Li et al., 2009).

We observed no significant effect on urinary 8-OHdG of exposure to
the mass fraction of PMs. However, a few studies have indicated that
PM10 and PM2.5 could induce oxidative DNA damage in individuals
exposed to high concentrations such as those that might occur in the
workplace (Kim et al., 2004;Wei et al., 2009), or among residents living
near a desert (Bae et al., 2010). Sorensen et al. (2003a).also found
that personal exposure to PM2.5 was associated with oxidative DNA
damage in schoolchildren, but not with urinary 7-hydro-8-oxo-2′-
deoxyguanosine (8-oxodG) levels.

To our knowledge, this is the first panel study for children with
eczema to examine the association between the size of ambient
particulate pollutants and an oxidative stress biomarker. The strength
of this study is that we linked the different sizes of ambient particles
to the change in concentration of the urinary oxidative DNA damage
marker. Of note is that we also assessed the particle size classes to
identify the most relevant particle size to the increased oxidative
DNA damage marker.

Some limitations of the study should be considered in interpreting
our results. First, although wemeasured urinary 8-OHdG to assess the
magnitude of oxidative stress, the significance of urinary 8-OHdG is
not fully understood (Pilger and Rudiger, 2006). For example, the ex-
cretion of 8-OHdG in urine may depend on other factors, such as DNA
repair capacity and confounding variables such as diet, physical activ-
ity, or the vitamin status (Bianchini et al., 2001; Chen et al., 1999;
Okamura et al., 1997) that we did not measure. Second, the particle
measurements were performed at a fixed monitoring site; this is un-
likely to reflect the exposure level of children who lived far from the
school, and may thus result in a misclassification of the exposure.
Third, we studied only 84 children who were subjected to repeated
measurements over a relatively short period (2 months). While the
short period is a limitation, the use of repeated measurements in-
creased the power of the study allowing us to examine the association
between measured ambient particles and the urinary marker.

In conclusion, this panel study of schoolchildren shows that urinary
8-OHdG is positively associated with short-term exposure to ambient
UFPs but not with the mass fraction of PMs. Our results suggest an
acute effect of an increased UFP on increase in urinary 8-OHdG in chil-
dren with eczema. Especially, the particles less than 50 nm play a criti-
cal role in PM induced the oxidative stress. Thus, the ambient particles
derived mainly from traffic sources, such as diesel exhaust particles, as
well as PAHs, may rapidly enhance oxidative stress in children with
pre-existing eczema living in urban areas.
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