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Abstract

Background: Release of ambient metals during ferroalloy production may be an important source of
environmental exposure for nearby communities and exposure to these metals has been linked to adverse
respiratory outcomes. We sought to characterize the association between personal air levels of metals and
respiratory health in Italian adolescents living in communities with historic and current ferroalloy activity.

Methods: As part of a study in the industrial province of Brescia, Italy, 410 adolescents aged 11-14 years were
recruited. Participants were enrolled from three different communities with varying manganese (Mn) levels: Bagnolo
Mella which has current ferroalloy activity, Valcamonica, which has historic ferroalloy activity and Garda Lake which
has no history of ferroalloy activity. Particulate matter <10 um in diameter (PM;o) was collected for 24 h in filters
using personal sampling. Mn, nickel (Ni), zinc (Zn), chromium (Cr) and iron (Fe) were measured in filters using x-ray
fluorescence. Data on respiratory health was collected through questionnaire. Data for 280 adolescents were
analyzed using a modified Poisson regression, and risk ratios were calculated for an interquartile (IQR) range

increase in each pollutant.

Results: In adjusted models including PM;, as a co-pollutant, we found significant associations between
concentrations of Mn (RR: 1.09, 95 % ClI [1.00, 1.18] per 42 ng/m? increase), Ni (RR: 1.11, 95 % CI [1.03, 1.21] per
4 ng/m3 increase) and Cr (RR: 1.08, 95 % CI [1.06, 1.11] per 9 ng/m3 increase) and parental report of asthma. We
also found significant associations between increased Mn and Ni and increased risk of asthma medication use in
the past 12 months (RR: 1.13, 95 % Cl [1.04, 1.29] and (RR: 1.13, 95 % CI [1.01, 1.27] respectively).

Conclusions: Our findings suggest that exposure to ambient Mn, Ni and Cr may be associated with adverse

respi ratory outcomes.
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Background

Ferroalloy production for steel manufacturing can re-
lease large amounts of metals, including manganese
(Mn), nickel (Ni), zinc (Zn), chromium (Cr) and iron
(Fe), into the atmosphere. The adverse respiratory effects
of these fumes are well-documented in the occupational
setting. A longitudinal study in Austria found that the
duration of occupational exposure was significantly
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associated with decreases in lung function measures [1].
Other studies have reported increased respiratory symp-
toms and occupational asthma in workers exposed to
welding fumes [2—4]. These emissions may be an im-
portant source of environmental exposure for popula-
tions in nearby residential communities. For example, a
study of healthy subjects in Ontario, Canada found that
lung function measures were significantly lower after
subjects spent five consecutive days in a neighborhood
adjacent to a steel plant when compared to 5 days spent
on a college campus farther away [5]. Furthermore, even
after the cessation of ferroalloy production, these
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populations can continue to be exposed through inhal-
ation of re-suspended particles [6-8].

Recent evidence implicates environmental exposure to
several individual airborne metals and adverse respira-
tory outcomes. A recent study found that children living
in Guiyu, China, an e-waste processing town with high
ambient Mn, Ni and Cr, had significantly lower lung
function measures than children living in a town with
no history of e-waste processing [9]. In the United
States, the risk of cardiovascular and respiratory hospi-
talizations was found to be higher in counties with
higher measured levels of Ni [10]. In New York City,
central site ambient measures of Ni were associated with
increased probability of wheeze in children aged
24 months [11]. Central site levels of ambient Zn were
associated with increases in emergency department (ED)
visits and hospitalizations for asthma in a pediatric
population in Baltimore [12]. In California, increased
ambient levels of Fe and Zn were associated with re-
spiratory hospital admissions among children [13]. A re-
view of the literature on the respiratory effects of metals
in ambient PM also reported that most studies showed
an increased risk of respiratory morbidity with increas-
ing concentrations of these metals [14].

Brescia, Italy is an industrial province with a long his-
tory of iron and ferroalloy production. Over the past
century, ferroalloy emissions have increased the environ-
mental levels of Mn, Ni, Cr, Zn and Fe in this province
[15]. We had previously recruited adolescents living in a
historic, a current and a non-industrial area of Brescia,
as part of a cross-sectional study on behavior, cognitive
and motor functions [16, 17]. Given the major sources
of exposure in this area, it is important to understand
how the individual airborne metals may also impact re-
spiratory health. With this purpose, we investigated the
association between personal measures of ambient
metals and respiratory health in adolescents.

Methods

Study population

Children were enrolled from communities with varying
Mn levels: Bagnolo Mella which has an active ferroalloy
plant and high ambient Mn levels, Valcamonica, which
had three ferroalloy plants until 2001 and Garda Lake
which has no history of ferroalloy plant activity. These
children were recruited to build upon the existing EU-
funded PHIME (Public Health Impact of Mixed element
Exposure in susceptible populations) study that had
already examined children from Valcamonica and Garda
Lake (first phase of recruitment). During the second
phase of recruitment, participants were identified
through the local school district and recruited through
school presentations. The recruitment strategy was
driven by participant residence, distance from the
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ferroalloy plant (Bagnolo Mella) or former plant (Valca-
monica), or a randomly selected point (Garda Lake), and
the measured gradient of ambient Mn from the plant/
former plant. Participants were targeted within each
study site to maximize the Mn exposure gradient within
each recruitment site and to limit the effects of town of
residence on the analysis. Also, the same percentage of
males and females in each group were obtained through
frequency based matching. Participants were enrolled if
they met the following inclusion criteria: were born in
the respective area to a family who resided in the area
for at least a generation, had lived in the study area since
birth and were aged between 11 and 14 years. These
ages were chosen because the original study was con-
ceived to examine neurocognitive outcomes. This is the
age of pre-adolescence, characterized by the onset of
anxiety symptoms and gender differences. It also coin-
cides with the years of mid-school. This age group may
be exposed to environmental pollutants differently from
childhood and adolescence. Exclusion criteria included:
known hand or finger motor deficits, visual deficits not
adequately corrected and any history of neurological,
metabolic, hepatic or endocrine diseases. Children were
also excluded if they had a history of receiving parenteral
nutrition that may cause Mn overload, were currently
taking prescription psychoactive drugs or had known
psychiatric disturbances. Informed consent was obtained
from parents and children. Study protocols were ap-
proved by the institutional review boards at the Ethical
Committee of the Public Health Agency of Brescia, Uni-
versity of Brescia, University of California-Santa Cruz,
and Harvard School of Public Health.

Exposure assessment

PM;, was collected continuously on commercially avail-
able filters (37 mm diameter, PTFE-Teflon) for 24 h
using Personal Environmental Monitors (SKC Inc., 84,
PA) carried in a small backpack by each participant. The
PEM air sampler was attached to a participant’s back-
pack strap, located near the breathing zone and con-
nected to a Leland Legacy pump inside the backpack
with a pre-set flow rate of 10 1/min (SKC Leland
Legacy).

The participants carried the backpack or placed it
nearby while in school or sleeping. Each participant was
also instructed to record their activities and locations
while carrying the monitor.

Metals in filters were measured using a non-
destructive method described previously [18]. Briefly,
each filter sample was placed between two thin polypro-
pylene sheets and measurements were performed using
a Bruker TXRF system S2 Picofox (Billerica, MA). Abso-
lute elemental concentrations were evaluated using an
external air particulate standard filter from the National
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Institute of Standards and Technology of the U.S.
(NIST-SRM 2783).

Questionnaires

Questionnaires about respiratory illness were distributed
to the parents of the participants only during the second
phase of recruitment. The questionnaire used was ori-
ginally developed for the Viadana study (http://biome-
tria.univr.it/viadanastudy/questionari/EN_viadquest.pdf),
a cross-sectional survey established to investigate the as-
sociations between proximity to chipboard and wood
manufacturing industries and several health outcomes,
including respiratory symptoms in children living in
Viadana, Italy [19]. Questions were compiled from previ-
ously validated questionnaires with available Italian
translations, which included the International Study for
Asthma and Allergies in Childhood (ISAAC, 13-14 year
old age group), European Community Respiratory
Health Survey (ECRHS), Studi Italiani sui Disordini
Respiratori dell'Infanzia e 'Ambiente (SIDRIA [20]) and
indoor climate MM questionnaires (MMO40NA and
MMO080, [21]). Questionnaires on demographic data
were also filled out by the parents of the participants.

Statistical analyses

Data were analyzed using a modified Poisson regression
with a robust error estimator [22]. The outcomes of
interest were parental report of asthma, report of asthma
medication use in the last 12 months, report of wheeze
in the past 12 months, and report of nasal allergies/hay
fever in the last 12 months. For the report of asthma
outcome, children whose last reported asthma attack
was before age 6 were excluded from analysis. This was
done in order to exclude children with transient wheeze
that resolves early in childhood and is not defined as
asthma [23]. Metals were treated as continuous predic-
tors for each of the outcomes. Socioeconomic status was
derived from parents’ education and occupation data
based on a previously published approach [24]. Briefly,
education was divided into three levels: low (elementary
and junior high school), medium (senior high school)
and high (degree and post-degree). Occupations were
grouped into three categories, according to a hypothet-
ical ordinal scale, that considered criteria of the Inter-
national Classification, socio-economic situation of Italy
(and in particular of Lombardy Region) and variables
like decision latitude and job demand. Criteria followed
indications from the Italian National Institute for Statis-
tics (ISTAT) and an agreement between five independent
researchers. The combination of education and occupa-
tion levels was used to obtain three levels of the socio-
economic index: low, medium and high. To obtain the
final SES index the higher level of education and occu-
pation between mother and father were combined.
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Children whose mother or father was unemployed or de-
ceased were classified in the low SES category. Season of
personal monitoring, day of the week and maternal
smoking habits (former/never smoker vs. current
smoker) and report of eczema symptoms in the past
12 months were also considered as potential covariates
but their inclusion in the model did not change the mag-
nitude of the associations between the metals and the
selected outcomes and they were not included in the
final model. Final multivariable models included the
following covariates: report of maternal asthma, child’s
sex, child’s age, SES status and in two-pollutant models,
PM;, concentration. In sensitivity analysis, mixed
models with random effects for site were also tested but
are not presented because they yielded similar conclu-
sions and based on information criteria did not provide
a better model fit. Data were analyzed using SPSS 22
(Chicago, IL) and R statistical package. Risk ratios for
outcomes of interest were calculated for an IQR increase
in each of the pollutants of interest.

Results

Characteristics of cohort and pollutant concentrations

A total of 410 participants were enrolled during the sec-
ond phase of recruitment. 373/410 (91 %) returned the
respiratory questionnaire and 280/373 (75 %) had corre-
sponding personal environmental monitoring data and
complete covariate data. There were no significant differ-
ences between included and excluded participants from
analyses by sex, age, maternal asthma, SES, study site or
any of the outcomes of interests (Additional file 1:
Table S1). Descriptive characteristics for the partici-
pants stratified by study site can be seen in Table 1.
There were no significant differences across study sites
except that a slightly higher percentage of children lived
in an urban area in Bagnolo Mella and Valcamonica when
compared to Garda Lake. Overall, 10/269 (4 %) had report
of wheezing in the last 12 months, 18/280 (6 %) had a
report of asthma medication use in the last 12 months,
35/280 (13 %) children had a report of asthma and 38/277
(14 %) had report of nasal allergies/hay fever in past
12 months.

Pollutant concentrations stratified by site are described
in both Fig. 1 and Table 1. Concentrations of Mn, Ni, Fe,
Cr and PM;, were significantly different by site
(Kruskal-Wallis Test p-value <0.05 for all). Zn did not
significantly vary by site. Concentrations of Mn, Ni, Cr
and Zn were highest Bagnolo Mella. Fe concentrations
were highest in Valcamonica as a result of emissions
from historical alloy production that always includes Fe.
Although not directly comparable, the occupational ex-
posure limits for Mn, Ni and Cr are presented in Add-
itional file 2. Table 2 shows Spearman correlation values
for all pollutants. All metals were highly and significantly
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Table 1 Comparison of population characteristics by site
Bagnolo Mella Valcamonica Garda Lake p-value
n=145 n=280 n=>55
Male sex?, n (%) 71 (49) 43 (54) 34 (62) 0.262
Age®, year, median [25-75"] 12 [11-13] 12 [11-13] 12 [12-13] 0978
SES index?, n (%) 0466
Low 29 (20) 19 (24) 6(11)
Medium 79 (55) 42 (53) 34 (62)
High 37 (25) 19 (24) 15 (27)
Maternal asthma®, n (%) 15 (10) 6 (8) 5(9) 0.779
Residence in urban area®, n (%) 130 (95) 64 (89) 40 (83) 0.040
Mother smokes®, n (%) 33 (23) 20 (25) 9 (16) 0457
PMZ, (ug/m?), median [25-75"] 63.1 [48.5-888] 65.7 [51.8-88.9] 52.1 [37.6-71.3] 0.004
MnP (ng/mg), median [25-75"] 334 [19.7-91.8] 229 [10.9-443] 14.7 [7.61-289] 0.000
Ni® (ng/m?), median [25-75" 3.70 [2.10-6.66] 3.36 [1.67-6.90] 197 [1.15-3.84] 0.001
Cr° (ng/m?), median [25-75™] 8.06 [4.86-14.3] 5.56 [3.29-10.7] 7.25 [3.66-11.0] 0030
Feb (ng/mB) median [25-75™) 346 [220-629] 559 [278-1058] 305 [173-479] 0.002
7n® (ng/m?), median [25-75] 809 [47.0-118) 56.1 [27.7-107] 57.6 [36.0-92.9] 0061

? Differences tested using Pearson Chi-Square test
b Differences tested using Kruskal-Wallis test

correlated to one another (correlation values all >0.7).
PM;, was only moderately to weakly correlated with
metal concentrations (correlation values between 0.14
and 0.3).

Association between metals and respiratory outcomes
Table 3 shows the risk ratios for parental report of
asthma, report of asthma medication use in last
12 months, report of wheeze in the last 12 months, and
nasal allergies/hay fever in last 12 months for an IQR in-
crease in each pollutant. We saw no significant associa-
tions between Fe and Zn and any of these respiratory
outcomes. We found small significant associations be-
tween Mn concentrations (RR: 1.09, 95 % CI [1.09, 1.34]
per 42 ng/m> increase) Ni concentrations (RR: 1.11,
95 % CI [1.02, 1.20] per 9 ng/m? increase) and Cr con-
centrations (RR: 1.08, 95 % CI [1.06, 1.11] and report of
asthma. Increased Mn (RR: 1.13, 95 % CI [1.00, 1.24]
was significantly associated with report of asthma medi-
cation use in the last 12 months. A similar association
was seen for Ni concentrations and report of asthma
medication use but the results were of borderline statis-
tical significance (p =0.052). PM;, concentrations were
also independently associated with report of asthma, re-
port of asthma medication use in the past 12 months
and report of nasal allergies/hay fever in the past
12 months. There were no significant associations be-
tween any of the pollutants and report of wheeze in the
past 12 months.

Given that PM;, was only moderately correlated with
metal concentrations, models were run with the

inclusion of PM), as a co-pollutant. As shown in Table 4,
the associations between Mn, Ni, Cr and report of asthma
and Mn and report of asthma medication use were virtually
unchanged and remained significant after adjustment for
concurrent PM;, concentrations. The association between
Ni and report of asthma medication use achieved statistical
significance with the inclusion of PM; in the model.

Discussion

The objective of this study was to characterize the associ-
ation between personal measures of Mn, Ni, Cr, Zn and
Fe and respiratory outcomes in a cross-section of children
living in an industrial province in Italy. In this study we
found that increasing personal concentrations of Mn, Ni
and Cr were associated with increased risk of adverse re-
spiratory outcomes in Italian adolescents. Furthermore,
these associations were independent of PM;, concentra-
tions and the observed associations remained significant
after adjustment for a number of important confounders.
These findings add to the growing literature on the effects
of PM composition on respiratory health.

Recent studies in Europe have reported on the effects
of metals on children’s respiratory health. In a birth co-
hort in the Netherlands, metal fractions of PM,5 and
PM;, were measured in filters by x-ray fluorescence and
used for development of LUR models for these metals
[25]. Concentration of K and S in PM, 5 and K and Zn
in PM;, at the children’s residence were associated with
higher risk of incident asthma and these associations ap-
peared to be independent from PM mass [25]. This same
study reported associations between annual PM, 5 abs,
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Table 2 Spearman correlation matrix for pollutants

PMio Mn Ni Cr Fe n

PMig 1000 0236 02137 0141 0296~ 0175"
Mn 1.000 0754" 07407 07217 0747
Ni 1.000 0791 0765 0775
Cr 1.000 07177 0738"
Fe 1.000 0.784"
Zn 1.000
*p <0.05

**p <0.01

Cu and Fe in PM,;5 at children’s current addresses
and small but significant decreases in FEV; ranging
between 0.9 and 1.1 % [25]. Elemental fractions of
PM;y and PM, s were also examined as predictors of
lung function measures at ages 6—8 in a meta-analysis
of European birth cohorts [26]. In meta- analysis re-
sults, there were small reductions in FEV; associated
with Ni concentrations in PM;, and the associations
were independent of PM mass [26]. These studies are
in line with a recent review of literature on the re-
spiratory effects of metals in which the epidemio-
logical studies reviewed reported positive associations
between increasing metal concentrations, particularly
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Table 3 Single pollutant models for associations between pollutants and respiratory outcomes

Pollutant (IQR) Report of asthma

in past 12 months

Asthma medication use

Wheeze in past 12 months Nasal allergies/hay fever

in past 12 months

PM1o (38 pg/m?) 1.12% (1.00, 1.21) 1.21%% (1,09, 1.35
Mn (42 ng/m?) 1.09% (1.00,1.18) 113* (100, 1.23
Ni (4 ng/m?) 1.11% (1,02, 1.20) 111 (1.00, 1.24
Fe (498 ng/m°) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00
Cr (9 ng/m’) 1.08% (1.06, 1.11) 6 (097, 1.15
Zn (72 ng/m?) 1.00 (081, 1.33) 115 (0.93, 1.54

)
)
)
)
)
)

0.58 (0.28,1.21) 1.08* (1.00, 1.16)
1.09 (0.92, 1.29) 0.96 (0.85, 1.09)
1.00 (0.83, 1.21) 1.00 (0.86, 1.15)
1.00 (0.99, 1.00) 1.00 (1.00, 1.00)
1.06 (0.96, 1.17) 3 (0,94, 1.12)
0.75 (0.36, 1.65) 0.93 (0.70, 1.24)

Models adjusted for maternal asthma, child’s sex, child’s age and SES status
*p <0.05
**p <0.01

Fe, Ni and Zn, and increased risk of respiratory mor-
bidity [14].

Even though several studies have documented the long-
term [27] and acute effects [28, 29] of Mn and Cr from
welding fumes on respiratory health, few have focused on
the effect of these metals on children’s health. One study
in China found that children in an e-waste province in
China exposed to Mn, Ni and Cr fumes from an e-waste
facility had decreased lung function measures when com-
pared to a reference area, although the effect was only
limited to boys in the 8—9 year age group [9]. The authors
also reported a significant association between increased
blood Mn and serum Ni and decreased forced vital cap-
acity [9]. Another study in South Korea found associations
between central site measures of Mn in PM and decreased
peak flow measures in school children [30].

One of the mechanisms through which inhaled metals
may lead to airway disease is through oxidative stress. A
study in Germany reported increased secretion of pro-
inflammatory cytokines interleukin (IL)-6 and tumor ne-
crosis factor (TNF)-a and elevated levels of oxidant radi-
cals in bronchoalveolar lavage fluid (BAL) after in vivo
instillation of ambient particles rich in Ni, Zn, Cd and Cu
[31]. The e-waste study in China also found significant as-
sociations between increased blood Mn and serum Ni and
increased malondialdehyde, a marker of lipid peroxidation
[9]. Another potential mechanism by which these metals
may affect the respiratory system involves the dysregula-
tion of Fe homeostasis in the lungs. Inhaled Ni may

compete with the uptake of endogenous Fe, leading to ele-
vated levels of available Fe and release of reactive oxygen
species (ROS) [32, 33]. Recent exposure to ambient metals
has also been associated with increases in airway inflam-
mation in inner-city children living in NYC [34]. Ni con-
centrations in particular were associated with increases in
distal airway inflammation and such inflammation has
been be associated airway hyper-responsiveness and
symptom exacerbation [35, 36].

We did not see any associations between Fe and Zn
and any respiratory outcome. A potential explanation for
the lack of effect is the distribution of these metals on
different-sized particles. In a study of airborne pollutants
in Greece, Ni and Mn were found in fine, intermediate
and coarse airborne particles, with Ni being predomin-
ant in the alveolar fraction of PM (<0.8 pum), while Fe
was mainly found in particles with a diameter >2.7 pm
[37]. These findings suggest that Fe might not travel as
deep into the airways as Mn and Ni. Another potential
explanation is that we did not see significant differences
in Zn concentrations across the 3 study sites. While Fe
and Zn were the most abundant metals in PM;,, Mn, Ni
and Cr concentrations were much higher than con-
centrations reported in other epidemiological studies
[14]. We also did not see any associations with report
of wheeze in the past 12 months; perhaps due to the
low prevalence of this outcome in our cohort we did
not have sufficient statistical power to detect any
associations.

Table 4 Two-pollutant models for associations between pollutants and respiratory outcomes

Pollutant (IQR) Report of asthma

in past 12 months

Asthma medication use

Wheeze in past 12 months Nasal allergies/hay fever

in past 12 months

Mn (42 ng/m?) 1.09% (1.00,1.18) 1.13% (1.04,1.29)
Ni (4 ng/m?) 1%* (1,03, 1.21) 1.13%(101,1.27)
Fe (498 ng/m?) .00 (1.00,1.00) 1.00 (1.00, 1.00)
Cr (9 ng/m?) 1.08** (1.06, 1.11) 1.06 (097, 1.15)
Zn (72 ng/m°) 1.00 (081, 1.33) 1.15 (0.87, 1.54)

1.09 (092, 1.29) 0.96 (0.85, 1.09)
1.00 (0.85, 1.17) 1.00 (0.86, 1.17)
1.00 (0.99, 1.00) 1.00 (1.00, 1.00)
1.07 (097, 1.17) 1.03 (0.94, 1.12)
0.81(0.39, 1.65) 0.93 (0.70, 1.24)

Models adjusted for maternal asthma, child’s sex, child’s age, SES status and PM,, concentration

*p <0.05
**p <0.01
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Even though we have focused on the role of ferroalloy
emissions as the source for these ambient metals, these
metals are also emitted during a variety of other pro-
cesses. Motor vehicle emissions are important sources of
ambient Mn, Fe, Cr and Zn [38, 39]. Other sources of
ambient Fe include oil combustion, road dust, and re-
suspended soils [38, 40]. Ni is also released during oil
combustion and other industrial activities [41]. However
in support of ferroalloy emissions as the major source in
our study area, we previously reported on fingerprint
analyses used to identify exposure sources as potentially
related to industrial vs. traffic emission, based on specific
interrelations of elements [42]. Principal Component
Analysis confirmed the industrial origin of these metal
emissions [42].

There are several strengths to our study. We were able
to examine the effect of several metals on respiratory
health. The associations between metals and respiratory
outcomes remained significant after adjustment for
PM,, concentrations. Ambient air pollution studies have
typically relied on central-site monitoring data or model-
ing exposure variables. The use of personal monitoring
may provide a better representation of actual daily ex-
posure; a study in NYC schoolchildren found the stron-
gest associations to be between personal measures of
elemental carbon (EC) and asthma symptoms, when
compared to EC exposure measures from stationary
school monitors [43].

There are also some limitations to our study. Our
sample size was relatively small and personal sampling
was only done for 24 h and we were not able to control
for long-term exposure to these pollutants. However,
children are likely to spend most of their time in their
neighborhood (typically at home and school) and they
travel less than adults. Moreover, adjusting for season
and day of the week did not change our association es-
timates. We cannot rule out that ambient metals may
be surrogates for other components found in PM;q or
other pollutants that are known to be correlated with
PM (ie NO,). The effect sizes for these associations
were small and our analyses were also cross-sectional
in nature, and we cannot prove causality. The study
outcomes were not objectively assessed but reported by
the parents. Thus, it could be argued that health risk
perception in the population may be a source of bias
[44]. However, when further adjusting the analyses for
an indicator of health risk perception [44] our conclu-
sions were unchanged. Asthma questionnaires have a
low sensitivity, however their high specificity ensures
that the children who report the outcomes were cor-
rectly identified [45]. Our results are also in line with
published data from both SIDRIA 1 and 2 (ISAAC
Italy) where the prevalence of self/parent reported
asthma in the 13-14 year old population was around
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10 % [46, 47]. It is also important to highlight that the
association estimates of Ni and Mn concentrations
were similar when analyzing a lifetime asthma vs
current asthma. Finally, our population was Caucasian
and the majority were of medium-high SES, limiting
the generalizability of our results.

Conclusions

In conclusion, the associations between 24-hour per-
sonal measures of airborne Mn, Ni and Cr and report of
wheeze and doctor diagnosed asthma suggest that these
metal fractions may affect respiratory health. These
results highlight the importance of analyzing the com-
position of inhalable particulate matter in order to better
understand what specific components may be respon-
sible for detrimental health effects. Knowledge of the
effects of these different metals may aid in the develop-
ment of more targeted interventions directed at their
sources.
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