» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
oemed-2014-102303).

For numbered affiliations see
end of article.

Correspondence to

Dr Nicole AH Janssen, National
Institute for Public Health and
the Environment (RIVM), PO
Box 1, Bilthoven 3720 BA, The
Netherlands; Nicole.Janssen@
rivm.nl

Received 1 May 2014
Revised 8 July 2014
Accepted 23 July 2014
Published Online First
7 August 2014

CrossMark

To cite: Janssen NAH,
Strak M, Yang A, et al.
Occup Environ Med
2015;72:49-56.

ORIGINAL ARTICLE

Associations between three specific a-cellular
measures of the oxidative potential of particulate
matter and markers of acute airway and nasal
inflammation in healthy volunteers
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Frank J Kelly,® Thomas A J Kuhlbusch,*> Roy M Harrison,”"® Bert Brunekreef,*°
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ABSTRACT

Introduction We evaluated associations between three
a-cellular measures of the oxidative potential (OP) of
particulate matter (PM) and acute health effects.
Methods We exposed 31 volunteers for 5 h to
ambient air pollution at five locations: an underground
train station, two traffic sites, a farm and an urban
background site. Each volunteer visited at least three
sites. We conducted health measurements before
exposure, 2 h after exposure and the next morning. We
measured air pollution on site and characterised the OP
of PM, 5 and PM,q using three a-cellular assays;
dithiotreitol (OPP™), electron spin resonance (OP***) and
ascorbic acid depletion (OP™).

Results In single-pollutant models, all measures of OP
were significantly associated with increases in fractional
exhaled nitric oxide and increases in interleukin-6 in
nasal lavage 2 h after exposure. These OP associations
remained significant after adjustment for co-pollutants
when only the four outdoor sites were included, but lost
significance when measurements at the underground site
were included. Other health end points including lung
function and vascular inflammatory and coagulation
parameters in blood were not consistently associated
with OP.

Conclusions We found significant associations
between three a-cellular measures of OP of PM and
markers of airway and nasal inflammation. However,
consistency of these effects in two-pollutant models
depended on how measurements at the underground
site were considered. Lung function and vascular
inflammatory and coagulation parameters in blood were
not consistently associated with OP. Our study, therefore,
provides limited support for a role of OP in predicting
acute health effects of PM in healthy young adults.

INTRODUCTION

Numerous studies have shown health effects related
to exposure to ambient particulate matter (PM)." 2
However, it is not well known which PM character-
istics are responsible for the observed effects,®™
although various PM characteristics, such as par-
ticle number concentrations (PNC), transition
metals, organic components and biological compo-
nents have been proposed.

What this paper adds

» The oxidative potential (OP) of particulate
matter (PM) has been proposed as a more
health relevant metric than PM mass.

» However, there is still limited evidence in
epidemiological studies that the OP of PM is
more closely associated with health effects
than PM mass or individual PM characteristics.

» We found significant associations between
three a-cellular measures of OP of PM and
markers of airway and nasal inflammation in
healthy young adults.

» These OP associations remained significant
after adjustment for co-pollutants when only
the four outdoor sites were included, but lost
significance when measurements at the
underground site were included.

» Other health end points, including lung
function and vascular inflammatory and
coagulation parameters in blood were not
consistently associated with OP.

Oxidative stress has been suggested as an import-
ant underlying mechanism by which exposure to
PM may lead to adverse health effects.® 7 Oxidative
stress results when the generation of reactive
oxygen species (ROS), or free radicals, exceeds the
available antioxidant defences. High levels of oxi-
dative stress induce inflammatory responses via a
cascade of events including activation of various
transcription factors and stimulation of cytokine
production.® The oxidative potential (OP), defined
as a measure of the capacity of PM to oxidise
target molecules, has been proposed as a metric
that is more closely related to biological responses
to PM exposures and thus could be more inform-
ative than PM mass alone.® Several methods for
measuring OP have been developed, both a-cellular
and cellular. No consensus has been reached yet as
to which measures of OP are most appropriate to
predict PM-related health effects.” Also, issues such
as high variability in time and space and high costs
of the different assays currently hamper wide-scale
use.'?
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Although OP is considered an attractive measure, there is still
limited evidence from epidemiological studies that it predicts
health effects better than PM mass or individual PM character-
istics. Two panel studies in California, USA, found an associ-
ation between measures of OP and biomarkers of airway or
systemic inflammation.'’ '* In a series of papers investigating
acute effects of being exposed for 5 h to air pollution at differ-
ent locations on a range of respiratory,’® nasal
pro-inflammatory'* and vascular inflammatory and coagulation
parameters™ in healthy volunteers, no consistent associations
with OP for any of the evaluated health end points were
reported. In these studies, OP of PM;, was calculated as the
sum of OP from PMy 15, PMy 1525 and PM, s_;( collected with
a Micro-Orifice Impactor (MOI) and measured as the capacity
of PM to deplete the antioxidants ascorbate and glutathione in
a synthetic human respiratory tract lining fluid (RTLF). We
recently conducted additional measurements of OP in that
study, using both PM,s and PM;, filters from Harvard
Impactors (HIs) and three measures of OP: consumption of
dithiotreitol (DTT), formation of hydroxyl radicals by electron
spin resonance (ESR) and depletion of ascorbic acid (AA).'®
These methods will be referred to as OPPTT, OPESR and OPM,
respectively. Contrasts in OP among sites, differences in size
fractions and correlations with PM composition depended on
the specific OP assay, suggesting that the different assays can
provide different information regarding the oxidative properties
of PM."¢

Here, we investigated associations between OP of PM, s and
PM;, and acute changes in respiratory, nasal pro-inflammatory,
vascular inflammatory and coagulation parameters, using three
different measurement methods for OP: OPPTL OP™R and
OPM, We studied these associations in healthy volunteers,
exposed for 5 h to ambient air pollution at selected real-world
locations with substantial differences in OP and other PM
characteristics.'® 17 We hypothesised that these OP measures
will have attributable value to predict PM-related health effects.

METHODS
Study design
The study was conducted within the framework of the ‘Risk of
Airborne Particles: a Toxicological-Epidemiological hybrid
Study’ (RAPTES). The RAPTES study design has been described
previously."*™" In brief, we exposed 31 healthy volunteers to
ambient air pollution at five different sites in the Netherlands:
an underground train station, an animal farm, a continuous
traffic site, a stop and go traffic site and an urban background
site. The rationale for selecting different sites was to create high
contrast and low correlations among different air pollutants.'”
Site visits were performed on 30 week days from March to
November 2009. Each sampling day, we visited one site and
each site was visited at least five times. Volunteers were healthy,
non-smoking students living at the campus of Utrecht
University. Participants participated in 3-7 visits scheduled at
least 14 days apart for each individual. Exposure started around
09:00 and lasted for § h. Participants performed moderate exer-
cise (minute ventilation 20 L/min/m?®) on a bicycle ergometer
for 20 min every hour. We chose a 5 h exposure period with
intermittent exercise in order to increase the contrast with
exposure outside of the study. We conducted measurements of
lung function and FEyno, as well as collected blood and nasal
lavage (NAL) samples before exposure, 2 h after exposure and
the next morning.

During each 5 h exposure, we performed a detailed character-
isation of air pollution on-site. In addition to the

characterisation previously,"*™° we measured OP of PM, s and

PM, using three a-cellular assays; OPPTY, OPESR and OPAA.1°

Exposure assessment

PM mass, PM composition and gaseous air pollution

Details about the air pollution measurements are described else-
where.’> ¢ In brief, we collected PM,s and PM;, samples
using HIs and measured endotoxin content of the PM;q
samples. We analysed PM, s_1p and PM, s samples collected
with a high volume sampler for EC, OC, metals (eg, Fe, Cu),
PAHs, nitrate and sulfate. We measured PNC and gaseous pollu-
tants (O3, NO,) using real-time monitors (PNC: CPC model
3022A; O5: UV Photometric O3 Analyzer model 49, Thermo
Environmental Instruments; NO,: Chemiluminescence NO/
NO,/NOj, analyser model 200E, Teledyne API).

Oxidative potential

Measurement methods for the characterisation of OP are
described in detail elsewhere.'® '® In brief, we extracted PM;o and
PM, s Teflon filters with methanol and resuspended with tracese-
lect ultrapure water to a fixed concentration of 500 pwg/mL.

For OPPTL PM suspensions are incubated with DTT and the
reaction is stopped at designated time points (0, 10, 20 and
30 min). The absorbance at 412 nm is recorded on a spectro-
photometer and the rate of DTT consumption is calculated
using linear regression of absorbance against time. For OP®,
PM suspensions are diluted to 125 pg/mL and mixed with
H,0, and 5,5-dimethylpyrroline-N-oxide. After incubation, the
suspension is vortexed and transferred into a 50 pL glass capil-
lary without any filtration. The DMPO-OH quartette signal is
measured with a MiniScope MS-400 spectrometer. OP*® is cal-
culated as the average of the total amplitudes of the DMPO-OH
quartette in arbitrary units per wg PM. For OP*, PM suspen-
sions are diluted t012.5 pg/mL and incubated in a spectropho-
tometer. After adding AA, the absorption at 265 nm is measured
every 2 min for 2h. The maximum depletion rate of AA is
determined by performing a linear regression of the linear
section of absorbance against time.

For all assays, the results were initially expressed as OP/ug.
Field blank corrected OP values in OP/ug were multiplied with
the PM mass concentration (wg/m?®) to calculate OP/m>. 88%
(OPP™) to 979% (OP**) of the samples were above the detec-
tion limit. Coefficients of variation of field duplicates ranged
from 8% for OP* to 18% for OPPT™'® Extreme outlying
OP™™10 yalues from one measurement day at the farm were
excluded.'®

Health assessment

Details about the health measurements are given elsewhere.
In brief, we measured FEno, lung function'?; interleukin (IL)-6,
total protein and lactoferrin in NAL'#; IL-6 and high-sensitivity
C reactive protein (CRP) in serum'® '°; Fibrinogen, von
Willebrand Factor (vWF) antigen and the complex between
tissue plasminogen activator and plasminogen activator
inhibitor-1 (tPA/PAI-1) in citrate plasma’® and platelets as part
of complete blood cell counts.'® Health parameters were
expected to increase in relation to air pollution, with the excep-
tion of lung function (expected decrease), although decreases in
blood IL-6 have also been reported.

13-15

Data analysis

We analysed the associations between OP of PM during expos-
ure and health end points following the same data analysis strat-
egy as used in previous papers on respiratory and vascular
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health outcomes within the RAPTES project.”>™" In brief, the

difference in health parameters between postexposure and pre-

exposure was used as the dependent variable in mixed linear
regression to account for the influence of repeated observations
per subject (using compound symmetry of the residuals). The

5 h average concentrations of air pollutants measured on-site

were used as independent variables.

First, we analysed all health parameters in single-pollutant
models:

» Respiratory parameters: FEno, FVC and FEV113;

» Markers in NAL: IL-6, protein and lactoferrin'*;

» Blood markers: CRE fibrinogen platelets, vWFE, TPA/PAI1
complex,'” IL-6."*

For the respiratory and NAL markers, we analysed effects 2 h
after exposure, whereas for the blood markers we analysed
effects the next morning, as these time points showed the stron-
gest associations in our previous analyses.

We made the following modifications and additions to the
previously described analysis strategy:

1. Log-transformation of exposure variables. The distributions of
the different measures of OP as well as several other PM
characteristics (eg, Fe, Cu) were highly skewed. We evaluated
whether log-transformation of exposure improved the fit of
the models by comparing the Akaike information criterion
(AIC) (see online supplementary table S1 for FEyo and table
S2 for NAL IL-6). Log-transformation of exposure resulted in
a lower AIC for all measures of OP and most other exposure
variables in the all sites as well as in the outdoor only models.

2. Additional adjustment for endotoxin for NAL parameters and
blood IL-6 (ie, the parameters previously reported by Steenhof
et al'*). Highly elevated levels of endotoxin were observed at
the farm site, which were significantly positively associated with
NAL IL-6 and significantly negatively associated with serum
IL-6. Rather than excluding the observations from the farm,'*
we adjusted for endotoxin in all models investigating the asso-
ciations with NAL and serum IL-6. Results after excluding the
farm were similar (see online supplementary table S3).

3. Additional adjustment for exposure at the underground. As
the underground site, compared to each outdoor site, had
substantially higher concentrations of nearly all exposure
parameters, we analysed the data separately after excluding
the underground location (outdoor data set), as was done in
our previous papers. In the current paper we added a third
model, where we included ‘measurement at the under-
ground’ as a dummy variable in the model. Inclusion of this
variable resulted in a lower AIC for all measures of OP and
most other exposure variables (see online supplementary
table S1 for FEno and table S2 for NAL IL-6).

We included the same confounding factors as in our previous
analyses of the respective health parameters (ie, temperature, rela-
tive humidity and season for all parameters; pollen and respiratory
infections for FEno and lung function; use of oral contraceptives
for all blood parameters except IL-6"37'%), with the addition of
endotoxin in the models for NAL and serum IL-6, as described
above. Post- and pre-exposure values of NAL IL-6, lactoferrin and
all blood parameters were log-transformed to reduce the effect of
outliers.”>™"* A comparison between the previously published
results and results using the modified data analysis strategy for the
previously reported OP concentrations (ie, OP*™™, measured on
MO filters) was made to assess potential differences.

Two-pollutant models
We further evaluated associations in two-pollutant models for
those health parameters that were significantly associated with at

least one of the measures of OR We specified two-pollutant
models for PM, 5 and PM; separately, that is, we adjusted asso-
ciations for OP of PM, s for PM, s mass and PM, s composition
and associations for OP of PM;, for PM;y mass and PM;, com-
position. Adjustment for PNC, NO, and O3 was done for both
OP of PM, s and OP of PM;,. We considered an association
consistent if the p value in the one-pollutant model was smaller
than 0.1 and remained so after adjusting for all other
co-pollutants in two-pollutant models. Models in which two
pollutants had a Spearman’s rank correlation coefficient >0.7
were not interpreted, because including highly correlated vari-
ables may result in unstable effect estimates (co-linearity).

We present effect estimates and their 95% CI as percentage
increases over our study population mean of the baseline (t=0)
values. We express these values as percentage increases per
changes in IQRs in the log-transformed concentrations. We
express results from all analyses using the IQRs of the outdoor
data set to allow direct comparison of effect estimates between
the outdoor data set and the data set including all sites.
Statistical significance was defined as p<0.05 and borderline sig-
nificance as p<0.10. We performed all analyses using SAS 9.3
(SAS Institute, Cary, North Carolina, USA).

RESULTS

We obtained 170 observations from 31 volunteers (21 female; 10
male). Each participant participated 3—7 times. Mean age was 22
(range 19-26) years. Baseline levels of the different health para-
meters are given in the online supplementary table S4.

Geometric means and ranges of air pollutants during the 5 h
exposures are presented in table 1 for OB PM mass, PNC, NO,
and Os, and in the online supplementary table S5 for PM com-
position. We found highly elevated OP at the underground site
for all three OP measures. PNC and NO, concentrations were
not (substantially) elevated at the underground site compared
with the outdoor sites, whereas O3 was lower at the under-
ground. Correlations between air pollution concentrations are
shown in online supplementary table S6 for PM, 5 and S7 for
PM;o. More details about correlations between the three OP
measures and their correlation with PM composition are pre-
sented and discussed elsewhere.'® In brief, when data from all
sites were considered, we observed high correlations among all
OP measures (Spearman R 0.80-0.97), which were partly
driven by the high OP values at the underground site. When
only the outdoor sites were considered, OP®"" was moderately
correlated with OPESR and OP* (Spearman r 0.52-0.70),
whereas OPESR and OP* were highly correlated (Spearman r
0.88-0.94).

SINGLE-POLLUTANT MODELS

Measures of OP were significantly (p<0.05) associated with
increases in FEno or NAL IL-6 2 h after exposure, with for NAL
IL-6 the exception of OPESR of PM, 5 (p 0.06-0.21) and OP* of
PM, ;5 in the outdoor only data set (p=0.097) (table 2). Effect
estimates increased considerably after excluding the observations
from the underground. When associations in the all sites data set
were additionally adjusted for measurement at the underground
(yes/no), effect estimates were generally similar to effects
observed in the outdoor data set.

Significant associations between OP and lung function para-
meters (FVC, FEV,) were observed in the outdoor data set and/
or underground adjusted models, whereas NAL-lactoferrin was
significantly associated with OP in the all sites data set.

None of the blood markers showed significant associations
with OP in the outdoor data set and/or underground adjusted
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Table 1

Geometric mean and range (minimum-maximum) of 5 h average OP, PM mass, PNC, NO, and Os concentrations during the exposure

All sites (n=170)

Outdoor sites (n=125) Underground (n=45)

OPPT™PMZ5(nmol DTT/min/m?)
OPPTPM1%(ymol DTT/min/m?)
OPESRPM2.5(A1J/1000/m3)
OPESRPMIO(AY/1000/m3)
OPMAPM25(nmol AAJSIM?)
OPAMPMIO(hmol AA/S/mM?)
PMy.s (pg/m?)

PMio (ng/m?)

PNC (10%/cm®)

NO, (ppb)

03 (ppb)

3.7 (0.4-25.7)
5.7 (0.8-68.4)
12.8 (0.5-916.4)
30.9 (0.7-2612.4)
95.6 (9.2-2122.2)
171.5 (4.5-5221.8)
37.8 (8.3-167.1)
70.6 (18.1-449.6)
23.0 (7.0-74.7)
20.1 (9.0-33.3)
8.2 (0.3-31.8)

2.0 (0.4-5.8) 19.3 (12.7-25.7)

2.3 (0.8-6.7) 49.9 (38.9-68.4)

2.9 (0.5-19.7) 773.2 (569.7-916.4)
5.7 (0.7-41.4) 2.152.7 (1617.6-2612.4)

32.9 (9.2-264.5)
48.4 (4.5-415.4)
23.4 (8.3-95.0)
38.0 (18.1-130.2)
21.0 (7.0-74.7)
20.2 (9.0-33.8)
18.3 (5.8-31.8)

1853.2 (1482.4-2122.2)
4037.4 (3138.2-5221.8)
142.0 (123.0-167.1)
395.1 (353.7-449.6)
29.6 (14.6-39.8)
19.7 (14.1-26.0)
0.9 (0.3-0.6)

OP, oxidative potential; PM, particulate matter; PNC, particle number concentrations; AU, arbitrary units.

models (see online supplementary table S8). In the all sites data
set, all measures of OP of PM, s were significantly associated
with increases in vWF the next morning, and OPP™" was signifi-
cantly associated with increases in TPA/PAI-1 complex.

TWO-POLLUTANT MODELS

Results from two-pollutant models are presented in detail for
FEno and NAL IL-6, as these health parameters were signifi-
cantly associated with OP in both the all sites and the outdoor
only or underground adjusted models. In our previous analyses,
2 h after exposure, FEno was consistently associated with PNC
and NAL IL-6 with NO,, after adjustment for a range of
co-pollutants including the OPR™F used in those analyses.'?~'

Associations including all sites
Results from two pollutant models for health parameters that
showed significant association with OP are given in the online
supplementary tables S9-S15. The significant associations of OP
with FEno and NAL-IL6 in single-pollutant models all disap-
peared after adjusting for PNC (FEno) or NO, (NAL IL-6),
whereas effects of PNC or NO, were not affected by adjustment
for OP (see online supplementary figure S1). Effects of PNC on
FEno and of NO, on NAL IL-6 also remained after adjustment
for all other pollutants and cancelled out the effect of all other
pollutants (see online supplementary tables $9-512).
Associations with lactoferrin remained significant after adjust-
ment for co-pollutants, especially for OP* and OPESR (see
online supplementary table $13).

Associations after excluding or adjusting

for the underground

FEno and NAL IL-6

Results from two-pollutant models for combinations of OP and
PM mass, PNC, NO, and Oj; for the outdoor sites are shown in
figure 1 for FEno and figure 2 for NAL IL-6. Results from two-
pollutant models with PM composition and results for the
underground adjusted models are included in the online supple-
mentary tables S9-S12.

For FEno, the significant associations for OPPTY, OPESR and
OP* of PM, s all remained after adjustment for PM, s mass,
PNC, NO,, O; (figure 1) as well as after adjustment for PM, 5
composition (see online supplementary table S9). Effects of
OPP'T remained significant after adjustment for OPESR or OPA,
and vice versa. OPER and OP* were too highly correlated to
disentangle their independent effects. Results for OP of PM,

were similar to the results for PM, s albeit less consistent for
OP™R and OP*,

For NAL IL-6, no consistent associations were found for any
of the OP-PM, s measures. PM, s mass was consistently asso-
ciated with NAL IL-6 in both the outdoor data set and the
underground adjusted model. For PM;,, both OPP'T and PM; o
mass were consistently associated with increases in NAL IL-6,
whereas the effects of OPES® and OP* lost significance after
adjustment for (among others) PM;y mass and NO,. OPP™T and
PM o mass were too highly correlated to disentangle their inde-
pendent effects.

Lung function

The significant associations in the outdoor data set between OP
and lung function (FEV; and FVC) all lost significance when
adjusted for several co-pollutants, including PNC, NO, and O3
(see online supplementary tables S16and S17).

Associations with previously reported OP metrics

Associations between the previously reported OP metrics using
the current data analysis strategy involving log-transformation
did not differ materially from the previously published results
with non-transformed OP values (see online supplementary
table S18).

Although significant associations were observed between
FEno and all three OPR™F metrics in the outdoor only and
underground adjusted models, these associations all decreased
and lost significance when adjusted for (among others) PNC. In
addition, associations with OP®™F also lost significance when
adjusted for the OP metrics used in the current analyses (ie,
OPPTL OPESR and OP*), whereas effects of these OP metrics
remained when adjusted for OPR™™F (see online supplementary
figure S2 and S3).

DISCUSSION

In single-pollutant models, we found significant associations
between three different measures of the OP of PM (OPPTY
OPESR and OP*) and markers of airway and nasal inflammation
(FEno and NAL IL-6) 2 h after exposure. Effect estimates
increased considerably after excluding measurements at the
underground train station. Adjusting for, rather than excluding,
the underground data resulted in effect estimates similar to
effects observed in the outdoor data set. Results from two-
pollutant models differed substantially depending on how the
underground data were considered: For all sites, not OP but
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Table 2 Adjusted associationst between different measures of the OP of PM;o and PM, s, and percentage changes in FEyo, lung function and

markers in NAL 2 h after exposure

All sites Outdoor only All sites, adjusted underground
Estimate (%) (95% CI) Estimate (%) (95% CI) Estimate (%) (95% CI)
FEnot
OP*A_PM,q 3.8* (0.8 to 6.8) 10.0%* (3.5 to 16.4) 9.0** (2.9 to 15.0)
OPA_PM, 5 3.6%* (1.1 10 6.2) 13.6%* (7.4 t0 19.8) 13,0 (7.1 10 19.2)
OPESR_PMo 2.4* (0.5 to 4.4) 9.2%* (3.9 to 14.5) 9.2%* (4.1 t0 14.2)
OPESR_pM, 5 2.5* (0.6 to 4.4) 10.4%* (5.2 to 15.7) 10.2%* (5.2 to 15.3)
OPP™™_PM,o 2.2* (0.2 to 4.2) 14.8%* (6.5 to 23.0) 13.9%* (6.8 to 21.0)
OPP™™_PM, 5 3.6** (1.1 10 6.2) 10.8%* (4.7 to 17.0) 10.9%* (5.4 to 16.5)
FVCE
OPA*_PMyq —-0.22 (=0.79 to 0.34) =107 (~2.35 to 0.00) —-0.94 (—2.08 t0 0.20)
OPA_PM, 5 —0.12 (—0.60 to 0.35) —0.98 (=2.17 t0 0.21) —0.85 (=2.02 0 0.32)
OPESR_PM;o -0.13 (—0.50 to 0.23) —1.05* (=2.02 to —0.08) —-0.96* (—1.91 to 0.00)
OPESR_PM, 5 -0.07 (—0.43 to0 0.29) —0.67 (—1.67 to0 0.33) —0.61 (—1.58 to 0.36)
OP°™™_PM;,o -0.05 (—0.42 to0 0.32) —1.50# (—3.03 to 0.02) -0.76 (—2.12 to 0.60)
OPP™_PM, 5 0.03 (—0.46 to 0.51) —0.09 (~1.26 to 1.07) 0.05 (—1.04 t0 1.15)
FEV %
OPA_PMyq -0.33 (—0.86 to 0.20) —1.29* (=2.37 to =0.21) -1.00 (—2.08 t0 0.07)
OPAA_PM, 5 -0.25 (=0.70 t0 0.21) —1.17* (=2.31 to —0.04) -1.03 (—2.16 0 0.10)
OPESR_PM;o -0.20 (—0.54 to 0.14) —1.09* (—1.99 to —0.18) —-1.01* (—1.91 to —0.11)
OPESR_PM, 5 -0.19 (—0.53 to0 0.16) —0.95* (—1.90 to 0.00) -0.96* (—1.89 to —0.02)
OPP™_PM,o —-0.11 (—0.46 to 0.24) —1.08 (—2.52 to 0.36) -0.63 (—1.91 to 0.66)
OPP™™_PM, 5 —0.07 (—0.54 to 0.40) —0.15 (=1.27 to 0.98) 0.01 (—1.05 to 1.07)
NAL IL-6§
OPAA_PMyq 14.7* (2.3 10 28.7) 30.3* (3.6 to 64.0) 36.9** (8.3 t0 72.9)
OPAA_PM, 5 10.7* (1.2 t0 21.1) 17.8 (—2.9 to 42.8) 23.3* (0.9 to 50.7)
OPER_PM 7.9* (0.3 to 16.0) 23.5* (2.1 to 48.9) 27.8* (4.9 to 55.0)
OPESR_PM, 5 6.8 (0.2 to 14.2) 10.9 (~5.8 to 30.5) 13.0 (—4.7 to 34.1)
OPP™™_PMo 8.8* (1.5 to 16.5) 39.2%* (14.6 to 69.0) 41.5** (17.2 to0 70.9)
OPP™™_PM, 5 12.4** (3310 22.2) 20.0* (1.1 to 42.4) 29.0** (9.1 to 52.7)
NAL proteing
OPAA_PMyq 2.9 (—5.6 to 11.4) 16.5* (0.7 to 32.4) 1.8 (=5.7 0 29.2)
OPAA_PM, 5 2.2 (4.3 t0 8.7) 11.8 (—1.3 t0 24.9) 10.4 (—4.3 to 25.0)
OPER_PM;o 1.2 (4.1 t0 6.6) 8.9 (4.3 to0 22.1) 9.0 (—5.6 to 23.5)
OPESR_PM, 5 1.0 (3.8 10 5.9) 6.4 (—4.8 to0 17.5) 5.9 (—6.5 to 18.2)
OPP™™_PM,o 1.2 (3.8 10 6.2) 1.4 (=2.7 to 25.4) 9.6 (—4.8 to 24.0)
OPP™™_PM, 5 15 (—4.7 t0 7.6) 6.1 (=5.7 t0 17.9) 5.4 (=7.11017.8)
NAL lactoferrin§
OP*A_PMyq 20.9* (3.6 to 41.0) 24.7 (—6.5 to 66.5) 253 (—8.6 to 71.7)
OPAA_PM, 5 14.0* (1.2 to 28.5) 13.1 (—11.6 to 44.6) 13.8 (—13.1 to 48.9)
OPESR_PMo 11.2% (0.9 to 22.6) 14.9 (—9.4 to 45.8) 12.0 (—14.0 to 45.8)
OPESR_pM, 5 10.5% (1.1 t0 20.7) 15.2 (=6.2 to 41.4) 12.4 (—10.3 to 40.8)
OPP™™_PM,o 9.6* (0.0 to 20.0) 8.0 (~16.4 to 39.6) 4.8 (—=19.4 t0 36.3)
OPP™™_PM, 5 10.1 (—1.6 t0 23.3) -0.2 (—19.8 to 24.1) 0.6 (—19.9 to 26.4)

#p<0.10; *p<0.05; **p<0.01.

tExpressed as percentage increase per change in IQR in the log-transformed concentrations at the outdoor sites: 0.72 and 0.71 for OPP™" of PM, 5 and PM;¢; 1.14 and 1.27 for OP™®
of PM,.5 and PM;¢; 1.15 and 1.51 for OP** of PM, 5 and PM;q, implying a p75/p25 ratio ranging from 2.0 (OP°™"-"M1%) tg 4.5 (QPAAPM10),
tAdjusted for temperature, relative humidity, season, pollen counts and respiratory infections (as in ref 13).

§Adjusted for temperature, relative humidity, season (as in ref 14) and endotoxin.
NAL, nasal lavage; OP, oxidative potential; PM, particulate matter; NAL, nasal lavage.

PNC and NO, remained significantly associated with FEno and
NAL IL-6, respectively, whereas after excluding the under-
ground we found consistent associations with OP Other health
end points, including lung function and vascular inflammatory
and coagulation parameters in blood were not consistently asso-
ciated with OP

In previous publications from the RAPTES project, no consist-
ent associations with OP were found in either the all sites or the

outdoor data set.>”** In those analyses, OP was calculated as
the sum of OP from PM, 13, PMg 13_».5s and PM, s_1¢ collected
with a MOI and measured as the capacity of PM to deplete the
antioxidants AA and glutathione (GSH) in a synthetic human
RTLE. Our results suggest that the health relevance of OPRTLE
as measured with an MOI sampler in the previous study, is less
than the health relevance of the three OP metrics, as measured
on PM;o and PM, ;s filters, in the current study. We cannot
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Figure 1
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Associations between oxidative potential (OP) of particulate matter (PM), PM mass, particle number concentration (PNC), NO, and FEyo

in single-pollutant and two-pollutant models after excluding the underground. Single-pollutant effect estimates in bold; grey indicates high (>0.7)
correlation between the two pollutants (see online supplementary table S6-S7).

disentangle between the impact of the different sampling
methods (HI vs MOI) and impact of the different OP assays
(current assays vs OPRTYF), but speculate that sampling played a
major role, based on the rather poor agreement between MOI
mass and HI mass.'® We documented that the log-
transformation of exposure did not explain the difference
between the current OP findings and our previous publications
(see online supplementary table S18).

When comparing the different assays used in the current
study, after excluding the underground, all three measures of
the OP of PM, s were consistently associated with FEno: effects
of OPP™T remained after adjustment for OPESR or OP* and
vice versa, suggesting that (drivers of) OPPTT and (drivers of)
OP®R or OPM can have independent effects on FExo. OPESR
and OP* were too highly correlated to disentangle their inde-
pendent effects. For NAL IL-6, consistent associations with OP

were only observed for OPPTT of PM, 0, which could not be dis-
entangled from effects of PMy mass. Different PM components
contribute to OPPTT compared with OPFR or OP*, and OP is
not easily predicted by single chemical.’® In our study, OPP™"
showed the highest correlation with PM mass, OC (for
OPPTTPM25y and NO, (for OPPTTPMIO) " whereas OPESR and
OP* showed the highest correlation with the traffic-related PM
component (eg, Fe, Cu, EC), especially for PM;o. As none of
the measured individual PM components was consistently posi-
tively associated with FEno or NAL IL-6, this suggests that dif-
ferent assays could provide complementary information
regarding the oxidative properties of PM and their associated
health effects. The observed changes most likely do not reflect
adverse clinical effects, but they do show that, at ambient levels,
different air pollutants can trigger biological responses in
healthy, young adults.
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Figure 2 Associations between oxidative potential (OP) of particulate matter (PM), PM mass, particle number concentration (PNC), NO, and nasal
lavage (NAL) interleukin (IL)-6 in single-pollutant and two-pollutant models after excluding the underground. Single-pollutant effect estimates in
bold; grey indicates high (>0.7) correlation between the two pollutants (see online supplementary table S6-57).
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When all sites were considered, OP was not associated with
increases in FEyo or NAL IL-6 after adjustment for
co-pollutants. The differences in results, depending on how the
underground is considered, are difficult to explain. In previous
publications, we also observed differences in results for the all
sites compared to the outdoor only models, especially for com-
ponents that were highly elevated at the underground site.
When the underground site was included in the analysis, FEno
and NAL IL-6 were consistently associated with PNC and NO,,
respectively; two components that were not (substantially) ele-
vated in the underground compared with the outdoor loca-
tions.”> In an in vitro study, including samples from the five
locations of the current study and three additional sites, a sig-
nificant association between OPP™T and pro-inflammatory activ-
ity was only observed after excluding the underground sample.
However, the sample from the underground site was by far the
most cytotoxic, which could have hampered the cellular respon-
siveness of that sample.'” In another in vitro study, particles
from a subway station in Stockholm were less potent to induce
inflammatory cytokines compared with particles from an urban
street.”® Few studies have investigated the health effects of expo-
sures in the underground settings.>!>* Although these studies
also measured high concentrations of air pollutants, they could
not provide strong evidence of associations between exposure to
air pollution and cardiorespiratory health effects. Overall,
results from these in vitro and epidemiological studies suggest
that the air pollution mixture and associated health effects in
the underground are different from the outdoor environment.
Alternatively, the lack of associations with OP when including
the underground data suggests that the value of OP to predict
health effects may be limited and cannot be easily extended to
other exposure settings.

Few studies have investigated associations between OP of PM
and acute health effects. The associations found for FEno in the
outdoor data set are in line with two panel studies in
California.’* ' Delfino et al'' studied the relationship between
air pollution and weekly measurements of FEyo in a panel of
60 elderly participants living in four retirement communities in
the LA basin. A cellular macrophage ROS assay was used to
characterise OP of 5-day aggregated PMy ,5 samples and an IQR
change in ROS was associated with a 4% increase in FEno. In a
study among 45 schoolchildren with persistent asthma, both the
macrophage ROS assay and the DTT assay were used to charac-
terise OP of PM, s.'? FEno was significantly positively asso-
ciated with lag 1-day and 2-day averages of both macrophage
ROS (3-5% increase per IQR) and OPP™T (9-10% increase per
IQR).*2

Apart from the observed associations with FEno and NAL
IL-6, none of the other health end points, including lung func-
tion, total protein in NAL and vascular inflammatory and
coagulation parameters in blood were consistently associated
with OP In contrast, in our previous studies we did report
associations for these end points with pollutants such as NO,,
OC and sulfate/nitrate.’>™"> Although some significant associa-
tions with OP were observed in single-pollutant models in
either the all sites or outdoor only models for lung function,
vWF and TPA/PAI1 complex, these associations lost significance
when adjusted for co-pollutants. The only exception was lacto-
ferrin in the all sites data set, which remained significantly
associated with especially OPESR and OP**. Given the lack of
association between lactoferrin and OP in the outdoor data set,
these associations were likely driven by the high exposures at
the underground, as was also observed in our previous
analyses.'*

The lack of association for blood IL-6 contrasts with findings
from the study among the elderly by Delfino et al,'' in which
an IQR change in macrophage ROS was associated with a sig-
nificant 9% increase in blood IL-6. This inconsistency with our
findings could be related to differences in design, study popula-
tion and OP metric that was used (ie, 5 h average OP of PM, 5
and PM, from a-cellular assays vs macrophage ROS of 5-day
aggregated PMy »s samples). In general, absence of associations
with OP in our study may be related to the fact that the assays
employed only examined the intrinsic potential of the particles
to drive oxidation reactions in an a-cellular model, reflecting
their content of redox active compounds rather than on inter-
action with a biological system. As PM can elicit oxidative stress
through alternative pathways on interaction with the cellular/
tissue matrix, an a-cellular assay does not necessarily reflect the
total oxidative activity in vivo.’

Strengths and limitations of our design were discussed in detail
previously.’*™% Among others, since we performed air pollution
characterisation on-site during exposure of volunteers, exposure
measurement error was small compared with observational
studies relying on data from central monitoring sites. In our
design, we also reduced correlations between PM characteristics
by performing repeated measurements at multiple locations with
different source characteristics. Despite that, some correlations
remained too high to interpret two-pollutant models and disen-
tangle independent effects of OP from other PM characteristics
(eg, OPP™ and PM;, mass in relation to NAL IL-6). As we evalu-
ated a large number of models, we potentially faced a problem of
chance findings in our results. That is why, in our interpretation
of the results, we focused on the consistency of (significant) asso-
ciations rather than individual significant associations.

CONCLUSION

We found significant associations between three a-cellular mea-
sures of OP of PM and markers of airway and nasal inflamma-
tion in healthy young adults. These OP associations remained
significant after adjustment for co-pollutants when the four
outdoor sites were included, but lost significance when measure-
ments at the underground site were included. Lung function
and vascular inflammatory and coagulation parameters in blood
were not consistently associated with OR Our study, therefore,
provides limited support for a role of OP in predicting acute
health effects of PM in healthy adults. The difference in associa-
tions with different health end points in our study adds to the
complexity of investigating which particle metric is more rele-
vant in predicting health effects. Additional studies on the rela-
tion between OP and a range of health effects are needed to
draw more firm conclusions on the added value of OP com-
pared with more established metrics. Studies in susceptible
populations and studies on effects of long-term exposure are
needed to further evaluate the added value of OP in future air
monitoring and assessments.
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Table S1. AIC and effect estimates with and without log-transformation of exposure parameters: FEyo

Original scale* Log transformed*
All sites, adjusted All sites, adjusted
FEno All sites Outdoor sites underground All sites Outdoor sites underground
Estimate Estimate Estimate Estimate Estimate Estimate
AIC (%) p AIC (%) p AIC (%) P AIC (%) p AIC (%) p AIC (%) p

no exposure 917.1 676.5 914.1 917.1 676.5 914.1

NO, 915.5 6.9 0.020 677.6 49 0.109 9132 8.0 0.028 909.0 8.5 0.013  671.3 7.0 0.086  906.9 8.0 0.022
PNC 901.8 115 0.000 664.9 10.8 0.000 900.0 11.3 0.000 901.2 138 0.000 665.0 129 0.001 899.8 13.7 0.000
03 919.2 -3.3 0.091 679.5 -2.5 0.619 916.2 -4.9 0.202 915.3 -1.3 0.092 674.0 -1.4 0.741 911.2 -2.8 0.148
PM2.5

OPP™T pm25 9175 0.9 0.048  664.8 12.8  0.001 9097 33  0.010 910.0 36 0.006 6637 10.8 0.001  899.0 109  0.000
OPESR pm25  927.1 0.0 0.171  666.9 5.1 0.000 922.4 0.1 0.406 912.6 2.5 0.011 661.8 104 0.000 898.7 10.2 0.000
OP™ pm25 928.7 0.1 0.160 675.7 4.7 0.004 9225 0.7 0.196 910.8 3.6 0.005  658.7 136 0.000 896.2 131 0.000
PM2.5mass 923.6 0.6 0.202 6814 0.6 0.817  919.6 0.7 0.670 914.3 2.2 0.091 6711 7.8 0.078  909.1 6.9 0.090
EC_pm2.5 914.3 4.0 0.011 666.3 15.0 0.001  904.3 126  0.001 908.1 7.7 0.002  667.9 112 0.004 903.6 115 0.001
OC_pm2.5 916.0 3.0 0.087 6754 49 0.258  914.0 2.8 0.224 915.2 4.8 0.174  675.2 2.2 0.738 91238 3.7 0.504
Fe_pm25 936.2 0.0 0.170  671.0 7.8 0.000 930.2 0.2 0.263 912.7 2.3 0.012 661.6 9.9 0.000 898.4 9.8 0.000
Cu_pm25 930.1 0.0 0.185  669.3 8.5 0.000 9247 0.1 0.417 913.5 2.4 0.019 666.3 8.4 0.002  903.9 8.2 0.001
Ni_pm25 922.4 0.2 0.485  680.6 -0.4 0.460 918.6 -0.2 0.623 917.0 2.2 0.227 6770 0.5 0.853 9145 1.2 0.656
V_pm2.5 920.4 0.6 0.425 677.7 -1.7 0.469 917.1 -0.3 0.826 915.7 2.9 0.161 675.7 1.3 0.761 913.3 24 0.465
NO;_pm2.5 920.3 -1.6 0.348  679.9 -1.4 0451 9175 -15 0.382 916.7 -0.6 0.882  675.1 -3.7 0.507 9138 -0.7 0.860
SO,_pm2.5 919.8 -1.0 0.504 679.2 -1.0 0.556 917.1 -0.7 0.631 916.3 -1.1 0.744 675.1 -2.3 0.572 913.4 -0.2 0.942
BeP_pm25 917.3 5.1 0.004 675.2 6.2 0.002 912.7 5.6 0.002 9125 3.7 0.059 667.8 7.0 0.008 907.1 5.0 0.015
BaP_pm25 917.9 3.7 0.007 675.5 5.5 0.004 916.0 3.5 0.013 908.6 4.6 0.007 665.3 6.9 0.002 906.4 4.4 0.011
PM10

OPDTT_pmlo 921.3 0.3 0.152 666.3 195 0.000 917.3 0.6 0.336 913.2 2.2 0.032 662.0 148 0.000 897.4 139 0.000
OPESR_pmlo 929.3 0.0 0.185 666.7 5.4 0.000 924.7 0.1 0.469 913.0 2.4 0.016 664.3 9.2 0.000 900.6 9.2 0.000
OP* pm10 929.9 0.1 0.140 6775 6.3 0.010 9242 0.6 0.158 912.2 3.8 0.015 666.8 10.0 0.003 905.0 9.0 0.004
PM10mass 925.6 0.3 0.193  682.0 1.0 0.591  920.2 0.9 0.481 914.8 1.2 0.099 670.8 5.4 0.059  908.7 4.9 0.072
EC_pm10 917.0 2.5 0.031 666.4 155 0.001 904.3 134 0.001 908.8 7.3 0.003 667.6 12.1 0.003 903.4 124 0.001
OC_pm10 917.6 2.4 0.151 675.6 5.9 0.279 9149 2.3 0.438 913.6 4.9 0.087 6725 8.6 0.149  910.8 6.6 0.203
Fe_pm10 937.6 0.0 0.178 6745 10.2 0.000  930.3 0.4 0.178 9134 2.4 0.018 664.2 102 0.001 9011 10.1 0.000
Cu_pm10 931.8 0.0 0.218 671.6 13.7 0.000 927.1 0.1 0.792 914.1 3.1 0.027 668.1 10.9 0.004 905.5 10.6 0.003
Ni_pm10 922.9 0.4 0.300 680.7 -0.7 0.525 918.7 -04 0.742 917.0 17 0.248 676.6 0.5 0.925 914.2 1.0 0.785
V_pm10 921.0 0.4 0.278 678.1 -1.0 0.643 917.8 0.1 0.941 915.3 1.9 0.115 675.2 2.6 0.526 912.4 3.0 0.299
NO;_pm10 920.9 -0.4 0.505 680.3 -04 0.546 918.0 -04 0.533 916.7 -0.2 0.947 675.1 -3.2 0.553 913.7 -0. 0.979
SO,_pm10 919.9 -1.0 0.525 679.2 -1.0 0.555 917.1 -0.7 0.637 916.1 -0.4 0.857 675.1 -19 0.624 913.2 0.0 0.968
BeP_pm10 915.4 5.6 0.002 675.0 6.3 0.002 9126 5.6 0.002 908.0 5.7 0.006  666.9 6.7 0.005  904.9 5.7 0.006
BaP_pm10 918.1 3.2 0.007 675.3 5.3 0.003 9164 3.2 0.015 906.5 4.6 0.003  664.9 6.4 0.002 904.8 4.7 0.006

1 effect estimates for original scale expressed as % increase per IQR change in original scale outdoor concentrations, and for log transformed as % increase in log transformed outdoor concentrations.
Results for original and logtransformed concentrations are therefore not directly comparable



Table S2. AIC and effect estimates with and without log-transformation of exposure parameters: NAL IL-6

Original scalel

All sites, adjusted

Log transformed1

All sites, adjusted

NAL IL-6 All sites Outdoor sites underground All sites Outdoor sites underground
Estimate Estimate Estimate Estimate Estimate Estimate
AIC (%) p AIC (%) p AIC (%) P AIC (%) p AIC (%) p AIC (%) p

no exposure 440.2 312.0 439.5 440.2 312.0 439.5
NO, 437.8 43.0 0.002 314.5 29.7  0.033 437.9 412 0.003 429.9 47.1 0.001 3080 316 0.024 430.5 446  0.001
PNC 443.2 16.1 0.157 316.2 10.1 0.342 442.8 151 0.183 440.2 26.0 0.087 314.0 141 0.327 440.4 21.7 0.156
O3 441.0 -16.8 0.008 313.1 -28.9 0.021 439.1 -29.3  0.007 439.0 -6.1 0.022 309.6 -20.9 0.065 436.4 -14.2 0.020
PM2.5
OP°™" pm25 4422 3.6 0.021 310.8 223 0.023 4375 123 0.007 436.6 12.4 0.007 3101  20.0 0.037 4332 29.0  0.000

OPER pm25 4530 0.1 0.151 318.8 0.6 0.887 451.6 0.0 0.947 441.7 6.8 0.057 313.9 109 0.210 440.9 13.0 0.158
OP™ pm25 454.4 0.5 0.131 322.8 3.3 0.501 452.5 0.7 0.704 439.9 10.7 0.027 3124 17.8  0.095 438.4 233 0.041
PM2.5mass 445.3 3.9 0.013 315.5 10.7  0.016 440.2 12.4 0.003 435.2 121 0.004 3072 221 0.009 431.1 28.3  0.001
EC_pm2.5 443.5 11.6 0.063 314.8 24.9 0.149 443.1 18.7  0.213 437.0 29.3 0.010 310.9 32.7 0.047 437.4 37.6 0.026
OC_pm2.5 441.1 113 0.037 315.2 9.4 0.259 442.1 9.9 0.125 436.9 29.3 0.009 312.8 21.8 0.136 437.8 32.1 0.029
Fe_pm25 452.7 0.1 0.135 316.8 7.3 0.274 450.7 0.1 0.773 441.2 7.0 0.046 312.3 169 0.100 439.0 20.1 0.066
Cu_pm25 455.8 0.2 0.142 319.5 105  0.206 453.8 0.1 0.901 440.2 8.8 0.027 3105 236 0.033 437.0 276  0.019
Ni_pm25 4447 3.9 0.036 317.2 5.1 0.099 445.1 4.7 0.129 440.8 134 0.052 3144 111 0.237 441.6 12.6 0.202
V_pm2.5 447.1 0.8 0.779 3113  -17.2 0.018 4414 -84 0.040 4435 4.1 0.580 3044 -30.9 0.001 4367  -226 0.018
NO; pm2.5 4422 143  0.017 316.6 103 0.077 4418 139 0.020 436.2 33.9 0.008 3106 306 0.043  436.1 32,6  0.011
SO,_pm2.5 446.2 2.8 0.590 318.3 1.0 0.853 445.2 4.1 0.447 441.1 14.8 0.204 3135 11.3  0.387 439.7 18.1 0.129
BeP_pm25 447.3 124 0.029 321.5 9.0 0.138 445.6 139 0.016 437.2 148 0.020 310.6 14.6  0.062 433.7 19.2 0.004
BaP_pm25 447 .4 9.3 0.039 322.7 3.3 0.556 47.9 8.1 0.078 437.2 12.9 0.024 312.9 6.4 0.362 437.6 11.6 0.044
PM10
OPP™™ pm10 446.3 11 0.117 307.1 33.3 0.002 444.9 2.6 0.228 437.2 8.8 0.017 303.0 39.3 0.001 427.7 415 0.000

OPESR _pm10 455.8 0.1 0.346 319.8 4.6 0.325 452.2 -0.3  0.255 439.4 7.9 0.042 310.9 23.3 0.030 437.0 275 0.015
OPAA_pmlo 455.3 0.5 0.136 323.6 7.8 0.276 453.0 19 0.230 438.3 148 0.019 3104 30.3 0.024 435.9 36.9 0.009
PM10mass 449.7 1.4 0.050 315.6 102  0.013 4425 9.5 0.007 436.6 6.7 0.007 3054  19.0 0.004 429.2 239 0.001
EC_pm10 4445 8.1 0.070 315.1 24.4 0.167 442.7 228 0.160 437.5 28.1 0.012 311.2 34.0 0.056 437.4 41.1 0.027
OC_pm10 439.5 129 0.010 3125 19.1 0.037 439.9 16.6 0.027 435.7 23.8 0.007 310.2 26.6 0.046 435.8 32.1 0.029
Fe_pm10 448.1 0.1 0.195 311.8 11.8 0.217 4445 -0.6 0.512 441.2 1.7 0.052 311.8 21.3 0.087 439.1 22.9 0.081
Cu_pm10 451.2 0.2 0.195 314.7 18.5 0.206 449.2 -0.2  0.790 440.7 117 0.037 311.0 33.7 0.049 437.9 38.1 0.037
Ni_pm10 446.7 2.4 0.063 316.8 6.4 0.081 4455 51 0.167 439.2 13.8 0.021 3125 16.2  0.100 439.3 19.7 0.060
V_pm10 448.3 0.3 0.837 3115 -14.2 0.019 442 .4 -5.2  0.047 443.8 -14 0.846 304.2 -23.2 0.002 436.1 -17.6 0.014
NO;_pm10 443.0 134 0.025 317.3 9.5 0.104 442.7 129 0.031 437.4 26.1 0.017 311.0 23.4  0.058 437.0 25.1 0.019
SO,_pm10 446.0 0.3 0.517 318.3 11 0.836 4451 4.6 0.404 440.2 19.7 0.129 3134 10.1  0.383 439.2 20.2 0.106
BeP_pm10 445.3 148 0.009 321.1 9.8 0.100 444.9 144 0.010 434.2 18.6 0.005 310.1 13.7 0.051 4335 18.7 0.005
BeP_pm10 446.2 9.2 0.018 322.5 4.0 0.455 447.3 83 0.054 435.7 12.7 0.011 3124 6.6 0.298 436.9 11.7 0.036

1 effect estimates for original scale expressed as % increase per IQR change in original scale outdoor concentrations, and for log transformed as % increase in log transformed outdoor concentrations.
Results for original and log-transformed concentrations are therefore not directly comparable



Table S3. Adjusted* associations between different measures of the oxidative potential (OP) of PM;, and PM, s, and markers in nasal lavage and blood IL-6 2 hours
after exposure, after excluding measurements at the farm (instead of adjusting for endotoxin)

All 4 sites, adjusted

All sites (4 sites; n=142) Outdoor only (3 sites; n=97) underground (n=142)

Estimate (%)  (95% CI) Estimate (%)  (95% CI) Estimate (%)  (95% CI)
NAL-IL6
OP™ PMy, 10,8 * (-1,0 to 23,9) 32,4 * (6,0 to 65,2) 37,9 * (8,0 to 76,1)
OP™ PM, 79% (-0,9 to 17,4) 23,7 * (3,8 to0 47,5) 30,3 ** (7,0 to 58,8)
OPESR PMy, 55 (-1,7 to 13,2) 20,2 * (0,8 to 43,3) 26,6 * (3,8 to 54,4)
OPESR PM, 5 4,6 (-1,9 to 11,4) 15,2 * (-1,5 to 34,9) 19.1°* (-0,3 to 42,3)
OPP™T_PMy, 55 (-1,2 to 12,7) 24,7 * (3,8 t0 49,8) 30,9 ** (8,3 t0 58,2)
OPP™T pPM, ¢ 7,0 (-1,3 to 16,1) 9,1 (-6,3 to 27,0) 17,9 * (0,3 to 38,7)
NAL-protein
OP™ _PMy, 2,0 (-7,3 0 11,4) 12,8 (-7,6 t0 33,2) 7,2 (-14,0 to 28,4)
OP* PM,5 1,7 (-5,4 10 8,7) 8,6 (-7,6 to 24,7) 6,8 (-10,3 t0 24,0)
OPESR_PMyq 1,0 (-4,9 10 6,9) 45 (-11,5 to 20,5) 5,0 (-12,2 t0 22,2)
OPESR PM, 6 0,5 (-4,7 t0 5,8) 1,9 (-12,4 t0 16,2) 1,3 (-13,9 to 16,6)
OPP™™ PMy, 1,3 (-4,1106,7) 9,1 (-7,7 10 25,9) 8,4 (-8,1 t0 24,9)
OP°™" PM, ¢ 1,5 (-5,2 t0 8,3) 41 (-9,4 t0 17,5) 45 (-9,4 t0 18,5)
NAL lactoferrin
OP™ _PMy, 172" (-1,2 t0 39,1) 34 (-27,5 to 47,6) 8,5 (-26,0 t0 59,1)
OP* PM,5 121" (-1,4 t0 27,5) 0,0 (-24,5 to 32,5) 33 (-24,4 10 40,9)
OPESR_PMyq 9,6 " (-1,5 to 22,0) 0,4 (-23,9 t0 32,5) -0,8 (-27,3 10 35,3)
OPESR PM, 5 917" (-0,9 to 20,1) 3,6 (-19,1 to 32,5) 2,5 (-22,1 to 35,0)
OPP™™ PMy, 8,7 (-1,5t0 19,9) -1,3 (-26,5 to 32,4) 2,7 (-27,9 to 31,3)
OPP™T PM, ¢ 8,7 (-4,0 to 23,0) -6,3 (-25,9 to 18,5) 5,7 (-26,6 t0 21,1)
Blood IL6
OP™ PMy, -6,0 (-14,7 0 3,6) -1,2 (-19,8 to 21,5) 3,4 (22,310 20,2)
OP™ PM,5 -4,6 (-11,3 t0 2,6) 2,7 (-17,3 to 14,5) 2,6 (-18,3 t0 16,1)
OPESR pPM, 3,3 (-9,0 t0 2,8) 1,6 (-13,5 10 19,3) 2,2 (-14,3 t0 22,0)
OPESR PM, 5 3,4 (-8,51t02,1) 3,0 (-16,0 to 12,0) -1,2 (-15,5 to 15,6)
OPP™™ PMy, 2,8 (-8,1t02,7) 0,7 (-15,0 t0 19,2) 4.4 (-11,7 to 23,4)
OPP™T PM, ¢ -3,7 (-10,1 to 3,3) -2,0 (-14,3 t0 12,0) 0,4 (-12,8 to 15,6)

Tadjusted for temperature, relative humidity, season (as in Steenhof et al, 2013)
#p<0.10; * p<0.05; ** p<0.01



Table S4. Baseline levels of health parameters

N Mean (range)  GM (range)

FEno (ppb) 170  15.9 (5.0-61.0)

FEV.(I) 170  3.86 (2.57-5.51)

FVC () 170  4.68 (2.73-6.70)

NAL protein (ug/ml) 160 145 (33.5-500)

NAL IL6 (pg/ml) 168 1.53 (0.04-25.8)
NAL lactoferrin (ng/ml) 160 1.03 (0.15-21.2)
CRP (mg/l) 170 1.00 (0.10- 14.5)
Fibrinogen (g/1) 170 3.02 (1.43-5.19)
VWF (% of normal) 169 89.4 (37.7-199.6)
Platelet counts (10°/1) 170 268 (130-416)
tPA/PAI-1 complex (ng/ml) 168 2.81 (0.08-27.4)
Blood IL6 (pg/ml) 167 0.97 (0.09-11.4)




Table S5. Geometric mean and range (min-max) of 5 hour average PM,s and PM;, composition

All sites (n=170)

GM (Range)

Outdoor sites (n=125)

GM (Range)

Underground (n=45)

GM (Range)

PM; s

EC (ug/m°)

OC (ug/m?)

Fe (ng/m?)

Cu (ng/m°)

Ni (ng/m°)

V (ng/m®)

NOs’ (pg/m’)

SO (ug/m®)
Benzo(e)pyrene (pg/m°)
Benzo(a)pyrene (pg/m®)

36 (0.3-18.6)
15  (0.6-11.3)
1,296 (53.1-8,7148)
612  (1.4-3,848)

50  (0.4-41.8)
35  (0.3-29.1)
42 (0.6-38.5)

706  (1.0-21.5)
230 (28.9-297.3)
201 (38.6-245.2)

22 (0.3-6.6)
11 (0.6-7.4)
299.4 (53.1-1,053)
145  (1.4-51.9)

25  (0.4-30.6)
23 (0.3-11.4)
49 (1.2-38.5)
33 (1.2-215)

109.8 (41.5-297.3)
88.0 (42.4-245.2)

150  (12.1-18.6)
39 (21-11.3)
75,866 (58,887-87,149)
3,354 (2,604-3,848)
357  (25.1-41.8)
124 (7.0-29.1)
26  (0.6:8.7)

16  (1.0-5.5)
296  (28.9-297.3)
19.7  (38.6-245.2)

PMyo

EC (ug/m?®)

OC (ug/m?)

Fe (ng/m°)

Cu (ng/m®)

Ni (ng/m°)

V (ng/m?)

NOs (ug/m’)

SO, (Hg/m?®)
Benzo(e)pyrene (pg/m®)
Benzo(a)pyrene (pg/m°)

43  (0.4-26.1)
37 (1.0-15.0)
2,984 (131.5-176,699)

1279  (3.5-8,193)

86 (0.5-77.6)
52  (0.5-48.8)
55  (0.7-42.1)
33 (14-21.7)

1175 (53.2-310.7)
1101 (53.8-261.9)

24 (0.4-7.0)
28  (1.0-8.9)
720.6 (131.5-2,655)
304 (3.5-96.7)

39 (0.5-3L1)
29  (0.5-12.5)
6.4 (1.8-42.1)
38 (1.4-21.7)

1208  (53.2-310.7)
1026  (53.8260.8)

228  (19.0-26.1)
82  (6.1-15.0)
154,546 (133,299-176,699)
6,937 (5,267-8,193)
68.7  (59.0-77.6)
248  (17.8-48.8)
35  (0.7-11.1)

22 (156.1)
1088  (59.5-310.7)
1338 (80.7-261.9)




Table S6. Spearman correlation: PM,s; upper: all sites; lower (italics) outdoor sites

OPPTT OpESR  opAt EC_ OC_ Fe  Cu_ Ni_ V_  NO;_ SO,/ BeP_ BaP_
_PMys PM;s PM,s PM,s PNC NO, PMys PMys PMys PMys PMys PMjs PMjs PMys PMys PMys O
OPP™™ PM, 080 084 094 022 022 069 079 068 067 061 055 008 -014 -008 015 -0.64
OPESR PM,s  0.52 095 074 041 022/ 08 052 078 08 058 057 -015 -028 010 030 -0.68
OP™ PM,s 0.63[7770.:88 081 044 023 08 057 08 08 058 061 -008 -023 009 025 -0.68
PM, s 085 035 053 015 021 064 079 064 067 064 065 018 -0.04 -0.08 010 -0.65
PNC 0.18 044 051 0.07 050 067 -004 063 054 015 024 -027 -016 038 043 -0.37
NO, 043 048 050 045 0.56 036 019 025 024 006 016 027 029 042 026 -0.36
EC_PM,s 026 058 066 01377086 067 043 089 08 061 068 -035 -038 005 012 -0.81
OC_PM,5 0.66 0.08 02177072 -020 026 -0.07 043 041 054 036 036 008 -001 008 -0.50
Fe_PM,s 022 047 058 010077088 0507074 -0.09 091 060 054 -030 -054 -002 013 -0.62
Cu_PM,s 021 05777078 021 070 048 067 -0.14/77081 053 061 -016 -038 006 017 -0.69
Ni_PM,s 005 -001 000 012 000 019 007 019 002 -0.12 068 -0.14 -022 -0.14 -0.08 -0.64
V_PM,5 005 003 014 020 013 030 026 -015 -0.10 012 0.6 011 -009 -021 -0.10 -0.80
NO;_PM, 5 051 011 02677074 -026 026 -021 064 -016 008 016 0.21 067 007 003 017
SO, PM,5 049 016 028 072 -014 032 005 054 -027 -001 037 056 0.66 041 019 012
BeP_PM,5 032 064 059 033 048 061 063 020 050 060 023 008 000 030 0.76  0.02
BaP_PM, 042 071 060 038 046 044 042 008 046 049 -001 004 001 011  0.69 -0.06
0, 012 -023 -024 -015 -035 -062 -057 -006 -009 -024 -015 -052 -0.03 -047 -042 -0.24
Table S7. Spearman correlation: PM,o; upper: all sites; lower (italics) outdoor sites
OPPTT_ OPESR_ opA~_ EC_ OC_ Fe. Cu_Ni_ V_ NO;_ SOZ BeP_ BaP_
PMyp PMy PMy PMy PNC NO, PMy PMy PMy PMy PMy PMy PMy, PMy PMy PMy, O
OPP™™_PMy, 088 084 089 044 043 08 074 079 079 071 068 -000 -008 022 044 -0.79
OPESR_pM, 0.70 097 078 052 033 092 057 092 092 065 069 -011 -029 023 042 -0.73
OP™ PMy, 059 0.94 077 049 028 089 056 091 092 057 067 -013 -032 024 044 -069
PMy, 0.73 042 041 022 026 070 08 068 068 076 066 004 -006 005 037 -0.67
PNC 060 074 070 0.19 050 067 -005 065 062 007 025 -031 -011 043 048 -0.37
NO, 078 062 053 049 056 036 010 028 026 011 016 031 031 040 027 -0.36
EC_PMy, 066/ 083 074 028 085 0.69 0.44/ 090 091 060/ 072 -036 -031 026 045 -0.82
OC_PMy, 03 004 003 070 -019 015 -0.14 0.44 045 066 038 021 -002 005 033 -047
Fe_PMy, 048 080 082 021 091 054 079 -0.16 095 057 062 -034 -049 011 035 -0.67
Cu_PMy, 048/ 083 084 024 08 055 080 -015 0091 053 067 -028 -039 024 043 -0.70
Ni_PM, 026 009 -009 040 -009 028 001 030 -010 -0.16 067 -010 -017 -0.02 020 -0.67
V_PMy, 017 018 015 014 020 036 035 -0.33 004 021 0.16 015 -0.09 -013 018 -0.80
NO;_PMy, 045 016 019 056 -031 029 -020 055 -025 -013 024 013 0.64 005 -008 0.18
SO, _PMy, 054 008 004 059 -011 031 008 036 -028 -014 035 051 065 031 010 0.08
BeP_PMy, 057 067 056 035 046 058 065 018 046 057 035 006 007 025 073 -0.12
BaP_PMy, 052 056 052 047 045 043 049 025 043 044 014 006 001 018 071 -0.30
0, 050 -032 -021 -021 -035 -062 -059 015 -020 -029 -020 -0.52 -0.02 -045 -0.39 -0.24
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Figure S1. Associations between OP of PM and FEy (upper) and NAL IL-6 (lower) for all sites. Results from single pollutant models with OP as well as two pollutant

models including both OP and PNC (FEyo; upper) or OP and NO, (NAL IL-6; lower)



Table S8. Adjusted associations between different measures of the oxidative potential (OP) of PM, and PM, 5, and

percentage changes in blood parameters the next morning

All sites

Outdoor only

All sites, adjusted
underground

Estimate (%)  (95% CI) Estimate (%)  (95% CI) Estimate (%)  (95% CI)
CRP!
OP* _PMy, 3.4 (-2.5 10 9.6) 5.7 (-15.9 10 5.8) 5.2 (-15.4 10 6.2)
OP™ PM,5 3.4 (-1.6 t0 8.7) 5.6 (-15.8 10 5.8) 5.1 (-15.3 10 6.3)
OPESR_PMy, 2.4 (-1.4 t0 6.5) 71 (-15.7 t0 2.3) 5.9 (-14.7 t0 3.9)
OPESR PM, 5 2.7 (-1.1t06.7) -4.9 (-13.6 t0 4.8) -4.5 (-13.31t05.2)
OPP™T PMy, 3.2 (-0.6t07.2) 5.5 (-16.1 to 6.4) -1.7 (-12.11t0 9.8)
OPP™T PM, ¢ 4.9 (-0.1 t0 10.1) 0.6 (-8.8 t0 11.0) 2.6 (-6.6 t0 12.8)
Fibrinogenl
OP™ PMy, 0.5 (-0.6 t0 1.7) -0.5 (-2.8 t0 1.9) -0.3 (-2.5 t0 1.9)
OP™ PM, 0.4 (-0.6 t0 1.3) -1.0 (-3.2 t0 1.3) -1.0 (-3.1t01.2)
OPESR_PMy, 0.4 (-0.4t01.1) 0.4 (-2.4 10 1.6) -0.4 (-2.3t0 1.5)
OPESR PM, 5 0.3 (-0.4 t0 1.0) -11 (-2.9 10 0.9) -1.1 (-2.9 10 0.8)
OPP™T_PMy, 0.4 (-0.3t01.2) 0.2 (-2.2t02.7) 0.0 (-2.2 t0 2.1)
OPPTT PM, ¢ 0.6 (-0.4 to 1.5) 0.4 (-1.5 t0 2.4) 0.2 (-1.6 to 2.0)
VWF?
OP™ PMy, 1.5 (0.0 t0 3.1) 1.4 (-1.4 to 4.4) 1.4 (-1.5 to 4.5)
OP* PM,5 1.4 * (0.1t02.7) 1.5 (-1.3 10 4.3) 1.7 (-1.2 t0 4.8)
OPESR_pPMyq 1.0 (0.0t02.1) 1.0 (-1.4 t0 3.5) 1.3 (-1.2 t0 4.0)
OPESR PM, ¢ 1.1+ (0.1t02.1) 15 (-0.9 t0 3.9) 1.8 (-0.7 to 4.4)
OPP™™_PMy, 1.1* (0.1t02.1) 1.2 (-1.81t04.2) 21 (-0.9t0 5.1)
OP°™" PM, 5 1.6 * (0.3102.9) 1.8 (-0.6 t0 4.3) 2.2 (-0.3t04.7)
Platelets”
OP™ PMy, 0.2 (-0.6 to 1.1) 0.2 (-1.4 t0 1.9) 0.2 (-1.4 t0 1.9)
OP™ PM,5 0.1 (-0.6 t0 0.8) 0.2 (-1.8 to 1.4) -0.4 (-2.0 t0 1.3)
OPESR_PMy, 0.2 (-0.4100.7) 0.4 (-0.9t0 1.8) 0.5 (-0.9 t0 1.9)
OPESR PM, 5 0.1 (-0.4 10 0.6) 0.2 (-1.1t0 1.6) 0.1 (-1.3t0 1.5)
OPPTT PMy 0.0 (-0.5 t0 0.6) 0.2 (-1.9 to 1.4) -0.9 (-2.4 10 0.7)
OPP™T PM, ¢ 0.0 (-0.7 to 0.6) 0.1 (-1.3to 1.4) -0.6 (-1.9 10 0.7)
TPA/PAIL
OP™ _PMy, 6.8 (-2.7 t0 17.2) 0.2 (-17.8 10 22.2) 1.2 (-15.6 t0 21.3)
OP™ PM,5 6.6 (-1.3 t0 15.2) 2.6 (-15.1 to 23.9) 38 (-13.0 t0 23.9)
OPESR pPM, 5.2 (-1.1t0 11.9) 3.2 (-12.7 t0 21.9) 3.9 (-11.1 to 21.4)
OPESR PM, 6 47 (-1.3 t0 11.0) 0.1 (-14.7 to 17.4) 1.0 (-13.0 to 17.3)
OPP™™ PMy, 6.4 * (0.2 to0 13.0) 14.0 (-7.2 t0 40.0) 15.3 (-3.4 t0 37.6)
OPDZTT_PMZ.S 9.0 * (1.1t017.6) 9.5 (-6.8 t0 28.7) 12.6 (-2.8 t0 30.3)
11-6
OP™ PMy, 3.9 (-12.0 to 4.9) 5.5 (-10.6 to 24.4) 3.2 (-13.9 t0 23.6)
OP™ PM,5 -3.6 (-9.9 t0 3.1) 2.4 (-10.5t017.1) 0.9 (-13.2 10 17.4)
OPESR_PMyq 2.4 (-7.8103.2) 5.4 (-8.0 t0 20.8) 5.7 (9.2 to 23.0)
OPESR PM, 5 -2.6 (-7.4 t0 2.4) 1.7 (-9.1 to 13.8) 1.9 (-10.2 t0 15.7)
OPP™™ PMy, 25 (-7.5102.7) 0.9 (-12.7 t0 16.7) 35 (-10.8 t0 20.1)
OP°™" PM, ¢ 3.1 (-9.0 t0 3.3) 0.1 (-11.4 t0 12.6) 1.6 (-10.6 to 15.5)

1 adjusted for temperature, relative humidity, season, use of oral contraceptives and the use of oral contraceptives on the sampling day

or the day before (as in Strak et al, 2013)
Zadjusted for temperature, relative humidity, season (as in Steenhof et al, 2013), and endotoxin

* p<0.05



Table S9

Two-pollutant models of associations between exposure to air pollution and percentage change in
FEno two hours after exposure: OP of PM,s, PM, s composition, PNC, NO, and O;

Single | |OPP™™|OPESR |OpAA EC_|OC_| Fe_ | Cu_| Ni_ | V_ [NOs_|SOs# |BeP_|BaP_

PMys| PMas| PM2s | PMas | PNC | NO, | PMys | PMas | PMas | PMas | PMas | PMys | PMyos | PMas | PMas | PMas|  Os
All sites (n=170

OP°™" PMys | 3.6 31 | 16 [118| 18 | 29 | 13 | 6.0 | 31 | 33 | 51 | 46 | 37 | 36 | 46 | 30 | 6.8
OP™® PMys | 25 0.4 73| 44 | 07 | 19 | 03| 29 | 15 | 28 | 30 | 32 | 25 | 26 | 27 | 1.8 | 46
OP™ PMas 3.6 22 | 133 71 | 10 | 28 | 03 | 44 | 64 | 72 | 44 | 49 | 36 | 37 | 39 | 27| 12
PMas 2.2 87 | -30 | -4.0 09 | 15 | -1.0| 20 | 33|-19| 23| 21| 23|22 |35 ] 19| 12
PNC 13.8 118 | 124 | 12.2 | 13.1 15.1 | 13.2 | 134 | 13.0 | 13.3 | 13.4 | 138 | 144 | 139 | 13.6 | 12.1 | 137
NO, 8.5 6.1 | 65 | 58 | 75 | -1.9 29 |80 |61 | 64|80 79|88 90| 74| 71| 74
EC _PM2s 7.7 58 | 84 | 71 | 89 | 05 | 6.3 8.0 | 97 | 106 | 84 | 104 | 7.7 | 7.8 | 73 | 6.2 | 106
OC_PM;s 48 78 | 21| -33]| 07 | 35 | 36 | -08 26| 09|36 |30 |55 |49 | 72| 45| 10
Fe PM,s 2.3 04 | 09 | 20| 43 | 03| 1.7 | -08 | 27 61 | 30 | 31 | 23 | 24 | 25 | 1.7 | 44
Cu_PM;s 2.4 03 | -04| 29| 36| 02| 17 |-13]| 25 | -42 27 | 31 | 24 | 24 | 26 | 1.7 | 40
Ni PM;s 2.2 28 |-15]-17] 00| 10 | 14 | -10] 09 | -21 | -09 12 | 22 | 21| 28 | 17| 03
V_PMzs 2.9 21| -20]-27]03 00| 08]|-32|19|-24]-19]| 22 30 | 30 | 44 | 30 | 03
NOs PM,s -0.6 -1.7 | 02| -03|-18]31|-18|09|-23]01]-04]|-04]-13 09 | -01| 15 | -18
SO4_PMas -1.1 06| 11|10 |-10] 10 |-26] 07 |-12] 12|09 |-04]|-17]-17 -1.0 | 20 | -07
BeP_PM,5 37 55 | 43 | 43 | 56 | 02 | 27 | 32 | 48 | 43 | 42 | 42 | 49 | 37 01 | 47
BaP_PM,s 4.6 37 | 35 | 34| 43| 15| 40 | 33 | 45 | 36 | 37 | 44 | 46 | 47 | 49 | 45 4.2

O; -1.3 21 |18 | 24]-07]00]|-06|122|-11]20 |14 |-12|-12]-13]-13]-17]-09

Outdoor sites (n=125)

OP°™™ PM,s | 10.8 72 | 65 | 11.6 100 | 9.0 | 119 | 80 |10.7 | 11.0 | 109 | 11.1 | 12.4 | 10.6 | 9.2 | 10.8
OP™R PMps | 104 8.0 05|108| 78 | 99 | 95 | 114 | 63 | 8.0 | 109 | 104 | 108 | 10.6 | 112 | 93 | 106
OP* PMps | 136 | | 106 | 141 134 | 135|143 | 175|142 | 95 | 120 | 143 | 136 | 138 | 135 | 134 | 121 | 150
PMs 7.8 .18 | 92 | 74 80 | 65 | 82 | 7.7 | 75 | 84 | 7.8 143 | 172 | 11.7 | 118 | 7.9
PNC 12.9 10.0 | 54 | 01 | 130 159 | 126 | 149 | 42 | 85 | 131 | 133|150 | 131|117 | 9.0 | 173
NO; 7.0 32 | 25 | -1.8 | 58 | -43 44 | 72 |49 01| 70 . 69 | 73 | 32 | 41 | 156
EC_PM;s 112 84 | 1.7 | -56 | 115| 04 | 144 117 53| 41 | 113|116 | 113|111 | 7.9 | 7.2 | 144
OC_PM;s 2.2 61|95 | 72|09 |104]| 32 | 52 65 | 118 | 20 . 30 | 74 | 115 29
Fe PM,s 9.9 80 | 61 | 41 | 98 | 125|120 | 130 | 103 13.0 | 9.9 | 10.0 | 109 | 101 | 100 | 7.9 | 114
Cu_PMys 8.4 83 | 37 |19 | 86 | 37 | 84 | 62 | 102 | -85 91 | 87 | 85| 85| 67 | 58| 99
Ni_PM,s 0.5 09|26 | 30| 05|13 ]03]09]02]05]29 0.8 04 |-01] 16 | 10
V_PMys 1.3 1.7 | 14 | 07| 23] -16| 24| -17]| 14 |-09]|-17]| 15 37 1 05| 29 ] 09
NO3 PM,s 3.7 53| 26 | 18 |-138| 6.1 | 33| 03 | 43| 53| 02 | -36 | -55 34 | 46 | 135 | -3.7
S04_PM;5 2.3 69 | 09 | 04 |-231]| 06 | -31|-13|-27| 14 | 05 | -23 | -45 | -0.3 15 | 61 | -25
BeP_PM;s 7.0 67 |-10] 02|88 | 11|61 |31 |78 |-02]|26]| 70| 70|81 ] 73 21 | 73
BaP_PM;s 6.9 56 | 1.2 | 16 | 83 | 35 | 63 | 49 | 84 | 3.0 | 44 | 71 | 71 | 107 | 88 | 5.6 71

03 -1.4 09|17 | 54|-17|88 |115| 68 |-19| 61 |55 |-19|-11]|-15]-17| 17 | 15

All sites, adjusted for measurement at the underground (yes/no) (n=170)

OP°™™ PM,s | 109 75 | 65 | 124 | 82 | 9.7 | 89 | 118 | 82 | 10.6 | 109 | 109 | 115 | 121 | 104 | 9.8 | 105
OP™F PM,s | 10.2 75 16 | 104 | 66 | 92 | 84 | 111 | 6.2 | 81 | 109 | 102 | 105 | 105 | 9.8 | 93 | 9.9
OP* PM,s | 131 96 | 114 12.8 | 101 | 125 | 130 | 135 | 87 | 11.6 | 14.0 | 13.0 | 132 | 132 | 126 | 12.1 | 127
PMys 6.9 33| 75 | 59 68 | 51 | 73 | 67 | 64 | 71 | 69 | 66 | 97 | 104 | 84 | 85 | 6.3
PNC 13.7 103 | 74 | 44 | 136 15.1 | 13.0 | 148 | 40 | 11.8 | 13.9 | 13.8 | 14.4 | 138 | 13.3 | 12.0 | 13.8
NO, 8.0 38 | 40 | 14 | 70 | -19 06|80 |-02]|31 )80 |88 ]|82]|85]|58]68]|84
EC PMas 115 84 | 35 | 02 |117| 08 | 120 120 | -03 | 68 | 116 | 11.9 (119 | 115 95 | 9.7 | 110
OC_PM3s 3.7 45| 86 | 65| 27 | 85 | 35 | 6.2 65 | 95 | 33 | 43 | 51 | 43 | 43 | 55 | 3.0
Fe PM,s 9.8 17 | 60 | 46 | 97 | 73 | 99 | 100 | 102 134 | 98 | 97 | 104|102 | 95 | 87 | 95
Cu_PM;s 8.2 78 | 34 | 1.8 | 82 | 1.6 | 7.0 | 45 | 94 | 41 89 | 81|82 | 83| 68|66 | 7.7
Ni_PM,s 1.2 02|34 |37 |11]20]09]|17]07]|12]35 1.7 | 12 | 12 | 03 | 14 | 18
V_PMys 2.4 23 21|15 |08 |-04]|-15]|-11]| 28| 08| 06| 28 26 | 33| 28| 45| 08
NOs;_PM;s 0.7 37| 20|10 |-53|31|-18|19|-22|35]|04]-05]-12 -1.2 | -02 | 1.3 | -33
S04_PM5 0.2 45|18 |09 |-52|10|-21]01]-11]|23]|13|-02]-18] 0.6 05 | 26 | -19
BeP_PM;s 5.0 45 | 06 | 07 | 56 | 04 | 39 | 23 | 51 | 05|19 | 50| 51| 50| 51 23 | 46
BaP_PM,5s 44 32 | 10 | 10 | 48 | 15 | 39 | 30 | 46 | 16 | 2.6 | 44 | 49 | 45 | 48 | 29 41

Os -2.8 10| -15]-11]|-25]02]03]|-07]|-27]|-11]|-13]|-29|-26]|-34]-31]-20]-23

Values in each row represent effect estimates for the pollutants in two-pollutant models. Estimates are percentage increases above population-
average baseline expressed per IQR of outdoor-sites. Values in grey boxes indicate R>0.7. Bold indicates p<0.10; bold and underlined: p<0.05




Table S10 Two-pollutant models of associations between exposure to air pollution and percentage change in
FEno two hours after exposure: OP of PM;o, PM;, composition, PNC, NO, and O,

Single | |OPP™"|OPESR|OPAA EC_|OC_| Fe_ | Cu_| Ni_ | V_ |NOs_| SO |BeP_|BaP_

_PMug|_PMio| PMyg | PMyg | PNC | NO;y | PMyg | PMig | PMyg | PMag | PMig | PMig | PMiag | PMig | PMyg | PMyg | O3
All sites (n=170)

OP°™™ PMy | 22 22| -04] 93|06 |15 |-13]| 22 |-06| 07|35 |23 |21 | 21]20] 11|43
OP®R PMy, | 2.4 45 07 | 47 | 05 | 1.7 | 19 | 24 | 55 | 84 | 37 | 32 | 24 | 24 | 1.9 | 12 | 45
OP™ PMyo 38 43 | 2.8 50 | 06 | 27 | 20| 35| 48 | 78 | 48 | 41 | 37 | 38 | 29 | 19 | 55
PMio 1.2 53 | -1.9 | -0.7 03 |08 |-12|05]|-24|-14| 15|05 | 11| 11|13 |04 | 06
PNC 138 | | 124|124 | 125 | 132 151 1135|132 | 134 | 138 | 145 | 149 | 155 | 150 | 129 | 11.6 | 137
NO, 8.5 6.6 | 61 | 6.0 | 75 | -1.9 34 | 79 | 63 | 65 | 80 | 75|87 | 90 | 59 | 66| 74
EC_PMo 7.3 9.9 | 114 | 100 | 104 | 03 | 58 7.1 | 131 [ 146 | 92 | 119 | 75 | 74 | 56 | 47 | 111
OC_PMyo 49 00 | 00 | 08|82 |35]| 41|05 02| 07 |56 |27 | 48 | 46 | 60 | 23 | 29
Fe PMo 24 29 | 81|07 |53 ]| 02|17 |-26]| 25 169 | 35 | 35 | 23 | 24 | 1.9 | 1.0 | 45
Cu_PMyo 3.1 22 | 83| 37| 54 | 00 | 20 | 45| 28 |-199 41 | 41 | 30| 30| 23| 11|50
Ni_PMp 1.7 28| 28| -17| 08| 04|09 |-19|-06]|-25]-18 02 | 1.7 | 17 | 1.4 | 03 | -0.2
V_PMyg 1.9 02| -12| 04|12 |-02| 08 |-29]|12 |-17]|-12] 18 1.9 | 20 | 1.9 | 09 | 09
NO;_PMyo -0.2 08 | 14 | 12 | -04 |31 |-14| 10 |-11] 06| 04 | 00 | -04 01 ] 09|19 |-10
S04_PMyo -0.4 03113 |16 |-04]17 | 23]05]|-07]09]07]01]-12]-04 14 | 34 | -05
BeP_PMyo 5.7 50 | 43 | 41 | 58 | 08 | 44 |39 |62 |48 | 49 | 65 | 6.6 | 6.7 | 638 26 | 54
BaP_PMyo 4.6 35 | 32 32| 43|16 |39 |30 |42 (37|39 | 44| 42| 48| 51|32 43

Oz -1.3 17 | 1.7 | 10 | -08| 00 | -06] 15 |-07| 18 | 12 |-13]|-07|-13|-12|-11]-03

Outdoor sites (n=125)

OP”™" PMy, | 14.8 93 |108 | 134 | 102 | 172 | 124 | 142 | 94 | 115|163 | 157 | 171 | 184 | 122 | 12.7 | 175
OP®® PMy, 9.3 5.3 12,6 | 82 | 6.4 | 102 | 122 | 122 | 53 | 114.7 | 106 | 100 | 105 | 105 | 9.3 | 6.9 | 11.0
OP* PMy | 10.0 51 | 41 9.7 | 50 | 100 | 7.8 | 104 | 20 | 7.8 | 117 | 103|109 | 111 | 7.4 | 6.9 | 122
PMyo 5.4 14 | 71 | 86 42 | 42 | 41 | 45 | 40 | 45 | 52 | 47 | 65 | 7.0 | 63 | 65 | 54
PNC 12.9 6.0 | 5.0 | 81 | 121 159 | 12.7 | 155 | 4.0 | 128 | 148 | 146 | 17.3 | 149 | 108 | 9.0 | 17.3
NO; 7.0 35| 20| 01| 49 | -43 59|79 |-53|-14|69 |70 |69 | 73|31 43]156
EC_PMy 12.1 31 | 48 | 31 |111] 03 | 168 16.0 | 44 | 7.6 | 138|139 | 137|135 | 80 | 7.9 | 164
OC_PMyg 8.6 7.2 1181|216 | 34 | 152 | 10.1 | 166 152 | 175| 93 | 84 | 92 | 89 | 173|131 | 111
Fe_PMo 102 57 | 48 | 84 | 95 | 74 | 130|182 | 122 324|107 107 | 117 | 110 88 | 7.4 | 130
Cu_PMyg 10.9 48 | 36 | 28 | 102 | 02 | 118 | 48 | 150 |-29.1 11.9 [ 118 | 120|119 | 69 | 6.9 | 146
Ni_PM;o 0.5 1.2 | 18 | 29 | 08| 19 | 00 | 15 | -1.3 | 11 | 17 1.1 | 02 | 03 ]| 01 | 19 | 09
V_PMo 2.6 09 | 14 | 17 | 08 | -01]00|-06]| 28| -02]|-04]28 39 | 44 | 24 | 33 | 27
NOz PMyo -3.2 54|17 |07 |-67|65]|-30]06|-44] 41| 13 |-31]-54 39| 62 | 85 | -32
S04_PMyo -1.9 6.6 | 1.0 | 16 | 61| 1.7 | 27 | -10| 29 | 18 | 1.0 | -18 | -48 | 09 48 | 6.8 | -2.0
BeP_PMyo 6.7 39 | 01|28 |71]| 18|60 34|92 |16 |37 |83]83]101] 97 24 | 68
BaP_PMo 6.4 49 | 34 | 41 | 69 | 33 |59 | 45| 73 |35 | 46 | 66 | 66 | 88 | 84 | 48 6.5

(o} -1.4 61 | 59 | 61 |-10| 88 |115]| 80 | 45| 78 | 76 |-1.7] 03 |-14]-15]| 1.2 | 09

All sites, adjusted for measurement at the underground (yes/no) (n=170)

OP°™™ PMy | 139 93 | 114|128 | 9.2 | 148 | 113|137 | 9.8 | 11.3 | 148 | 142 | 149 | 164 | 12.0 | 13.1 | 138
OP® PMy, 9.3 4.9 139 | 81 | 51 | 88 | 98 | 112 | 6.2 | 119 | 105 | 9.6 | 104 | 103 | 88 | 7.8 | 89
OP™ PMy, 9.0 4.1 | 6.0 87 | 23 | 72 [ 85 |116| 02 | 44 |103| 89 | 96 | 99 | 64 | 6.8 | 83
PMo 4.9 13 | 69 | 84 35 |30 | 35| 42 | 35| 40| 46 | 40 | 51 | 54 | 55| 6.0 | 45
PNC 13.7 7.0 | 7.4 | 113 | 130 15.1 | 136 | 153 | 10.6 | 15.9 | 15.3 | 14.9 | 159 | 153 | 12.6 | 11.6 | 13.8
NO, 8.0 -13 | 12 | 39 | 66 | -1.9 -14 | 83 |-01]| 26|80 |80 |82]|85]| 51| 67| 84
EC_PMy, 12.4 37 | -08 | 85 | 115| 0.1 | 135 154 | 15 | 103 | 139 | 139 | 140 | 137 | 94 | 99 | 119
OC_PMyo 6.6 65 | 131|133 | 27 [ 114 | 74 | 131 110|119 | 65 | 74 | 7.4 | 68 | 102 | 82 | 7.2
Fe PMyo 101 53 | 88 | 96 | 95 | 2.6 | 102 | 94 | 114 31.2 | 105 | 10.2 | 110 | 108 | 85 | 82 | 97
Cu_PMyo 10.6 46 | -40 | 61 |10.0 | -26 | 9.0 | 24 | 13.0 | -27.7 115108 | 114 | 115 | 71 | 7.8 | 9.9
Ni_PMo 1.0 1.1 | 20 | 27 |01 ] 23]03]| 19 |-02]|15] 20 1.6 | 1.0 | 1.0 | 02 | 16 | 16
V_PMyp 3.0 08 | 21 |36 |19 ]| 04]01|-04|34]09]10]32 30 | 38 | 30 | 40 | 1.9
NO;_PMio 0.1 09|20 |12 |-18|31|-12| 17 |-17] 28| 13|00 |-07 02| 10 | 20 | -28
S04_PMyo 0.0 43|17 | 23| -26]17|-20]00]|-11]24] 16|01 ]-24]01 1.8 | 35 | -1.6
BeP_PMyo 5.7 33 | 06 | 26 |60 ]| 09| 46 |27 |66 | 18|31 |66 | 66| 67| 68 32 | 53
BaP_PMo 47 38 | 22 | 27 |52 | 18|42 |32 |50 | 24|32 48|51 |50 53] 26 45

03 -2.8 00 |-11]-17|-24]02]|03|-06|-30|-09]|-11]|-30]|-23]-36]-31]-17]-23

Values in each row represent effect estimates for the pollutants in two-pollutant models. Estimates are percentage increases above population-
average baseline expressed per IQR of outdoor-sites. Values in grey boxes indicate R>0.7. Bold indicates p<0.10; bold and underlined: p<0.05



Table S11

Two-pollutant models of associations between exposure to air pollution and percentage change in
NAL IL6 two hours after exposure: OP of PM, s, PM, s composition, PNC, NO, and O3

OPP™T| OPESR |opA” EC_|OC_ | Fe_ | Cu_| Ni_ | V_ |NOs_|SO,” |BeP_|BaP_
_PMy5|_PMas| PMys | PMys | PNC | NO; | PMys | PMys | PMas | PMys | PMas | PMas | PMas | PMas | PMas | PMas|  Os
All sites (n=170)
OP°™™ PMys | 12.4 248 | 212 | 0.7 | 109 | 70 | 80 | 7.7 | 23.7 | 148 | 116 | 223 | 96 | 11.9 | 128 | 9.9 | 128
OP™® PMys | 6.8 -8.9 -288| -56 | 50 | 37 | 52| 19 | -05 | -75 | 41 | 148 | 62 | 76 | 69 | 40 | -10
OP™ PM,s | 107 8.3 | 731 44| 87 | 56 | 20 | 45 | 182 | 54 | 78 | 217 | 93 | 115|105 | 7.1 | 45
PM;, s 12.1 11.4 | 185 | 159 109 | 75 | 87 | 94 | 186 | 160 | 114 | 21.7 | 89 | 115|123 | 102 | 13.0
PNC 26.0 11.0 | 15.2 | 109 | 159 54 | -31 | 256 | 13.7 | 124 | 24.4 | 30.8 | 37.3 | 29.2 | 132 | 75 | 147
NO, 471 | | 36.2 | 422 | 401 | 352 | 51.3 376 | 379 | 415 | 405 | 441 | 525 | 37.5 | 458 | 394 | 40.1 | 39.6
EC_PM;s 29.3 12.0 | 48.0 | 345 | 11.4 | 315 | 104 19.1 | 39.8 | 27.7 | 23.8 | 56.7 | 30.0 | 31.0 | 26.5 | 21.6 | 22.0
OC_PM;s 293 | [ 128 | 252 | 218 | 7.8 | 29.0 | 181 | 19.3 241|217 | 245 | 339 | 17.8 | 27.2 | 27.3 | 24.3 | 20.9
Fe PMys 7.0 80| 75 | 50| 55| 53 | 3.7 | 30 | 24 -15.8| 44 | 159 | 70 | 83 | 7.8 | 45 | -04
Cu_PM;s 8.8 21 182 | 44 | 38| 72 | 52 | 06 | 42 | 315 65 | 192 | 80 | 100 | 94 | 61 | 33
Ni_PMys 13.4 1.6 | 85 | 69 | 15 [ 127|106 | 6.7 | 44 | 75 | 6.7 17.6 | 133 | 151 | 167 | 119 | 5.6
V_PM;s -41 | |-22.0|-21.3|-21.7|-23.1| -7.6 | -9.8 | -21.5| -9.5 | -22.8|-23.6 | -10.7 42 | -49 | 2.6 | -42 |-295
NO;_PMys 339 | | 252 1323 1307|212 | 411|206 | 347|212 | 338|317 339 | 340 595 | 280 | 32.7 | 28.2
SO4_PMys 14.8 121 (189 | 179 | 93 | 177 | 25 | 178 | 7.7 | 206 | 202 | 189 | 155 |-19.6 10.3 | 19.7 | 15.0
BeP_PMys 14.8 15.6 | 150 | 146 | 15.4 | 12.2 | 81 | 13.1 | 13.7 | 16.1 | 158 | 17.7 | 156 | 114 | 13.7 8.7 | 183
BaP_PMys 12.9 86 | 99 | 88 | 91 |109| 75 | 76 | 99 | 98 | 91 | 119|129 |123|144 | 66 10.3
o} -6.1 03 | 67| -40| 07 |-51|-30]|-21]|-29|-64|-41|-47 |-144]| -48 | -6.1 | -7.3 | -5.0
Outdoor sites (n=125)
OP°™™ PM,s | 20.0 184 | 164 | 34 | 19.0 | 10.6 | 132 | 17.9 | 15.8 | 14.5 | 188 | 15.1 | 13.7 | 19.9 | 15.1 | 18.9 | 16.7
OP®R PM,s | 10.9 2.5 -188| 63 | 93 | 45 | 6.6 | 11.1| 16 | -34 | 150 | 95 | 116 | 115 | -36 | 138 | 84
OP™ PMps | 17.8 5.3 | 485 84 | 227 | 69 | 07 |160| 100 | 28 | 243|172 | 164 | 173 | 7.3 | 265 | 126
PM; 5 221 | | 197 | 207 | 19.3 216 | 162 | 186 | 261 | 196 | 180 | 224 | 202 | 232 | 29.5 | 18.6 | 216 | 19.3
PNC 14.1 35 | 35 | -72 | 114 5.7 | 245|216 |-26.9|-16.1| 17.8 | 204 | 317 | 172 | -32 | 9.7 | 21
NO, 316 | | 21.2 | 286 | 26.0 | 156 | 35.6 231 | 27.4 | 26.6 | 216 | 31.8 | 374 | 25.2 | 30.2 | 24.1 | 31.3 | 29.1
EC_PM;s 327 | | 18.7 | 455 | 338 | 214 | 704 | 114 324 | 311 | 14.4 [ 381 | 341 | 36.1 | 324 | 21.0 | 496 | 22.4
OC_PM;s 21.8 44 | 220|189 | -7.7 | 280 | 134 | 21.6 228 | 271 ]186| 3.1 | 56 | 195 | 16.8 | 22.9 | 20.3
Fe_PMzs 16.9 7.4 | 154 | 88 | 104 | 426 | 55 | 09 | 175 8.0 | 188 | 152 | 239 | 191 | 7.2 | 286 | 118
Cu_PM;s 236 | | 175 | 272 | 211 | 15.7 | 36.1 | 146 | 15.6 | 26,5 | 333 36.7 | 22.7 | 246 | 253 | 17.3 | 423 | 181
Ni_PM;,s 111 89 | 156|176 | 115|132 | 113 | 150 | 8.3 | 132 | 244 1.1 | 139|120 | 11.6 | 13.1 | 186
V_PMgs 2309 | |-286]-303|-30.5|-294|-322|-329|-31.2|-30.1|-30.2 | -30.4 | -30.6 2316|:37.5|:288|-30.5| -32.7
NOs_PM,s 30.6 | | 20.0 | 31.3 | 28.7 | -1.8 | 445 | 22.5 | 33.4 | 26.3 | 39.9 | 31.9 | 33.9 | 32.7 63.4 | 30.3 | 39.7 | 25.8
SO4_PMys 11.3 0.2 | 125|101 [-13.9| 142 | 40 | 107 | 5.0 | 154 | 151 | 129 | 33.1 | -22.9 135 (189 | 6.8
BeP_PMys 14.6 9.7 | 176 | 105 | 82 | 159 | 7.9 | 7.0 | 127 | 106 | 6.0 | 149 | 104 | 147 | 154 363 | 114
BaP_PMys 6.4 27 | 26| 62| 52| 26| 03 |-75| 72 |-80]|-117| 82 | 50 | 123|104 |-16.8 35
Os -20.9 | [-16.9 | -19.2 | -17.0 | -15.3 | -20.2 | -2.4 | -13.6 | -20.2 | -17.0 | -14.3 | -26.6 | -24.4 | -17.6 | -19.8 | -16.4 | -19.7
All sites, adjusted for measurement at the underground (yes/no) (n=170)

OP°™™ PM,s | 29.0 294 | 273 | 116 | 27.7 | 148 | 23.6 | 253 | 264 | 235 | 27.7 | 264 | 21.3 | 27.7 | 20.1 | 24.8 | 23.7
OPF® PMys | 13.0 -0.5 253 | 68 | 7.4 | 30 | 62 | 127 | 23 | 27 | 176 | 125|131 | 134 | -51 | 1.9 | 99
OP™ PM,s | 233 2.5 | 70.0 104 | 249 | 65 | 81 | 19.7 | 171 | 82 | 30.7 | 21.8 | 200 | 22.0 | 49 | 139 | 183
PM;s 283 | | 195 | 266 | 246 273 | 178 | 245 | 282 | 2565 | 237 | 28.1 | 265 | 243 | 319 | 20.8 | 256 | 250
PNC 21.7 40 | 126 | 24 | 173 8.2 | 141|296 | 97 | -75 | 26.1 | 281 | 338|243 | 00 | 52 | 87
NO, 446 | | 29.2 | 425 | 395 | 26.7 | 50.8 435 | 378 | 418 | 361 | 444 | 538 | 354 | 41.8 | 323 | 388 | 40.5
EC_PM2s 376 | | 143|494 | 26.1 | 245 | 564 | 1.4 37.9 | 331 | 189 | 438 | 459 | 434 | 36.6 | 18.1 | 26.6 | 25.8
OC_PM;s 321 7.0 [ 318 | 277 | 01 | 380 | 185 | 324 331 | 361 | 29.1 | 21.1 | 12.0 | 27.0 | 194 | 283 | 26.7
Fe_PM>s 20.1 48 | 178 | 6.8 [ 118|284 | 33 | 29 | 209 6.6 | 22.2 | 18.9 | 26.7 | 233 | 46 | 95 | 153
Cu_PM;s 27.6 17.5 | 30.5 | 205 | 16.8 | 33.1 | 12.8 | 17.5 | 30.4 | 35.7 420 | 26.0 | 26.6 | 29.2 | 122 | 20.2 | 21.7
Ni_PM2s 12.6 89 | 17.7 [ 203 | 120 | 154 | 121 | 172 | 83 | 150 | 271 6.1 | 144 | 135 | 114 | 143 | 155
V_PM;s 2226 | |-199]-222|-21.6|-203|-246|-27.6 | -256 | -17.7|-219 | -21.5 | -21.0 -21.2|-283|-17.2|-19.8|-28.1
NOs_PM,s 326 18.3 | 326 | 29.7 | 6.4 | 39.7 | 20.3 | 36.3 | 24.4 | 39.0 | 316 | 34.1 | 30.6 513 | 24.2 | 31.9 | 240
SO4_PMas 18.1 29 | 185|161 | 63 | 200 | 53 | 171 | 7.7 | 221|204 | 19.1 | 305 |-14.9 136 | 219 | 9.9
BeP_PMys 192 | | 12.8 | 220 | 17.0 | 11.7 | 19.2 | 121 | 153 | 158 | 17.4 | 147 | 18.9 | 159 | 156 | 18.0 32.3 | 16.7
BaP_PMys 116 6.8 | 108 | 68 | 85 | 103 | 68 | 7.2 | 101 | 81 | 52 |123| 91 | 113|130 |-100 10.1
O; 2142 | | -98 |-132|-12.3|-11.1|-128| 2.4 |-10.9|-125|-125|-11.5|-15.2 | -18.0 | -9.8 |-12.6 | -11.6 | -13.0

Values in each row represent effect estimates for the pollutants in two-pollutant models. Estimates are percentage increases above population-
average baseline expressed per IQR of outdoor-sites. Values in grey boxes indicate R>0.7. Bold indicates p<0.10; bold and underlined: p<0.05




Table S12

Two-pollutant models of associations between exposure to air pollution and percentage change in
NAL IL6 two hours after exposure: OP of PM,o, PM;, composition, PNC, NO, and O,

Single | |OPP™T|OPESR (OPA* EC_|OC_ | Fe_ | Cu_| Ni_ | V_ |NOs_|SO,” |BeP_|BaP_

_PMug|_PMio| PMyo | PMig | PNC | NO; | PMyg | PMig | PMig | PMig | PMig | PMig | PMio | PMig | PMig | PMyo | O3
All sites (n=170)

OP°™" PMy, 8.8 209 | 56 | 215| 69 | 5.0 | 53 | 50 [ 259 |210| 61 |253| 76 | 83 | 7.3 | 54 | 105
OPFR PMy, | 7.9 -11.1 -149| -16 | 55 | 43 | 28 | 26 | 321|241 | 35 | 237 | 7.4 | 80 | 56 | 29 | 385
OP™ PMy | 147 5.5 | 46.6 101 | 113 | 86 | 7.6 | 8.2 | 442 | 434 | 9.7 | 313|133 | 153|102 | 7.2 | 126
PMio 6.7 78 | 69 | 2.0 6.0 | 41 | 46 | 31 | 132|115 | 58 | 164 | 54 | 62 | 57 | 47 | 70
PNC 260 | | 168 | 183 | 146 | 154 54 | -05 | 208|144 | 133 | 239 |31.1 | 355|296 | 44 | 30 | 147
NO, 471 | | 366 | 392 | 37.2 | 37.0 | 513 382 | 369|418 | 410 | 421 | 521 | 38.8 | 445 | 352 | 383 | 39.6
EC_PMo 281 | | 10.8 | 347 | 12.7 | 10.7 | 28.4 | 9.9 14.9 | 52.0 | 38.7 | 19.3 | 70.8 | 27.2 | 27.4 | 19.0 | 16.0 | 20.7
OC_PMyo 238 | | 106 | 16.7 | 12.4 | 134 | 221 | 14.6 | 16.0 231 | 213|189 (318|168 | 211 | 19.0 | 17.0 | 186
Fe PMo 7.7 -155|-189|-145| -98 | 57 | 39 | 71| 04 35.6| 22 | 236 | 77 | 84 | 6.0 | 25 | -21
Cu_PMyo 117 | |-15.8|-18.2|-19.1|-10.0| 91 | 6.1 | -47 | 2.0 |1046 5.0 | 357 110|124 | 88 | 45 | 07
Ni_PMp 138 52 | 9.0 | 73 | 25 | 131 (101 | 78 | 37 | 113 | 9.9 209 | 127 | 143 | 124 | 100 | 83
V_PMyg -14 | | -22.6|-204|-155|-20.3| -42 | -53 |-17.4 | -8.3 |-18.8|-19.4 | -9.1 -1.7 | 26 | -03 | -45 |-227
NO;_PMyo 261 | | 202 | 232|216 | 194 | 311|139 | 253 | 16.0 | 25.8 | 24.8 | 243 | 26.2 29.6 | 20.7 | 25.2 | 209
S04_PMyo 19.7 | | 12.6 | 165 | 17.2 | 146 | 224 | 54 | 186 | 12.1 | 21.6 | 21.2 | 21.0 | 20.8 | -4.2 174 | 245 | 168
BeP_PMyo 18.6 | | 15.3 | 15.0 | 138 | 16.2 | 17.4 | 10.7 | 143 | 15.2 | 16.8 | 16.4 | 19.1 | 20.2 | 17.6 | 196 13.7 | 174
BaP_PMio 127 81|97 | 78|79 |120| 78 | 75| 82 |106| 99 | 9.8 | 139|122 | 140 | 43 9.2

Oz 6.1 13 | 34|-10] 04 | 51| -30|-20]| 21| -73| 58| -35 |-16.7| -47 | -56 | -55 | -3.8

Outdoor sites (n=125)

OP”™" PMy | 39.2 401 | 37.0 | 27.0 | 47.1 | 39.6 | 43.8 | 39.0 | 39.2 | 364 | 409 | 332 | 399 | 455 | 37.3 | 40.1 | 364
OP™R PMy, | 235 -0.9 47 | 114 | 360 | 144 | 209 | 21.7 | 248 | 20.4 | 306 | 20.7 | 23.3 | 23.5 | 19.5 | 52.4 | 18.8
OP* PMyo 30.3 2.7 | 238 17.2 | 375 | 19.7 | 26.1 | 27.8 | 29.6 | 26,5 | 47.8 | 23.3 | 28.6 | 31.4 | 24.4 | 63.1 | 24.2
PMyo 19.0 82 | 225 | 222 184 | 156 | 16.4 | 243 | 17.0 | 16.3 | 17.2 | 176 | 189 | 215 | 163 | 183 | 16.7
PNC 141 | |-12.0|-156| -86 | 7.2 5.7 |-275| 17.4 | -87.5 | -25.1| 20.1 | 240 | 29.7 | 165 | -38 | 6.7 | 21
NO, 316 0.6 | 201 | 19.4 | 9.7 | 356 253 | 239 | 26.3 | 22.7 | 29.2 | 38.7 | 255 | 30.7 | 23.4 | 30.2 | 29.1
EC_PMyo 34.0 -70 | 39 | 54 | 156 | 83.7 | 8.6 319 [ 301 | 151 | 434 | 42.4 | 359 | 33.0 | 18.7 | 44.1 | 219
OC_PMyo 26.6 0.3 | 242|239 |-100] 283 | 17.3 | 25.1 257 | 26.2 | 195 | 11.0 | 170 | 249 | 212 | 26.2 | 254
Fe_PMo 213 02 | 14| 06 | 112 | 744 | 65 | 25 | 204 -19.7 | 28.4 | 26.1 | 31.6 | 261 | 95 | 30.1 | 135
Cu_PMyo 337 6.0 | 47 | 49 | 184 | 748 | 154 | 19.7 | 332 | 75.9 50.2 | 42.8 | 412 | 38.9 | 19.9 | 509 | 22.7
Ni_PMo 16.2 | | 16.4 | 24.0 | 29.9 | 9.1 |19.2 | 140 | 212 | 99 | 19.8 | 239 5.2 | 163 | 17.3 | 16.0 | 18.3 | 22.9
V_PMyo 232 | |216|-242|-233|1-219|:-251|-253|1-249|:209|-238|-24.5)|-218 233|:281|:216|:22.7|:251
NO3;_PMyo 234 3.0 | 256 | 223 | 05 | 344|157 | 247 | 129 | 31.3 | 27.0 | 236 | 23.7 406 | 24.7 | 29.2 | 187
S04_PMyo 10.1 -89 | 83 | 96 | 82131 | 2.0 | 85 | 29 | 144|137 | 127 | 304 |-1638 16.1 | 18.7 | 5.4
BeP_PMyo 13.7 16 | 27 | 36 | 7.0 [150| 7.9 | 81 | 108 | 98 | 7.8 | 135 | 9.7 | 144 | 156 358 | 11.2
BaP_PMyo 6.6 -11 |-142]-131| 44 | 43 | 14 | 40| 63 | -47 | 64 | 86 | 48 | 104 | 102 |[-169 4.4

Os -20.9 | | -5.6 |-13.7|-12.2 | -135|-20.2 | 2.4 |-13.7|-20.0 | -15.8 | -13.6 | -26.6 | -25.1 | -17.3 | -19.8 | -17.1 | -19.5

All sites, adjusted for measurement at the underground (yes/no) (n=170)

OP°™" PMy, | 415 40.7 | 350 | 239 | 448 | 311 | 439 | 37.7 | 408 | 386 | 444 | 433 | 416 | 47.7 | 33.3 | 365 | 357
OPFR PMy, | 27.8 0.8 49 |13.0 | 81.8 | 122 | 222 | 25.2 | 341 | 29.2 | 36.3 | 27.3 | 27.2 | 27.7 | 109 | 19.9 | 22.4
OP* PMy | 369 | | 10.0 | 304 211 | 36.7 | 204 | 288 | 32.4 | 89.7 | 385 | 545 | 28.1 | 32,9 | 375 | 19.0 | 315 | 31.0
PMyo 239 | | 134 | 265 | 258 228 | 161 | 208 | 27.7 | 221 | 212 | 23.0 | 243 | 225 | 255 | 18.7 | 220 | 214
PNC 217 55 | 53| 0.1 | 124 8.2 |-184 | 24.4 | -84 |-105| 305 | 324 | 322 | 254 | -21 | 36 | 87
NO, 44.6 | | 140 | 335 | 31.7 | 21.8 | 50.8 455 | 358 | 444 | 40.0 | 421 | 56.0 | 36.7 | 41.5 | 321 | 383 | 40.5
EC_PMyp 411 -3.8 | 83 | 116 | 186 | 744 | -1.2 39.6 | 48.2 | 25.8 | 53.6 | 57.1 | 43.9 | 38.9 | 16.1 | 26.9 | 27.7
OC_PMyo 322 6.8 | 276 | 25.7 | -6.8 | 33.7 | 182 | 31.2 315 | 311 | 255 | 22.4 | 20.0 | 27.3 | 21.5 | 28.3 | 29.3
Fe PMyo 22.9 1.2 | 65 | 26 | 109 | 314 | 03 | -43 | 220 -26.0 | 295 | 25.9 | 29.9 | 278 | 39 | 88 | 155
Cu_PMyo 38.1 7.6 | 21 | 20 | 188 | 52.8 | 8.0 | 15.8 | 36.4 | 100.8 549 | 42.4 | 400 | 423 | 11.3 | 21.7 | 265
Ni_PMo 19.7 | | 186 | 28.8 | 342 | 9.4 | 242|158 | 261 | 11.3 | 23.9 | 281 12.2 | 189 | 204 | 17.6 | 21.6 | 225
V_PMyg 2176 | |-180|-194|-16.6 | -16.2|-20.2 | -22.1 | -21.4|-133 |-183 |-18.5|-148 -16.8|-225|-14.1|-154|-219
NO;_PMyg 25.1 9.4 | 228|196 | 6.3 | 30.1 | 138 | 26.2 | 14.6 | 29.2 | 25.6 | 245 | 23.6 268 | 19.9 | 251 | 1638
S04_PMyo 20.2 3.0 | 15.7 | 173 | -05 | 224 | 64 | 17.8 | 10.0 | 242 | 22.7 | 21.1 | 336 | -2.0 179 | 244 | 123
BeP_PMyo 18.7 7.4 | 126 | 107 | 11.0 | 19.3 | 11.3 | 149 | 148 | 17.4 | 158 | 19.0 | 16.8 | 17.3 | 191 30.1 | 159
BaP_PMio 117 57 | 49 | 23 | 87 |108| 68 | 71 | 99 | 91 | 71 |127| 92 | 117|133 | -87 10.5

O; 142 | | 74 |-11.2]-11.3|-10.7 | -12.8| -2.4 | -10.9 | -13.0 | -12.4 | -11.5 | -15.3 | -18.1 | -9.7 |-12.3|-11.2 | -13.1

Values in each row represent effect estimates for the pollutants in two-pollutant models. Estimates are percentage increases above population-
average baseline expressed per IQR of outdoor-sites. Values in grey boxes indicate R>0.7. Bold indicates p<0.10; bold and underlined: p<0.05




Table S13

Two-pollutant models of associations between exposure to air pollution and percentage change in
NAL Lactoferrin two hours after exposure: all sites (n=170)

OP of PM, 5, PM, s composition, PNC, NO, and O,

OPP™T| OPESR |opA~ EC | OC_| Fe_ | Cu_| Ni_ | V_ |NOs_|SOs* |BeP_|BaP_
_PMys|_ PMas| PMas | PMas | PNC | NOy | PMys | PMas | PMas | PMas | PMas | PMas | PMas | PMas | PMas | PMas | Os
OP°™" PM,s | 101 80 |-111| 173 | 126 | 134 | 34 | 11,3 | 80 | 39 | 95 | 147 | 102 | 106 | 10,1 | 87 | 94
OP™® PMys | 105 17,3 99 | 167 | 138 | 117 | 119 | 10,8 | 4141 | 291 | 10,7 | 179 | 104 | 103 | 104 | 96 | 16,7
OP* PMps | 140 279 | 07 244 | 201 | 167 | 165 | 14,8 | 56,7 | 34,9 | 138 | 225 | 138 | 138 | 140 | 12,9 | 21,0
PMys 7,6 61 | -7.3 | -85 83 | 98 | 10 | 62 | 06 | 27| 58 | 110 | 80 | 84 | 76 | 64 | 32
PNC 25 -158 | -22,4 | -258 | -85 01 |-392| -30 |-195|-186| -31 | -34 | 09 | -34 | 20 | -201 | -122
NO; -3,5 -16,2 | -12,6 | -155 | -131 | -34 250 | -107 | 11,1 | -114| 50 | -41 | -61 | -1,7 | -3,3 | 95 | -13,7
EC_PM,s 26,8 191 | -41 | 52 | 246 | 632 | 463 230 | 251 | 16,8 | 233 | 394 | 27,0 | 26,4 | 27,2 | 231 | 23,6
OC_PM_s 181 30 | -1,3 | 23 | 43 | 181 | 224 | 68 6,0 | 43 | 120|188 | 21,0 | 214 | 183 | 145 | 69
Fe PM,s 75 17 |-225]|-219| 70 | 104 | 87 | 05 | 62 138 | 66 | 128 | 75 | 73 | 75 | 62 | 6.2
Cu_PMys 93 61 |-168|-138| 118 | 123 | 107 | 39 | 83 | 288 84 | 157 92 | 92 | 93 | 80 | 10,7
Ni_PM,s 10,5 14 | 06 | 04 | 45 | 105 | 108 | 45 | 63 | 24 | 26 11,8 | 106 | 10,1 | 10,8 | 101 | 41
V_PMzs 1,7 111 | -190 | -169| -93 | 21 | 22 |-117| -1.7 | -143|-151 | 3.3 18 | 21 | 14 | 20 [-165
NO;z_PMas 6,1 04| 43 | 32| -23]| 60|82 |72 |-47]| 65| 43| 65| 62 292 | 70 | 50 | 13
SO4_PMas 6,2 88 | 28 | 40| -98 | 65| 58 | 46 |-110| 27 | 30 | -45 | -65 | -229 |x 61 | 41| 65
BeP_PM,s -0,9 -02|-03]-08|-05|-06]|-083|-22]-15|]05]02]12]-05]-18]-03 |x 185 | 13
BaP_PM,s 9,0 56 | 30 | 27 | 68 | 149|106 | 40 | 72 | 53 | 48 | 87 | 90 | 88 | 87 | 262 |x 7,0
o} 51 05|52 | 43| -34|-60| 65|09 | -40|-11| 10 | 42| 96| -51|-51| 52| -45 |x
OP of PMyy, PMy, composition, PNC, NO, and O3
Single | |OPP™ | OPESR|OPAA_ EC_ | OC_| Fe_ | Cu_| Ni_ | V_ |NOs_|SO,* |BeP_|BaP_
PMyo | PMyo| PMyg | PMig | PNC | NO, | PMyg | PMio | PMio | PMyg | PMag | PMio | PMig | PMig | PMyo | PMyg | O
OP°™ PMy, 96 52 | 75| 299 | 119|117 | 7,7 | 158 | 154 | 125 | 120 | 179 | 91 | 96 | 97 | 7,7 | 151
OPER PMyq 112 17,6 -155 | 195 | 154 | 132 | 16,0 | 154 | 67,5 | 58,2 | 13,1 | 216 | 11,1 | 112 | 119 | 10,3 | 185
OP™ PMyg 209 36,5 | 559 33,9 | 295 | 248 | 348 | 292 | 706 | 742 | 228 | 314 | 20,7 | 209 | 231 | 232 | 327
PMyo 55 -118 | -50 | -49 61 | 67 | 21 |113]| 22 | 18 | 67 | 96 | 52 | 56 | 56 | 41 | 51
PNC 25 -18,3 | -23,8 | -27,3 | -10,6 01 |-362| -48 |-199|-192| -29 | -41 | -02 | -21 | -3,7 | -25,6 | -12,2
NO, -35 -159 | -14,6 | -16,8 | -13,6 | -3,4 2321 -99 |-118]|-123| -61 | -45 | -65 | -34 | -45 | -11,6 | -13,7
EC_PMy 25,9 55 |-10,9|-18,2| 17,8 | 56,9 | 42,7 264 | 192 | 17,01 | 22,7 | 432 | 251 | 25,1 | 29,0 | 19,8 | 23,7
0OC_PMy 113 | | -150 | -10,3|-12,5|-18,2| 116 | 143 | -06 -39 | 44| 32 |105] 99 | 114|117 | 50 | -01
Fe PMyo 9,0 59 [-346|-212| 56 | 124 | 105 | 24 | 105 -48 | 91 | 186 | 89 | 88 | 92 | 66 | 98
Cu_PMy, 12,9 -43 |-39,9|-295| 90 | 174|152 | 45 | 153 | 20,9 12,7 | 26,4 | 124 | 125 | 133 | 96 | 151
Ni_PMy, 8,4 49 | 37| 25| 87| 84 | 90| 21| 67 | -06]|-02 96 | 83 | 84 | 83 | 59 | 22
V_PMy, 2,2 125 |-135] -97 | 96 | 26 | 26 | -88 | -02 |-120]|-11,8| -17 23| 23| 24| 04 |-105
NO;_PMy, 5,8 49 | 73 | 54 | 14| 58| 78|62 | 12|64 | 53| 53|59 129 | 57 | 52 | 18
S0, PMyo 08 48 | -10] 02| -51]|-09]|03]|-23|-46]|00]-04]-07]-16]-106 09| 14 | -35
BeP_PMyo 0,2 17 | 3659|1411 |13 |-47|-15]|-17|-21]11]16 ] 05| 13 -205| -05
BaP_PMy 9,9 44 | 18 | 22| 60 | 172|118 | 39 | 85 | 48 | 46 | 80 | 94 | 94 | 95 | 268 6,8
(o} 5,1 44 | 53 | 54 | 05| 60| -65|-06 | -51| 06 | 11 | -42| 99| 48| -50| -51|-36




Table S14 Two-pollutant models of associations between exposure to air pollution and percentage change in
VvWF the morning after exposure: all sites (n=170)

OP of PM, 5, PM, s composition, PNC, NO, and O,

OPPTT| OP®R |OPAA_ EC_|OC_| Fe_ | Cu_| Ni_ | V_ [NOs_|SOs | BeP_|BaP_
_PMys| PMys| PMys | PMas | PNC | NO; | PMzs | PMas | PMas | PMas | PMas | PMas | PMys | PMas | PMas | PMas|  Os
OP°™™ PM,s | 16 15|19 | 09 | 17 | 15| 16 | 08 | 23 | 18 | 19 | 19 | 15 | 16 | 16 | 16 | 16
OP™R PMys | 11 0,1 24 | 04 | 14 , 14 | 06 | 28 | 20 | 12 | 15 | 14 | 12 | 11 | 03 | 07
OP™ PM;s 14 03 | -17 02 | 18 |12 |17 |06 |32 |21 | 15|18 | 13| 15| 14 ] 0408
PM,s 15 07 | 11 | 14 15|14 |14 |07 | 18] 16 | 17| 18| 13| 15 | 15 | 14 | 11
PNC 0,0 08 | -15 | -18 | -01 -14|-38| 08 |-13|-14]06 | 01|04 |01 ]|-12]-12]-07
NO, 11 09 | 1,3 |12 | 10 | 20 1,012 |08 ] 06| 20]13|05]09]|04]|07]|07
EC PMas 2.2 00 | 07| -06| 04| 45| 16 10 | 09 | 05| 19 | 25 | 23| 23|20 02]|-03
OC_PMzs 37 24 | 28 | 30| 25 | 37 | 34| 33 34 | 32| 40 | 37 | 36 | 37| 36|36 31
Fe PM,s 08 05 |-16|-13|-03]| 10|02 ] 05| 02 -11 /09|09 |08 09]04]02]01
Cu_PM;s 0,5 02 |-09|06|-01|07]04]08]|04]22 1,0 | 11|04 | 12| 05]| 03| 06
Ni_PM;,s 1,0 -07|-03]-01]-05]|]10]08]04]-03]|-01]00 0310 11]12]01]-05
V_PMzs 0,3 07 |-12]-10]|-08]|-03|-05|-05]|02]-16]-19]-04 02|-03]|01]-02]|-18
NO;z_PMas 22 15 | 23|22 |10 | 23] 21|26 |03 25| 21| 25]| 22 35| 1,8 | 21| 20
SO4_PMas 1,0 08 |17 15|04 ]10]07 ]| 15|02 |18 |17 ]| 14| 10]-16 06 | 11 ] 10
BeP_PMys 11 09 |09 |08 |10 |14 |10]07 07 |11 |21]11]11]08] 10 09 | 1.2
BaP_PM,s 08 01|06 | 0603|1107 08|03|07]|07]]08|08]|08]09]02 0,8

Os -0,3 00 | 02| 01|03 ]|-04|-02|-04|021]-02|01]|-04|-08]|-02]-03]-04]-02

OP of PMyy, PMy, composition, PNC, NO, and O3

Single | |OPP™T|OPESR|OPA EC_ | OC_| Fe_ | Cu_| Ni_ | V_ |NOs_|SO,* |BeP_|BaP_
_PMio| PMio| PMig | PMyg | PNC | NO; | PMig | PMyg | PMyg | PMio | PMio | PMyg | PMyg | PMig | PMig | PMyg | Os
OP°™™ PMy | 11 1,1 109 | 34| 12|10 |22 |05 |23 | 20| 14|17 |10 ] 10[ 09 ]| 08| 10
OPER PMy, 1,0 0,0 07 | 09 | 12 |09 |15 |05 |52 |51 | 11| 16| 10| 10| 08 | 08 | 06
OP™ PMyo 15 03 | 04 111191320 |08 |32 |37 |15 | 17|14 |15 12]02]12
PMyo 038 -1,7 | 01 | 03 08 | 07|06 |01]|09)|08]120|09]|06]|07]07]06] 04
PNC 0,0 07| -13]-14]-02 14|35/ 07|-12]-12|10] 05|08 ]| 04]-23]-19]-07
NO, 11 09 | 10 09 ] 13| 20 1014|0807 |22] 15|08 10|-01]04]07
EC_PMyp 2,2 04 |-12| 08|06 | 42 | 17 11 | 13 | 11 | 20 | 830 | 24 | 23| 15 | -04 | -03
OC_PMyo 2.8 1,7 | 18 | 19 | 25 | 27 | 25 | 23 25 | 24 | 29| 25 | 23 | 24| 25| 23] 22
Fe PMy, 0,9 13| 41 | 12| -02] 11|02 | 04| 02 12|07 ] 10] 09|09 |07 ]-01]00
Cu_PMyo 05 14 | 54| 20| 02| 08| 04|07 |04]29 11 | 16 | 05| 12 [ 03 ] 00 | 03
Ni_PMy, 1,0 07|-02]00|-07]09]07]03]|-04]01]021 04 |10 ] 10] 09|07 |-03
V_PMyg 0,1 -10|-10]-11|-05|-02]-03]|-05]|01|-11]-12]-03 00 | 02|00 ]-03]-11
NO;_PMy, 17 14 |18 |16 | 13|19 | 15| 21|06 | 21|18 18| 17 20 | 12 | 16 | 1,7
S04_PMyg 13 12 | 171813141019 09|21 ] 21|19 |14 ]-04 1,0 | 20 | 12
BeP_PMy, 14 12 12 10| 14|21 | 15|12 ]| 13|13 |13 |19 |18 16| 17 1,0 | 14
BaP_PMyo 10 0706|0908 1410|1207 ]| 11]10] 1010|081 12| 04 1,0

Os -0,3 01|02 )| 03|-04|-04|-02]|-04]|02]-03|-01]-03|-08]|-01]-02]-02]-01




Table S15

Two-pollutant models of associations between exposure to air pollution and percentage change in
TPA/PAI1 copmplex the morning after exposure: all sites (n=170)

OP of PM, 5, PM, s composition, PNC, NO, and O,

OPPTT| OP®R |OPAA_ EC_|OC_| Fe_ | Cu_| Ni_ | V_ [NOs_|SOs | BeP_|BaP_
_PMys| PMys| PMys | PMas | PNC | NO; | PMzs | PMas | PMas | PMas | PMas | PMas | PMys | PMas | PMas | PMas|  Os
OP°™" PMps | 9.0 16,3 | 163 [ 243 | 71 | 66 | 74 | 118 | 11,7 108|119 | 90 | 88 | 89 | 90 |107 | 12
OPR PMys | 47 5,5 82| 19 | 23 |30 |-02|32|-20| 10 | 50|39 |47 |51 ]| 48| 60 | -74
OP™ PM;s 6,6 71 | 192 39 | 33|39 |07 |49 |11 |48 | 71|59 |65 71| 68]86]-78
PMys 6,0 -122| 39 | 29 45 | 36 | 27 | 48 | 25 | 34 | 67 | 50 | 58 | 59 | 60 | 67 | -48
PNC 22,3 138 | 17,1 | 16,1 | 183 10,1 | 12,9 | 21,4 | 156 | 16,6 | 21,1 | 193 | 253 | 23,3 | 324 | 32,0 | 10,8
NO, 22,0 147 | 185 | 17,7 | 179 | 153 158 | 190 | 174 | 179 | 210 | 197 | 216 | 225 | 292 | 243 | 12,0
EC PMas 148 40 | 152 | 135|108 | 74 | 68 119 | 122 | 146 | 151 | 144 | 154 | 156 | 16,2 | 17,5 | -1
OC_PMas 134 70 | 73| 61 | 85 | 126 83 | 73 62 | 72 | 129|110 | 13,7 | 133 | 140 | 149 | -26
Fe PM,s 49 20| 67 | 41| 32| 25|30 10 | 37 15| 61 | 47 | 50 | 54 | 48 | 57 | -68
Cu_PM;s 51 1,71 41 | 45 | 27 | 24 | 30 ] 01 | 37 | -67 56 | 46 | 50 | 56 | 51 | 60 | -84
Ni_PM;,s 48 56| 09| -11]|-16|31]28|-04]|05]-33]-14 1,8 | 50 | 53 | 45 | 49 | -78
V_PMzs 8,0 01 23|18 ]29 |39 |42 |04]59]|03]|13]69 83 | 79 | 77| 79 | -87
NO;z_PMas 72 19 | 70 | 62 | 1,3 |121]| 14 | 90 | 06| 82 | 70 | 7,7 | 81 99 | 93 | 75 | 28
SO4_PMas 3,7 30 | 72 | 66| 19|64 |-1,7] 67| 10|85 79| 54]33]-31 48 | 33 | 58
BeP_PM,s 2,6 26| -30|-33|-25|-85|-79|-45]|-32|-25]|-27]-20]-09]|-37|-30 30 | -13
BaP_PM,s -15 55| -50|-55|-37|-71|-40]|-46|-31|-44|-42|-17|-13]|-18|-13] 05 -4,0

Os 5.9 54 |-109]| 99 | 84 | 50| 48 | 62 | 64 |-108|:114| 81 | -83 | -58 | 6.0 | 59 | :63

OP of PMyy, PMy, composition, PNC, NO, and O3

Single | |OPP™T|OPESR|OPA EC_ | OC_| Fe_ | Cu_| Ni_ | V_ |NOs_|SO,* |BeP_|BaP_
_PMio| PMio| PMig | PMyg | PNC | NO; | PMig | PMyg | PMyg | PMio | PMio | PMyg | PMyg | PMig | PMig | PMyg | Os
OP°™ PMy, 6.4 157 | 136 | 195 | 43 | 45| 45 | 62 | 97 | 98 | 91 | 71 | 63 | 63 | 69 | 86 | -39
OPR PMy 52 -8,6 184 | -01 | 23|31 |-28|32|-84|-28|53]| 42|53 |54]|61]|78]-70
OP™ PMyp 68 -105 | -16,5 21|15 | 31|92 32 |-129|-125| 54 | 37 | 67 | 71 | 84 | 108 | -97
PMyo 43 84 | 43 | 52 33 |30 | 25|38 |35 |37 |67 | 42| 42| 43| 45 | 55 | -24
PNC 223 16,0 | 191 | 22,1 | 164 10,1 | 11,0 | 20,7 | 145 | 14,9 | 20,0 | 17,2 | 264 | 23,6 | 355 | 31,1 | 10,8
NO, 22,0 148 | 17,0 | 183 | 165 | 153 148 | 181 | 16,9 | 17,0 | 19,7 | 183 | 211 | 21,6 | 29.7 | 238 | 12,0
EC_PMy 154 52 | 229(3830]| 85 | 92 | 81 11,4 | 142 | 158 | 14,6 | 142 | 16,1 | 155 | 189 | 214 | -15
OC_PMy, 131 07 | 74 | 94 | 20 | 120 | 94 | 80 75 | 78 | 147|111 ]139 | 135 | 138 | 160 | 1,2
Fe PMyo 58 33 | 165 | 157 | 14 | 33 | 37 | 05 | 38 154 | 68 | 57 | 62 | 62 | 62 | 80 | -7,0
Cu_PMy, 78 46 | 119 | 211 | 14 | 43 | 48 | -02 | 49 |-113 84 | 71 | 81| 83| 85 | 108 [-100
Ni_PM, 58 51| -03|21|-57]| 43 (36| 05]|-06]-19]-10 21 |60 |62 ]59]61]-68
V_PMy, 5,7 11|15 | 34| 05|33 |36| 05|36 01| 07] 47 62 | 56 | 57 | 59 | -6,0
NO; PMy, 6,4 42 | 61 | 51| 37 |114| 19 | 88| 01|86 | 79| 68| 83 50 | 71 | 64 | 35
S0, PMyo 6,6 41 | 68 | 68 | 46 | 94 | 06 | 79| 27|97 |94 ] 79|57 24 68 | 68 | 60
BeP_PMyo 0,4 34 | 41| 44| 22| -86|-70| 52| -23|-28|-30|-16]-09|-20]|-14 -16 | -25
BaP_PMy, 04 54| 55| -53|-45|-51|-23|-53|-34|-52]|-50|-08|-09]|05]10]13 53

Os 59 -85 |:104| 99 | -81 | 50| 48 | -63 | -57 |-105|-108| -83 | -89 | -58 | ;59 | 61 | -7.2




Table S16 Two-pollutant models of associations between exposure to air pollution and percentage change in
FEV1 2 hour after exposure: outdoor sites (n=125)

OP of PM, 5, PM, s composition, PNC, NO, and O,

Single | |OPP™T|OPESR (OPA* EC_|OC | Fe_ | Cu_| Ni_ | V_ |NOs_|SO,”* |BeP_|BaP_
_PMys|_ PMas| PMas | PMas | PNC | NOy | PMys | PMas | PMas | PMas | PMas | PMas | PMas | PMas | PMas | PMas | Os
OP°™™ PMys | -01 04 | 06 |-05|03|04|03]|-04|02]|-01]|-02]|-02]|-02]-03]|-01]|01]-01
OP® PMys | -1.0 -11 04 |-09|-04|-06|-01]|-09|-07]|-06|-09|-09]-09]|-09]|-05]-07]-08
OP™ PM,s 212 -15 | -08 12| 03|-05|02|-11]|-09|-08]-11]-11]-11|-11]|-07]-08]-08
PMas 04 08 | 03| 04 04 09|04 |03]|04]|03]04|10]-01]-02]00]01]03
PNC -15 216 | <12 | -13 | 15 04|01 -14|-25|-14]-15]|-14]|-15]|-15]-11]-13]-09
NO; -19 20 | 16 | -16 | -21 | -16 -14 |1 -19-19 | 17|19 |-19|-19 |-20|-16 | -17 | -16
EC_PM;s -7 18 | -16 | 19| -7 | <16 | -07 16 | 25| -19 | 47| 16| 16 | 17| -15]-15 | -1.2
OC_PMzs 1,2 15 ] 07 | 09|12 | 05| 10 | 09 1,0 | 06 | 10| 11| 11| 11|07 | 06 | 06
Fe PMys -0,8 09 |-04|-03|-08]07] 00]07]|-08 -03|-08|-08|-08|-08]|-03]|-05]-05
Cu_PMys -0,9 -09|-05|-04]|-09|-01]|-02]02]-08]-06 08| -08|-08|-08|-04]|-06]-05
Ni_PM;s 0,5 05| 03] 03|05| 04| 051|041 031|051/ 02 03] 05| 05| 06| 04] 01
V_PM;s -0,8 -08|-08|-07|-12|-05]| 00| -041]-08]-071|-061]-07 -14 | -18 | -07 | -10 | -03
NO3_PMys 0,9 09 |04 1]05(|410 | 00| 09|04 |07 |03]|06]| 11|18 04 |00 | -04] 10
S0, PMys 0,7 08| 05|06 |09 )| 04| 20|06 06| 04|05]|08]17]|05 031|011 09
BeP_PM;s -09 -09 | -06|-06|-09|-04|-05|-02|-09|-07]|-07]-101]-09]-09]-09 07 | -07
BaP_PMys 0,7 07|-03|-04|-07|02|-05|-03|-06|-05|-05]|-07]-08]-08]-07]-02 -0,6

O3 17 17 | 25| 14|27 |12 04|10 26|14 | 14| 27|26 27| 18] 14| 15

OP of PMyy, PMy, composition, PNC, NO, and O3

Single | |OPP™T| OPESR|OPA EC_ | OC_| Fe_ | Cu_| Ni_ | V_ |NOs_|SO,* |BeP_|BaP_

_PMio| PMio| PMig | PMyg | PNC | NO; | PMig | PMyg | PMyg | PMio | PMig | PMyg | PMyg | PMio | PMig | PMyg | Os
OP°™" PMy, -1,1 02 | -01|=22|05)]|06|09]|-11|/02]|00]|-10|]-08|-13]|-15]|-05]-08]-03
OP=R PMy, 1 | -1.2 07 |-11]-03| 04|06 |-11[-02|-02]|-111|-101]-11]|-111]-07]-08]-07
OP™ PMyo ;13| | -12 | -0,6 13| -05|-05]03|-13|-08|-02]-13|-12|-12]-12|-08]-10]-08
PM;o 01| | 13 | 03 | 01 01/05|02|-05]|]01]|01]|-02]02]-03|-04]-02]-02]00
PNC -5 | 21 [ <43 | -13 | -16 04100 |-15|-09|-07|-15]|-14]|-17|-15]|-12]-13]-09
NO;, 19| | 28 | -16 | -16 | -21 | -16 13|18 -16|-15]-20]-19|-19 | -20|-16 | -17 | -16
EC_PMyp ;8| | 26 | 27 | 23| -19 | -19 | -0,7 18| 23| -1,6 | -18| -17 | -18 | -18 | -1,7 | -16 | -133
OC_PMy 10/ | 1,1 | 03 | 00 | 15 | 04 | 06 | 01 04 |01]07]09]|08]|081]03]|07]-01
Fe_PMyo 22| | -13 [ =20 | 10| -12 [ -05 | -03 | 04 | -11 03 |-111]-10]-21]-12]|-09]-09]-07
Cu_PMyg -5 | -16 | -4 | -14 | -15 | -10 | -06 | -02 | -15 | -19 215 | -14 | -5 | -15 | -12 | -1,3 | -1,0
Ni_PMyg 04/ 02| 01]00]04]02]05]02]02]03]02 02 |04 ]05]04]02] 00
V_PMy 0,7/ | -06|-04|-04|-08|-05]|00]|-03|-07]|-05]-04]|-07 -1,0 | 23] -07|-08|-03
NO3 PMyo 06/ | 12|06 ] 07]08]|-02|]06]|02]05]|00]|01]|07] 12 01 |-02]-04] 08
S04 PMyg 07/ 12| 05]05|09]03]|]09]|06]|06]03]|03]|08]15]06 01100 09
BeP_PMy, -08/|-08]|-04|-05|-08|-02|-04]|-01|-08|-03]|-03]|-09]-08]-09]-08 06 | -06
BaP_PMy, -07||-07|-04|-04|-07]|-02]|-04|-03|-06|-03|-03|-07|-07]-081-07]-03 05

O3 17 14 |15 )16 | 1712 |08 10|17 |11 )11 |12 |15 | 17 |18 | 12 | 03

it — e




Table S17 Two-pollutant models of associations between exposure to air pollution and percentage change in
FVC 2 hour after exposure: outdoor sites (n=125)

OP of PM, 5, PM, s composition, PNC, NO, and O,

Single | |OPP™T|OPESR (OPA* EC_|OC | Fe_ | Cu_| Ni_ | V_ |NOs_|SO,”* |BeP_|BaP_
_PMys|_ PMas| PMas | PMas | PNC | NOy | PMys | PMas | PMas | PMas | PMas | PMas | PMas | PMas | PMas | PMas | Os
OP°™™ PMys | -01 03 |o05|-01|03|05)|04]|-03|02]|-01]|-02|-01]-01]2001]-01]00] 00
OP™® PMys | -0,7 -0,8 06 | 07|01|-02|05|-06|-03|-03|-06|-07|-08|]-08]-01]|-07]|-04
OP™ PM,s -1,0 -12 | -1,6 10| 02| -01]09|-09|-07|-06]|-09]|-09]|-11]|-10]-06]-10] -04
PMas 0,1 00 | -011] 00 00| 05|00 |-02]|00]|-01]-01|06]01]|05]-04]|-02]-01
PNC -15 16 | -16 | 1,7 | -15 00 |04 | 14|83 17| 45| -13|-19|-16|-14|-18 | -05
NO, 2,1 23 |21 |21 |22 | -21 -18 | 21 | -25 | 22 | 22 | -20 | -21 | -21 | -20 | -21 | -12
EC_PM;s -18 19 | 23 |27 | -18 | -21 | -05 17| 35| -25]|-18 |16 | -19 |-18|-20 | -19 | -09
OC_PMzs 13 15 ] 09 | 1,0 | 183 | 06 | 1,0 | 09 1,0 07| 11| 11| 14| 14| 08| 10| 04
Fe PM.s -0,7 -07|-05|-03|-07|124]| 04| 14 | -06 -01|-07|-06]|-08|-08]|-03]|-07]-02
Cu_PM;s 0,7 -071|-06]|-04|-07]02]| 01| 061|-06]-06 -07|-061|-08|-08]-04]-07]-02
Ni_PM;s 0,4 04 | 021]02|04)|03)|04]|03]02]|04]|02 02| 03] 03| 04| 03]-02
V_PM;s -1,2 -12 | -12|-10|-141]-09]|-03|-08]-11]-101|-10 ] -1,1 -14 | -13 ] 11| -12 | -05
NO3_PMys 0,2 02| -06|-06|-08|-13|-02]|-07]-04]-09]|-05]|-01]07 11 | -12 | -14 | 00
S0, PMys 0,5 05| -07|-06|-08|-08)|-02|-06]|-06|-08|-08|-05]02]-11 -10 | -1,2 | -0,2
BeP_PM;s 0,8 -08|-07|-05|-08|-01|-02]|021]-07]|-06|-05]|-08]-07]-10]-10 -10 | -04
BaP_PM.s 0,4 -04|01]01]|-04|03|-01]01]|-03|-01|-01]-03]|-051]-08]-07]03 0,1

O3 22 22 | 21 {21 |22 |20 |13 |17 |21 |21 |21 |23 |20 22| 22| 20| 22

OP of PMyy, PMy, composition, PNC, NO, and O3

Single | |OPP™T| OPESR|OPA EC_ | OC_| Fe_ | Cu_| Ni_ | V_ |NOs_|SO,* |BeP_|BaP_
_PMio| PMio| PMig | PMyg | PNC | NO; | PMig | PMyg | PMyg | PMio | PMig | PMyg | PMyg | PMio | PMig | PMyg | Os
OPP™ PMy | -15 07]-09|-26|-06]01]01]|-16]|-09]|-08]|-14]-12|-15]|-14]-12]-14]-06
OP®R PMy | -14 -0,8 -12 | -11]-05| 02|09 |-09[-09]|-07]|-10|-09]-11]-21]-12]-12]|-05
OP™ PMyo -12 -08 | 01 -12|-04]-02]09|-09]-06]-03]|-11]-09]-12]-12]-10]-12]-04
PMyg 0,3 1,1 | 00 | -02 01]03]|-01|-11]-02|-02]|-05]|00]-03|-02]-04]|-04]-02
PNC -15 13 | 14| 12 | -15 0007 |-13|-18]|-10]|-14|-12]|-19|-16]-16|-19|-05
NO, 21 22| :20|:20 1|23 | 21 -18 | 20| 24|22 |21 |20 21 |:21|:21|-21]|-12
EC_PMyp -19 21| 32|29 | -19 | -26 | -05 17|41 | 27| 18| -17|-20]-19]-23]-21]-10
OC_PMyo 1,8 19 | 12 | 11 /30|13 ] 14| 10 14 | 12 | 15|16 | 18 | 18| 14| 1,7 | 06
Fe PMy, -1,0 -07]-02]|-06]|-10|03 ]| 03] 17 | -08 10 | -09|-08]-12|-11]-09]-11]-03
Cu_PMyo 214 -10 | 06| 11| -13|-06]| 00 | 08 | -11 | -26 12| 11| 15| -15|-13 | -14 | 04
Ni_PMy, 0,4 03/02]01]06]|03|06]03]|]01]04]03 03|04 ]04]05]|04]-01
V_PMyg -0,8 -06 | -06|-06|-08|-06|-01]|-04|-08|-06]-05]-08 -09|-09]|-08]|-08]|-03
NO;_PMyo 0,2 02 |-05|-04]00]|-12]-02]-07|-04]-09]-07]-01]03 05| -09]-11] 00
S04_PMyg 04 00 |-06|-07]|-03]|-08|-01|-05]|-06]|-08|-08|-04]01]-08 .10 | -11 ] -02
BeP_PMyo -0,6 -04/02]|-02|-07|01]-01]03]|-04|]-01]-01]-06]|-05]-08]-08 09 | -03
BaP_PMyo 0,3 -02]01]00]-03[03]00]02]-02]01]01]-03|-04]|-07]-07]03 0,1

Os 22 21 | 22 20|22 |20 |20 17 |21 |20 |20 20120222120/ 11




Table S18. Effect estimates with and without log-transformation for MOI derived OP (previously published results)

Original scale’ Log transformed*
All sites, adjusted All sites, adjusted
All sites Outdoor sites underground All sites Outdoor sites underground
Estimate Estimate Estimate Estimate Estimate Estimate

(%) (95% CI) (%) (95% CI) (%) (95% CI) (%) (95% CI) (%) (95% CI) (%) (95% ClI)
FENO
opAA 0.1 (-0.0-0.2) 5.9* (0.3-11.4) 0.1 (-0.2-0.5) 1.4 (-0.2-3.0) 10.0* (2.4-17.6) 9.3**  (2.5-16.0)
OpcsH 0.1 (-0.0-0.2) 75%  (0.5-14.4) 0.0 (-0.3-0.4) 15 (-0.1-3.1) 8.3**  (2.8-13.8) 6.1*  (1.1-11.1)
OPTOTAL 0.1 (-0.0-0.2) 101*  (2.2-18.1) 0.1 (-0.3-0.6) 1.7 (-0.2 -3.6) 13.1**  (4.6-21.5) 11.3** (3.5-19.0)
FvC
OPAA 0.01 (-0.02-0.03) -059 (-1.55-0.37) 0.04 (-0.02-0.11) -0.03 (-0.33-0.27) -1.11 (-2.42-0.21) -0.60 (-1.83-0.63)
op&sH 0.00 (-0.02-0.02) -0.79 (-2.01-0.43) 0.03 (-0.03-0.09) -0.08 (-0.38-0.22) -0.94 (-1.92-0.04) -1.68 (-1.68-0.14)

OpTOTAL 001 (-0.02-0.03) -1.03 (-242-0.36) 0.05 (-0.02-0.13) -0.06 (-0.41-0.30) -1.36 (-2.85-0.12) -1.02  (-2.44 - 0.40)
FEV1

opMA 0.00 (-0.02-0.02) -0.65 (-1.55-0.25) 0.02 (-0.04-0.01) -0.09 (-0.38-0.19) -0.99 (-2.23-0.25) -0.72  (-1.89-0.45)
opesH 0.00 (-002-0.02) -0.78 (-1.94-0.04) 0.06* (0.00-0.11) -0.09 (-0.38-0.19) -0.74 (-1.67-0.20) -0.44  (-1.32-0.44)
opToTAL 000 (-002-0.02) -1.08 (-2.39-0.22) 0.06 (-0.02-0.01) -0.11 (-0.45-0.23) -1.17 (-2.57-0.24) -0.86 (-2.22 -0.50)

NAL IL-6
opAA 03  (-02-0.7) 40  (81-177) 00 (-1.2-1.2) 52  (05-11.1) 116  (-7.0-340) 144  (-4.1-36.5)
op&sH 0.2 (-0.2-0.6) 104  (-12.8-39.8) -0.3 (-1.4-0.8) 5.3 (-0.4-11.3) 183 (-1.0-41.4) 150 (-3.2-36.7)
OpTOTAL 0.3 (-0.2-0.7) 81 (-11.2-315) -02 (-1.7-1.3) 6.0 (-0.7-131) 163 (-7.2-457) 180 (-5.6 -47.5)
NAL protein

opMA 00  (-04-03) 6.7  (-1.4-149) -04  (-1.30.4) 0.7  (-3.3-47) 9.4  (-2.6-21.4) 49 (-8.318.1)
opesH 01  (-0.2-0.3) 41 (-108-19.1) 04  (-0.31.2) 08  (-3.2-4.8) 5.9 (-57-174) 53 (-7.217.8)
OPTOTAL 0.0 (-0.3-0.3) 9.4 (-3.3-22.2) 00  (-1.11.0) 1.0 (-3.7-5.7) 11.2 (-3.4-25.9) 8.2 (-8.324.7)
NAL lactoferrin

opAA 07* (0.1-1.2) -105 (-22.4-3.2) 04 (-1.0-1.9) 74 (-0.0-154) -125 (-29.2-8.2) 5.1  (-25.1-20.2)
Op&sH 04  (-0.0-09) -123 (-323-136) -04 (-1.8-0.9) 71 (-03-151) -6.2 (-233-148) -65 (-25.1-16.7)
OpTOTAL 06* (00-1.2) -159 (-32.7-5.0) 00 (-1.8-1.8) 8.5 (-0.3-181) -13.8 (-334-117) 95 (-32.6-21.4)

1 effect estimates for original scale expressed as % increase per IQR change in original scale outdoor concentrations, and for log transformed as % increase in log transformed outdoor concentrations.
Results for original and logtransformed concentrations are therefore not directly comparable
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Figure S2. Association between MOI derived OP of PM;o, PM;y mass, PNC, NO, , O3 and FEyg in single and two pollutant models.

Log-transformed exposure, adjusted for measurement at the underground.

Single pollutant effect estimates in bold; gray indicated high (>0.7) correlation between the two pollutants
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Figure S3. Association between different measures of the OP of PM,, and FEyo two hours after exposure in single and two pollutant models.

oP°™, OP®F, OP*™ measured in PM from PMy, filters collected with Harvard Impactors (Hl);

oPMMO 0P and OP™™" calculated as the sum of OP from PMg 15, PMo.15.2.5 and PM,.s.10 collected with a Micro-Orifice Impactor (MOI).
Log-transformed OP, adjusted for measurement at the underground.

Single pollutant effect estimates in bold; gray indicated high (>0.7) correlation between the two pollutants
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