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A bs tr ac t

Background

Air pollution from road traffic is a serious health hazard, and people with preexisting 
respiratory disease may be at increased risk. We investigated the effects of short-term 
exposure to diesel traffic in people with asthma in an urban, roadside environment.

Methods

We recruited 60 adults with either mild or moderate asthma to participate in a ran-
domized, crossover study. Each participant walked for 2 hours along a London street 
(Oxford Street) and, on a separate occasion, through a nearby park (Hyde Park). We 
performed detailed real-time exposure, physiological, and immunologic measure-
ments.

Results

Participants had significantly higher exposures to fine particles (<2.5 μm in aero-
dynamic diameter), ultrafine particles, elemental carbon, and nitrogen dioxide on 
Oxford Street than in Hyde Park. Walking for 2 hours on Oxford Street induced asymp
tomatic but consistent reductions in the forced expiratory volume in 1 second (FEV1) 
(up to 6.1%) and forced vital capacity (FVC) (up to 5.4%) that were significantly larger 
than the reductions in FEV1 and FVC after exposure in Hyde Park (P = 0.04 and 
P = 0.01, respectively, for the overall effect of exposure, and P<0.005 at some time 
points). The effects were greater in subjects with moderate asthma than in those 
with mild asthma. These changes were accompanied by increases in biomarkers of 
neutrophilic inflammation (sputum myeloperoxidase, 4.24 ng per milliliter after expo-
sure in Hyde Park vs. 24.5 ng per milliliter after exposure on Oxford Street; P = 0.05) 
and airway acidification (maximum decrease in pH, 0.04% after exposure in Hyde 
Park and 1.9% after exposure on Oxford Street; P = 0.003). The changes were associ-
ated most consistently with exposures to ultrafine particles and elemental carbon.

Conclusions

Our observations serve as a demonstration and explanation of the epidemiologic evi-
dence that associates the degree of traffic exposure with lung function in asthma.
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A ir pollution from road traffic is 
a serious health hazard, and particulates 
from diesel exhaust have become cause for 

increasing concern. Epidemiologic studies have 
demonstrated associations between ambient par-
ticulate matter and respiratory-associated mor-
bidity and mortality; these effects may be greater 
among persons with preexisting respiratory dis-
ease, including asthma.1,2

Diesel engines emit relatively low concentra-
tions of carbon monoxide and carbon dioxide, but 
as compared with gasoline engines of similar size, 
diesel engines can generate more than 100 times 
the number of particles per distance traveled3 and 
are major contributors to atmospheric particulate 
pollution. In urban environments, almost 90% of 
traffic-generated particulate matter is from diesel 
exhaust.4,5

Many urban residents, including those with in-
creased susceptibility to the effects of air pollution, 
have short-term exposure to diesel traffic during 
normal activities. Studies of humans in exposure 
chambers have shown that controlled exposure to 
diesel exhaust can provoke increased airway resis-
tance6,7 and bronchial inflammatory changes.8-11 
Such studies are limited by their artificial nature, 
however, and the small numbers of study partici-
pants have typically been healthy.

We explored the effects of roadside traffic ex-
posure on people with mild or moderate asthma, 
of differing severity, on a busy city street where 
traffic is entirely diesel-powered. We tested the 
hypothesis that short-term, ambient exposures to 
diesel traffic would lead to a reduction in lung 
function and a worsening of symptoms, accom-
panied by increased inflammation in the lungs.

Me thods

Participants

Using advertising and volunteer databases, we re-
cruited 60 adults with asthma, none of whom 
were smokers; 31 had mild asthma and 29 had 
moderate asthma, as defined by the Global Initia-
tive for Asthma.12 Each participant had intermit-
tent wheezing and airway hyperresponsiveness to 
methacholine; the concentration of methacholine 
required to provoke a 20% decrease (PC20 ) in the 
forced expiratory volume in 1 second (FEV1) was 
<8 mg per milliliter. The participants were stud-
ied during periods of asthmatic stability, defined 
by the absence of exacerbations, respiratory infec-

tions, and treatment with oral corticosteroids for 
4 weeks or more. During the study, the partici-
pants took their usual asthma medications. 

The project was approved by the ethics commit-
tee at Brompton Hospital, London, and the insti-
tutional review board at the Robert Wood John-
son Medical School, New Brunswick, New Jersey. 
Written informed consent was provided by all par-
ticipants.

Study Design

In this randomized, crossover study, participants 
walked for 2 hours (10:30 a.m. to 12:30 p.m.) along 
the western end of Oxford Street, London’s busi-
est shopping street, where only diesel-powered 
buses and taxicabs are permitted, or through the 
traffic-free, western part of the nearby 142-hectare 
(about 350-acre) Hyde Park. Participants walked 
about 6 km during each exposure, at a steady pace 
on predefined paths, resting for 15 minutes every 
half hour. Exposure sessions, separated by more 
than 3 weeks, were confined to weekdays between 
November and March (2003 to 2005) to avoid pol-
len seasons; rainy days were also avoided. Equal 
numbers of participants were randomly assigned 
to each exposure sequence. The study had an es-
timated 90% power to detect a minimum differ-
ence in FEV1 response of 5.7% in each asthma-
severity group between the two sites.

Clinical Measurements

Participants measured their peak expiratory flow 
on a mini–Wright meter and recorded asthma 
symptoms 1 week before and after each exposure 
session; during the week before each exposure, 
they wore a diffusion tube to measure individual 
exposure to nitrogen dioxide throughout the week. 
At Royal Brompton Hospital, baseline measure-
ments of FEV1, forced vital capacity (FVC), and 
forced expiratory flow at 25 to 75% of vital capac-
ity (FEF25–75) were performed with the use of a 
spirometer (Vitalograph); the fraction of exhaled 
nitric oxide (FeNO) was recorded with the use of a 
chemiluminescence analyzer (Aerocrine). Exhaled 
breath condensate from tidal breathing was ob-
tained with the use of a standardized breath-con-
densate collector (ECoScreen, Jaeger), and its pH 
was measured after de-aeration with argon.

Participants were driven for approximately 10 
minutes to the exposure sites in a gasoline-pow-
ered car. On arrival and hourly during each ses-
sion, we made further spirometric measurements; 
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on completion of each session, we asked partici-
pants to record any asthmatic symptoms. After 
returning to the hospital, we repeated spiromet-
ric and FeNO measurements regularly for 5 hours 
and measured responsiveness to methacholine; 
participants recorded any asthma symptoms over 
the ensuing 12 hours. The next morning, we re-
peated measurements of lung function and FeNO 
and collected samples of sputum induced by in-
halation of a 3% sodium chloride solution from 
an ultrasonic nebulizer. Total cell counts were 
performed on a homogenized sputum sample 
with the use of 0.1% dithiothreitol, and differen-
tial cell counts were performed on 400 nonsqua-
mous cells on cytospin slides. Supernatants were 
kept at −80°C for analysis of interleukin-8, my-
eloperoxidase, and eosinophil cationic protein 
with the use of commercially available immuno-
assay kits (IL-8 DuoSet, R&D Systems; and Titer-
Zyme and UniCAP, Pharmacia Diagnostics AB; 
respectively).

Exposure Measurements

Throughout each exposure session, we measured 
number concentrations of ultrafine particles, us-
ing a real-time condensation particle counter (Mod-
el 3007, TSI) equipped with a ribbon laser light-
scattering optical system (range, 0 to 100,000 
particles per cubic centimeter; accuracy, ±20%). 
We collected fine particles smaller than 2.5 μm 
in aerodynamic diameter (PM2.5) on quartz-fiber 
filters, using an air sampler (16 liters per minute). 
The filters were used first to determine PM2.5 mass 
concentration gravimetrically and were then ana-
lyzed for elemental carbon according to National 
Institute for Occupational Safety and Health guide-
lines (method 5040) (Sunset Laboratory). With a 
sampling pump, we collected nitrogen dioxide on 
C18 Sep-Pak cartridges coated with potassium hy-
droxide and triethanolamine and subsequently an-
alyzed the sample using ion chromatography.13 
Temperature and relative humidity sensors, along 
with all air monitors, were located on a pushcart 
beside the participants.

Statistical Analysis

Descriptive summaries of exposure and health out-
comes included means (±SD) for normally distrib-
uted variables and medians with ranges for other 
variables. Correlations between pollutants were 
examined.

Associations between exposure and health 
outcomes were examined through comparative 

analysis (Oxford Street vs. Hyde Park) and pol-
lutant-specific, exposure-response analyses. A re-
peated-measures, mixed-effects linear regression 
model was constructed to estimate average values 
for health outcomes, with the use of an interac-
tion term for the categorical variables of site and 
time to examine the effect of the exposure site 
on changes in lung-function or inflammatory bio-
markers.14 A random effect for individual partici-
pants accounted for similarities across sessions 
for each person. A spatial-power covariance struc-
ture was used to model correlations between the 
unequally spaced repeated measurements within 
each session with a decay in the strength of cor-
relation, depending on the time between measure-
ments. With the use of the Akaike information 
criterion, this structure proved to model the data 
adequately relative to an unstructured correlation 
matrix. Additional covariates, including tempera-
ture and relative humidity and, where necessary, 
age, sex, body-mass index, and race or ethnic 
group were entered as covariates. Type 3 F tests 
of the site–time interaction produced P values rep-
resenting the overall significance of the effect of 
site on changes in responses over time; contrasts 
of means were used to examine differences be-
tween sites in changes from baseline to particu-
lar time points. To study potential effect modi-
fiers, we tested interactions between them and 
site–time interaction and conducted stratified 
analyses.

Because pollutant concentrations varied within 
and between sites, we performed pollutant-spe-
cific, exposure-response analyses using mixed 
models, as described above. In these models, we 
regressed the percent change from baseline in 
each of the lung-function and inflammatory-bio-
marker variables against pollutant concentrations 
averaged over each exposure session. Separate, 
single-pollutant models for PM2.5, elemental car-
bon, ultrafine particles, and nitrogen dioxide were 
generated. Subsequently, we used two-pollutant 
models, in which two of the four pollutants were 
analyzed simultaneously.

R esult s

As anticipated, participants with mild asthma had 
a higher baseline FEV1 than those with moderate 
asthma. They were also less likely to report lim-
ited exercise tolerance or symptoms provoked by 
exercise or traffic fumes (Table 1).

Median weekly nitrogen dioxide exposures were 
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not significantly different before exposure at the 
two sites (Table 2). Participants had significantly 
higher exposures to PM2.5, ultrafine particles, el-
emental carbon, and nitrogen dioxide on Oxford 
Street than in Hyde Park. Spearman’s rank-cor-
relation coefficients for exposures to the four pol-
lutants were as follows: 0.58 for the correlation 
of nitrogen dioxide with both ultrafine particles 
and elemental carbon, 0.62 for the correlation of 
PM2.5 with ultrafine particles, and 0.84 for the 
correlation of ultrafine particles with elemental 
carbon. (Complete information is provided in Ta-
ble A1 of the Supplementary Appendix, available 
with the full text of this article at www.nejm.org.)

Average daily peak expiratory flow, symptoms, 
and use of asthma medication did not differ sig-
nificantly in the week before exposures at the two 
sites. Similarly, there were no significant differ-
ences between the sites in mean FEV1, FVC, or 
FEF25–75 at baseline in the hospital or on arrival 
at the site (Table 2). On the whole, changes over 

time in mean FEV1 and FVC differed significantly 
between the sites (P = 0.04 and P = 0.01, respec-
tively), but there were no significant differences 
between sites in the changes in FEF25–75. Mean 
FEV1 (percent of the predicted value) was lower 
after 1 hour of exposure at both sites. The sub-
sequent decrement was greater and more sus-
tained for Oxford Street, with a maximal decline 
at 2 hours (−6.1%, vs. −1.9% for Hyde Park; 
P<0.001). The differences between sites remained 
significant at every time point (P<0.05) until 22 
hours after exposure. Among participants with 
moderate asthma, the decline in FEV1 was greater 
for Oxford Street than for Hyde Park, but the dif-
ference was not significant.

The pattern for mean FVC (percent of predicted 
value) was similar (Fig. 1), with a maximum drop 
after 2 hours (−5.4% for Oxford Street vs. −1.6% 
for Hyde Park, P<0.005). The differences in chang-
es in FVC between the two sites were significant 
at each time point between 2 and 5 hours after 

Table 1. Baseline Characteristics of the Study Participants.*

Characteristic
All Participants 

(N = 60)

Participants with 
Mild Asthma 

(N = 31)

Participants with 
Moderate Asthma 

(N = 29) P Value

Female sex — no. (%) 29 (48) 14 (45) 15 (52) 0.61

Age — yr 0.13

Mean 32 31 34

Range 19–55 20–49 19–55

Height — cm 172±8.8 172±8.4 171±9.3 0.67

Body-mass index† 23.2±3.7 23.2±3.6 23.2±3.9 0.98

White race — no. (%)‡ 47 (78) 26 (84) 21 (72) 0.28

FEV1 — % of predicted value 88.9±10.8 93.4±6.9 84.1±12.3 <0.001

Atopy — no. (%)§ 42 (84) 24 (89) 18 (78) 0.31

Methacholine PC20 — mg/ml¶ 2.82±2.47 2.73±2.43 2.92±2.56 0.78

Treatment with inhaled corticosteroids — no. (%) 37 (62) 12 (39) 25 (86) <0.001

Unlimited exercise tolerance — no. (%) 51 (85) 28 (90) 23 (79) 0.23

Asthma affected by exercise — no. (%) 0.27

Yes 44 (73) 20 (65) 24 (83)

Not sure 4 (7) 3 (10) 1 (3)

Asthma affected by traffic fumes — no. (%) 0.19

Yes 17 (28) 7 (23) 10 (34)

Not sure 30 (50) 19 (61) 11 (38)

*	Plus–minus values are means ±SD. P values are for comparisons according to the severity of asthma. FEV1 denotes 
forced expiratory volume in 1 second.

†	The body-mass index is the weight in kilograms divided by the square of the height in meters. 
‡	Race was self-reported.
§	Ten participants (six with moderate asthma) did not have skin-prick tests.
¶	Methacholine PC20 denotes the concentration of methacholine required to provoke a 20% decrease in the FEV1.
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the start of exposure (P<0.05) and were signifi-
cantly greater among participants with moder-
ate asthma than among those with mild asthma 
(P = 0.008). There were no significant differences 
in the mean change in FEF25–75 (percent of pre-
dicted value) between sites or in the methacholine 
PC20 value 5 hours after exposure.

Changes in respiratory symptoms during and 
after exposures were small. Participants with mild 

asthma reported more symptoms after exposures 
on Oxford Street (both immediately afterward and 
5 hours afterward) than after exposures in Hyde 
Park, but the differences were not significant. The 
use of treatments for asthma relief over the 7-day 
period after exposure did not differ significantly 
between the two sites.

There were no significant differences in the 
changes in mean FeNO between exposures on Ox-

Table 2. Exposure Measurements for Oxford Street and Hyde Park and Lung Function before Exposure.*

Variable Oxford Street Hyde Park P Value

Exposure

Nitrogen dioxide in previous week (μg/m3) 0.90

Median 23.5 22.3

Range 1.46–135 0.49–61.6

Temperature (°C) 0.04

Median 10.8 9.1

Range 4–17.1 2.5–17.2

Relative humidity (%) 0.03

Median 66 76

Range 41.9–93.2 43.2–93.3

PM2.5 (μg/m3) <0.001

Median 28.3 11.9

Range 13.9–76.1 3–55.9

Ultrafine particles (thousands/cm3) <0.001

Median 63.7 18.3

Range 39.5–92.4 10.3–37.1

Elemental carbon (μg/m3) <0.001

Median 7.5 1.3

Range 3.9–16 0.4–6.7

Nitrogen dioxide (μg/m3) <0.001

Median 142 21.7

Range 10.7–289 2.4–146

PM10 (μg/m3)† 0.03

Median 125 72

Range 62–161 60–100

Baseline lung function

FEV1 93.8±11.0 92.2±11.4 0.44

FVC 103.5±12.4 102.8±11.8 0.76

FEF25–75 65.6±16.8 63.4±18.6 0.51

*	Plus–minus values are means ±SD. P values are for within-participant comparisons between Oxford Street and Hyde 
Park. PM2.5 denotes particles less than 2.5 µm in aerodynamic diameter, PM10 particles less than 10 µm in diameter, 
FEV1 forced expiratory volume in 1 second, FVC forced vital capacity, and FEF25–75 forced expiratory flow at 25 to 75% 
of vital capacity.

†	Values are for fixed-site measurements only.
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ford Street and those in Hyde Park. There were 
greater decreases in the pH of exhaled breath con-
densate after exposure on Oxford Street — 1.16%, 
as compared with 0.88% in Hyde Park at 3 hours, 
and −1.90% as compared with 0.04% in Hyde Park 
at 6 hours (Fig. 2). The changes were not signifi-
cantly greater among participants with moderate 
asthma.

The sputum myeloperoxidase concentration at 
24 hours was higher after exposure on Oxford 

Street (24.5 ng per milliliter) than after exposure 
in Hyde Park (4.2 ng per milliliter, P = 0.01) (Fig. 2). 
Sputum neutrophil counts and interleukin-8 con-
centrations were strongly correlated with myelo-
peroxidase (P<0.001 for both comparisons), and 
each was higher after Oxford Street exposures; 
only in the case of sputum neutrophil counts (for 
all participants), however, was this difference sig-
nificant. There were no significant differences in 
sputum eosinophil counts or eosinophil cationic 

Oxford Street exposureHyde Park exposure

33p9

2

FE
V

1
(%

 c
ha

ng
e 

fr
om

 b
as

el
in

e)

−2

0

−4

−6

−8

−10

0 1 2 3 5 7 22

No. of Hours after Start of Exposure

C Participants with Mild Asthma

A All Participants B All Participants

D Participants with Mild Asthma

AUTHOR:

FIGURE:

JOB: ISSUE:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st

2nd
3rd

McCreanor (Cullinan)

1 of 3

12-06-07

ARTIST: ts

35723

2

FV
C

(%
 c

ha
ng

e 
fr

om
 b

as
el

in
e)

−2

0

−4

−6

−8

−10

No. of Hours after Start of Exposure

2

FE
V

1
(%

 c
ha

ng
e 

fr
om

 b
as

el
in

e)

−2

0

−4

−6

−8

−10

No. of Hours after Start of Exposure

2

FV
C

(%
 c

ha
ng

e 
fr

om
 b

as
el

in
e)

−2

0

−4

−6

−8

−10

No. of Hours after Start of Exposure

E Participants with Moderate Asthma F Participants with Moderate Asthma

2

FE
V

1
(%

 c
ha

ng
e 

fr
om

 b
as

el
in

e)

−2

0

−4

−6

−8

−10

No. of Hours after Start of Exposure

2

FV
C

(%
 c

ha
ng

e 
fr

om
 b

as
el

in
e)

−2

0

−4

−6

−8

−10

No. of Hours after Start of Exposure

* * * * * * *

* * * * * * *

0 1 2 3 5 7 22

0 1 2 3 5 7 22

0 1 2 3 5 7 22

0 1 2 3 5 7 22

0 1 2 3 5 7 22

Figure 1. Mean Percent Changes in FEV1 and FVC during and after Exposure on Oxford Street and in Hyde Park.

Percent changes from initial values in the forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) 
are shown for all the study participants (Panels A and B, respectively), those with mild asthma (Panels C and D, re-
spectively), and those with moderate asthma (Panels E and F, respectively). Asterisks denote P<0.05 for the difference 
in values between Oxford Street and Hyde Park exposures. I bars represent 95% CI.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITA TOR VERGATA on December 12, 2007 . 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 357;23  www.nejm.org  december 6, 20072354

22
p6

B
ro

ad
si

de

C
Pa

rt
ic

ip
an

ts
 w

ith
 M

od
er

at
e 

A
st

hm
a

A
A

ll 
Pa

rt
ic

ip
an

ts
B

Pa
rt

ic
ip

an
ts

 w
ith

 M
ild

 A
st

hm
a

D
Sp

ut
um

 N
eu

tr
op

hi
l C

ou
nt

A
U

TH
O

R
:

FI
G

U
R

E:

JO
B

:
IS

SU
E:

4-
C

H
/T

R
ET

A
K

E SI
Z

E

IC
M

C
A

SE

EM
ai

l
Li

ne
H

/T
C

om
bo

R
ev

is
ed

A
U

TH
O

R
, P

LE
A

SE
 N

O
TE

: 
Fi

gu
re

 h
as

 b
ee

n 
re

dr
aw

n 
an

d 
ty

pe
 h

as
 b

ee
n 

re
se

t.
Pl

ea
se

 c
he

ck
 c

ar
ef

ul
ly

.

R
EG

 F

En
on

1s
t

2n
d

3r
d

M
cC

re
an

or
 (

C
ul

lin
an

)

2 
of

 3

12
-0

6-
07

A
R

TI
ST

:
ts

35
72

3

E
Su

pe
rn

at
an

t I
nt

er
le

uk
in

-8
F

Su
pe

rn
at

an
t M

ye
lo

pe
ro

xi
da

se

H
yd

e 
Pa

rk
 e

xp
os

ur
e

O
xf

or
d 

St
re

et
 e

xp
os

ur
e

8.
3

Exhaled Breath
Condensate pH

8.
2

8.
1

8.
0

7.
9

7.
8

7.
7

7.
6

N
o.

 o
f H

ou
rs

 a
ft

er
 S

ta
rt

 o
f E

xp
os

ur
e

−2
3

6

P
=

0.
00

2
P

=
0.

05

8.
3

8.
2

8.
1

8.
0

7.
9

7.
8

7.
7

7.
6

Exhaled Breath
Condensate pH

N
o.

 o
f H

ou
rs

 a
ft

er
 S

ta
rt

 o
f E

xp
os

ur
e

−2
3

6

P
=

0.
11

P
=

0.
18

8.
3

8.
2

8.
1

8.
0

7.
9

7.
8

7.
7

7.
6

Exhaled Breath
Condensate pH

−2
3

6

N
o.

 o
f H

ou
rs

 a
ft

er
 S

ta
rt

 o
f E

xp
os

ur
e

P
=

0.
00

6
P

=
0.

15

A
ll

M
ild

A
st

hm
a

M
od

er
at

e
A

st
hm

a

10
0

Myeloperoxidase
(ng/ml)

80 60 40 20 0

P
=

0.
01

P
=

0.
07

P
=

0.
07

38
0

Interleukin-8
(ng/ml)

32
0

26
0

20
0

14
0 80 20 0

A
ll

M
ild

A
st

hm
a

M
od

er
at

e
A

st
hm

a

P
=

0.
50

P
=

0.
92

P
=

0.
85

70

Neutrophils (%)

60 50 40 30 20 0
A

ll
M

ild
A

st
hm

a
M

od
er

at
e

A
st

hm
a

P
=

0.
14

P
=

0.
63

P
=

0.
34

Fi
gu

re
 2

. M
ea

n 
C

ha
ng

es
 in

 E
xh

al
ed

 B
re

at
h 

C
on

de
ns

at
e 

pH
, S

pu
tu

m
 N

eu
tr

op
hi

l C
ou

nt
s,

 S
up

er
na

ta
nt

 I
nt

er
le

uk
in

-8
, a

nd
 S

up
er

na
ta

nt
 M

ye
lo

pe
ro

xi
da

se
 b

ef
or

e 
an

d 
af

te
r 

Ex
po

su
re

  
on

 O
xf

or
d 

St
re

et
 a

nd
 in

 H
yd

e 
P

ar
k.

C
ha

ng
es

 in
 e

xh
al

ed
 b

re
at

h 
co

nd
en

sa
te

 p
H

 a
re

 s
ho

w
n 

in
 P

an
el

 A
 fo

r 
al

l p
ar

tic
ip

an
ts

, i
n 

Pa
ne

l B
 fo

r 
th

os
e 

w
ith

 m
ild

 a
st

hm
a,

 a
nd

 in
 P

an
el

 C
 fo

r 
th

os
e 

w
ith

 m
od

er
at

e 
as

th
m

a.
 C

ha
ng

es
 in

 
sp

ut
um

 n
eu

tr
op

hi
l c

ou
nt

s,
 s

up
er

na
ta

nt
 in

te
rl

eu
ki

n
-8

, a
nd

 s
up

er
na

ta
nt

 m
ye

lo
pe

ro
xi

da
se

 a
re

 s
ho

w
n 

in
 P

an
el

s 
D

, E
, a

nd
 F

, r
es

pe
ct

iv
el

y,
 f

or
 a

ll 
su

bj
ec

ts
. W

it
h 

th
e 

us
e 

of
 m

ix
ed

-e
ff

ec
t 

m
od

el
s 

to
 t

es
t 

fo
r 

ov
er

al
l c

ha
ng

es
 in

 e
xh

al
ed

 b
re

at
h 

co
nd

en
sa

te
 p

H
 o

ve
r 

ti
m

e,
 P

 =
 0

.0
1 

fo
r 

al
l p

ar
ti

ci
pa

nt
s,

 P
 =

 0
.2

7 
fo

r 
pa

rt
ic

ip
an

ts
 w

it
h 

m
ild

 a
st

hm
a,

 a
nd

 P
 =

 0
.0

2 
fo

r 
pa

rt
ic

ip
an

ts
 

w
it

h 
m

od
er

at
e 

as
th

m
a.

 T
 b

ar
s 

re
pr

es
en

t 
95

%
 C

I. 

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITA TOR VERGATA on December 12, 2007 . 



Effects of Diesel-Tr affic Exposure in Asthma

n engl j med 357;23  www.nejm.org  december 6, 2007 2355

protein levels. We found no consistent evidence of 
an interaction between these health outcomes and 
the other variables listed in Table 1 (and Table 
A2 in the Supplementary Appendix).

Reductions in FEV1, FVC, FEF25–75, and exhaled 
breath condensate pH were associated with ultra-
fine-particle exposures at most time points (Fig. 3); 
these reductions were also associated, although 
less consistently, with elemental carbon exposures 
(for ultrafine particles, P = 0.02, P = 0.27, P = 0.11, 
and P = 0.03, respectively; for elemental carbon, 
P = 0.04, P = 0.11, P = 0.32, and P = 0.24, respectively). 
Elemental carbon exposures were also associated 
with increases in FeNO concentrations (P = 0.06). 
For nitrogen dioxide, the associations were simi-
lar but less pronounced; for PM2.5, there were no 
consistent associations. Increased sputum myelo-
peroxidase concentrations were associated with 
ultrafine-particle exposure (P = 0.03). There were 
no associations between sputum cell counts or 
interleukin-8 and any of the pollutant constituents. 
After adjustment for copollutants in the two-pol-
lutant models, the effects of ultrafine particles and 
elemental carbon remained the most consistent 
and were significant (Table A3 in the Supplemen-
tary Appendix).

Discussion

We examined the functional and inflammatory 
effects on asthma of real-life exposure to roadside 
diesel traffic. In adults with asthma, walking for 
2 hours at a leisurely pace along a street where only 
diesel-powered vehicles were permitted resulted in 
a significant but essentially asymptomatic reduc-
tion in lung function. Although the changes were 
small, they were greater than those provoked by 
walking in a nearby park and were more pro-
nounced among study participants whose asthma 
was more severe. These changes were accompanied 
by inflammatory changes in sputum and exhaled 
breath condensate.

The inflammatory response was predominantly 
neutrophilic, with raised levels of myeloperoxidase 
and interleukin-8 in sputum supernatants; we did 
not detect, even in participants with more severe 
asthma, an eosinophilic response characteristic of 
asthmatic inflammation. In association with the 
drop in FEV1, we found a twofold increase in ex-
haled-breath-condensate hydrogen ions after ex-
posure on Oxford Street. Acute asthma may be 
accompanied by airway acidification, with an in-

crease in hydrogen ions by a factor of more than 
100,15 perhaps reflecting inhibition of local epi-
thelial proton pumps during airway inflamma-
tion.16 Thus, intracellular acidosis related to the 
inflammatory process may be reflected in reduced 
airway pH.17

It has been suggested that any harmful respi-
ratory effects of acute exposure to diesel exhaust 
are attributable more to its particulate content 
than to its gaseous content.18 In addition to coarse 
particles (2.5 to 10 μm in diameter), diesel exhaust 
contains, in far greater numbers, ultrafine parti-
cles (<0.1 μm in diameter). In our study, the most 
consistent relationships between changes in respi-
ratory variables and specific pollutant concentra-
tions were for ultrafine particles and elemental 
carbon, a finding consistent with growing evi-
dence that the adverse respiratory effects of die-
sel-generated particles are attributable to those in 
the very small size range.19-23 With their higher 
ratio of surface area to mass, ultrafine particles 
can adsorb greater fractions of potentially toxic 
substances onto their surface, and they are depos-
ited more deeply and in greater numbers within 
the lung than are larger particles. Furthermore, 
the carbon core of elemental carbon particles is 
highly adsorptive.24 Differences in the concentra-
tions of ultrafine particles and elemental carbon 
between Oxford Street and Hyde Park were sub-
stantially larger than the differences in concentra-
tion between PM2.5 and particles less than 10 μm 
in diameter. However, our findings cannot be 
taken as a demonstration of a causal association 
with ultrafine particles and elemental carbon, 
since these may simply be a sensitive proxy for the 
entirety of a roadside diesel-traffic exposure, which 
is composed not only of the complex diesel ex-
haust mixture but also of resuspended coarse, 
thoracic particles (small enough to enter the tho-
rax) from road dust and engine or tire debris, 
which we did not measure.

Previous studies of the direct effects of diesel 
exhaust on asthma in humans have been con-
ducted under laboratory conditions, with fresh 
diesel fumes, from which gaseous constituents 
may have been removed (“scrubbed”), or reconsti-
tuted diesel exhaust material delivered to subjects 
in an exposure chamber.6,7,11,25-27 The findings of 
these studies have not been entirely consistent, and 
none of them have demonstrated an effect on spi-
rometric lung function, despite the use of much 
higher concentrations of diesel particles than 
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vital capacity (FEF25–75), and the fraction of exhaled nitric oxide (FeNO) are shown according to incremental changes in the levels of ultra-
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those we measured on Oxford Street. The discrep-
ancies between the findings of other studies and 
our own may be due to the complexity of the natu-
ral pollutant mixture we studied, with interactions 
between particulates and other pollutants, or to 
the possibility that reconstituted or scrubbed die-
sel exhaust mixtures substantially reduce the pro-
portion of ultrafine particles. In addition, we 
studied people with more severe asthma. Svarten-
gren et al.,28 in a realistic study of brief exposure 
to traffic pollution in a road tunnel, also failed to 
find any effect on FEV1 but reported more symp-
toms than we observed. Personal exposures to 
PM2.5 and nitrogen dioxide were much higher in 
that study, but the study participants had milder 
asthma than did the participants in our study. 
On the other hand, the inflammatory responses 
we observed, particularly the increase in sputum 
neutrophils and myeloperoxidase, were similar in 
nature to those in studies of controlled, chamber 
exposures.8,10,26,28

Our primary motive was to understand the ef-
fects of typical exposures to an urban atmosphere 
dominated by diesel exhaust. To this end, we se-
lected a setting where only diesel traffic was al-
lowed and used a randomized, crossover design 
limited to the winter months to avoid confound-
ing exposure to pollens, thereby removing or con-
trolling for most important confounding factors. 
Nonetheless, we recognize some limitations of our 
study, including the impossibility of blinding par-
ticipants and the inability to exclude the possibil-
ity of subjective responses, particularly with symp-
tom reporting. However, the internal consistency 
of our findings and the changes in variables over 
which the participants had no control make it very 
improbable that our results arose entirely from a 
subjective bias. Another difficulty arises from po-
tentially confounding exposures that we did not 
measure. For example, a walk on Oxford Street is 
likely to be a more stressful experience than a walk 

in a quiet park, and it is possible that some of the 
responses we measured were induced by factors 
associated with stress, particularly noise.29 In ad-
dition, because we did not study a reference group 
of people without asthma, we cannot be sure that 
our findings are specific to people with asthma, 
although the more pronounced responses in the 
participants with more severe disease suggest that 
the findings are specific. Finally, we did not study 
exposure to gasoline-powered traffic and therefore 
cannot conclude that diesel traffic is more toxic 
than other types.

Our observations serve as a direct demonstra-
tion and explanation of the epidemiologic evidence 
that associates exposure to diesel traffic with the 
severity of asthma and of the symptoms that many 
patients with asthma report after exposure to die-
sel exhaust. The changes in our primary end point 
(FEV1) were small and unaccompanied by clinically 
significant symptoms but would be more impor-
tant in patients with more compromised lung 
function. Without further study, however, we do 
not believe that these findings should deter most 
patients with asthma from visiting or working in 
busy urban environments. Our design has consid-
erable advantages over orthodox chamber studies 
and could readily be adapted to assess therapeutic 
strategies in the prophylaxis of traffic responses in 
asthma or other cardiorespiratory diseases.
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Completeness of data collection 
 
 
  Valid data 

n(%) 
FEV1 55 (92%) 
FVC 55 (92%) 
FEF 55 (92%) 
FENO 60 (100%) 
EBCpH 60 (100%) 
Sputum Neutrophils 43 (72%) 
Sputum MPO 41 (68%) 
Sputum IL-8 41 (68%) 

 
 
Table A1 Spearman correlation coefficients (r) between pollutant measurements 
 
 

 pm2.5 UFP EC NO2 CO 

pm2.5 - 0.62 0.73 0.60 0.76 

UFP - - 0.84 0.58 0.61 

EC - - - 0.58 0.73 

NO2 - - - - 0.51 

 



Table A2. results of statistical analyses examining potential interaction between the effects 
of exposure (Oxford Street vs Hyde Park) and other variables (Table 1 in printed 
manuscript) for all subjects and, separately, for those with mild and moderate 
asthma. 

 
 
ALL SUBJECTS (d,f) F p-value 
FEV1     
   AGE*EXPOSURE*TIME (13, 563) 0.49 0.928 
SEX*EXPOSURE*TIME (13, 563) 1.22 0.262 
HEIGHT*EXPOSURE*TIME (13, 563) 0.73 0.734 
ETHNICITY*EXPOSURE*TIME (13, 563) 0.77 0.694 
ATOPY*EXPOSURE*TIME (13, 563) 0.69 0.773 
ASTHMA*EXPOSURE*TIME (13, 563) 0.61 0.849 
STEROID*EXPOSURE*TIME (13, 563) 0.69 0.771 
TOLERANCE*EXPOSURE*TIME (13, 563) 0.48 0.937 
EXERCISE*EXPOSURE*TIME (26, 552) 1.4 0.094 
TRAFFIC*EXPOSURE*TIME (26, 550) 0.95 0.540 
FVC     
   AGE*EXPOSURE*TIME (13, 561) 2.28 0.006 
SEX*EXPOSURE*TIME (13, 561) 0.48 0.936 
HEIGHT*EXPOSURE*TIME (13, 561) 0.86 0.594 
ETHNICITY*EXPOSURE*TIME (13, 561) 1.23 0.253 
ATOPY*EXPOSURE*TIME (13, 561) 0.48 0.936 
ASTHMA*EXPOSURE*TIME (13, 561) 2.23 0.008 
STEROID*EXPOSURE*TIME (13, 562) 0.59 0.866 
TOLERANCE*EXPOSURE*TIME (13, 561) 0.87 0.583 
EXERCISE*EXPOSURE*TIME (26, 550) 0.98 0.493 
TRAFFIC*EXPOSURE*TIME (26, 548) 0.99 0.479 
FEF     
   AGE*EXPOSURE*TIME (13, 561) 3.8 <0.001 
SEX*EXPOSURE*TIME (13, 561) 2.65 0.001 
HEIGHT*EXPOSURE*TIME (13, 561) 2.3 0.006 
ETHNICITY*EXPOSURE*TIME (13, 561) 0.89 0.559 
ATOPY*EXPOSURE*TIME (13, 561) 0.82 0.634 
ASTHMA*EXPOSURE*TIME (13, 561) 0.85 0.602 
STEROID*EXPOSURE*TIME (13, 562) 0.92 0.527 
TOLERANCE*EXPOSURE*TIME (13, 561) 0.5 0.926 
EXERCISE*EXPOSURE*TIME (26, 550) 0.59 0.947 
TRAFFIC*EXPOSURE*TIME (26, 548) 0.47 0.989 
FENO     
   AGE*EXPOSURE*TIME (13, 578) 1.83 0.036 
SEX*EXPOSURE*TIME (13, 578) 0.76 0.707 
HEIGHT*EXPOSURE*TIME (13, 577) 0.8 0.661 
ETHNICITY*EXPOSURE*TIME (13, 578) 0.93 0.526 
ATOPY*EXPOSURE*TIME (13, 578) 0.85 0.612 
ASTHMA*EXPOSURE*TIME (13, 578) 0.57 0.881 
STEROID*EXPOSURE*TIME (13, 579) 0.47 0.941 
TOLERANCE*EXPOSURE*TIME (13, 578) 1.47 0.125 
EXERCISE*EXPOSURE*TIME (26, 567) 0.74 0.818 
TRAFFIC*EXPOSURE*TIME (26, 565) 0.8 0.754 
Exhaled breath condensate pH     
   AGE*EXPOSURE*TIME (5, 193) 0.49 0.787 
SEX*EXPOSURE*TIME (5, 193) 0.1 0.992 



HEIGHT*EXPOSURE*TIME (5, 192) 0.49 0.786 
ETHNICITY*EXPOSURE*TIME (5, 193) 0.57 0.723 
ATOPY*EXPOSURE*TIME (5, 193) 0.69 0.631 
ASTHMA*EXPOSURE*TIME (5, 193) 1.29 0.268 
STEROID*EXPOSURE*TIME (5, 194) 1.25 0.286 
TOLERANCE*EXPOSURE*TIME (5, 193) 1.24 0.293 
EXERCISE*EXPOSURE*TIME (10, 190) 1.79 0.065 
TRAFFIC*EXPOSURE*TIME (10, 188) 1.34 0.214 
Myeloperoxidase     
   AGE*EXPOSURE (1, 31) 0.63 0.433 
SEX*EXPOSURE (1, 31) 1.06 0.312 
HEIGHT*EXPOSURE (1, 30) 0.04 0.840 
ETHNICITY*EXPOSURE (1, 31) 3.4 0.075 
ATOPY*EXPOSURE (1, 31) 0.19 0.666 
ASTHMA*EXPOSURE (1, 31) 1.52 0.226 
STEROID*EXPOSURE (1, 31) 1.01 0.322 
TOLERANCE*EXPOSURE (1, 31) 8.91 0.006 
EXERCISE*EXPOSURE (2, 30) 0.02 0.976 
TRAFFIC*EXPOSURE (2, 30) 0.25 0.778 
Neutrophils     
   AGE*EXPOSURE (1, 20) 0.02 0.884 
SEX*EXPOSURE (1, 20) 3.38 0.081 
HEIGHT*EXPOSURE (1, 20) 1.05 0.317 
ETHNICITY*EXPOSURE (1, 20) 0.6 0.448 
ATOPY*EXPOSURE (1, 20) 0.29 0.596 
ASTHMA*EXPOSURE (1, 20) 1.2 0.286 
STEROID*EXPOSURE (1, 20) 0.14 0.714 
TOLERANCE*EXPOSURE (1, 20) 0.26 0.618 
EXERCISE*EXPOSURE (2, 19) 0.2 0.658 
TRAFFIC*EXPOSURE (2, 19) 0.39 0.683 
IL-8     
   AGE*EXPOSURE (1, 33) 0.17 0.921 
SEX*EXPOSURE (1, 33) 0.28 0.601 
HEIGHT*EXPOSURE (1, 32) 6.78 0.014 
ETHNICITY*EXPOSURE (1, 33) 1.68 0.203 
ATOPY*EXPOSURE (1, 33) 0.02 0.894 
ASTHMA*EXPOSURE (1, 33) 0.03 0.870 
STEROID*EXPOSURE (1, 33) 0.22 0.642 
TOLERANCE*EXPOSURE (1, 33) 0.06 0.803 
EXERCISE*EXPOSURE (2, 32) 3.71 0.036 
TRAFFIC*EXPOSURE (2, 32) 0.36 0.701 
 
 
 

   

MILD ASTHMA (d,f) F p-value 
FEV1     
   AGE*EXPOSURE*TIME (13, 293) 1.29 0.219 
SEX*EXPOSURE*TIME (13, 293) 0.87 0.587 
HEIGHT*EXPOSURE*TIME (13, 293) 0.71 0.751 
ETHNICITY*EXPOSURE*TIME (13, 293) 1.12 0.337 
ATOPY*EXPOSURE*TIME (13, 293) 0.5 0.921 
STEROID*EXPOSURE*TIME (13, 293) 0.9 0.556 
TOLERANCE*EXPOSURE*TIME (13, 293) 0.79 0.669 
EXERCISE*EXPOSURE*TIME (26, 281) 0.88 0.644 



TRAFFIC*EXPOSURE*TIME (26, 281) 1.55 0.045 
FVC     
   AGE*EXPOSURE*TIME (13, 292) 2.28 0.007 
SEX*EXPOSURE*TIME (13, 292) 1.03 0.419 
HEIGHT*EXPOSURE*TIME (13, 292) 1.35 0.185 
ETHNICITY*EXPOSURE*TIME (13, 292) 0.91 0.540 
ATOPY*EXPOSURE*TIME (13, 292) 0.65 0.809 
STEROID*EXPOSURE*TIME (13, 292) 0.74 0.725 
TOLERANCE*EXPOSURE*TIME (13, 292) 1 0.453 
EXERCISE*EXPOSURE*TIME (26, 280) 0.83 0.710 
TRAFFIC*EXPOSURE*TIME (26, 280) 1.25 0.188 
FEF     
   AGE*EXPOSURE*TIME (13, 292) 4.17 <0.001 
SEX*EXPOSURE*TIME (13, 292) 0.97 0.481 
HEIGHT*EXPOSURE*TIME (13, 292) 1.57 0.094 
ETHNICITY*EXPOSURE*TIME (13, 292) 0.46 0.947 
ATOPY*EXPOSURE*TIME (13, 292) 0.44 0.955 
STEROID*EXPOSURE*TIME (13, 292) 0.71 0.749 
TOLERANCE*EXPOSURE*TIME (13, 292) 0.43 0.960 
EXERCISE*EXPOSURE*TIME (26, 280) 0.51 0.978 
TRAFFIC*EXPOSURE*TIME (26, 280) 0.63 0.924 
FENO     
   AGE*EXPOSURE*TIME (13, 299) 1.2 0.276 
SEX*EXPOSURE*TIME (13, 300) 1.02 0.428 
HEIGHT*EXPOSURE*TIME (13, 298) 1.12 0.345 
ETHNICITY*EXPOSURE*TIME (13, 300) 0.21 0.999 
ATOPY*EXPOSURE*TIME (13, 300) 0.5 0.923 
STEROID*EXPOSURE*TIME (13, 300) 0.44 0.955 
TOLERANCE*EXPOSURE*TIME (13, 300) 1.39 0.165 
EXERCISE*EXPOSURE*TIME (26, 288) 0.92 0.584 
TRAFFIC*EXPOSURE*TIME (26, 288) 1.13 0.307 
Exhaled breath condensate pH     
   AGE*EXPOSURE*TIME (5, 99) 0.7 0.624 
SEX*EXPOSURE*TIME (5, 100) 0.05 0.999 
HEIGHT*EXPOSURE*TIME (5, 100) 1.54 0.184 
ETHNICITY*EXPOSURE*TIME (5, 100) 0.74 0.595 
ATOPY*EXPOSURE*TIME (5, 100) 0.49 0.785 
STEROID*EXPOSURE*TIME (5, 100) 0.92 0.469 
TOLERANCE*EXPOSURE*TIME (5, 100) 2 0.085 
EXERCISE*EXPOSURE*TIME (10, 96) 1.61 0.115 
TRAFFIC*EXPOSURE*TIME (10, 96 1.84 0.063 
Myeloperoxidase     
   AGE*EXPOSURE (1, 16) 0 0.974 
SEX*EXPOSURE (1, 16) 0.43 0.521 
HEIGHT*EXPOSURE (1, 16) 0.41 0.531 
ETHNICITY*EXPOSURE (1, 16) 3.52 0.079 
ATOPY*EXPOSURE (1, 16) 0.01 0.909 
STEROID*EXPOSURE (1, 16) 0.03 0.868 
TOLERANCE*EXPOSURE (1, 16) 0.49 0.495 
EXERCISE*EXPOSURE (2, 15) 0.37 0.699 
TRAFFIC*EXPOSURE (2, 15) 1.01 0.386 
Neutrophils     
   AGE*EXPOSURE (1, 11) 1.45 0.255 
SEX*EXPOSURE (1, 12) 3.92 0.071 



HEIGHT*EXPOSURE (1, 11) 0.47 0.508 
ETHNICITY*EXPOSURE (1, 12) 0.23 0.639 
ATOPY*EXPOSURE (1, 12) 0.06 0.811 
STEROID*EXPOSURE (1, 12) 0.03 0.864 
TOLERANCE*EXPOSURE (1, 12) 0.01 0.915 
EXERCISE*EXPOSURE (1, 12) 0.27 0.612 
TRAFFIC*EXPOSURE (2, 11) 0.29 0.753 
IL-8     
   AGE*EXPOSURE (1, 18) 0.19 0.667 
SEX*EXPOSURE (1, 18) 0.03 0.867 
HEIGHT*EXPOSURE (1, 17) 2.52 0.131 
ETHNICITY*EXPOSURE (1, 18) 0.66 0.426 
ATOPY*EXPOSURE (1, 18) 0.02 0.896 
STEROID*EXPOSURE (1, 18) 0.74 0.402 
TOLERANCE*EXPOSURE (1, 18) 0.13 0.724 
EXERCISE*EXPOSURE (2, 17) 3.25 0.063 
TRAFFIC*EXPOSURE (2, 17) 1.31 0.295 

 
 
 
Moderate asthma (d,f) F p-value 
FEV1     
   AGE*EXPOSURE*TIME (13, 244) 0.5 0.925 
SEX*EXPOSURE*TIME (13, 244) 1.16 0.307 
HEIGHT*EXPOSURE*TIME (13, 244) 1.09 0.367 
ETHNICITY*EXPOSURE*TIME (13, 244) 0.84 0.619 
ATOPY*EXPOSURE*TIME (13, 245) 0.72 0.740 
STEROID*EXPOSURE*TIME (13, 245) 0.65 0.810 
TOLERANCE*EXPOSURE*TIME (13, 244) 0.62 0.837 
EXERCISE*EXPOSURE*TIME (13, 245) 1.29 0.220 
TRAFFIC*EXPOSURE*TIME (26, 233) 0.87 0.647 
FVC     
   AGE*EXPOSURE*TIME (13, 243) 0.97 0.487 
SEX*EXPOSURE*TIME (13, 243) 0.29 0.993 
HEIGHT*EXPOSURE*TIME (13, 242) 1.11 0.352 
ETHNICITY*EXPOSURE*TIME (13, 243) 1.31 0.209 
ATOPY*EXPOSURE*TIME (13, 244) 0.54 0.900 
STEROID*EXPOSURE*TIME (13, 244) 1.03 0.420 
TOLERANCE*EXPOSURE*TIME (13, 243) 0.92 0.535 
EXERCISE*EXPOSURE*TIME (13, 244) 0.96 0.489 
TRAFFIC*EXPOSURE*TIME (26, 232) 1.08 0.368 
FEF     
   AGE*EXPOSURE*TIME (13, 243) 2.88 <0.001 
SEX*EXPOSURE*TIME (13, 243) 1.03 0.418 
HEIGHT*EXPOSURE*TIME (13, 242) 0.81 0.649 
ETHNICITY*EXPOSURE*TIME (13, 243) 1.03 0.420 
ATOPY*EXPOSURE*TIME (13, 244) 0.82 0.634 
STEROID*EXPOSURE*TIME (13, 244) 0.96 0.497 
TOLERANCE*EXPOSURE*TIME (13, 243) 0.76 0.704 
EXERCISE*EXPOSURE*TIME (26, 244) 0.42 0.964 
TRAFFIC*EXPOSURE*TIME (26, 232) 1.15 0.284 
FENO     
   AGE*EXPOSURE*TIME (13, 252) 1.99 0.022 



SEX*EXPOSURE*TIME (13, 252) 0.69 0.774 
HEIGHT*EXPOSURE*TIME (13, 251) 1.11 0.350 
ETHNICITY*EXPOSURE*TIME (13, 252) 1.41 0.153 
ATOPY*EXPOSURE*TIME (13, 253) 1.89 0.032 
STEROID*EXPOSURE*TIME (13, 253) 0.82 0.636 
TOLERANCE*EXPOSURE*TIME (13, 252) 1.23 0.259 
EXERCISE*EXPOSURE*TIME (13, 253) 1.12 0.343 
TRAFFIC*EXPOSURE*TIME (26, 241) 0.54 0.970 
Exhaled breath condensate pH     
   AGE*EXPOSURE*TIME (5, 83) 0.66 0.651 
SEX*EXPOSURE*TIME (5, 83) 0.43 0.827 
HEIGHT*EXPOSURE*TIME (5, 83) 0.23 0.947 
ETHNICITY*EXPOSURE*TIME (5, 83) 0.81 0.544 
ATOPY*EXPOSURE*TIME (5, 84) 0.95 0.453 
STEROID*EXPOSURE*TIME (5, 84) 0.55 0.739 
TOLERANCE*EXPOSURE*TIME (5, 83) 0.99 0.426 
EXERCISE*EXPOSURE*TIME (5, 84) 0.4 0.845 
TRAFFIC*EXPOSURE*TIME (10, 80) 0.92 0.522 
Myeloperoxidase     
   AGE*EXPOSURE (1, 12) 0.77 0.398 
SEX*EXPOSURE (1, 13) 1.3 0.275 
HEIGHT*EXPOSURE (1, 13) 0.03 0.862 
ETHNICITY*EXPOSURE (1, 13) 2.72 0.123 
ATOPY*EXPOSURE (1, 13) 0.1 0.758 
STEROID*EXPOSURE (1, 13) 0.34 0.569 
TOLERANCE*EXPOSURE (1, 13) 4.45 0.055 
EXERCISE*EXPOSURE (2, 13) 0.01 0.915 
TRAFFIC*EXPOSURE (2, 12) 0.27 0.771 
Neutrophils     
   AGE*EXPOSURE (1, 6) 0.45 0.528 
SEX*EXPOSURE (1, 6) 0 0.975 
HEIGHT*EXPOSURE (1, 6) 0.14 0.723 
ETHNICITY*EXPOSURE (1, 6) 0.16 0.706 
ATOPY*EXPOSURE (1, 6) 3.72 0.102 
STEROID*EXPOSURE (1, 6) 0.05 0.835 
TOLERANCE*EXPOSURE (1, 6) 0.16 0.700 
EXERCISE*EXPOSURE (1, 6) 0 0.970 
TRAFFIC*EXPOSURE (2, 5) 0.06 0.946 
IL-8     
   AGE*EXPOSURE (1, 12) 0.73 0.409 
SEX*EXPOSURE (1, 13) 0.44 0.519 
HEIGHT*EXPOSURE (1, 13) 4.81 0.047 
ETHNICITY*EXPOSURE (1, 13) 1.04 0.327 
ATOPY*EXPOSURE (1, 13) 0.38 0.549 
STEROID*EXPOSURE (1, 13) 0.13 0.726 
TOLERANCE*EXPOSURE (1, 13) 0 0.987 
EXERCISE*EXPOSURE (1, 13) 0.02 0.882 
TRAFFIC*EXPOSURE (2, 12) 0.64 0.544 

 



Table A3i. Point estimtes and 95% confidence intervals(CI) of the percent change in health endpoints per 10,000 particles/cm3 incremental 
change in ultrafine particle concentrations averaged over the exposure and control sessions. Point estimates are adjusted for EC, 
PM2.5, and NO2, respectively 

 
Single Pollutant Model EC PM2.5 NO2 

95% CI 95% CI 95% CI 95% CI 
Endpoint 
at time=t 

hours Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p 

FEV1                      
2 -0.79 -1.25 -0.33 0.001 -1.15 -2.09 -0.21 0.016 -0.74 -1.33 -0.15 0.014 -0.7 -1.31 -0.1 0.023 
3 -0.73 -1.24 -0.21 0.006 -0.66 -1.69 0.37 0.209 -0.75 -1.4 -0.1 0.023 -0.84 -1.51 -0.18 0.013 
5 -0.90 -1.46 -0.34 0.002 -0.98 -2.09 0.13 0.082 -0.77 -1.47 -0.07 0.031 -1.01 -1.73 -0.29 0.006 
7 -0.66 -1.24 -0.08 0.026 -0.88 -2.01 0.25 0.125 -0.55 -1.27 0.16 0.131 -0.74 -1.48 -0.01 0.047 

22 -0.44 -1.04 0.15 0.141 -1.41 -2.55 -0.27 0.016 -0.56 -1.29 0.16 0.129 -0.48 -1.23 0.26 0.199 
FVC                    

2 -0.56 -1.11 -0.01 0.046 -1.1 -2.21 0.01 0.051 -0.69 -1.41 0.02 0.057 -0.67 -1.41 0.06 0.072 
3 -0.61 -1.21 0.00 0.049 -1.03 -2.2 0.14 0.084 -0.83 -1.59 -0.06 0.034 -0.92 -1.7 -0.13 0.022 
5 -0.71 -1.37 -0.06 0.032 -1.22 -2.43 -0.02 0.047 -0.82 -1.62 -0.02 0.045 -1.14 -1.96 -0.32 0.007 
7 -0.34 -1.01 0.33 0.317 -1.66 -2.87 -0.44 0.008 -0.37 -1.18 0.44 0.375 -0.53 -1.36 0.3 0.207 

22 -0.42 -1.10 0.26 0.223 -2.24 -3.46 -1.03 <0.001 -0.81 -1.63 -0.01 0.050 -0.78 -1.62 0.05 0.065 
FEF25-75%                    

2 -2.24 -3.94 -0.54 0.010 -1.71 -4.91 1.5 0.297 -1.47 -3.75 0.82 0.207 -1.57 -3.96 0.83 0.199 
3 -2.22 -4.12 -0.32 0.022 -0.24 -3.46 2.97 0.883 -1.11 -3.45 1.22 0.350 -1.38 -3.8 1.05 0.266 
5 -2.81 -4.88 -0.73 0.008 -1.54 -4.75 1.68 0.348 -1.45 -3.8 0.9 0.227 -1.85 -4.28 0.59 0.137 
7 -2.12 -4.27 0.02 0.053 0.18 -3.04 3.39 0.914 -1.33 -3.68 1.03 0.268 -1.56 -4 0.87 0.208 

22 -1.71 -3.91 0.48 0.125 -0.47 -3.69 2.75 0.774 -1.21 -3.56 1.15 0.314 -0.75 -3.19 1.68 0.544 
FENO                    

3 1.01 -1.11 3.12 0.350 -0.81 -4.13 2.52 0.633 -0.16 -2.2 1.89 0.881 -0.7 -2.82 1.42 0.517 
4 0.73 -1.58 3.05 0.534 -3.07 -6.64 0.51 0.093 0.36 -1.83 2.54 0.748 -0.4 -2.67 1.88 0.731 
5 1.74 -0.72 4.19 0.166 -1.82 -5.56 1.92 0.340 1.66 -0.61 3.93 0.152 0.66 -1.72 3.03 0.587 
6 1.13 -1.44 3.70 0.388 -3.27 -7.12 0.58 0.096 0.57 -1.76 2.9 0.630 0.91 -1.53 3.35 0.463 
7 0.89 -1.76 3.54 0.510 -2.72 -6.65 1.21 0.174 0.53 -1.84 2.89 0.662 0.09 -2.39 2.58 0.943 

22 1.62 -1.30 4.53 0.276 -0.94 -5.04 3.16 0.653 1.13 -1.31 3.56 0.365 1.81 -0.77 4.39 0.168 
pH                    
3 -0.32 -0.58 -0.05 0.018 -0.56 -1.09 -0.04 0.037 -0.37 -0.7 -0.04 0.029 -0.07 -0.39 0.26 0.690 
6 -0.10 -0.38 0.19 0.515 -0.35 -0.94 0.25 0.250 -0.09 -0.46 0.282 0.639 0.06 -0.3 0.42 0.740 



Table A3ii. Point estimtes and 95% confidence intervals(CI) of the percent change in health endpoints per 1µg/m3 incremental change in 
elemental carbon concentrations averaged over the exposure and control sessions. Point estimates are adjusted for UFP, PM2.5, 
and NO2, respectively 

 
Single Pollutant Model UFP PM2.5 NO2 

95% CI 95% CI 95% CI 95% CI 
Endpoint 
at time=t 

hours Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p 

FEV1                                 
2 -0.36 -0.63 -0.09 0.010 0.2 -0.33 0.74 0.456 -0.25 -0.6 0.1 0.164 -0.31 -0.64 0.02 0.068 
3 -0.42 -0.72 -0.12 0.007 -0.09 -0.68 0.5 0.755 -0.37 -0.76 0.02 0.064 -0.45 -0.82 -0.09 0.016 
5 -0.49 -0.81 -0.16 0.004 -0.01 -0.64 0.63 0.988 -0.34 -0.75 0.09 0.124 -0.53 0.93 -0.14 0.008 
7 -0.33 -0.67 0.00 0.053 0.1 -0.55 0.75 0.764 -0.17 -0.6 0.26 0.446 -0.37 -0.77 0.03 0.071 
22 -0.12 -0.46 0.23 0.497 0.57 -0.08 1.23 0.087 -0.04 -0.48 0.39 0.846 -0.14 -0.54 0.27 0.513 

FVC                               
2 -0.26 -0.57 0.06 0.111 0.28 -0.35 0.92 0.384 -0.24 -0.66 0.18 0.257 -0.29 -0.69 0.1 0.148 
3 -0.32 -0.66 0.02 0.066 0.18 -0.49 0.86 0.590 -0.35 -0.79 0.1 0.126 -0.47 -0.89 -0.05 0.029 
5 -0.35 -0.72 0.01 0.059 0.25 -0.44 0.94 0.482 -0.31 -0.77 0.15 0.185 -0.56 -0.99 -0.12 0.012 
7 0.00 -0.37 0.37 0.986 0.82 0.12 1.51 0.022 0.16 -0.31 0.62 0.506 -0.1 -0.54 0.33 0.644 
22 0.04 -0.33 0.41 0.841 1.14 0.44 1.83 0.001 0.02 -0.44 0.48 0.933 -0.08 -0.52 0.35 0.705 

FEF25-75%                               
2 -0.74 -1.65 0.18 0.116 0.1 -1.74 1.94 0.917 -0.44 -1.64 0.76 0.467 -0.5 -1.65 0.65 0.394 
3 -0.87 -1.85 0.12 0.084 -0.75 -2.59 1.1 0.427 -0.51 -1.72 0.69 0.404 -0.52 -1.67 0.63 0.377 
5 -1.12 -2.14 -0.10 0.031 -0.37 -2.22 1.48 0.695 -0.5 -1.7 0.71 0.419 -0.71 -1.86 0.44 0.227 
7 -1.11 -2.14 -0.08 0.034 -1.2 -3.04 0.65 0.203 -0.85 -2.05 0.36 0.168 -0.9 -2.05 0.25 0.124 
22 -0.75 -1.78 0.28 0.152 -0.52 -2.37 1.33 0.581 -0.64 -1.84 0.57 0.300 -0.44 -1.59 0.71 0.455 

FENO                               
3 1.63 0.41 2.85 0.009 0.69 -1.22 2.6 0.478 0.09 -1.17 1.35 0.891 -0.24 -1.43 0.95 0.690 
4 1.91 0.57 3.25 0.005 2.08 0.03 4.14 0.047 1.02 -0.35 2.4 0.144 0.47 -0.83 1.77 0.478 
5 2.37 0.95 3.79 0.001 1.93 -0.22 4.08 0.079 1.68 0.23 3.13 0.024 0.91 -0.47 2.29 0.196 
6 2.18 0.70 3.67 0.004 2.45 0.24 4.67 0.030 1.31 -0.2 2.82 0.090 1.05 -0.39 2.49 0.153 
7 1.92 0.39 3.46 0.014 1.92 -0.34 4.18 0.095 1.07 -0.49 2.62. 0.178 0.5 -0.99 1.98 0.513 
22 1.97 0.28 3.65 0.022 1.09 -1.27 3.44 0.365 1.02 -0.66 2.71 0.234 0.85 -0.78 2.48 0.304 
pH                               
3 -0.10 -0.26 0.06 0.210 0.18 -0.13 0.48 0.250 -0.11 -0.31 0.09 0.285 0.01 -0.17 0.19 0.947 
6 <0.01 -0.17 0.17 0.985 0.17 -0.09 0.51 0.318 0.02 -0.2 0.25 0.839 0.06 -0.14 0.26 0.544 
 
 



Table A3iii. Point estimtes and 95% confidence intervals(CI) of the percent change in health endpoints per 10µg/m3 incremental change in 
PM2.5 concentrations averaged over the exposure and control sessions. Point estimates are adjusted for UFP, PM2.5, and NO2, 
respectively. 

 
Single Pollutant Model UFP EC NO2 

95% CI 95% CI 95% CI 95% CI 
Endpoint 
at time=t 

hours Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p 

FEV1                                 
2 -0.65 -1.52 0.21 0.139 0.03 -1.03 1.1 0.948 -0.39 -1.5 0.71 0.487 -0.57 -1.6 0.45 0.273 
3 -0.46 -1.43 0.51 0.349 0.24 -0.94 1.41 0.694 -0.06 -1.27 1.16 0.928 -0.48 -1.61 0.66 0.410 
5 -0.89 -1.96 0.18 0.103 -0.17 -1.44 1.09 0.789 -0.61 -1.92 0.7 0.363 -0.86 -2.11 0.35 0.163 
7 -0.39 -1.50 0.72 0.490 0.13 -1.17 1.42 0.850 -0.32 -1.66 1.03 0.643 -0.44 -1.71 0.82 0.49 
22 -0.08 -1.22 1.05 0.885 0.44 -0.87 1.75 0.511 -0.32 -1.68 1.04 0.642 0.13 -1.15 1.41 0.839 

FVC                               
2 -0.25 -1.30 0.79 0.635 0.4 -0.9 1.69 0.546 -0.16 -1.48 1.16 0.809 -0.25 -1.51 1.01 0.634 
3 0.07 -1.08 1.22 0.911 0.84 -0.55 2.22 0.237 0.24 -1.16 1.63 0.738 0.07 -1.29 1.42 0.924 
5 -0.23 -1.47 1.01 0.715 0.54 -0.92 1.99 0.470 -0.1 -1.54 1.34 0.893 -0.47 -1.88 0.94 0.512 
7 0.11 -1.16 1.38 0.865 0.45 -1.02 1.92 0.547 -0.4 -1.85 1.05 0.585 -0.01 -1.44 1.41 0.985 
22 0.75 -0.54 2.03 0.254 1.5 0.03 2.97 0.046 0.41 -1.04 1.87 0.576 0.95 -0.57 2.28 0.239 

FEF25-75% 
    

                        

2 -3.36 -6.58 -0.15 0.041 -2 -6.12 2.13 0.343 -0.71 -4.46 3.04 0.710 -2.92 -6.99 1.15 0.159 
3 -4.81 -8.41 -1.21 0.009 -0.377 -8 0.45 0.080 -1.59 -5.35 2.17 0.406 -4.39 -8.54 -0.23 0.039 
5 -5.63 -9.59 -1.66 0.006 -4.28 -8.53 -0.02 0.049 -2.88 -6.64 0.88 0.133 -4.71 -8.89 -0.53 0.027 
7 -3.34 -7.44 0.77 0.111 -2.1 -6.36 2.16 0.333 -0.54 -4.3 3.22 0.778 -2.91 -7.09 1.27 0.172 
22 -3.20 -7.41 1.01 0.136 -2.05 -6.31 2.21 0.345 -0.89 -4.65 2.88 0.645 -2.08 -6.26 2.1 0.329 

FENO                               
3 0.98 -2.96 4.92 0.626 0.74 -2.93 4.41 0.692 0.82 -3.06 4.71 0.677 -0.89 -4.53 2.76 0.633 
4 -0.79 -5.09 3.52 0.720 -1.51 -5.42 2.41 0.450 -2.29 -6.53 1.94 0.288 -2.04 -6.02 1.93 0.313 
5 0.05 -4.53 4.62 0.985 -1.91 -5.98 2.17 0.358 -2.51 -7 1.98 0.273 -1.55 -5.76 2.65 0.468 
6 -0.16 -4.92 4.61 0.949 -1.08 -5.25 3.1 0.612 -2.26 -6.93 2.41 0.342 -0.76 -5.13 3.61 0.734 
7 -0.54 -5.45 4.37 0.828 -1.43 -5.67 2.81 0.510 -2.25 -7.05 2.55 0.358 -1.65 -6.15 2.84 0.471 
22 1.89 -3.48 7.25 0.490 0.44 -3.93 4.81 0.844 -0.18 -5.38 5.02 0.945 1.6 -3.25 6.46 0.517 
pH                               
3 -0.24 -0.75 0.27 0.352 0.11 -0.49 0.7 0.720 0.01 -0.62 0.63 0.988 0.21 -0.34 0.76 0.459 
6 -0.17 -0.73 0.38 0.534 -0.09 -0.75 0.57 0.785 -0.19 -0.88 0.5 0.587 0.08 -0.52 0.68 0.795 
 



Table A3iv. Point estimates and 95% confidence intervals(CI) of the percent change in health endpoints per 10µg/m3 incremental change in 
NO2 concentrations averaged over the exposure and control sessions. Point estimates are adjusted for UFP, PM2.5, and NO2, 
respectively 

 
Single Pollutant Model UFP PM2.5 EC 

95% CI 95% CI 95% CI 95% CI 
Endpoint 
at time=t 

hours Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p Point 
estimate Lower Upper 

p 

FEV1                                 
2 -0.22 -0.40 -0.05 0.012 -0.08 -0.3 0.13 0.448 -0.15 -0.36 0.05 0.148 -0.18 -0.37 0.02 0.079 
3 -0.12 -0.32 0.07 0.217 0.04 -0.19 0.28 0.717 -0.09 -0.31 0.14 0.464 -0.05 -0.27 0.17 0.646 
5 -0.16 -0.37 0.06 0.152 0.04 -0.21 0.3 0.740 -0.07 -0.31 0.18 0.598 -0.07 -0.31 0.16 0.544 
7 -0.11 -0.34 0.11 0.310 0.03 -0.23 0.3 0.808 -0.06 -0.31 0.19 0.642 -0.06 -0.3 0.18 0.614 
22 -0.13 -0.35 0.10 0.270 -0.03 -0.3 0.24 0.821 -0.15 -0.4 0.11 0.264 -0.14 -0.38 0.1 0.256 

FVC                               
2 -0.09 -0.30 0.11 0.376 0.04 -0.23 0.3 0.782 -0.07 -0.32 0.18 0.588 -0.07 -0.31 0.16 0.535 
3 -0.07 -0.30 0.16 0.549 0.11 -0.17 0.39 0.440 -0.05 -0.32 0.22 0.717 -0.02 -0.27 0.23 0.855 
5 -0.04 -0.29 0.21 0.761 0.19 -0.11 0.48 0.214 0.04 -0.24 0.33 0.768 0.03 -0.23 0.29 0.806 
7 -0.06 -0.31 0.20 0.666 0.05 -0.25 0.35 0.742 -0.03 -0.32 0.25 0.811 -0.07 -0.33 0.19 0.601 
22 -0.02 -0.28 0.23 0.863 0.13 -0.17 0.43 0.390 -0.07 -0.36 0.21 0.620 -0.05 -0.31 0.21 0.713 

FEF25-75%                               
2 -0.78 -1.44 -0.13 0.019 -0.47 -1.33 0.39 0.282 -0.48 -1.3 0.34 0.251 -0.43 -1.11 0.26 0.221 
3 -0.73 -1.46 0.00 0.051 -0.45 -1.33 0.42 0.309 -0.5 -1.34 0.33 0.236 -0.3 -0.98 0.39 0.393 
5 -0.88 -1.69 -0.08 0.031 -0.52 -1.4 0.36 0.247 -0.55 -1.39 0.29 0.199 -0.47 -1.15 0.22 0.181 
7 -0.60 -1.43 0.23 0.155 -0.29 -1.17 0.59 0.515 -0.37 -1.21 0.47 0.391 -0.22 -0.9 0.46 0.529 
22 -0.75 -1.60 0.10 0.084 -0.59 -1.47 0.29 0.190 -0.66 -1.5 0.18 0.124 -0.49 -1.18 0.2 0.162 

 FENO                               
3 0.53 -0.27 1.32 0.191 0.36 -0.41 1.12 0.363 0.42 -0.32 1.16 0.270 0.32 -0.39 1.03 0.378 
4 0.30 -0.57 1.17 0.498 0.07 -0.76 0.89 0.876 0.32 -0.49 1.13 0.440 -0.04 -0.81 0.74 0.925 
5 0.47 -0.45 1.40 0.315 0.03 -0.83 0.88 0.953 0.45 -0.41 1.3 0.303 0.04 -0.78 0.87 0.916 
6 0.00 -0.97 0.96 0.994 -0.5 -1.38 0.38 0.263 -0.2 -1.09 0.69 0.660 -0.49 -1.35 0.36 0.258 
7 0.11 -0.88 1.11 0.827 -0.22 -1.12 0.67 0.626 0.03 -0.88 0.95 0.941 -0.25 -1.14 0.63 0.573 
22 -0.07 -1.16 1.03 0.906 -0.74 -1.68 0.19 0.116 -0.38 -1.36 0.61 0.455 -0.59 -1.56 0.38 0.233 
pH                               
3 -0.15 -0.25 -0.06 0.002 -0.14 -0.26 -0.02 0.02 -0.19 -0.3 -0.08 <0.001 -0.15 -0.25 -0.04 0.007 
6 -0.06 -0.16 0.04 0.246 -0.07 -0.2 0.06 0.27 -0.09 -0.21 0.04 0.164 -0.07 -0.19 0.05 0.230 
 



Table 41. Individual daily medication scores (number of reliever inhalations) before 
and after each exposure session. 

 
  Days prior to exposure session Days after exposure session 

id Exposure session -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 
1 HYDE PARK 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
2 HYDE PARK 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
3 HYDE PARK 0 0 1 1 0 0 1 1 1 0 1 0 1 2 
4 HYDE PARK 2 1 1 2 3 1 1 0 1 0 0 1 0 0 
5 HYDE PARK               
6 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 HYDE PARK 1 0 1 0 1 0 2 0 0 1 1 0 1 1 
8 HYDE PARK 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
9 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 HYDE PARK 0 0 0 0 0 0 0 0 1 0 1 0 0 0 
11 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 HYDE PARK 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
13 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 HYDE PARK 0 0 2 0 1 0 0 4 1 0 0 0 2 0 
15 HYDE PARK 1 0 0 1 0 0 1 1 1 0 1 1 0 0 
16 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
17 HYDE PARK 0 0 0 0 2 2 2 0 1 0 1 0 1 1 
18 HYDE PARK 1 1 0 1 1 0 0 0 1 1 0 0 2 1 
19 HYDE PARK 2 1 2 2 0 0 0 1 1 0 0 0 0 0 
20 HYDE PARK 0 0 2 5 0 2 0 2 0 0 0 3 0 0 
21 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 HYDE PARK 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
23 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 HYDE PARK 0 2 2 2 0 2 0 2 2 0 0 3 1 0 
25 HYDE PARK 1 1 2 1 2 1 0 1 1 2 1 1 2 2 
26 HYDE PARK 0 1 1 1 2 1 3 1 3 2 2 1 3 5 
27 HYDE PARK               
28 HYDE PARK 0 0 2 0 0 1 0 0 1 0 0 0 0 0 
29 HYDE PARK 2 1 0 2 0 2 0 3 2 2     
30 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 HYDE PARK 1 0 1 0 1 0 0 0 0 0 0 2 0 1 
32 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
33 HYDE PARK 2 0 1 1 0 1 1 0 0 0 0 1 0 0 
34 HYDE PARK 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
35 HYDE PARK 0 0 0 0 1 1 0 2 0 0 0 0 1 2 
36 HYDE PARK 0 0 1 1 1 2 0 0 0 0 0 0 1 1 
37 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
38 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
39 HYDE PARK 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
40 HYDE PARK 2 2 2 1 2 1 2 1 1 1 1 1 2 1 
41 HYDE PARK               
42 HYDE PARK 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
43 HYDE PARK 2 2 1 0 0 0 0 0 1 2 0 0 2 0 
44 HYDE PARK 4 2 4 8 8 8 10 6 4 4 4 6 6 6 
45 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
46 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
47 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
48 HYDE PARK 0 0 2 0 0 2 0 0 0 0 0 0 0 0 
49 HYDE PARK               
50 HYDE PARK 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
51 HYDE PARK               
52 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
53 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
54 HYDE PARK 0 1 1 0 1 0 0 0 0 0 0 0 0 0 



55 HYDE PARK 0 0 1 2 2 0 0 0 0 0 0 0 1 0 
56 HYDE PARK 3 2 1 1 0 1 1 1 1 1 1 2 1 2 
57 HYDE PARK 0 0 0 1 0 1 0 1 0 0 1 0 0 0 
58 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
59 HYDE PARK               
60 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 OXFORD ST  0 0 0 0 0 0 1 0 0 0 0 0 0 
2 OXFORD ST 2 0 0 0 2 0 0 3 4 0 0 2 1 0 
3 OXFORD ST 0 0 0 0 1 1 1 0 0 0 0 0 0 0 
4 OXFORD ST 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
5 OXFORD ST               
6 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
7 OXFORD ST 0 0 0 1 0 0 0 1 0 0 0 0 0 0 
8 OXFORD ST 0 0 0 0 1 1 0 1 0 1 1 1 1 1 
9 OXFORD ST 0 0 0 0 0 0 0 0 1 2 2 1 2 1 
10 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 OXFORD ST 0 0 0 1 1 1 1 0 2 3 3 2 3 1 
12 OXFORD ST 0 0 0 1 2 1 0 1 0 0 0 0 0 0 
13 OXFORD ST 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
14 OXFORD ST 0 0 1 0 0 1 1 4 0 0 0 2 0 0 
15 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
17 OXFORD ST 1 1 0 0 1 1 0 1 1 1 3 0 0 1 
18 OXFORD ST 2 0 0 0 0 1 1 1 1 1 0 1 0 1 
19 OXFORD ST 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
20 OXFORD ST 2 3 1 0 1 2 1 0 0 0 0 0 0 0 
21 OXFORD ST               
22 OXFORD ST 0 0 1 2 1 0 0 0 0 0 0 0 0 0 
23 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 OXFORD ST 2 2 4 5 3 2 1 1 2 2 3 4 3 4 
25 OXFORD ST 2 1 2 1 0 2 1 2 2 2 1 1 2 2 
26 OXFORD ST 1 2 2 1 1 3 3 3 2 1 1 1 0 2 
27 OXFORD ST               
28 OXFORD ST 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
29 OXFORD ST 0 0 0 2 2 0 1 0 0 2 2 3 2 2 
30 OXFORD ST 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
31 OXFORD ST 1 0 1 0 0 0 0 1 1 1 1 1 1 0 
32 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
33 OXFORD ST 0 1 0 0 1 0 0 1 2 1 0 1 0 0 
34 OXFORD ST 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
35 OXFORD ST 2 0 0 0 0 1 0 1 1 0 0 0 1 0 
36 OXFORD ST 0 0 1 1 2 1 0 1 1 0 1 0 1 2 
37 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
38 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
39 OXFORD ST 2 2 3 2 2 2 2 2 2 2 2 2 2 2 
40 OXFORD ST 2 1 1 2 1 1 0 1 0 1 1 1 1 0 
41 OXFORD ST               
42 OXFORD ST 0 0 0 1 1 0 0 0 1 1 1 1 0 0 
43 OXFORD ST 2 2 0 2 4 2 0 0 0 0 0 0 0 0 
44 OXFORD ST  4 4 6 2 4 4 6 6 6 4 4 8 8 
45 OXFORD ST 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
46 OXFORD ST 0 0 0 0 2 0 1 1 1 1 1 1 1 1 
47 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
48 OXFORD ST 0 4 3 0 0 0 0 0 2 2 0 0 0 0 
49 OXFORD ST               
50 OXFORD ST      0 0 1 0 1 0 0 0  
51 OXFORD ST               
52 OXFORD ST 1 2 0 1 0 0 0 0 0 0 1 0 0 0 
53 OXFORD ST 0 0 2 0 0 0 0 0 0 0 0 0 0 0 



54 OXFORD ST 0 1 0 1 0 0 0 1 1 1 0 0 1 1 
55 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
56 OXFORD ST 1 2 1 1 1 0 2 0 0 2 0 2 1 0 
57 OXFORD ST 0 0 0 0 1 0 1 1 0 0 0 0 1 0 
58 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
59 OXFORD ST               
60 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 



Table 4ii. Individual measurements of lung function (%predicted values) before and after each exposure session.  
 FEV=forced expiratory volume in 1 second 
 FEF = mid-expiratory flow 
 FVC = forced vital capacity 
 

Before exposure After exposure 
 -2 hours +0 hours +1 hour +2 hours +3 hours +5 hours +7 hours +22 hours 

id Exposure FEV FEF FVC FEV FEF FVC FEV FEF FVC FEV FEF FVC FEV FEF FVC FEV FEF FVC FEV FEF FVC FEV FEF FVC 
1 HYDE PARK 87.4 70.7 90.3 84.1 64 88 82.7 59 89 83.1 64.5 86.5 86.2 66.9 91.8 89.2 73.9 92.6 90 76.3 92.7 85.5 68 90 
2 HYDE PARK 71.2 34.4 86 72.6 19 102 71.2 40 80 69.5 25.7 90.5 75.4 48.5 82.7 75.3 46.4 83.9 73.1 36.7 87.5 70 37 82 
3 HYDE PARK 91.9 57 110 99.4 59 119 98.1 58 117 94.1 54.8 116 93.4 57.7 112 92.2 57.2 111 86.6 54.6 105 89.6 53 107 
4 HYDE PARK 71.9 37.3 81.8 84 43 94 76.5 48 80 78 55.3 80.5 77.8 28.2 96.3 81.1 54.4 88.9 78.1 27.5 98.3 75.3 36 88 
5 HYDE PARK 95.7 75.9 101 101 81.3 103 98 86.8 96.4 99.3 80.2 102 97.8 83.6 97.9 97.8 83.6 97.9 103 85.1 107 98.9 82 102 
6 HYDE PARK 106 76.6 114       91.1 60.1 98.2 103 81.6 107 102 80 106 104 77.6 111 102 76 108 
7 HYDE PARK 89.4 54.8 104 91.8 73 96 87.7 51 101 89.6 66.1 95.5 92.2 78.6 96.8 93.9 77.7 98.9 90.2 50.9 108 93   
8 HYDE PARK 86.3 39.7 108 89.5 16 133 87.2 42.8 103 79.3 39.5 94.9 80.9 48.1 89.5 78.3 44.8 88.2 77.2 35.1 98.2 74.3 36 94 
9 HYDE PARK 98.8 63.5 118 105 73 114 107 74 113 111 83.4 119 104 83.8 110 105 81.9 113 108 70.8 125 94 54 112 
10 HYDE PARK 104 87 110 106 83.6 112 105 82.5 112 104 79.4 111 110 99.4 112 109 96.4 112 106 91.5 110 107 84 115 
11 HYDE PARK 71.9 45.4 84.5 72.1 41 87 76.1 47 88 74.6 43.1 88.9 78.6 46.4 94.4 75.5 45.7 90 78.1 50.5 89.1 77.9 48 93 
12 HYDE PARK 99.6 76.5 105 104 71 114 108 76 117 106 66.3 118 105 84.6 110 103 77.2 111 103 75.5 112 94.4 66 105 
13 HYDE PARK 105 72.4 115 107 70 117 107 72 116 108 67.7 121 105 77.2 113 103 77.1 109 104 71.5 114 96.8 66 108 
14 HYDE PARK 91.9 68.8 95.9 89 64 93.9 83.7 51.4 99.6 86.2 62.1 93.3 83.7 58.2 96.3 80.1 52.8 97.9 80.8 56.8 89.7 79.8 46 110 
15 HYDE PARK 92.9 61 104 92 62 98.6 97.3 60.2 109 94.4 62.4 103 91.6 63.7 98.2 95.8 66.7 103 98.4 65.7 109 96.4 64 107 
16 HYDE PARK 90.3 56.4 108 94.8 50 115 93.8 47 114 92 51.3 113 88.8 49.9 107 84.7 56.5 97 83.7 57.8 94.7 76.8 47 91 
17 HYDE PARK 99.8 75.3 109 103 92 103 106 79 108 102 74.1 110 99 89.3 97.5 112 94.8 116 102 109 100 95.7 97 91 
18 HYDE PARK 94.7 63.2 111 98 62 115 96.5 56 118 90.6 60.4 106 96.3 63.6 113 101 63.9 119 96.2 58.9 117 97.7 66 115 
19 HYDE PARK 99.2 90.2 99.3 101 81 101    95.1 75.1 95.5 96.5 85.8 94.2 102 91.4 99.6 106 81.2 108 106 91 107 
20 HYDE PARK 101 64.8 109 98 53 114 102 60 112 92 26.7 130 97.4 61.4 107 99.7 64 109 103 65.8 112 96.6 61 106 
21 HYDE PARK 92.7 71.9 103 99.7 79 108 97.8 66 109 101 84.4 109 92.2 79 99.7 93.3 84.4 99.2 97.3 85.7 104 89.8 75 98 
22 HYDE PARK 86 53.7 100 92.4 58 104 86 52 100 83.9 48.8 98.4 89.2 63.8 97.8 88.1 57.3 101 87.1 53.3 103 90.8 61 102 
23 HYDE PARK 77.3 59.6 88.4 78.9 56.1 91.1 74.2 50.4 88.4 78.1 57.7 89.4 79.9 66 87.1 78.9 67.5 86 80.1 69.4 86.9 72.9 75 89 
24 HYDE PARK 97.5 73 105 106 104 103 102 85 104 104 93.8 103 106 113 101 107 108 103 106 95.7 108 100 100 95 
25 HYDE PARK 91.5 55.7 107 95 66 101    92.4 66.1 98.9 89.1 66 95.3 86.9 60.4 96.1 92.3 60.1 105 91.2 60 103 
26 HYDE PARK 99.6 55.4 120 97 55 113 103 69 111 103 65.1 114 110 86.6 113 100 65.1 112 96.8 49.3 120 93.3 46 118 
27 HYDE PARK 87.3 54.6 105 92.4 61 105 91.1 63 101 95 60.8 110 94.3 59.1 114 92.3 59.3 114 93.9 55.7 119 96.9 66 111 
28 HYDE PARK 96.2 84.7 98.8    86.2 82 86 84.2 66.6 89.9 85.9 78.1 88 92.7 96 90.7 95.5 95.4 94.4 92.6 97 91 



29 HYDE PARK 82.8 55.3 89.6 78 37 96 72.5 31 93 66.8 30.1 85.2 72.5 37.5 88.2 72.3 36.9 90.3 71.1 33.8 92 79.8 44 94 
30 HYDE PARK 96.4 67.1 100 104 68 110 98.7 67 102 95.7 65.9 97.1 97.8 72.8 97.6 100 74.3 101 97.1 68.4 99.3 98.6 68 103 
31 HYDE PARK 93.3 57.7 106 96.9 54 110 91.6 46 111 90.1 43.6 109 99.8 64.6 112 95.1 58.1 109 97.1 61.9 110 96.7 60 112 
32 HYDE PARK 97.9 83.3 102 98.6 85 101    96.7 82.8 99.2 99.1 86.3 103 99.3 85.2 104 97.3 80.3 104 93.1 73 101 
33 HYDE PARK 75.9 44.7 89 85.6 62 90 81.8 62 84 84.9 64.8 87.5 87 66.2 91.8 80.9 57.2 88.6 74.7 43.3 87.9 72.7 39 90 
34 HYDE PARK 73.5 54.9 79.4 78.3 64 76.6 75.4 60 77.4 76.5 58.6 79.4 74.3 62.8 75.9 74.1 58.4 78.5 77.1 61.8 81.4 70.8 52 78 
35 HYDE PARK 85.6 70.6 88.9 93.5 78 95 93.6 76 96 92.4 75.6 94.3 91.2 84.8 90.5 91.1 82.3 91.4 96.1 81.2 97.6 91.8 68 100 
36 HYDE PARK 78.1 51.8 88.1 90.6 76 87 88.9 70 87 89.3 59.8 97.2 89.4 72.1 88.3 90.1 71.9 89.9 91.8 74.8 89.2 87.5 67 89 
37 HYDE PARK 85 60.4 94.7 88.4 63.8 95.3 81.6 57 89.3 85.1 60.7 91.8 80 57 88.4 80.8 60.7 86.9 88.8 67 95 85 60 95 
38 HYDE PARK 83.8 80.3 77.8 86.1 82 80 78.5 74 72 86.8 90.1 77.1 79.4 79.4 73.1 85.6 91.2 76 89.6 95.5 79.3 87.8 94 79 
39 HYDE PARK 86.7 54.4 106 99.5 66.7 113 99.3 68.1 111 105 78.4 112 102 76.7 110 104 81.5 110 99.6 71.3 111 102 82 104 
40 HYDE PARK 89.8 58.2 105 96.4 68 104 88.6 61 97 89.1 61.9 96.5 93.8 68.3 101 92.9 67.9 100 92.9 63.4 105 88.2 58 103 
41 HYDE PARK 109 108 105 112 97.9 111 99.3 73.2 105 101 74.3 108 102 85.1 103 113 118 107 107 90.2 110 108 98 106 
42 HYDE PARK 73.5 39.8 103 83.3 51 105 82.1 49 105 82.8 49.3 105 79.5 46.2 105 79.1 46.4 103 73.6 41.5 103 75.3 41 106 
43 HYDE PARK 79.2 54 91.6 87.1 65.6 94 82.2 57.1 92.1 84.2 57.4 95.2 87.3 68 95.1 85.6 69.3 90.8 87.1 70 93.1 90.5 70 99 
44 HYDE PARK 53 19.7 99.6 58.3 19 107 52.5 20 99 56.5 20.8 102 63.6 27.2 101 58.3 22.9 93.3 61.9 25.4 107 72.8 32 113 
45 HYDE PARK 88.1 50.9 108 96.5 47 124 90.3 43 121 91.5 53.6 110 96.3 58.2 116 91 58 106 92.1 53 115 81.5 46 103 
46 HYDE PARK 63.8 36.4 80.6 68.8 41 82 66.7 40 81 70.2 48.6 78.5 73.1 47.8 83.9 74.2 47.6 86.4 70.6 45.3 82.7 69.3 45 81 
47 HYDE PARK 98.9 70.1 110 102 77 108 98.6 66 109 99.5 70.7 108 105 84.4 112 102 79.6 108 96.5 69.1 106 99.7 78 107 
48 HYDE PARK 78.3 43.9 103 69.6 32 97 67.5 34 94 70.5 31.5 100 78.8 44.1 102 65.2 39.2 85.1 83.1 51.6 102 98.9 76 111 
49 HYDE PARK 93.6 78.8 96 93.2 68 99 88.7 60 97 95.1 72.4 98.7 91.1 68.4 97.2 91.9 76.5 95.2 94.7 73.3 99.6 92.1 67 100 
50 HYDE PARK 95.5 78 95.7 99.7 80 101 100 82 99 106 90.9 103 100 86.8 97 96.6 79 99.4 102 83.5 104 87.1 73 87 
51 HYDE PARK 96.4 69.1 108 88.8 60 99 91.3 60 104 92 61.5 110 97.1 65.9 112 94.2 63.8 108 94.4 64.3 109 98.4 65 114 
52 HYDE PARK 95 77.6 101 96 73 103 103 81 109 102 83.3 106 99.7 85.1 103 101 83.9 106 100 86.7 103 90.2 76 94 
53 HYDE PARK 85.5 89.9 77.1 82.1 76 80 88.4 87 82 82.6 83.6 75.8 81.9 83.4 77.2 92.6 100 83.5 86 83 77.8 79.9 85 74 
54 HYDE PARK 68.7 34 98.8 76 35 112 73.6 39 101 75.7 37.8 105 79.3 39.3 111 75.5 37.8 106 79.9 38.5 116 72.1 34 107 
55 HYDE PARK 88.2 54.9 108 103 75 112 100 66 114 95.2 62.7 110 94.1 63 110 94.9 60.4 114 93.3 60.7 111 96.2 62 114 
56 HYDE PARK 110 96.9 116 111 89 121 105 81 115 107 79.2 120 109 92 116 111 98.9 117 115 104 120 116 101 122 
57 HYDE PARK 91.9 92.6 90.9 89.5 78 91 83.9 65 89 89.9 67 94.8 90 81.7 91.4 87.3 79 87 84.1 71.6 87.1 91.7 106 85 
58 HYDE PARK 88.2 53.7 103 91.4 59 100 90.4 59 100 90 55.9 102 92.8 66.7 100 93.3 60.6 106 91.7 60.8 102 91.3 57 105 
59 HYDE PARK 77.7 53.8 88.2 80.3 46 92 80.5 54 91 82.3 57.4 90.4 80.4 56.5 90.8 78.6 55.5 88.8 77.9 51.8 90.6 72.8 40 89 
60 HYDE PARK 106 76.4 113 109 67 124 110 69 125 107 68.1 118 105 68.7 117 110 76.1 120 107 69.2 120 111 76 121 
1 OXFORD ST 85.4 68 89.4 91.6 70.8 95.9 91 72.7 92.6 89.5 72.4 91 88.6 75.5 90.2 83.8 68.8 87.5 84.7 70.6 87.8 82.9 59.3 90.7 
2 OXFORD ST 63.6 35.6 73.1 69.2 43.2 74.4 64.5 38 71.3 60.2 34 67.9 68.9 54.4 68.2 69.2 49.5 71.6 71.9 47.2 78.2 63.8 47.8 65 
3 OXFORD ST 90.3 54.5 108 93.5 60.2 108 96.8 64.9 109 94 60.4 108 97.2 65.5 111 94.4 64.8 108 94.9 66.4 107 91.9 64.7 103 
4 OXFORD ST 69.1 41.6 75 76.2 50.8 78.8 73 29.2 88.6 69.4 49.6 71.6 71.4 48.3 75.2 72.7 44.6 79 70.8 31.9 83.4 75.2 37.8 86.3 



5 OXFORD ST 93.5 72.4 99.2 89.5 76 90 87.4 77 86 86.9 71.9 88.3 89.4 66.9 96.4 94.8 77.9 98.3 97.3 71.6 106 99.1 77.2 105 
6 OXFORD ST 99.7 61.1 112 105 59.6 118 104 73.3 109 100 65.8 107 96.6 80.8 98.3 97.5 78.1 99.1 97.7 80.8 98.2 103 73.5 110 
7 OXFORD ST 101 87.8 107 105 83.9 112 101 77.4 108 101 72 110 100 104 99.4 98.5 89.4 101 103 82 111 103 89.3 108 
8 OXFORD ST 82 41.1 97.7 82.2 43 94 84.8 38 103 77.1 31.3 95.2 76.9 43.2 87.3 74.4 39.4 86.6 74 33.9 92.3 81.7 43.1 94.3 
9 OXFORD ST 94.8 62.1 110 102 66.7 119 100 67 114 99.1 60 119 98.3 70.3 111 101 77.1 109 99.4 77.7 107 96.6 63.3 114 
10 OXFORD ST 106 67.5 124 117 95 123 105 83 111 99.4 75.5 107 107 97.4 108 108 97.3 109 109 93.7 115 114 99.5 117 
11 OXFORD ST 74.2 45.3 87.6 79.3 50.7 91.1 85.2 52.8 97.1 75.4 46.7 85.2 75.1 49 86.2 71.5 40.5 89.1 77.3 49 89.4 76.3 41.9 95.2 
12 OXFORD ST 98.5 72.6 107 102 71.4 110 99.4 65 110 95.5 63.6 107 96.5 82.6 97.8 92.7 70.5 98.7 92.3 66.5 101 95.3 66.7 105 
13 OXFORD ST 99.8 66.3 112 105 69 116 102 66 113 100 65.6 111 102 77.5 108 99.3 68.4 110 103 75.6 110 95 64.4 106 
14 OXFORD ST 71.2 40.1 96 86.5 47 114 86.3 36 118 84.9 49.2 105 74.4 50.5 87 76.2 50.4 95.5 70.1 47.9 80.7 74.8 53.6 82.1 
15 OXFORD ST 92.6 62.8 102 91.6 63 98 93.7 63 101 88.4 57 96.9 94.9 65.2 103 94.8 66.9 102 97.7 67.4 107 92.5 59 104 
16 OXFORD ST 91.6 63.8 102 92.6 48.8 110 87 37.5 103 86.5 44.2 100 83.5 46.1 99.2 86 56.5 97.1 79.7 49.6 92.4 81.8 59.7 89.1 
17 OXFORD ST 95.5 134 85.4 103 91 103 97.4 99.4 90.3 102   101 117 95.5 95.4 103 92 103 110 98.6 94.6 96 92.5 
18 OXFORD ST 95.9 64.7 112 109 71.5 125 101 63.5 120 103 65.5 120 100 71.2 114 99.9 63.5 119 110 79.6 125 104 73.1 119 
19 OXFORD ST 99.5 81.1 101 107 80.2 108 107 90.1 105 104 88.7 101 99.6 98.7 92.9 97.1 89.2 92.4 104 87.1 103 99.2 89.2 94.9 
20 OXFORD ST 94.4 58.2 105 105 61.9 116 93.4 58 99.2 85.4 53.2 91.8 88.2 50.5 101 105 63.8 117 99.9 63.7 107 105 64.2 117 
21 OXFORD ST 91.5 76.8 99.6 97.8 77.3 107 95.7 81.5 102 102 92.5 107 92.7 80.5 100 95.9 85.2 103 93.6 83.7 100 91.3 73.8 101 
22 OXFORD ST 95.2 60.2 109 97.2 67 106 96.5 67.4 104 87.4 60.6 94.9 90.7 65.4 99.2 90.5 60.8 101 82.1 57.5 91.1 90.1 60.4 101 
23 OXFORD ST 81 65 91.5 81.2 63 89 75.2 53 89 78 61.8 85.7 73.1 63.6 78.6 79.7 70.8 86.6 78.8 52.9 95.3 85.1 68.9 96.4 
24 OXFORD ST 104 88.6 107 105 93.2 104 105 99 103 105 101 102 109 112 102 105 102 97.8 109 98 110 107 102 106 
25 OXFORD ST 95.9 64.9 107 98.7 46.3 125 100 37.8 133 95.2 65.1 104 97.6 79.5 99.2 91.8 71.4 95.4 92.2 57.1 107 99.5 72.5 107 
26 OXFORD ST 92.7 52 114 94.6 50.6 115 99.4 52.3 121 98.3 57.6 115 94.8 62.2 107 92.7 55.7 111 99.1 68.7 108 98.9 59.9 116 
27 OXFORD ST 92.8 58.9 111 104 64.1 124 94 57.7 114 90.2 55.9 109 85.6 49.4 112 88.1 65.5 94.4 97.4 65 112 88.8 55.1 107 
28 OXFORD ST 96.8 89.8 96.6 102 99.9 97.6 97.4 94 94.2 89.4 78.6 89.2 84.2 73.1 84.9 97.9 101 91.8 98.5 91.5 98.2 99 85.2 101 
29 OXFORD ST 94.2 61.1 105 92.7 52 106 93.9 46.1 116 87.1 34.3 113 88.3 53.6 99.5 90.3 52.3 104 87.9 49.3 104 98.1 69.1 105 
30 OXFORD ST 97 72.8 99.1 99.4 76.2 98.9 90.6 65.7 93.5 91.6 61 96.9 92.4 67.1 94.9 89.7 63.7 93.4 90.2 64.5 91.9 99 66.7 105 
31 OXFORD ST 83.4 44.7 102 93.4 52 109 81.6 41.9 99 83.3 46 96.8 90 60.1 100 81 51.1 92.4 80 51.1 91.3 82.4 50.8 95.4 
32 OXFORD ST 101 87.6 106 99.8 85.3 102 95.1 74.7 100 96.6 81.9 98.5 99.3 83.2 105 99.4 92.8 99.5 104 97.8 104 96.1 85.7 98.3 
33 OXFORD ST 73.3 43.5 86.3 84.6 55.8 90.1 74.6 36.4 87 73.6 43.5 85.2 78 49.5 88.5 70.1 39.4 85.5 76.5 38.7 95.1 84 53.9 95.1 
34 OXFORD ST 73.2 58.2 77.3 74.9 64 74 69.6 59 70 73.2 60.4 74.2 74.1 63.2 75.9 73.2 61.3 75 70.5 51.4 77.5 69.3 47.7 78.5 
35 OXFORD ST 90.1 69.5 95.5 91.9 73.7 93 84.8 63.8 88.4 88.8 71.2 91 93.5 81.3 94.7 92.7 78 93.7 91.3 68.6 98.4 85.8 66.2 90.9 
36 OXFORD ST 81.6 59.4 86.6 97.6 76 95.7 93 67.2 96.3 94.2 77.2 89.5 89.9 75.4 86.3 88.8 77.4 82.5 87.9 63.4 93.7 78.2 59.7 79.6 
37 OXFORD ST 82.7 58 91.7 80.9 56 89 78.1 55 84 78.7 55.6 86.1 77.4 56.7 83.6 77.2 76.5 80.3 80.9 59.4 87.9 85.9 62.9 93.5 
38 OXFORD ST 85.4 90.2 78.9 91.5 99 80.6 85.1 89.3 76.2 89.7 94.5 79 87.6 101 76.6 84.6 95.9 73.4 88.2 98.5 78.5 85.7 100 74.9 
39 OXFORD ST 92.6 66.3 104 105 81 110 102 78 108 104 77.1 110 104 84 107 104 81.7 110 104 80.5 110 97 67.9 110 
40 OXFORD ST 91 57 109 95.4 65.9 105 97.1 65.8 108 92.1 63.8 101 90.5 64.7 98.3 90.6 63.4 101 91.8 60 107 83.6 53.5 98.6 



41 OXFORD ST 114 107 111 116 104 113 107 91 108 105 81.5 109 101 82.4 104 101 80.1 105 97.3 69.6 107 107 92.6 109 
42 OXFORD ST 67.5 34 102 73.5 38 107 71.7 37.4 105 76.8 42.7 108 70.1 39.7 97 73 41.1 103 75.1 40.6 107 72.1 39.5 104 
43 OXFORD ST 82.2 54.3 96.1 90 67 98 81.7 53 95 77.1 47.8 91.3 86.5 77.7 89.4 83.8 68.4 87.4 85.3 56.7 99.4 85.7 63.2 94.6 
44 OXFORD ST 84.6 44.3 111 88.2 45.3 109 81.2 40.5 106 81.5 42.2 105 89 46.9 116 82.4 34.4 119 85.6 43.5 116 59 22.2 103 
45 OXFORD ST 76.2 42.5 105 86.6 42.7 112 84.7 45 107 81.3 44.7 104 79.4 48.9 95 75.3 41 104 76.1 40.3 99.2 73 38.7 97.5 
46 OXFORD ST 71.2 46.6 81.7 71.2 42.1 84.2 70.4 43.7 82.3 69.4 41.3 82.6 67.6 40.3 81.9 68.7 40.7 83.6 61.2 33 82 75 50.1 85.1 
47 OXFORD ST 94.2 72.5 101 94.1 68.8 99.8 97.7 74.2 104 89.9 65.7 96.1 95.5 75.8 101 100 78.8 106 93.2 64.1 104 91.5 62.2 104 
48 OXFORD ST 76.2 42 99 85.2 46.1 108 72.1 34 101 64.3 30.5 92.9 77.4 46.1 97.1 77.3 51.5 90.4 70 40.2 90.1 79.8 47.8 99.6 
49 OXFORD ST 93 74.4 96.6 98.6 63.9 109 90.3 59.9 97.4 87.3 62.5 93.2 87.1 69.7 92.1 97.8 75.6 104 93.6 79.1 95.7 87 71 90 
50 OXFORD ST 98.4 83.7 96.9 103 82.7 103 97.6 84.1 94.3 98.2 84 94.2 97.7 84.9 94.1 101 88 97.9 100 87 97.5 99.8 84.2 98.1 
51 OXFORD ST 99.9 71 111 95.3 59.2 111 90 55.7 106 93.5 63.4 104 101 70.6 113 98.6 67.7 111 103 74.8 113 92.3 68.8 101 
52 OXFORD ST 92.8 69.9 102 95.1 73.3 102 94.5 74.3 99.7 93 74.5 97.6 98.3 81.4 104 97.5 82.8 102 95.2 82.6 98.2 91.2 73.9 96.4 
53 OXFORD ST 81.6 77.7 79.3 89.8 93.7 85.4 88.4 86.6 82.5 76.7 77.7 70 86.8 88.9 82.1 85.7 85.3 81.1 82.3 82.1 77.5 79.5 86 73.4 
54 OXFORD ST 78.7 41.5 108 84 45.5 109 77.9 40.2 107 76 37.6 107 81.9 44 109 82.4 45.4 111 83.8 44.4 115 75.3 36.3 111 
55 OXFORD ST 90.5 59.9 108 95.6 64.5 108 94.1 64.1 107 96.2 63.5 110 94.8 65.6 108 92.4 61.6 108 98.9 72.3 109 94.9 59.6 116 
56 OXFORD ST 101 80.8 109 98.3 67.8 112 79.4 46.5 101 81.9 49 105 108 94.1 113 105 83.3 114 101 72.7 115 110 86.1 121 
57 OXFORD ST 77.9 33.6 102 92.1 69.4 97.2 82.8 54.9 91.8 80.4 54.4 88.4 84.1 73.8 86 91.4 65.7 100 86.7 64.9 93.7 82.7 57.7 91.6 
58 OXFORD ST 79.3 46.6 94.4 87.1 50.1 102 81.1 45.1 96.7 83.4 48.6 97.1 85.3 58.2 94 84.4 52.6 97.6 79.9 47.5 94.6 79.4 48.7 92.5 
59 OXFORD ST 77.6 52.5 88.3 71.8 36.3 93.1 60.9 26.4 93.9 62.5 30.3 86.3 71 38.9 87.7 69.6 39 88.2 72.5 43.5 87.2 70.7 39.6 90.5 
60 OXFORD ST 112 75.6 124 115 72.9 128 109 67 124 108 69.7 120 112 82.4 119 108 77.4 115 106 79.2 111 102 72.8 110 



Table 4iii. Individual symptom scores (maximum 15) before and after each exposure 
session. 

 
  Before exposure After exposure 

id Exposure -7 
days 

-6 
days 

-5 
days 

-4 
days

-3 
days

-2 
days

-1 
day 

+2 
hrs 

+7 
hrs 

+1 
day 

2+ 
days 

+3 
days 

+4 
days 

+5 
days

+6 
days

+7 
days

1 HYDE PARK 3 2 1 1 3 0 2 4  5 3 0 3 1 3 1 
2 HYDE PARK 1 2 1 1 0 0 0 0 0 1 0 0 2 1 1 0 
3 HYDE PARK 4 4 3 5 5 5 6 4 3 2 3 3 3 3 5 5 
4 HYDE PARK 1 1 0 1 2 1 1 1 0 0 1 0 0 0 0 0 
5 HYDE PARK        0 3        
6 HYDE PARK 0 2 0 0 3 1 0 0 0 0 0 0 0 0 0 0 
7 HYDE PARK 1 1 1 2 1 1 1 0 0 0 1 1 2 0 1 1 
8 HYDE PARK 1 1 1 1 2 1 1 0 0 1 1 1 1 1 1 1 
9 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 HYDE PARK 0 0 0 0 0 0 0 0 0 0 1 2 3 2 1 0 
11 HYDE PARK 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 0 
12 HYDE PARK 2 1 3 3 2 2 2 2 2 1 2 2 10 2 2 4 
13 HYDE PARK 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
14 HYDE PARK 0 0 2 0 1 0 0 0 1 9 1 0 0 0 1 0 
15 HYDE PARK 3 2 3 3 1 0 2 1 3 4 2 0 2 3 3 2 
16 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
17 HYDE PARK 1 4 2 3 2 1 1 0 1 1 1 1 1 4 4 2 
18 HYDE PARK 2 2 1 2 1 1 0 2 2 1 2 1 2 0 3 2 
19 HYDE PARK 7 3 5 9 5 3 3 2 1 5 3 2 0 1 1 0 
20 HYDE PARK 1 0 6 12 1 4 1 2 0 7 2 3 2 4 1 2 
21 HYDE PARK 0 0 0 2 1 1 1 2 0 0 0 0 0 2 1 1 
22 HYDE PARK 2 1 3 4 1 0 1 3 0 0 1 3 2 3 3 4 
23 HYDE PARK 0 0 2 3 2 4 2 2 2 1 1 1 1 1 1 1 
24 HYDE PARK 4 4 7 5 2 6 2 0 0 2 2 6 5 8 4 4 
25 HYDE PARK 2 1 1 1 1 1 1 0 0 1 1 1 1 1 12 1 
26 HYDE PARK 2 2 1 3 5 2 5 2 3 4 8 4 4 6 5 8 
27 HYDE PARK        3 3        
28 HYDE PARK 0 2 3 0 0 1 0 0 0 0 1 0 0 0 0 0 
29 HYDE PARK 2 1 1 1 2 1 0 0 2 3 2 1     
30 HYDE PARK 1 0 0 0 0 0 0 0 0 3 0 0 0 0 2 4 
31 HYDE PARK 2 1 1 1 2 1 2 1 2 2 1 1 2 4 1 1 
32 HYDE PARK 0 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
33 HYDE PARK 2 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 
34 HYDE PARK 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 
35 HYDE PARK 1 0 0 0 2 2 1 0 0 3 0 0 0 0 1 2 
36 HYDE PARK 1 0 2 3 1 2 1 0 0 0 0 1 0 0 3 3 
37 HYDE PARK 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
38 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
39 HYDE PARK 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 
40 HYDE PARK 4 7 6 3 1 1 1 0 0 2 2 2 1 1 3 3 
41 HYDE PARK        1 0        
42 HYDE PARK 0 1 0 2 1 1 1 0 0 0 0 1 0 1 0 0 
43 HYDE PARK 1 1 2 2 0 0 0 1 0 0 1 2 0 0 2 0 
44 HYDE PARK 2 1 1 7 7 7 5 6 3 6 2 3 2 4 5 7 
45 HYDE PARK 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 
46 HYDE PARK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
47 HYDE PARK 1 1 0 1 0 1 0 0 0 0 0 0 1 1 0 1 
48 HYDE PARK 1 1 1 1 1 1 2 3 2 2 1 0 0 0 0 0 
49 HYDE PARK        3 4        
50 HYDE PARK 2 4 0 5 2 1 0 1 0 2 0 1 0 0 0 0 
51 HYDE PARK        1 0        
52 HYDE PARK 2 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 
53 HYDE PARK 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
54 HYDE PARK 0 2 2 0 2 0 0 1 0 0 0 2 0 2 0 0 
55 HYDE PARK 0 0 3 5 3 1 0 0 0 0 0 0 0 0 1 0 



56 HYDE PARK 4 2 2 1 2 2 3 2 0 4 1 5 3 5 2 3 
57 HYDE PARK 0 0 0 2 0 0 2 0 0 0 0 0 1 0 0 0 
58 HYDE PARK 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 
59 HYDE PARK        2 0        
60 HYDE PARK 0 0 0 0 0 0 0 4 1 0 0 0 0 0 0 0 
1 OXFORD ST  1 0 0 2 5 4 1 1 3 1 0 2 2 0 2 
2 OXFORD ST 0 0 0 0 0 0 1 0 0 1 4 0 0 0 3 1 
3 OXFORD ST 3 2 2 3 2 3 3 3 2 5 3 2 2 2 3 2 
4 OXFORD ST 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
5 OXFORD ST        2 0        
6 OXFORD ST 1 0 0 0 1 0 0 1 0 0 0 0 0 0 3 3 
7 OXFORD ST 1 1 1 2 2 3 0 2 1 1 2 1 2 1 2 1 
8 OXFORD ST 1 0 0 0 1 1 0 2 1 2 0 1 1 1 1 1 
9 OXFORD ST 1 0 0 0 0 0 0 0 0 3 6 7 7 8 7 8 
10 OXFORD ST 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
11 OXFORD ST 1 2 1 3 2 1 1 1 2 0 4 6 3 5 5 1 
12 OXFORD ST 2 2 5 6 10 10 7 4 3 5 2 2 2 2 2 2 
13 OXFORD ST 0 0 0 0 0 4 0 1 0 1 1 0 0 0 0 0 
14 OXFORD ST 0 0 1 0 0 1 1 0 0 5 1 0 0 2 0 0 
15 OXFORD ST 3 0 1 3 3 2 5 2 1 2 2 0 2 3 0 0 
16 OXFORD ST 0 1 1 1 1 1 0 2 0 0 0 0 0 0 0 0 
17 OXFORD ST 1 1 0 0 1 1 1 2 4 3 3 1 1 3 3 3 
18 OXFORD ST 2 2 1 1 0 1 1 2 2 2 1 2 1 1 3 3 
19 OXFORD ST 1 0 0 3 3 2 0 1 1 0 1 0 0 2 0 0 
20 OXFORD ST 3 4 2 0 3 2 2 3 0 2 2 7 12 14 12 12 
21 OXFORD ST        2 0        
22 OXFORD ST 0 3 8 6 3 0 1 8 5 5 2 2 1 2 1 3 
23 OXFORD ST 5 5 6 5 5 6 7 3 1 6 6 1 1 2 0 1 
24 OXFORD ST 10 10 11 9 10 6 3 1 3 7 9 9 7 5 4 4 
25 OXFORD ST 2 1 1 1 1 1 1 0 2 1 2 1 1 1 2 2 
26 OXFORD ST 2 4 3 1 3 4 6 6 3 6 3 1 2 3 2 5 
27 OXFORD ST        1 2        
28 OXFORD ST 0 0 1 1 0 0 0 3 0 4 2 0 0 0 0 0 
29 OXFORD ST 0 1 1 1 1 1 2 0 0 0 0 1 1 2 1 1 
30 OXFORD ST 6 3 2 2 0 0 0 0 0 1 1 1 1 2 2 2 
31 OXFORD ST 2 2 2 2 1 1 2 2 2 2 2 2 1 1 1 1 
32 OXFORD ST 3 3 1 0 4 0 4 0 0 3 2 2 0 0 1 3 
33 OXFORD ST 0 0 0 2 2 1 1 1 2 1 2 0 1 1 0 2 
34 OXFORD ST 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
35 OXFORD ST 9 1 1 1 1 3 1 0 0 6 4 0 1 1 4 3 
36 OXFORD ST 0 0 2 5 5 2 1 0 2 2 1 0 1 0 3 4 
37 OXFORD ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
38 OXFORD ST 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
39 OXFORD ST 1 1 2 2 1 1 0 2 0 0 0 0 0 1 0 0 
40 OXFORD ST 1 2 2 2 0 0 0 1 0 3 1 2 0 0 0 0 
41 OXFORD ST        1 0        
42 OXFORD ST 0 0 0 1 1 0 0 1 0 1 4 5 4 3 2 1 
43 OXFORD ST 0 2 1 0 4 3 0 2 0 2 1 0 1 3 0 0 
44 OXFORD ST  4 4 7 3 2 5 3 0 7 6 6 5 6 9 8 
45 OXFORD ST 2 0 0 0 0 0 0 0 2 2 2 0 0 0 0 0 
46 OXFORD ST 0 0 0 0 3 1 0 1 0 3 2 4 3 3 3 3 
47 OXFORD ST 1 0 1 0 1 0 0 0 0 2 2 1 0 0 1 1 
48 OXFORD ST 0 2 2 0 0 0 0 4 1 1 2 2 0 0 0 0 
49 OXFORD ST        3 2        
50 OXFORD ST      0 0 2 0 0 0 0 1 0 0  
51 OXFORD ST        2 1        
52 OXFORD ST 4 3 1 1 0 1 0 1 0 1 0 0 2 1 0 1 
53 OXFORD ST 0 1 3 0 0 0 0 2 0 0 0 0 0 0 0 0 
54 OXFORD ST 0 2 0 2 0 0 0 1 0 2 2 2 0 0 2 2 
55 OXFORD ST 1 2 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
56 OXFORD ST 1 2 2 2 0 1 5 8 4 0 0 5 0 4 4 0 



57 OXFORD ST 0 0 0 0 1 0 1 1 0 0 0 0 0 0 2 0 
58 OXFORD ST 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 
59 OXFORD ST        2 1        
60 OXFORD ST 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
 




