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MEMORANDUM

March 20, 2009

TO: County Council

eo
FROM: Glenn Orlin, Deputy Council Staff Director

SUBJECT: Discussion-health effects of air quality near major highways

At the suggestion of Councilmember Trachtenberg, the Council President has scheduled
convening the Council as the Board of Health to gain better understanding of the effects of traffic
on major highways (such as the Capital Beltway, 1-270, and the Intercounty Connector) on
public health, and what measures local jurisdictions are taking to mitigate the effects. Ron
White, Deputy Director of the Risk Sciences and Public Policy Institute at Johns Hopkins
University's Bloomberg School of Public Health (©A), has been invited to give about a 30
minute presentation on these topics, leaving another half-hour for discussion.

Background. Several Councilmembers raised this issue in early 2007 after the
publication of an article by Gauderman, et. ai., which shows a positive correlation between
proximity to freeways and the respiratory problems in children between the ages of 10-18 (©1
7). On February 1 they requested that the Planning Board provide information as to how many
residents live within 500m of the ICC; the Board responded on February 7 with information
about the ICC, but also 1-270 and 1-495 (©8-10). The chart on ©10 notes that those exposed to
the ICC will be comparable to Beltway (both in total and per-mile), but considerably less than to
1-270. Not noted is that exposure is also a function of traffic volume and, in particular, the
volume ofheavy truck traffic. In 2030 the traffic volume on the ICC will vary generally between
60-100,000 vehicles per day (vpd), while the projection for 1-495 is 250-275,000 vpd. 1-270 is
projected to carry volumes between these two extremes. Heavy truck traffic volume is and will
continue to be a much higher percentage of the traffic flow on the Beltway and 1-270, since they
are key interregional traffic corridors.

On October 8, 2007 then-Council President Marilyn Praisner posed several questions to
the State Highway Administration on a wide range of environmental issues regarding the ICC; an
excerpt from SHA's reply regarding public health issues is on ©11-14. In 2008 several members
of the House of Delegates sponsored a bill that would have required a public health impacts
assessment to be completed before spending funds to build the ICC, but the bill died in
Committee (©15-17).

Further reading. Attached are several other technical articles exammmg the
relationships between traffic exposure and public health (©18-52).

f:\orlin\fy09\fy09t&e\highway health effects\090324cc.doc



Ronald H. White, M.S.T.
Johns Hopkins University

Bloomberg School of Public Health
Baltimore, Maryland

Ronald H. White is an Associate Scientist in the Department of Health Policy
and Management, with joint appointments in the Departments of Epidemiology and
Environmental Health Sciences, at the Johns Hopkins Bloomberg School of Public
Health in Baltimore, Maryland. Mr. White also serves as Deputy Director of the Risk
Sciences and Public Policy Institute at the Johns Hopkins Bloomberg School of Public
Health.

He previously served as Assistant Executive Director, Education, Research,
and Community Affairs at the National Osteoporosis Foundation and in several
positions at the National Office of the American Lung Association, culminating as
Assistant Vice President, National Policy. Prior to joining the American Lung
Association, he was senior transportation/air quality planner and then public
participation coordinator for air quality planning at the Tri-State Regional Planning
Commission in New York, N.Y. He earned his Master of Science in Teaching degree in
environmental studies from Antioch University, and a Bachelor of Arts degree in
environmental science from Clark University.

Mr. White currently serves as a member of the External Science Advisory
Committee for the National Environmental Respiratory Center of the Lovelace
Respiratory Research Institute. He was a member of the National Research Council
Committee on Research Priorities for Airborne Particulate Matter, the Integrated
Human Exposure Committee of the EPA Science Advisory Board, and the EPA Blue
Ribbon Panel on the Use of Oxygenates in Gasoline. He also served as a consultant
member of the EPA Clean Air Scientific Advisory Committee for the 1999-2006
Particulate Matter National Ambient Air Quality Standards Review. Mr. White has
published several articles in the peer-reviewed literature, as well as contributing to
book chapters.
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Effect of exposure to traffic on lung development from 10 to @-:-~

18 years of age: a cohort study
WJames Gauderman, Hila Vora, Rob McConnell, Kiros Berhane, Frank Gilliland, Duncan Thomas, Fred lurmonn, Edward Avol, Nino Kunzli,
Michaeljerrett,John Peters

Summary
Background Whether local exposure to major roadways adversely affects lung-function growth during the period of
rapid lung development that takes place between 10 and 18 years of age is unknown. This study investigated the
association between residential exposure to traffic and 8-year lung-function growth.

Published Online
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001:10.1016/50140·

6736(07)60037-3

Interpretation Local exposure to traffic on a freeway has adverse effects on children's lung development, which are
independent of regional air quality, and which could result in important deficits in attained lung function in later life.

Methods In this prospective study, 3677 children (mean age 10 years [SD 0·44]) participated from 12 southern
California communities that represent a wide range in regional air quality. Children were followed up for 8 years,
with yearly lung-function measurements recorded. For each child, we identified several indicators of residential
exposure to traffic from large roads. Regression analysis was used to establish whether 8-year growth in lung function
was associated with local traffic exposure, and whether local traffic effects were independent of regional air quality.

Findings Children who lived within 500 m ofa freeway (motorway) had substantial deficits in 8-year growth offorced
expiratory volume in 1 s (FEY" -81 mL, p=O.OI [95% CI -143 to -18]) and maximum midexpiratory flow rate (MMEF,
-127 mL/s, p=0.03 [-243 to -11), compared with children who lived at least 1500 m from a freeway. Joint models
showed that both local exposure to freeways and regional air pollution had detrimental, and independent, effects on
lung-function growth. Pronounced deficits in attained lung function at age 18 years were recorded for those living
within 500 m of a freeway, v.ith mean percent-predicted 97·0% for FEY, (p=O. 013, relative to >1500 m [95% CI
94·6-99-4]) and 93·4% for MMEF (p=0·006 [95% CI 89·1-97·7]).

Introduction
Both cross·sectional'" and Iongitudinal'O-" studies have
shown that lung function in children is adversely affected
by e."P0sure to urban, regional air pollution. Evidence has
emerged that local exposure to traffic is related to adverse
respiratory effects in children, including increased rates
of asthma and other respiratory diseases. ''-211 Cross
sectional studies in Europe have shown that deficits in
lung function are related to residential exposure to
traffic."""''' However, does traffic exposure have an adverse
effect on lung-function development in children? The
answer to this question is important in view ofthe extent
of traffic exposure in urban environments and the
established relation between diminished lung function in
adulthood and morbidity and mortality.I3-19

We investigated the association between residential
exposure to traffic and 8-year lung-function development
on the basis of cohort data from the Children's Health
Study. We also studied the joint effects of local traffic
exposure and regional air quality on children's lung
development.
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12 southern California communities as part of an
investigation into the long-term effects of air pollution
on children's respiratory health.7

,14.", A consistent protocol
was used in all communities to identify schools, and all
students targeted for study were invited to participate.'"
Overall, 82% (3677) of available students agreed to
participate. Pulmonary-function data were obtained
yearly by trained field technicians, who travelled to study
schools to undertake maximum effort spirometry on the
children, using the same equipment and testing protocol
throughout the study period. Details of the testing
protocol have been previously reported?'" Children in
both cohorts were followed up for 8 years.

A baseline questionnaire, completed at study entry by
each child's parent or legal guardian, was used to obtain
information on race, Hispanic ethnic origin, parental
income and education, history of doctor-diagnosed
asthma, in-utero exposure to maternal smoking, and
household exposure to gas stoves, pets, and environmental
tobacco smoke.'" A yearly questionnaire, with similar
structure to that of the baseline questionnaire, was used
to update information on asthma status, personal

Methods smoking, and exposure to environmental tobacco smoke.
Participants For statistical modelling, a three-category socioeconomic
The Children's Health Study recruited two cohorts of status variable was created on the basis of total household
fourth-grade children (mean age 10 years [SD O·44J, one income and education of the .parent or guardian who
in 1993 (cohort I, n=I718) and the other in 1996 (cohort 2, completed the questionnaire. High socioeconomic status
n=1959). All children were recruited from schools in (23% of children, n=823) was defined as a parental

wwwthelancet com Published online January 26. 2007 DOI:10.1016/S0140.(Id)60037'3
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income greater than US$100000 per year, or an income indicator in our models. For distance to the freeway, we
over US$15000 per year and at least 4 years of college formed four categories-:-Iess than 500 m, 500-1000 m,
education. The middle category (36%, n=1283) included 1000-1500 m, and more than 1500 m. Distances to non
children with a parental income between US$15000 and freeway major roads were similarly categorised based on
US$100000 and some Oess than 4 years) college or distances of 75 m, 150 m, and 300 m. Model-based
technical school education, and low socioeconomic status estimates of pollution from freeways and non-freeways
(41%, n=1483) included all remaining children. were categorised into quartiles on the basis of their

The study protocol was approved by the institutional respective distributions (seewebappendix). The categories
review board for human studies at the University of for all traffic indicators were fixed before any health
Southern California, and written consent was provided by analyses were done. Traffic effects. are reported as the
a parent or legal guardian for every study participant. difference in 8-year growth for each category relative to

the least exposed category, so that negative estimates
Exposure data signifY reduced lung-function growth with increased
We characterised exposure of every study participant to exposure.
traffic-related pollutants by two types of measures- We also considered joint estimation of traffic effects
proximity of the child's residence to the nearest freeway within the community and pollution between
or to the nearest major non-freeway road, and model- communities, which was based on the long-term average
based estimates of traffic-related air pollution at the pollutant concentrations measured at the central sites
residence, derived from dispersion models that in- (see webappendix). Pollutant effects are reported as the
corporated distance to roadways, vehicle counts, vehicle difference in 8-year growth in lung function from the
emission rates, and meteorological conditions:' Regional least to the most polluted community, with negative
air pollution was continuously monitored at one central differences indicating growth deficits with increased
site location within each study community over the course exposure. Possible modification of a traffic effect by
of the investigation. Further details of exposure community-average ambient pollutant concentration was

SeeOnlineforwebappendix assessment are available in the webappendix. tested by inclusion of the appropriate in,teraction term in
the model.

Statistical methods To examine attained lung function, we computed
The outcome data consisted of22 686 pulmonary-function percent-predicted lung function for participants who
tests recorded from 3677 participants during 8 years in were measured in 12th grade, our last year of follow-up
both cohorts. We focused on three pulmonary-function (n=1497, mean age 17·9 years [SD 0·41]). To estimate
measures: forced vital capacity (FVC), forced expiratory predicted FEV, values, we first fitted a regression model
volume in 1 s (FEV,), and maximum midexpiratory flow for observed FEV, (log transformed) wiLlI predictors log
rate (MMEF, also mown as FEF25.;os). The exposures of height, BMI, BMI squared, sex, asthma status, race or
primary interest were the traffic measures described ethnic origin, field technician, and sex·by-log height, sex
above. by-BMI, sex-by-BMI squared, sex-by-asthma, and sex-by-

We used a hierarchical mixed-effects model to relate race or ethnic origin interactions. We calculated predicted
8-year growth in each lung-function measure to traffic FEV, on the basis ofthis model and percent-predicted as
exposure, with basic structure that has been previously observed divided by predicted FEV,. We used a regression
described." To account for the growth pattern in lung model to calculate the mean percent-predicted value for
function during this period, we used a linear spline each category of distance to the freeway, with adjustment
model," constructed so that g-year growth in lung for community. To aid in interpretation, we scaled
function was estimated jointly with other model percent-predicted values so that children who lived
parameters. We estimated and tested the effect of traffic furthest (>1500 m) from a freeway had a mean oflOO%,
exposure on 8-year growth, and in some analyses on and we give means for the remaining distance groups
mean lung function at 10 and 18 years of age. The model relative to this benchmark. Analogous calculations were
allowed for separate growth curves for each sex, race, used to obtain the percent-predicted mean for FVC and
ethnic origin, cohort, and baseline-asthma subgroup. The MM EF.
model also included adjustments for height, height Regression procedures in SAS (version 9.0) were used
squared, body-mass index (BMI), BMI squared, present to fit all models. Associations denoted as significant were
asthma status, exercise or respiratory illness on the day of those with a p value less than 0·05, assuming a two-sided
the test, any tobacco smoking by the child in the previous alternative hypothesis.
year, and indicator variables for field technician. Random
effects for the intercept and g-year growth parameters Role ofthe funding source
were included at the level of participant and community. The funding sources of this study had no role in the

To keep the potential effect of outliers to a minimum study design, collection, analysis, or interpretation of
and to examine possible non-linear exposure-response data, in the writing of the report, or in the decision to
relations, we used categorical forms of each traffic submit the paper for publication. The corresponding

@
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author had full access to all the data in the study and had
final responsibility for the decision to submit for
publication.

Results
An average of 6·2 pulmonary function tests wer~ done
per child. There were equal proportions of male and
female participants (webtable 1). Most children were of
non-Hispanic white or Hispanic ethnic origin. 44D (12%)
children lived within 500 m of a freeway; with most of
these children residing in six of the 12 communities
(webtable 2 and webfigure). Model-based estimates of
pollution from a freeway were skewed toward either high
or low values within most study communities.

8-year growth in FYC, FEY" and MMEF averaged
1512 mL, 1316 mL, and 14D2 mLls, respectively, in girls,
and 2808 mL, 24D6 mL, and 2476 mLls, respectively, in
boys. Closer residential distance to a freeway was
associated with reduced growth in lung function (table 1).
In children who lived within 500 m of a freeway, 8-year
growth was significantly reduced compared with those
who lived at least 1500 m from a freeway. Large deficits in
FEY, and MMEF growth were also estimated for the two
highest-exposure quartiles of model-based pollution
from a freeway, although neither deficit was statistically
significant. Indicators of traffic from non-freeway roads,
including both distance and model-based poilution
estimates, were not associated with reduced growth.

The association between FEY, growth and distance to a
freeway was significant in various sensitivity analyses
(table 2). Compared with the results shown in table 1
(base model), distance-effect estimates were larger with
additional adjustment for socioeconomic status. Further
investigation showed that low socioeconomic status was
associated with increased traffic exposure, with mean
residential distance to freeways of 1· 8 km (SD 1· 32).
2·0 krn (1· 65), and 2·5 km (1· 91) for low, middle, and
high groups respectively. However, socioeconomic status
was not significantly associated with FEY, growth, and
therefore adjustment for this variable induced only a
modest change. Adjustment for indoor sources of air
pollution including gas stoves, pets, and exposure to
environmental tobacco smoke also resulted in little
change in the estimated freeway-distance effects.

Significant distance effects were seen in the subset of
children who reported never having had asthma, and in
the subset of children who reported no active tobacco
smoking. The relation between FEY, growth and distance
was noticeably larger in boys than in girls, although a test
of effect modification by sex was non-significant (p=O ·10).
Only six of the 12 communities had substantial numbers
ofchildren living within 500 m ofa freeway. The estimated around 34% (1267) of children moved from their baseline
effects of freeway distance on lung development were residence during follow-up but remained in one of the
more pronounced in these six higher-traffic communities 12 study communities and thus continued to participate.
than in the other communities. There was no significant If we omitted post-move lung·function measurements
evidence of heterogeneity in the local distance effects in from the analysis, the estimated effects offreeway-distance
these six communities (data not shown). Furthermore, on FEY, growth were more pronounced.

W
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Reduced lung-function growth was independently
associated with both freeway distance and with regional
air pollution (table 3). Statistically significant joint models
of regional pollution with distance to freeway were seen
for nitrogen dioxide, acid vapour, elemental carbon, and
particulate matter with aerodynamic diameter less tllan
10 jlm and less than 2·5 jlm. Ozone was not associated
with reduced lung-function growth. There was no
significant evidence of effect modification (interaction)
oflocal traffic effects with any of the regional pollutants.

A subset of 1445 children were observed over the full
8 years ofthe study, from age 10 to 18 years. In this group,
we noted significant deficits in 8-year FEY, growth and
MMEF growth for those who lived within 500 m of a
freeway (table 4). At 10 years of age, there was some
evidence of reduced lung function for those who lived
closer to a freeway than those who did not, although none
of the differences between distance categories was
statistically significant. However, by 18 years of age,
participants who lived closest to a freeway had

substantially lower attained FEY, and MMEF than those
who lived at least 1500 m from a freeway.

These deficits in average FEY, and MMEF translated
into pronounced deficits in percent-predicted lung
function at 18 years of age (figure). There was a trend of
lower percent-predicted lung function for children who
lived closer to a freeway than for those who lived further
away. The effect was most pronounced for those who
lived less than 500 m from a freeway, with average
percent predicted values of 97·0% (95% CI 94·6-99·4)
for FEY, (p=O.013 relative to >1500 m) and 93·4%
(89·1-97·7) for MME F (p=O· 006).

Discussion
This study shows that residential proximity to freeway
traffic is associated with substantial deficits in lung
function development in children. 8-year increases in
both FEY, and MMEF were smaller for children who
lived within 500 m of a freeway, than for those who
lived at least 1500 m from a freeway. Freeway effects
were seen in subsets ofnon-asthmatic and non-smoking
participants, which is an indication that traffic exposure
has adverse effects on otherwise healthy children.
Deficits in 8-year growth resulted in lower attained FEY,
and MMEF at 18 years of age for participants who lived
within 500 m of a freeway than for those who lived
further away. Since lung development is nearly complete
by age 18 years, an individual with a deficit at this time
will probably continue to have less than healthy lung
function for the remainder of his or her life.

We previously reported an association between
community-average pollutant concentrations and 8-year
lung-function growth." That result relied on com
parisons in communities that had different con
centrations of regional air pollution, and implicated
many pollutants such as nitrogen dioxide, acid vapour,
particulate matter with aerodynamic diameter less than
10 jlm and 2·5 jlm, and elemental carbon. Our present
study builds on that result, and shows that in addition to
regional pollution, local exposure to large roadways is
associated with diminished lung-function development

4 www.thelancetcom Published online January 26, 2007 001:10.1016/50140-6736(07)60037-3
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Figure: Percent-predicted lung function at age 18 years versus residential distance from a freeway
The horizontal line at 100% corresponds to the referent group, children living >1500 m from a freeway.
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to adjustment for several factors, including socioeconomic
status and indoor sources of air pollution, but the
possibility of confounding by other factors still exists.
Throughout the 8-year follow-up, we noted around an
11% loss of study participants per year. Participant
attrition is a potential source ofbias in cohort studies. We
analysed the subset ofchildren who were followed up for
the full 8-year duration of the study and also noted
significant traffic-effect estimates, which make participant
loss an unlikely explanation for our results. We did not
note a significant association between growth and model
based pollution from a freeway, despite large estimated
deficits in the highest-exposure quartiles (table 1).
However, we were restricted in detection ofan association
with model-based pollution from freeways because there
was little variation in this measure within most of our
study communities (webtable 2).

We have shown that residential distance from a freeway
is associated with significant deficits in g-year respiratory
growth, which result in important deficits in lung
function at age 18 years. This study adds to evidence that
the present regulatory emphasis on regional air quality
might need to be modified to include consideration of
local variation in air pollution. In many urban areas,
population growth is forcing the construction ofhousing
tracts and schools near to busy roadways, with the result
that many children live and attend school in close
proximity to major sources of air pol1ution. In view of
the magnitude ofthe reported effects and the importance
oflung function as a determinant of adult morbidity and
mortality, reduction of exposure to traffic-related air
pollutants could lead to substantial public-health
benefits.

Contributors
W JGaudennan, R McConnell. F Gilliland, E AVO!. JPeters, M Jerrett, and
N Kunzil participated in the writing ofthe manuscript W JGauderman,
H Vora, K Berhane, D Thomas, and F Lunnann participated in the
analysis ofthe data. Al! named authors took part in the interpretation of
results, and approved the final version of the manuscript.

®
DOI:10.1016/S0140-6736(07)60037-3www.thelancet.com Published online January 26, 2007

in children. We did not find any evidence that traffic
effects varied depending on background air quality,
which suggests that even in an area with low regional
pollution, children living near a major roadway are at
increased risk ofhealth effects. Our results also suggest
that children who live close to a freeway in a high
pollution area experience a combination of adverse
developmental effects because ofboth local and regional
pollution.

We noted a larger freeway effect in boys than in girls,
although the difference between sexes was not significant.
By contrast, a cross-sectional European study29 reported
larger traffic effects on lung function in girls than in
boys." Several factors could explain this discrepancy in
sex-specific effects between studies, from differences in
specific air pollution mixtures and underlying population
susceptibilities, to the general difficulty of comparisons
between longitudinal and cross-sectional study effect
estimates. In general, however, both studies show that
lung function in children is adversely affected by exposure
to traffic.

The concentrations of several pollutants are raised near
major freeways. Daytime concentrations of black carbon,
ultrafine particulate, and other exhaust pollutants have
been reported to be high, but decline exponentially, within
500 m ofa freeway....·., although night-time concentrations
of ultrafine particulate remain above background
concentrations for distances greater than 500 m from a
freeway." Some studies have reported increased traffic
pollution, particularly nitrogen dioxide. at distances over
1000 m from a freeway.I6·C--49 Elemental carbon, an indicator
of pollution from diesel exhaust, varies with nearby high
traffic roadsC.50

." but can also be transported across large
distances.s' Diesel exhaust is one of the primary
contributors to particulate-matter concentrations in those
communities most affected by traffic." A pollutant such
as elemental carbon could explain our reported health
effects both locally and regionally.

Both regional ambient and ultrafine particulate matter
present in high concentration in close proximity to
roadways can elicit oxidative and nitrosative stress in the
airways, which results in inflammation.54

•
55 Kulkarni and

co-workers" reported that traffic-related particulate matter
was correlated with the amount of carbon in the airway
macrophages of children, which in tum was associated
with reductions in FEY" MMEF. and FYC. Chronic
airway inflammation could produce our reported deficits
in MMEF and FEY,. Additional research is needed to
identify the specific traffic pollutants that bring about
health effects, and to elucidate the contribution of each
pollutant to regional and local associations.

A strength of this study was the long-term, prospective
follow-up of two large cohorts of children, with exposure
and outcome data obtained consistently. However, as in
any epidemiological study, our results could be
confounded by one or more other factors related to both
traffic and lung-function growth. Our results were robust
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February 7, 2007

The Honorable MarilynPraisner
The Honorable Philip Andrews
The Honorable Duchy Trachtenberg
The Honorable Mark EIrich
Montgomery County Council
Rockville, Maryland 20850

Dear Council Members:

In your letter ofFebruary 1,2007, you requested certain information about the
numbers of residents living within 500 meters of the ICC, and requested that the Planning
Board not transfer any additional land required for the ICC right-of-way until such time as the
implications of a research article published in the Lancet can be discussed with the Council.

Before the Board agrees to postpone any decisions regarding the transfer of land to the
State for the ICC project until the implications of the Lancet article can be analyzed and
discussed with the Council, we request clear direction from the Council and Executive. Such
action would involve a significant change in county policy from decisions reached by the
Planning Board and the County Council in 2005 and 2006 regarding the Intercounty
Connector.

As you know, the Board tabled some land transfers until it can be satisfied that every
effort has been made to ensure proper water quality measures are taken in the Special
Protection Areas of Upper Rock Creek and Paint Branch, and to place the ICC's western
maintenance facility on Casey 6 instead ofCasey 7 to implement better the Shady Grove
Master Plan. Both issues were raised in the mandatory referral process. The agencies and
builder involved have been engaged in intensive discussions to resolve both issues, which
should soon enable the Board to remove the motion to transfer the land from the table,
perhaps as early as this week.

The implications of the Lancet article and many other studies of the effects of
exposure to air pollutants for residents living near highly trafficked roadways is of
considerable interest as we develop the new growth policy for the county and a Master Plan
for the Environment and Energy, as well as future area master plans. The Lancet study's
prediction model diagrammed in the study figure indicates that the 3% predicted reduction in
forced expiratory volume (FEV1) for children living within 500 meters of a freeway is nearly
identical to that of children living within 500 to 1,000 meters of a freeway, as well as those
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living within 1,000 to I ,500 meters of a freeway. These results indeed require further
investigation. Adverse health consequences are also associated with the location of schools
near busy highways, as pointed out by one of the commentators on the article; a point you

.made in your letter. There are several other public health issues associated with development
patterns. Prominent among them is the issue ofobesity. All of these issues involve trade-offs
with other objectives that are best addressed in a broad growth policy or master plan context.

With regard to air quality issues related to the ICC, the microscale air quality analysis
conducted in 2004 for the Intercounty Connector environmental impact statement predicted
that localized carbon monoxide concentrations would increase at residential receptors along
the highway, but not to levels that would exceed the State and National Ambient Air Quality
Standards (SINAAQS), the operating standards for such decisions.

We will develop the information you have requested on the numbers of residential
units within both 0.5 and 1.5 kilometers on either side of our entire master planned network of
freeways and controlled access highways in the county. The most efficient way to produce
this information will be to prepare it in conjunction with the new county growth policy
recommendations. This will avoid need for an adjustment in the work program, slowing
production ofthe growth policy. As soon as the data are produced, we will transmit them to
you and be prepared to discuss their implications in the work sessions on growth policy.

I note that you plan to ask the Health Department for comment. It might be useful for
the Director to inquire whether the National Institute ofEnvironmental Health might be
persuaded to fund a county project through an appropriate research institution. We would be
interested in receiving a copy of any comments from the Health Department.

l .. M/
Royce Hanso
Chairman



Attachment A
Health Effects of Residences Located Proximate to Freeways

(excerpted from ICC Project Status Report #1 0 to the Planning Board)

On two occasions. the County Council has expressed concern that the ICC will introduce
adverse localized air quality effects, citing medical journal studies identifying· a link
between residential proximity to a freeway and impaired lung function. In spring 2007,
the Council requested information regarding the number of residences within 0.5 KM or
1.5 KM of the ICC. Staff has completed this analysis, as summarized in Table I.

Table 1. Number of Dwelling Units (DU) Located Proximate to County Freeways

Freeway Length Number of DU within Number of DU within
(Miles) 0.5KM 1.5 KM

1-370/ICC 16 12,000 29,000
1-270 24 39,000 50,000
1-495 14 11,000 36,000

As indicated in Table I, the density of residential development near the ICC is generally
about the same or a little lower than that near the other freeways in the County_ The
correlation between residence/freeway proximity and health effects requires further
study. Staff proposes to consider this further during our review of sustainability
measures in FY 08.

In the meantime, however, we will continue to implement master plan recommendations
regarding both careful introduction of the ICC into the communities through which it has
been planned, as well as the careful development of residential properties adjacent to
existing freeways. such as recommended in the Shady Grove Sector Plan.
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Dear Council President Praisner:

November 30, 2007

The Honorable Marilyn J. Praisner
President, Montgomery County Council
100 Maryland Avenue
Rockville MD 20850

r

Thank you for your October 8 memorandum to State Highway Administrator Neil. 1. Pedersen
regarding the Intercounty Connector (ICC). Mr. Pedersen received your memo and asked me to
respond to the questions, as I am directly involved in the specific details on this project. Questions
directed to Maryland-National Capital Park and Planning Commission (MNCPPC) staff will be
answered by them in a separate letter. For your convenience, your questions (in bold) are followed
by our answers.

Public Health Issues

• What modeling of vehicle emissions and their impact on air quality and health was done to
assess the likely impact on people who live within 500 feet of the ICC right-of-way? 1,000
feet? 1,500 feet?

The ICC study team conducted local air quality analyses in accordance with U.S. Environmental
Protection Agency (EPA), Federal Highway Administration (FHWA), and SHA guidelines, to
protect public health, especially sensitive populations such as asthmatics, children, and the elderly.
The results ofthese analyses are included in the Air Quality Technical Report (AQTR) and
summarized in the Final Environmental Impact Statement (pElS). Although these analyses did not
specifically address 500 feet, 1,000 feet, or 1,500 feet limits, the locations selected for these studies
included residences, schools, and other sites with sensitive populations within these limits.

• Ifany modeling was done, please be specific about when and where.

Air quality modeling was performed as part of the National Environmental Policy Act (NEPA)
studies. The studies included the analysis of carbon monoxide (CO), fine particulate matter
(pM2.5), and mobile source air toxics (MSAT).

My telephone number/toll-free number is !!!86~6.::::!-4~62~-O!!!!O~20i!..- --:-:---=
Maryland Relay Service for Impaired Hearing or Speech: 1.800.735.2258 Statewide Toll Free

Street Address: 707 North Calvert Street . Baltimore, Maryland 21202 . Phone: 410.545.0300 . www.marylandroads.com
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The CO analysis, set forth in detail in the AQTR, was performed to determine concentrations at
residences, schools, daycare centers, and other locations where there are sensitive populations
immediately adjacent to the ICC's right-of-way. In addition, areas immediately adjacent to high
traffic intersections were studied. The analyses performed demonstrated that CO impacts
resulting from the ICC Selected Alternative will not result in a violation ofthe National Ambient
Air Quality Standards (NAAQS). As discussed on page 1II-123 ofthe Record of Responses to
Public Comments, which was released with the Record of Decision (ROD) and is available on
the project website at www.iccproject.com. "these standards [NAAQS] are set by EPA based on
the requirements of the Clean Air Act. The Clean Air Act requires these limits to protect public
health, including the health of "sensitive" populations such as asthmatics, children, and the
elderly." The CO analysis demonstrated that the ICC project conforms to the Clean Air Act since
it will not cause or contribute to any new localized violations of the CO NAAQS nor will it
increase the frequency or severity of any existing violations.

For the PM2.5 analysis, a qualitative hot-spot analysis was conducted. For the comparison
approach, the anticipated traffic volumes on the ICC were compared to those on other major
roadways near existing air quality monitors. The Muirkirk PM2.5 monitoring site was selected as
the most appropriate surrogate monitor because the traffic volume and truck percentage near the
Muirkirk monitor was similar to that expected on the ICC in 2010. This monitoring site is also
close to the ICC study area and has similar land use and terrain characteristic. A PM25 trends
analysis for the Washington D.C./Maryland/Virginia non-attainment area showed significant
anticipated future decreases from direct on-road mobile sources through 2010 and thereafter.
Accordingly, the project-level hot-spot analysis found that the ICC project would not cause or
contribute to a new violation of the PM2.5 NAAQS, or increase the frequency or severity of a
violation. The manner in which the PM2.5 hot-spot analysis was carried out and the conclusions
from that analysis are detailed in Attachment H of the ROD. A sensitivity analysis was
performed by FHWA to evaluate whether new 2006 standards for PM2.5 can be met. These
studies concluded that new, more conservative standards will be met.

A qualitative project-level MSAT analysis was performed for the ICC no-action and build
alternatives. This analysis was a qualitative analysis because modeling techniques are not
currently available to perform a quantitative analysis and determine concentrations at specific
locations. The results of this analysis were included in the FEIS and AQTR. For the MSAT
analysis, total emissions were estimated for the six priority MSATs in the affected area of the
ICC. The pollutants studied are Benzene, Acrolein, Formaldehyde, 1,3-Butadiene, Acetaldehyde,
and diesel exhaust (diesel exhaust gases and diesel particulate matter). The ICC study area
considered in this MSAT study is located in Montgomery County and Prince George's County,
north of Washington, D.C. It extends from 1-270 to US 1 and from 1-495 (Capital Beltway) to
the Patuxent River. The analysis showed that MSAT emissions in the design year (2030) will
decrease greatly from current conditions for both the no-action and build alternative. The amount
of the decrease varies from 67 percent to 92.5 percent, depending on MSAT considered.

@
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In addition to the localized pollutant analyses discussed above, the Metropolitan Washington
Council of Governments (MWCOG), the local planning organization (MPO) has performed a
regional air quality analysis which included the ICC. As discussed on page IIl-123 of the Record
of Responses to Public Comments, "the regional air quality analysis performed by MWCOG
shows that the region with the ICC conforms to the region's air quality implementation plan's
purpose of eliminating or reducing the severity and number of violations of the NAAQS and
achieving expeditious attainment of such standards, including the NAAQS for CO, ozone, and
PM2.5."

The NAAQS for CO and PM2.5 were set to protect the public health and the ICC win not cause a
violation of these standards. There are no NAAQS for MSATs. As discussed on page III-123 of
the Record of Responses to Public Comments, "documentation associated with the MSAT
analysis did include a discussion of and citation for health related information, as available from
EPA at the time the analysis was completed. As stated in the analysis [and referred to by
commenters], FHWA relies on EPA for the review and interpretation of air pollution research
and associated health effects. The FHWA believes that EPA, and its established procedures and
use of panels of national scientific experts, is in the position to prepare and present credible
scientific evidence. In the FEIS, FHWA provided a summary of the scientific consensus of the
health effects of the six pollutants that EPA has identified as the priority mobile source air toxics,
and conducted an emissions analysis for these six pollutants. This discussion begins on page IV-
3180ftheFEIS." .

• If no modeling was done, why not and do you intend to do any? If not, why not?

Please see above for discussion of modeling.

• What, if any, requirements is SHA subject to regarding the establishment of baseline
measures for current air quality and current emissions near the ICC right-of-way in order to
measure ICC impact?

The subject of air quality monitoring was addressed on page 1II-256 of the Record of Responses
to Public Comments as follows: "The lead agencies [FHWA, SHA, etc.] are not required to site
monitors specifically for measuring the impacts of highway emissions for conformity purposes.
The lead agencies are also not required to place new monitors specifically to monitor suspected
hot spot locations along a proposed roadway. Air quality monitoring stations are established by
state air agencies, with oversight from EPA. The FHWA and SHA have no authority to enforce
or review the compliance of any individual monitoring site with the criteria spelled out in 40
CFR Part 58."

®
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• What monitoring was done of the current levels of air quality within 500 feet of the ICC
right-of-way? 1,000 feet? 1,500 feet? Please be specific about, any monitoring that was
done? If none was done, why not? Does SHA intend to do any? If not, why not?

Monitoring in addition to that provided by Maryland Department of the Environment (MDE) is
not required as part of the environmental and conformity of air quality analyses. Please see
responses to previous questions as well.

• What is the age distribution and number of people at respiratory risk adjacent to the
proposed route of the ICC?

• Using those population numbers (from census or other reliable data), in conjunction with
the increased morbidity and mortality risk, does SHA have epidemiologically justifiable
estimates of how many additional deaths and cases of heart and lung disease might be
expected among Montgomery County residents from their exposure to the ICC-related air
pollution from living, working, or going to school along the proposed route of the ICC?

• How many people who already have existing heart or lung problems are currently living in
the closest zones of highest risk?

• Additionally, what is the estimate of how many pregnancies can be expected each year in
the ICC risk zones?

Health-related impacts such as air, water, and noise pollution were considered during the ICC's
study phase (see FEIS Chapter IV for summaries of each of these studies). There is no
methodology that exists to quantitatively evaluate the adverse health impacts as described above.
A person's exposure to elements varies significantly and is dependent on many factors, including
their travel patterns, habits, and locations where they spend most of their time.

Environmental Issues

• What is the specific cost of each environmental mitigation action that SHA is taking?
Please provide a list of each action and its cost.

Please find attached a list of the ICC's mitigation projects with the cost estimates for each.

• Which projects are considered environmental stewardship and what are the criteria for
that designation?

Please find attached a list of the ICC's environmental stewardship (ES) projects. The ES
package for the ICC was developed through analyses of the local natural, community, and
cultural needs and a substantial level of coordination with local, State, and federal resource
agencies, individuals, the public, and community groups. The ES program provides a
comprehensive collection of improvement projects that meet the natural and community/cultural
needs of the ICC study area. .
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Sponsored By:
Delegates Mizeur, Kaiser, Ali, Barnes, Beidle, Bobo, Bromwell, Carr, Carter, V. Clagett,
Frush, Gutierrez, Guzzone, Healey, Heller, Hixson, Holmes, Hubbard, Hucker, Ivey, Kullen,
Lafferty, Montgomery, Nathan-Pulliam, Niemann, Oaks, Pena-Melnyk, Ramirez, Rice,
Ross, Schuh, Schuler, Stein, Stukes, F. Turner, V. Turner, Valderrama, and Vaughn

Entitled:
Intercounty Connector - Public Health Impacts from Air Pollution - Assessment

Synopsis:

Prohibiting the State and the Maryland Transportation Authority from expending specified funds for the
Intercounty Connector until a specified assessment is completed; specifying parameters for the
assessment; requiring the Department ofTransportation and the Department of the Envirom11ent jointly
to create models and to quantify emissions, impacts, and risks, as specified; requiring an assessment of
impacts, an analysis, publication of results, public hearings, public comments, and written responses, as
specified; etc.

History by Legislative and Calendar Date

Legislative date is used to record history occuring in the Chambers otherwise Calendar date is used. ?

House Action

3/3
First Reading House Rules and Executive Nominations

3/7
Re-referred Environmental Matters

3/10
Hearing 3/19 at 1:00 p.m.

3/22
Unfavorable Report by Environmental Matters

Senate Action

No Action
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Potential Health Effe£t§ A§§o£iated with
Re§idential Proximity to Freeway§ and

Primary Road§: Review of S£ielltifi£
Literature, 1999-2006

ViCkie L Boothe
Derek G. Shendell, D.Env, M.P.H.

Adverse health effects have been associ
ated with residential proximity to traffic.
Traffic constituents potentially affecting
health include ultrafine (PMo) and fine
(~.M2.,) particles. which can penetrate deep
into the lungs (Oberd6rster, 2001) and have
been associated with respiratory, pulmonary,
and cardiovascular morbidity and mortality
(Brunekred & Holgate, 2002; Dockery 2001;
Pope, Burnett, Thun, Calle, & Kerwski,
2002). Exposures to traffic-related PM and
CO have been associated with adverse birth
outcomes (Ritz, Yu, Fruin, Chapa, Shaw, &
Harris, 2002; Ritz & Yu, 1999; Ritz, Yu, &
Fruin, 2000), which may lead to increased
childhood morbidity and mortality and in
creased risk of hypertension and coronary
heart disease !n adulthood' (Barker, 1995;
Osmond & Baker, 2000). Diesel emissions
have been associated with effects includ
ing lung cancer (Lloyd & Cackette, 2001;
Mauderly, 1990; Sydbom, Blomberg, Parnia,
Stenfors, Sandstrom, & Dahlen, 2001) and
pulmonary/respiratory disorders (Nel, Diaz
Sanchez, & Li 2001). In addition, traffic
emissions contain many known and suspect
ed carcinogens. Because of their potency and
high concentrations, most of the cancer risk
has been attributed to benzene, 1,3 butadi
ene, and particle-bound PAHs (Rosenbaum,
Axelrad, Woodruff, Wei, Ligocki, & Cohen
1999). Chronic benzene exposures have
been linked to both structural and chromo-

(PAHs), and metals can adhere to traffic-gener
ated particulate matter (Oberd6rster, 2001).

Studies characteriZing distributions of
fresh vehicular exhaust documented that
concentrations were higher near roadways
but diminished to near background levels
within 150-300 meters (m) (Gilbert, Gold
berg, Beckerman, Brook &Jerrett 2005; Zhu,
Hinds, Kim, & Sioutas, 2002; Zhu, Kuhn,
Mayo, & Hinds, 2006). The steep declines
in concentrations were attributed to evapo
ration of volatile constituents, atmospheric
dispersion, and coagulation (Zhu, Hinds,
Kim, Shen, & Sioutas, 2002).

Abstra£t This review presents epidemiologic evidence of adverse
health effects associated with residential proximity to traffic.

Of the 29 peer-reviewed studies that met the authors' defined criteria, 25 reported statisti
cally significant associations with at least one adverse health effect across abroad range
of exposure metries and diverse geographical locations. Specific pollutants contributing to
the associated health effects could not, however, be identified, and uncertainties existed
because of the lack of individual exposure assessments that could rule out confounding
by other factors. Improved exposure assessments and future studies should be considered
for better identification of contributing pollutants and mechanisms of action. In the mean
time, additional policies, additional regulations, and improved land use and urban plan
ning can better protect the public and limit exposure, especially for vulnerable populations
such as pregnant women, children, and the elderly.

Introduction
During the 1970s and 1980s, environmental
regulations substantially reduced emissions
from industry and stationary sources. Auto
mobiles and other road traffic (mobile sources)
became the most prominent contributors to
urban air pollution in many areas of the United
States (U.s. Environmental Protection Agency,
1994). Traffic emissions include nitrogen ox
ides (NO), carbon monoxide (CO), volatile
organic c~mpounds (VOCs) including ben
zene and 1,3 butadiene, and particulate matter
(PM). In addition, toxic airpollutants including
aldehydes, polycyclic aromatic hydrocarbons

April 2008 •Journal of Environmental Health jj



Research on Traffic Proximity and Parent-Reported Adverse Respiratory Effects-Key Results

Reference I Location I Study

I

Health Effects i Exposure Health Effects I Distance Traffic

I

Adjusted I
95% CI

I
I

I

I

Population Assessed
,

Metric with Significant I to Traffic Density Odds

II (N)
, Associations I Ratioi I

Venn et al., Nottingham, 4-11 year olds Parent-reported Postal code Parent-reported 150 m 1O,OOCl-1 00,000 1.06 1.0IH.16
2001 England (6,147) wheeze prevalence distance and daily wheeze prevalence vehicles/day

traffic vehicles/day
11-15 year OIds Parent-reported Postal code dis- Parent-reported 150 m 10,00Cl-1 00,000 1.16 1.02-1.32
(3,709) wheeze prevalence tance and vehicles/ wheeze prevalence vehicles/day

day

Janssen et 20 city 7-12 year OIds Parent-reported Residential Parent-reported 500 m 5,19Cl-22,326 2.57 1.0D-6.56
al.,2003 districts, (2,063) wheeze, nasal distance to truck conjunctivitis trucks/day

Netherlands symptoms, lung traffic, trucks/day Parent-reported itchy 500 m 5,19Cl-22,326 2.08 1.2Cl-5.56
function, conjunc- rash trucks/day
tivitis, itchy rash, Parent-reported cur- 50 m >99,500 1.67 1.07-2.58bronchitis asthma, rent wheeze vehicles/day
hay fever, eczema,

Parent-reported 50m >99,500 1.62 1.62-2.27allergy
cough prevalence vehicles/day

Nicolai et aI., Munich, 4-6 year olds & Cough, current Average daily traffic Parent-reported 50m >99,500 1.79 1.05-3.05
2003 Germany 9-11 year olds asthma wheeze, count & distance to asthma prevalence vehicles/day

(7,506) lung function, residence Parent-reported cur- 50m >99,500 1.67 1.07-2.56
bronchial hyper- rent wheeze vehicles/day
reactivity Parent-reported

cough prevalence
Lewis et aI., United 4-6 yr olds Self-reported Residential dis- None 50 m >99,500 1.62 1.62-2.27
2004 Kingdom (11,562) wheeze, asthma tance to main road vehicles/day

prevalence, medi- 150 m N/A No statistically significant
cation use results

Gauderman 10 of 12 4th graders (av- Self-reported Residential dis- Parent-reported 150 m NlA 1.89 1.19-3.02
et al., 2005 Southern erage age =10 wheeze, asthma tance to freeway asthma prevalence

California years) (208) prevalence, asthma
Communi- medication use Parent-reported 150 m N/A 1.59 1.06-2.36
ties in the wheeze
Children's
Health Parent-reported 150m

Study wheeze with exercise

Ryan et aI., Cincinnati, :>1 year old Parent-reported Residential dis- None 400m N/A 2.57 1.5Cl-4.36
2005 Ohio 1(622) wheeze tance to freeway,

state route with None 100m Freeway No statistically significant
speed >50 mph; results
bus or state route Parent-reported 100 m State route, No statistically significant
with speed <50 wheeze speed >50 mph results
mph Bus/state route, 2.50 1.15-5.42

speed <50 mph

Notes:
Relative risk (RR) by comparison with low- or no-exposure categories.
N/A = not available [i.e., not reported).

somal anomalies in humans and increased
incidence of leukemia in individuals occu
pationally exposed (Finkelstein, 2000; Pax
ton, 1996; Rinsky, Smith, et aI., 1987; Rinsky,
Young, &: Smith, 1981).

This paper summarizes available scientific
findings published in peer-reviewed journals
in English on health effects associated with
defined residential proximity to traffic from
January 1999 through June 2006.

Volume 70 • Number B

Methods
An electronic search was performed on
PubMed. Search terms included "traffic" and
"traffic emissions" in combination with any of
the following terms: "asthma," "adverse birth
outcomes," "birth weight," "childhood cancer,"
"mortality," and "health effects." Atotal of 139
unique records were returned. Twenty-nine ep
idemiological studies defined residential prox
imity to traffic met specific inclusion cntena.

Fifty-four records were excluded because they
were exposure characterizations or assessments
and did not address health effects; 26 were
based on exposures in settings other than resi
dences, such as workplaces or schools; 16 were
based on air pollution monitoring or modeling;
eight were risk assessments; three were ani
mal studies; and three were not in English. It
should be noted these criteria excluded some
important studies conducted since 1999, such



Research on Traffic Proximity and Self-Reported Adverse Respiratory Effects-Key Results

Reference Location

I

Study
I

Health Effects

I

Exposure Health Effects I Distance I Traffic Adjusted

I
95% CI

Population Assessed Metric with Significant I to Traffic Density Odds
(N) I Associations i Ratio

Garshick et Southeast- U.S. veterans Self-reported Average daily traffic Self-reported persis- 50m 9,351 vehicles/ 1.31 1.00-1.71
al.,2003 ern Mas- 60.6 ± 12.8 persistent wheeze, count & distance to tent wheeze day median

sachusetts years old chronic cough, residence >10,000 ve- 1.71 1.22-2.40
2,628 chronic phlegm hicles/day

Heinrich et East Ger- 18-79 year olds Self-reported Self-reported Self-reported chronic Street of Self-reported 1.36 1.01-1.83
al.,2005 many (6,896) wheeze, nocturnal residential proximity bronchitis residence extremely or

coughing, current to traffic intensity considerably
aslllma, hay fever, busy roads
chronic, bronchitis,
allergic sensation

Schikowski Dortmund, Women 54-55 Frequent cough, Average daily traffic Self-reported COPD 100 m >10,000 ve- 1.79 1.06-3.02
etal.,2005 Duisburg, years old (4,757) chronic bronchitis, count & distance to hicleslday

Essen, COPD, forced residence Self-reported fre- 100 m >10,000 ve- 1.24 1.03-1.49
Gelsenkirch- I expiratory volume, quent cough hides/day
en, & Herne, forced vital capac-
Germany ity

Venn et aI., 21 districts Children and Self-reported Residential distance Self-reported wheeze 150m 653 vehicles per 1.17 1.01-1.36
2005 of Jimma, adults wheeze, rhinitis, to road and density 12 hours median per 30 m

Ethiopia eczema, dust mite of vehicles/12 hours
sensitivity

McConnell et 13 California 5-7 year olds Self-reported Residential distance Lifetime asthma 75m N/A 1.29 1.01-1.86
al.,2006 communities (4,762) asthma prevalence, to freeways, Asthma prevalence 75 m N/A 1.50 1.16-1.95

asthma medication highways, & arterial
75-150 m N/A 1.33 1.02-1.72use, wheeze roads

Asthma prevalence 75m N/A 2.46 1.48-4.09
with no family
asthma history

Current wheeze with 75m N/A 2.74 171-4.39
no family asthma
history

Notes:
Relative risk (RRJ by comparison with low- or no-ilxposure categories.
N/A =not available ~.e .• not reported).

as that by Wilhelm and Ritz (2005), which used
residential proximity to central-site ambient
air-monitoring stations to evaluate potential as
sociations between adverse birth outcomes and
traffic-related pollutants.

Literature Review Results

Respiratory Effects
Nineteen studies evaluated residential prox
imity to trarfic and respiratory effects. The
results ror studies or parent-reponed respira
tory effects are summarized in Table la, those
ror selr·reported respiratory errects are sum
marized in Table 1b, and those ror physician
diagnosed respiratory effects are summarized
in Table lc. or the 19 studies, 10 examined re
spiratory symptoms such as wheeze, rrequent
coughs, and chronic phlegm; rour examined
indicators or asthma severity including hos-

pitalizations and doctor visits; and six inves
tigated the relationship between residential
proximity to trarfic and prevalence or asthma.

Seven o[ the 10 studies examining seJr- or
parent-reported respiratory symptoms report
ed statistically significant associations between
proximity to traffic and wheeze (McConnell et
aI., 2006; Garschick, Laden, Hart, & Caron,
2003; Gauderman et aI., 2005;' Nicolai et aI.,
2003; Ryan et aI., 2005; Venn, Lewis, Cooper,
Hubbard, & Britton, 2001; Venn, Yemaneber
han, Lewis, Parry, & Britton, 2005). Persistent
or current wheeze was round to be associated
with residential proximity within 50, 75, and
150 m or busy roads (McConnell et aI., 2006;
Gauderman et aI., 2005; Venn et aI., 2005;
Garschick et al. 2003; Janssen et al. 2003;
Venn et al. 2001). McConnell and co-authors
(2006) reported statistically significant asso
ciations ror residential proximity within 75 m

and between 75 and 150 m but not ror resi
dences at distances or 150-300 m or greater.
Heinrich and co-authors (2005) reponed
only marginal increases in wheeze, nocturnal
coughing attacks, and hay rever in a group or
East German adults with selr-reported residen
tial proximity to trarfic. Lewis and co-authors
(2004) reported no statistically significant as
sociations between residential proximity to
traffic within 150 m and selr-reported asthma
prevalence, medication usage, or wheeze in
children in the United Kingdom.

Results were mixed ror five studies examining
associations between proximity to trarfic and
respiratory-related doctor visits and hospitaliza
tions. In a study or San Diego children, English
and co-authors (1999) reported that doctor vis
its ror asthma were associated with trarfic densi
ty at the second quintile (5,500-9,000 cars/day)
and 95th percentile (>41,000 cars/day) within
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Research on Traffic Proximity and Physician-Diagnosed Respiratory Effects-Key Results

Reference

I

Location
,

Study I Health Effects Exposure i Health Effects I Distance Traffic Adjusted
I

95%CI

I
I

I
Population

I
Assessed Metric

I
with Significant I to Traffic Density I Odds

(N) Associations I Ratio I ,
I

English et. San Diego, ,.;14 year oIds wI Asthma prevalence Average daily traffic Asthma doctor visits 550 It 5,50(}-9,OOO 2.14 1.10-4.16
al.,1999 California asthma (5,996) and asthma doctor vehicles/day & dis- vehicles/day

visits tance to residence >41,000 ve- 2.91 1.26--6.91

~

hicleS/day
Wilkinson et North 5-14 year olds Asthma and Postal code centroid None 150 m >1,000 vehicles! No statistically significant
al.,1999 Thames w/asthma & respiratory illness distance to road hour results

London, respiratory ill- hospitalizations and peak hourly
England nesses (9,214) 1992-1994 traffic vehicles/hour

Lin et aI., Erie County, ,.;14 year olds wI Asthma hospital. Average vehicle Asthma hospital. '200m >4,043 vehicle 1.93 1.13-3.29
2002 New York asthma (417) admissions miles traveled & admissions miles traveled

distance to resi-
dence

Residential distance Asthma hospital 200m ~1% heavy 1.43 1.03-1.99
to heavy truck admissions trucks
traffic

Lwebuga- 16 ZIP ~18 yr olds Asthma hospitaliza- Pre- and post- None N/A NlA No statistically significant
Mukasa et codes near (13,910) tions and outpatient NAFTA traffic results
al.,2oo4 Peace visits 1991-1996 volumes

Bridge on
U.S.lCanada

." .
Border .,

Zmirou et aI., France (}-3 year olds Diagnosed asthma Lifetime average Diagnosed asthma 300 m >30 vehicles per 2.28 1.14-4.56
2004 (434) incidence, asthma time weighted incidence day per meter

prevalence traffic density
(vehicles/meter)

Gordian et Anchorage, 5-7 year olds Asthma prevalence Average daily traffic Asthma prevalence in 100m 40,00D-80,000 2.43 1.23-5.28
al.,2006 Alaska (756) per meter vehicle children with no lam- vehicle meters

within buffer around i1y asthma history >80,000 vehicle 5.43 2.06--13.74
residence meters

Smargiassi et Montreal, ~60 year olds Respiratory haspi- Residences along Respiratory hoSPi- N/A >3,160 1.18' 1.06--1.31
al.,2006 Canada (35,309) talizations roads and density talizations compared vehiclesl3- hour

of vehicles during to other diagnostic peak
3-hour daily peak groups

Sugiri et aI., East &West 5-7 yr olds Total lung capacity, Average daily traffic Total lung capacity 50m 216--214 kmlday 1.07 1.06--1.09
2006 Germany (2,574) airway resistance density kilometers/ mean

day & distance to
highway

Airway resistance 50m 216--214 km/day 1.02 1.00-1.03
mean

Notes:
Relative risk (RR) by comparison with low- or no-exposure categories.
N/A = not available (i.e., not reported).

550 feet (ft) of residences; this association was
strongest for girls. lin and co-authors (2002)
reponed increased risk of asthma hospitaliza
tion for children living in New York neighbor
hoods with heavy truck traffic and increased
traffic density within 200 m of their homes.
Smargiassi and co-authors (2006) reported in
creased risks of respiratory-related hospitaliza
tions for older adults living in areas of Montreal
with high traffic volumes. Wilkinson and co
authors (1999), however, using a postal-code
centroid within ISO m of a busy road, reported

no association' between respiratory-related hos
pital visits and residential proximity for school
children in London. Lwebuga-Mukasa and co
authors (2004) also did not find a statistically
significant association for respiratory-related
children's hospital visits when they examined
the change in traffic patterns before and after
implementation of the North American Free
Trade Agreement (NAFTA) near the Peace
Bridge on the U.SlCanada Border.

Four of six studies examining asthma preva
lence reported statistically significant findings

with residential proximity within 75, 100, 150,
and 300 m of dense traffic across geographically
diverse locations including Alaska, California,
and France (Gordian, Haneuse, &: Wakefield,
2006; McConnell et ai., 2006; Gaudennan et
aI., 2005; Zmirou et aI., 2004).

Additional respiratqry effects were report
ed to be associated with residential proximity
to traffic. Schikowski and co-authors (2005)
reponed elevated risks of diagnosed chron
ic obstructive pulmonary disease, frequent
cough, and reduced lung function associated
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Traffic Proximity and Childhood Cancer Research-Key Results

Reference location

I

Study

I
Health Effects Exposure

I

Health Effects ! Distance I Traffic

I
Adjusted I 95%CI

I Population Assessed

I
Metric with Significant I to Traffic Density Odds

I
,

(N) Associations RatioI

Pearson et Denver, CO s14-yr-olds with All cancers, Daily distance- All cancers 750ft 5000--9999 1.68 1.02-2.80
al.,2000 cancer (579) leukemia weighted traffIC vehides/day

density-vehicles/ 750 ft ~20,OOO ve- 5.90 1.69-20.56
day and distance to hicleS/day
residence

Leukemia 750 ft 5000--9999 2.04 1.05-3.95
vehicles/day

750ft ~20,000 ve- 8.28 2.09-32.80
hides/day

Reynolds et California s15-yr-olds with All cancers, leuke- Vehicles per square All cancers N/A 608Hl530 1.10" 1.01-1.19
al.,2002 cancer (6,988) mia, gliomas mile and miles of vehicles/square

road per square mile
mile within block 21.7-24.8 miles/ 1.11" 1.02-1.20
group of residence square mile

Leukemia N/A 6081-8530 v/m2 1.18" 1.03-1.35

Crosignani et Varese Prov- s14-yr-olds Childhood leukemia Distance to resi- Childhood leukemia 300m Benzene over 10 3.91" 1.36-11.27
aI., 2003 ince, Italy with childhood dence plus Caline ~g/m3 estimated

leukemia (120) model to estimate annual average.
benzene concentra-
tion

Steffen et aI., Nancy, s14-yr-olds Acute leukemia, Sell-reported expo- Acute leukemia NlA N/A No statistically significant
2004 Lille, Lyon, with childhood acute non-Iym- sure to heavy-traffic results

& Paris, leukemia (567) phocytic leukemia, roads &neighboring
France acute lymphocytic business

leukemia

Notes:
Relative risk (RR) by comparison with Iow- or no-exposure categories.
N/A = not available (i.e., not reported).

wi th residential exposure to traffic within 100
m for women 54-55 years of age in Germany.
Sugiri and co-authors (2006) reported that
residential proximity to a busy road of within
50 m was associated with reduced lung func
tion in a group of German children.

Childhood Cancers
The studies that we examined augmented scien
tific evidence on potential associations between
residential proximity to traffic and childhood
cancers including acute non-lymphocytic leu
kemia and acute lymphocytic leukemia. Three
of four studies (Table 2) reported a statistically
significant association between childhood can
cer and traffic exposure metrics and residential
proximity within 750 ft (229 m), 200 m, and
300 m in Denver, Colorado; California; and
Varese Province, Italy (Crosignani et aI., 2003;
Pearson, Wachtel, & Ebi, 2000; Reynolds et aI.,
2002). Steffen and co-authors (2004) reponed
an association for self-reported residential prox
imity to automobile repair stations and petrol
stations but not for exposure to heavy traffic.

That study, however, was one of the few rely
ing on the participant's perception of living near
heavy traffic rather than more objective traffic
and exposure metrics.

Adverse Birth Outcomes
Three studies examined the relationship be
tween adverse birth outcomes and traffic ex
posure and reported statistically significant
associations (Table 3). Maternal residence
within 500 m of a major freeway in Taiwan
was reported to be a significant risk factor for
preterm birth (Yang et aI., 2003). Wilhelm and
Ritz (2003) reported that California mothers
who lived within 750 ft (229 m) of the high
est quintile of heavy-traffic roadways during
pregnancy were more likely to have a preterm
baby. These researchers reported higher risks
of preterm and low-birth-weight babies being
bomin the fall and winter to mothers living
nearer the highest-quintile traffic density. An
extended analysiS of these California births
by Ponce and co-authors (2005) funher con
finned the association between proximity to

dense traffic and low binh weight for births
occurring in the winter.

Mortality Risks
Three studies examined the. relationship
between residential proximity to traffic
and mortality. Associations were reponed
for cardiopulmonary, stroke, and cardio
vascular mortality in the Netherlands, the
United Kingdom, and Canada (Finkelstein,
2000; Maheswaran & Elliot, 2003; Hoek,
Brunekreef, Goldbohm, Fischer, & van den
Brandt, 2002). Both Finkelstein (2000) and
Hoek and co-authors (2002) reponed statisti
cally significant monality risks for residences
within 100 m of a highway (freeway) and 50
m of an urban road. Maheswaran and Elliot
(2003) reponed elevated mortality risks at a
distance of up to 1000 m from the centroid
of the residential enumeration district. These
findings were consistent with those of previ
ous studies establishing PM as a well-defined
risk faclor for premature mortality; more than
50 percent of total PM emissions in urban
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Traffic Proximity and Adverse Birth Outcomes Research-Key Results

Reference
I

Location

I

Study I Health Effects I Exposure

I
Health Effects Distance I Traffic Adjusted I 95%CI

Population
I

Assessed Metric with Significant to Traffic I Density Odds

I (N) I Associations Ratio I
Wilhelm & Los Angeles 1994-1996 live Low birth weight, Distance-weighted Preterm births 750 fl Highesi-quintile 1.08' 1.01-1.15
Ritz, 2003 County, CA births (50,933) preterm births, low traffic density DWTD

birth weight and (DWTDl, and one Preterm births during 750 fl Highest-quintile 1.15' 1.05-1.26
preterm births or more freeways fall/winter DWTD

and distance to Low birth weight and 750 fl Highest-quintile 1.24' 1.03-1.48
residence preterm during fall/ DWTD

winter

Low birth weight 750 fl 40th to 59th 1.16' 1.03-1.30
percentile DWTD

60th to 79th 1.15' 1.02-1.29
percentile DWTD

Low birth weight 750 fl Highest-quintile 1.33' 1.11-1.58
during fall/winter DWTD

Yang et aI., East Kaohsi-. 1992-1997 live Preterm delivery Residential distance Preterm delivery 500 m 93,000 vehiclesl 1.30 1.03-1.65
2003 ung, Taiwan births (6,251) to amajor freeway day

with average daily
traffic count-vehi-
cleslday

Ponce et aI., 112 ZIP 1994-1996 live Low birth Weight Residential ZIP Low birth weight 3.2-km DWTD 80th 1.30 1.07-1.58
2005 codes in births (37,347) codes distance during winter buffer percentile

Los Angeles intersected by
County freeways and major

arterials, and DWTD

Notes:
Relative risk (RR) by comparison with low- or no-exposure categories.
NlA =not available (i.e., not reported).

areas of industrialized countries have been es
timated to come from traffic (Wrobel, Rokita,
1St Maenhaut, 2000; Briggs et aI., 1997).

Discussion and Policy
Impliralions
Of the 29 studies reviewed, 25 reported sta
tistically significant associations between
residential proximity to traffic and at least
one of the following adverse health effects:
increased prevalence and severity of symp
toms of asthma and other respiratory diseas
es; diminished lung function; adverse birth
outcomes; childhood cancer; and increased
mortality risks. These associations were re
ported across a broad range of exposure
metrics ranging from self-report to sophisti
cated mobile-source models, a wide variety
of analytical designs controlling for diverse
confounders, and diverse geographical loca
tions. The results were particularly consistent
for 9 of 10 non-respiratory studies reporting
statistically Significant associations between
residential proximity to traffic and childhood
cancer; adverse birth outcomes; and cardio-

pulmonary, cardiovascular, cerebrovascular,
and stroke mortality.

Mixed findings from studies of respiratory
outcomes and residential proximity to traf
fic may be partly explained by issues related
to case identification and definitions used for
asthma diagnosis. First, asthma prevalence and
respiratory symptoms in many of the studies
were self-reported through surveys and were
subject to recall bias (Garshick et aI., 2003;
Gauderman et aI., 2005; Heinrich et aI., 2005;
Janssen et al" 2003; Lewis et aI., 2004; McCon
nell et aI., 2006; Schikowski et aI., 2005;Venn
et aJ., 2001; Venn et aI., 2(05). Obtaining accu
rate reporting of symptoms by young children
is especially challenging because they may not
be aware ofor capable ofverbaliZing symptoms,
or may not be able to recall symptoms as well as
older children or adults (Kuehni 1St Frey, 2002).
Second, studies have demonstrated that paren
tal conceptual understanding of wheeze varies
across ethnic groups (Cane, Pao, 1St McKenzie,
2001) and differs from definitions used byepi
demiologists (Cane, Ranganathan, 1St McKen
zie, 20(0). Third, even a physician's diagnosis

of asthma can be unreliable because of changes
in diagnostic practices and definitions over time
(Hill, Williams, Tattersfield, 1St Britton 1989).

Residential distance to and density of traffic
were reported to be important factors in the
assessment of the relationship between traffic
exposure and adverse health outcomes. The
majority of studies using varying distances to
residences as exposure metrics reported as
sociations with adverse health effects for dis
tances up to 200 m but not for greater distanc
es (Garshick et aI., 2003; Gordian et aI., 2006;
Un et aI., 2002; McConnell et aI., 2006; Nico
lai et aI., 2003; Schikowski et aI., 2005; Sugiri
et aI., 2006; Venn et aI., 2001; Wilkinson et
aI., 1999). Only three studies reported health
effects associated with residential proximity
greater than 300 m (Ponce et aI., 2005; Yang et
a1., 2003; Maheswaran 1St Elliot, 2003).

Four of five studies evaluating residential
proximity to major highways (freeways) re
poned statistically significant associations
with adverse health effects (Finkelstein et aI.,
2004; Ponce et aI., 2005; Hoek et aI., 2002;
Yang et aI., 2(03). Adverse effects were reported
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for traffic counts as low as 5,500--9,000 vehicles!
day (English et aI., 1999), 10,000 vehicles!
day (Garshick et aI., 2003; Schikowski et al.,
2005), and approximately 24,000 vehicles/
day (Smargiassi, Berrada, Fortier, &: Kosatsky
2006; Wilkinson et aI., 1999), as well as for
busy-highway (freeway) averages of up to
93,000 vehicles/day (Yang et aI., 2003).

Vehicle mix was also suggested as an im
portant factor. Lin and co-authors (2002)
reported an association between asthma hos
pitalizations and residential proximity within
200 m of heavy truck traffic. Ryan and co
authors (2005) reported a statistically sig
nificant association between residential prox
imity within 100 m of stop-and-go bus and
truck traffic and parent-reported wheeze in
infants less than 12 months old. Janssen and
co-authors (2003) assessed health impacts of
residential proximity to car and truck traffic
and reported elevated risks of conjunctivitis
and an itchy rash only for truck traffic.

Several challenges existed to the assessment
of relationships between exposure to traffic and
health effects. First, personal monitoring that
documents duration of exposure and air con
centrations of traffic emissions that people ac
tually breathe is typically cost-prohibitive and
not practical for most epidemiological studies
to date. Therefore, researchers used surrogate
exposure metrics to estimate exposure. The
precision of exposure metries used by studies
covered in this review ranged from self-report
(Heinrich et aI., 2005; Steffan et aI., 2004; Su
giri et aI., 2006) to outputs of sophisticated
mobile-source models and geographic informa
tion system mapping of residential addresses
(Gauderman et aI., 2005; Smargiassi et aI.,
2006). Second, most studies did not account
for the relative amount of time people spend
in microenvironments other than residences
such as work, school, or commuting, where
levels of exposure to traffic emissions can vary.
Third, estimates of exposure typically do not
take into account indoor sources of air pollut
ants or the variability in residential penetration

of pollutants such as benzene and PM (Sioutas,
Delfino, &: Singh, 2005). Fourth, physical and
chemical properties, composition, and toxicity
of fuel mixtures for natural gas, gasoline, and
diesel vary in different parts of the world and
even within countries (Verma &: Tombe, 2002).
Finally, constituents, concentrations, and dura
tion of traffic-related residential exposures are
affected by many factors, including varied neet
characteristics such as average ages and types
of vehicles; designs, grades, and distributions
of roads; traffic congestion and driving habits;
and different inspection and maintenance pro
grams, as well as variations in national and lo
cal regulatiOns (Gwilliam, 2003).

The consistency of reponed results across the
studies we reviewed provided a "weight-of-evi
dence" finding suggesting that residential prox
imity to traffic can be associated with adverse
health effects and poses a public health threat.
A number of steps can be taken to decrease
exposure to traffic-related pollutants and to
protect the public. Exposures, especially diesel,
can be minimized for children, the elderly, and
other vulnerable populations by improved land
use and community planning that ensures that
schools, daycare centers, and nursing homes
are not located within 300 m of a busy road.
Also, prohibiting prolonged idling of school
buses outside schools and widespread conver
sion of diesel buses to cleaner alternatiVes, in
cluding buses that use low-sulfur fuels and par
ticulate traps, can reduce exposures of school
aged children (Behrentz et aI., 2005; Sabin et
aI., 2005). Furthermore, federal, state, and local
governments can reduce emissions by adopting
and enforCing regulations on tailpipe emissions
and higher fuel economy standards; promoting
use of alternative fuels and low-sulfur diesel;
promoting carpooling through use of subsidies
and high-occupancy vehicle lanes; implement
ing smart-growth strategies to reduce urban
sprawl; and providing convenient, affordable
mass transit options. Employers can reduce
traffic-related emissions by providing car- and
van-pooling incentives and allowing employ-

ees to telecommute. Individuals can purchas~

low-polluting vehicles, combine trips, and use
alternative means of transportation such as bi
cycling or walking.

Conclusions
Studies we reviewed consistently reported
statistically significant associations between
residential proximity to traffic and at least
one of the following adverse health effects:
increased prevalence and severity of symp
toms of asthma and other respiratory diseas
es; diminished lung function; adverse birth
outcomes; childhood cancer; and increased
mortality risks. At present, however, epide
miological studies cannot determine causali
ty, and uncertainties exist because of a lack of
individual exposure assessments that could
rule out confounding by other, unmeasured
factors. Also, the studies reviewed did not
elucidate which traffic-related pollutant or
mixtures of pollutants may have contributed
most to the observed adverse health effects.
Improved exposure assessments and mecha
nistic or toxicological studies are needed to
identify contributing pollutants and mecha
nisms of action. Meanwhile, public health
can be better protected through enhanced,
precautionary land use; smart growth; and
transportation policies, as well as through
government and private-sector incentive pro
grams and individual actions.JIji(

Disclaimer: This report does not constitute
an endorsement by CDC of authors or orga
nizations whose work is reviewed here. The
views and opinions of these authors and or
ganizations are not necessarily those of CDC
or the u.s. Department of Health and Human
Services (HHS).
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This paper discusses emerging information on exposure to air pollution from traffic and health
and raises two key questions with regard to the impact of traffic on public health: 1) is there
sufficient evidence to infer that traffic is causing adverse health effects, and; 2) what is the
magnitude of the adverse impact of traffic on health? Topics addressed include characterization
of exposure to traffic-related pollutants; the findings of epidemiological studies to date; and
investigative approaches and the related challenges-including bias, model-based conclusions,
and sample size issues-in characterizing the health effects of air pollution from traffic. Also
considered are the known health effects of two of the major pollutants produced by vehicle
exhaust-particles and ozone. The evidence points to traffic as a threat to public health that will
be managed with great difficulty; however, more research is needed to refine our understanding
of the health consequences of traffic exposures and as a basis for formulating mitigation policies.
This paper discusses emerging information on exposure to air pollution from traffic and health
and raises two key questions with regard to the impact of traffic on public health: 1) is there
sufficient evidence to infer that traffic is causing adverse health effects, and; 2) what is the
magnitude of the adverse impact of traffic on health? Topics addressed include characterization
of exposure to traffic-related pollutants; the findings of epidemiological studies to date; and
investigative approaches and the related challenges-including bias, model-based conclusions,
and sample size issues-in characterizing the health effects of air pollution from traffic. Also
considered are the known health effects of two of the major pollutants produced by vehicle
exhaust-particles and ozone. The evidence points to traffic as a threat to public health that will
be managed with great difficulty; however, more research is needed to refine our understanding
of the health consequences oftraffic exposures and as a basis for formulating mitigation policies.
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Traffic is an increasingly dominant contributor to air pollu
tion, both in the United States and elsewhere. Its rise in relative
importance reflects not only the rising volume of vehicles and
miles traveled, but the decline in pollution from manufacturing,
as much of the activity in this sector has left the United States
and other developed countries for countries in the developing
world. The findings of recent studies focused on pollution from
traffic suggest that traffic may be a significant contributor to the
adverse effects of air pollution on public health.

While the health effects of the major outdoor air pollutants
have been well characterized, particularly of the "criteria pollu-

tants" regulated by the U.S. Environmental Protection Agency
(EPA). there is only limited evidence and understanding of the
extent to which particular sources, including traffic, contribute
to the burden of morbidity and mortality from ambient air pollu
tion. In fact, the emphasis on obtaining evidence for individual
pollutants in support of setting the National Ambient Air Qual
ity Standards (NAAQS) has limited more holistic assessments
of risks of the ambient air pollution mixture. Recently, how
ever, in the case of airborne particles, there is new emphasis on
identifying the sources of those particles that may be injurious
to human health so as to more effectively target control mea
sures (National Research Council [NRC), 2004). Additionally,
the National Research Council report on air quality management
called for broader, multipollutant research (NRC, 2004).

This article provides an overview ofthe emerging information
on exposure to air pollution from traffic and health. The intent is
to provide a perspective and not to systematically review all of
the available information. The article addresses characterization
ofexposure to traffic-related pollutants; the findings of epidemi
ological studies to date; and investigative approaches and the
related challenges in Characterizing the health effects of air pol
lution from traffic. It also considers, but does not systematically
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FIG. 1. Local and regional contributions to traffic-related exposures.

Local Contribution
Roadway proximity
Traffic density
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cover, the health effects of two of the major pollutants pro
duced by vehicle exhaust-particles and ozone. Comprehensive
summaries are available for these pollutants (U.S. EPA, 2004a,
2004b, 2004c, 2006; Pope & Dockery, 2006; World Health
Organization [WHO], 2006, 2007).

At present, two main questions need to be answered with
regard to traffic and public health: First, is there sufficient evi
dence to infer that traffic is causing adverse health effects? And
second, what is the magnitude of the adverse impact of traffic
on health? The answer to the first question is relevant to de
termining whether regulatory or other strategies are needed to
protect public health; answerto the second describes the scope of
the problem and indicates the potential benefit of interventions
directed at exposures to traffic-related air pollutants.

Broadly, the complex mixture of air pollution in urban en
vironments includes most prominently particles, ozone, carbon
monoxide, and nitrogen oxides, and the array of pollutants clas
sified as "air toxics." Traffic is only one of the many sources of
these and other air pollutants in urban environments (Figure I).
Airborne particles may originate from local and distant sources;
during long-range transport, the particles undergo chemical and
physical transformations that may affect the associated risk to
health (U.S. EPA, 2003). On smaller geographic scales within
cities, particle concentrations may fluctuate widely depending
on traffic and weather, as well as the physical configuration of
the environment. With regard to particle emissions from traffic,
diesel vehicles are a particular concern; in specific areas, diesel
vehicles may be a particularly important source of particles be
cause of freeways, shipping terminals or bus depots (Kinney
et a!., 2000; U.S. EPA, 2004b).

Ozone, another traffic-related pollutant, has a well
characterized pattern of spatial and temporal variation that is
relevant to population exposure. Ozone is generated through
photochemical reactions involving the action of sunlight on hy
drocarbons and nitrogen oxides. Originally identified at the mid-

Regional Contribution
Source apportionment
Regional pollutants
0" UF, PM,.•, airtoxics

20th century in southern California, the photochemical pollution
for which ozone is the indicator is now widespread through
out the United States ( U.S. EPA, 2006). High levels of ozone
occur routinely in the summer across the southeastern United
States and in major cities ofthe West. The traffic congestion and
weather conditions that generate ozone lead to elevated con
centrations on broad geographic scales. Levels rise with the
morning traffic rush, peak around mid-day, and typically fall
across the afternoon ( U.S. EPA, 2006). They are lower in cen
tral metropolitan areas, where ozone is chemically quenched by
nitrogen oxides in vehicle exhausts.

Many pollutants, other than the two criteria pollutants, ozone
and particulate matter, are relevant to the potential for traffic
exposure to cause adverse health effects. Many "air toxics" are
emitted, such as acrolein, benzene, and butadiene, and their con
centrations may be particularly high in "hot spots" in urban lo
cations with heavy traffic congestion.

EXPOSURE TO TRAFFIC-RELATED AIR POLLUTION

Background Considerations
Risks to health from ambient air pollution are determined

by personal exposures to these pollutants and ultimately to the
doses of pollutants reaching target sites in the respiratory tract
and elsewhere. The microenvironmental model is a useful con
struct for considering how and when exposures to traffic-related
pollutants take place for the general population. In this model,
personal exposure to air pollution reflects the pollutant concen
trations in the microenvironments where time is spent and the
time spent in those environments. More specifically, total per
sonal exposure to a pollutant (E) is given by:

E = Lc,-I,
,-
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where c; is the concentration of the pollutant of interest in mi
croenvironment i and t; is the time spent there. Extended to ex
posure to traffic, total personal exposures for the various traffic
related pollutants are seen to depend on the concentrations of
the pollutants not only in outdoor environments on or near road
ways, but also on the penetration ofthe pollutants indoors and the
resulting concentrations in indoor environments. Indoor envi
ronments are highly relevant to total personal exposure because
most time is spent indoors, with the majority at home.

The risk to health depends on the pollutant doses received at
the target sites. For the respiratory track, dose depends on the
level and pattern of ventilation. Exercise or other forms of exer
tion increase ventilation and the resulting lung doses of inhaled
pollutants. The timing and locations of exertion may also be crit
ical determinants of dose. Additionally, people may alter their
activity patterns to avoid situations that are likely to increase the
doses of inhaled pollutants.

Studies of air pollution near roadways have provided in
sights into the spatially and temporally dynamic nature oftraffic
related pollution and the difficulty ofestimating exposures using
the microenvironmental approach. The epidemiological studies
on traffic and health have largely focused on the consequences
of exposures incurred by living near large roadways, such as
freeways in southern California. Studies by researchers in Los
Angeles have characterized particles alongside roadways, nicely
documenting how particles change in size in relation to distance
from the roadway and increasing time since their formation (Kim
et aI., 2002; Zhu et aI., 2006). Immediately adjacent to roadways,
the particles in fresh exhaust are clustered in a very small size
range with a mode around 10 nm in aerodynamic diameter; with

increasing distance from the roadway, as the particles in fresh
exhaust agglomerate, the size increases, moving towards 50 to
100 nm (0.1 !Lm) in aerodynamic diameter at a distance of 50
to 100 m from the freeway. One implication of these findings is
that distance from a major roadway may be a surrogate for the
characteristics of the particles to which occupants of buildings
are exposed.

An additional consideration in extending the microenviron
mental model to traffic-related exposures is the penetration of
traffic-related pollutants into indoor environments. There is a
general literature on penetration of particles and ozone into in
door environments that provides insights that can be extended
to traffic-related pollution. In general, ozone levels in indoor en
vironments track with outdoor levels but are substantially lower
because of the reactivity of ozone with surfaces. Concentrations
indoors depend on the rate of exchange of indoor with out
door air. Particles in the respirable range, less than 2 to 3 !Lm
in aerodynamic diameter, in outdoor air do penetrate indoors
through mechanical systems and natural infiltration. While in
door sources, such as cigarette smoking and cooking, are also
significant contributors, penetration of particles in outdoor air
into indoor environments is an important contributor to particle
concentrations indoors.

My colleagues, Drs. Pat Breysse, Tim Buckley, and Alison
Geyh, investigated the temporal pattern of particle concentra
tion indoors in relation to outdoor concentrations and traffic in
a row house situated alongside a busy Baltimore City street
(Geyh, personal communication, 2007). Figure 2 shows the
I-h average concentrations of indoor and outdoor black carbon
concentrations, as well as traffic counts on the street where
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FIG. 2. Weekday 1-h mean BC and traffic count by hour of day (October I, 2001, to May 31, 2002; unpublished).
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TABLE I
Methods of classifying exposure to traffic

The measures used by epidemiologists cannot reflect the full
extent of spatial and temporal variation of traffic-related pollu
tion, and most anchor the exposure estimates in residence loca
tion. Consequently, exposures in other environments are implic
itly assumed to be equivalent when exposures of individuals are
classified solely on the basis of residence location. The result
ing misclassification may not be random or nondifferential, as
persons living in residences associated with higher levels of ex
posure to traffic-related pollution may also be more likely to have
higher transportation and work exposures. The epidemiological
measures are certain to be affected by random misclassification
as well, which inherently reduces the magnitude of exposure
estimates.

The difficulties of classifying exposure to traffic-related pol
lution have been widely acknowledged and were summarized in
a report on a 2003 workshop (Van Atten et aI., 2(05). A con
ceptual framework proposed by workshop participants included
factors related to emissions, to dispersion and transformation,
and to time-activity. The framework's elements have further de
tail; dispersion and transformation, for example, are affected by
the physical configuration of roadways and adjacent buildings,
atmospheric conditions, and the chemical composition of the
emissions mixture. Epidemiological approaches cannot capture
this level of detail.

Jerrett and colleagues (Jerrett et aI., 2005) have proposed
modeling approaches as useful for estimating air pollution ex
posures within cities. They offer six modeling approaches:
(1) proximity models, which are based in distance from a
source; (2) interpolation models, which extend modeling results
to residence locations; (3) land use regression models, which
use source descriptors and other information to estimate pol
lutant concentrations at receptor sites; (4) dispersion models,
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the building was located (St. Paul) and a parallel major street
(Calvert). The black carbon concentrations outdoors and indoors
track with the amount of traffic with morning and afternoon in
creases; the indoor and outdoor black carbon concentrations are
close.

Data on air toxics further illustrate the impact of traffic on
air pollution in urban environments. Alongside urban streets,
concentrations of air pollution may be affected by local traffic
conditions and microscale building geometries and wind con
ditions. Not surprisingly, monitoring studies show that concen
trations of traffic-related pollutants reflect traffic patterns. Levy
and colleagues (Levy et aI., 200 I) mapped concentrations of
fine particles and particle-bound polycyclic aromatic hydrocar
bons (PAHs) in Roxbury, MA, by providing portable samplers
to community residents, who walked the streets with the moni
tors. Their mapping showed a clear tracking of these pollutants
alongside the roadways and higher levels adjacent to a bus de
pot. Kinney and colleagues (Kinney et aI., 20(0) monitored 8-h
concentrations of PM2,5 (particulate matter less than 2.5 /-Lm in
aerodynamic diameter) and of elemental carbon (EC), a surro
gate for particles from diesel engines, in four sidewalk locations
in Harlem. The PM2 .5 concentrations were close across the sites,
reflecting regional-scale contributors to the particles, while EC
concentrations varied fourfold and were correlated with truck
and bus counts.

These measurement data provide a useful context for ap
plication of the microenvironmental model to traffic exposure,
particularly for particulate matter. Not surprisingly, they show
the influence of regional and local sources on particle concen
trations alongside streets. The results of the Baltimore study, as
well findings of other studies, confirm that particles outdoors do
penetrate indoors (U.S. EPA, 2004c). The work of researchers in
Los Angeles documents a strong gradient of increasing particle
size with increasing distance from major roadways. The spatial
patterns of ozone concentrations, with their relative regional ho
mogeneity and reduction in high traffic areas, would not track
with particle concentrations. Spatial patterns of air toxics in ur
ban environments may be dominated by "hot spots" reflecting
traffic and point sources.

Classification of Exposure to Traffic
Epidemiologists have used a variety of measures to classify

exposure to traffic (Table 1). The indicators range from self
report of proximity to traffic to model-based estimates that may
reflect information on proximity to roadways, traffic density,
and land use. Exposure has been classified on a dichotomous
basis, that is, exposed or not exposed, or on an ordinal basis,
providing a relative indication of exposure. To date, little vali
dation of these indices against specific pollutant indicators has
been carried out. The first wave of epidemiological studies on
traffic largely used measureS of proximity to major roadways;
subsequently, the complexity of traffic exposure has been better
reflected by turning to approaches based on residence location,
models, and measurements (Van Atten et aI., 2005; Jerrett et aI.,
2005).

Source of information

Source strength

Geographical
information

Dispersion models

Stationary monitoring
and interpolation

Questionnaires and
interviews

Personal monitoring

Human samples

Type of information

Emission rate (mass per time),
traffic density

Distance of the place of residence
from the source or from major
roadways

Spatiotemporal concentration
distributions from modeling of
emission rates, meteorology, air
chemistry, geography

Interpolation of monitor data to
place of residence

Source strength, distance from the
source, time-activity

Continuous or cumulated
concentrations over time

Concentration of biomarkers of
exposure in biological specimens
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which combine emissions infonnation with meteorological and
topographical data to estimate concentrations; (5) integrated
meteorological-emission models, which incorporate representa
tions of meteorological and chemical processes; and (6) hybrid
models, which combine multiple approaches, such as personal
and regional monitoring. ]errett and colleagues (2005) provide
a comprehensive review of these approaches and consider their
application to epidemiological studies. Although modeling ap
proaches are being used increasingly in epidemiological stud
ies, validation of the estimates is lacking, even though needed.
Additionally, the full extent of the uncertainty associated with
model-based estimates has not been incorporated into analyses
of associations with health outcomes.

Validation of models is particularly challenging. Possibil
ities include comparison to values measured by urban moni
tors or by monitors sited at residences. Comparison could be
made with personal monitoring results. Biomarkers might also
be considered. In a study in the United Kingdom, the carbon
content of alveolar macrophages of children was positively
associated with estimated PMIO from traffic (Kulkarni et aI.,
2006).

EPIDEMIOLOGICAL STUDIES OF TRAFFIC AND
HEALTH

Background

There is already extensive epidemiological literature on the
principal criteria air pollutants associated with traffic: particu
late matter, ozone, nitrogen oxides, and carbon monoxide. The
most recent studies show that current levels of particulate mat
ter and ozone remain associated with morbidity and premature
mortality (World Health Organization, 2006). The studies do not,
however, address whether particulate matter associated with traf
fic has greater toxicity than particulate matter from other sources.
Characterizing sources of particles that may have greater toxi
city was identified as a high priority by the National Research

Council's Committee on Research Priorities for Airborne Par
ticulate Matter (NRC, 2004).

An increasing number of epidemiological studies have ad
dressed exposure to traffic and health. In a PubMed search us
ing the tenns "traffic" and "health effects," we identified few
studies before 1990, and then a steadily increasing number of
publications up to the 2006 figure of 103. Of these 103, 37 are
concerned with the findings of epidemiological studies. In this
article, I do not provide a systematic review of these studies, but
rather select examples to describe their methods and the chal
lenges of epidemiological studies on traffic and health. There
are also toxicological studies on traffic-related particulate mat
ter generally, as well as on specific types of exhaust. de Kok and
colleagues (de Kok et aI., 2006) recently reviewed the literature.

Challenges in Interpreting Findings of Studies on Traffic
and Health

Interpretation of associations of adverse health outcomes
with traffic exposure, as for any target of epidemiologic research,
needs to consider bias as an alternative to causation. For indica
tors of traffic exposure, correlates in a complex set of correlates
figures as detenninants ofexposure and as potential confounders
(Figure 3). Some of the same factors that drive residence loca
tion, such as income and education, or socioeconomic status
(SES), are also detenninants of health status. They may also de
tennine propensity for other exposures that are relevant to the
health outcomes linked to traffic exposures. As a surrogate for
SES, lower income, for example, may be linked to greater in
door air pollution exposure from smoking by the parents of a
child and also to the likelihood of living near a busy roadway
or a bus depot in an urban area. Housing characteristics, which
may be relevant to respiratory health, may also be associated
with exposure to traffic-related pollution.

Epidemiological and biostatical methods may be challenged
in attempting to estimate the effect of traffic-related pollutants

FIG. 3. What does traffic exposure mean?
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that are elements of a complex causal web that includes determi
nants of exposure and potential confounding and modifying fac
tors of the relationship of these pollutants with health outcomes.
Model-based conclusions are dependent on the assumptions in
herent to the model, for example, linearity of dose response.
Additionally, most of the variables considered as potential con
founders or modifiers are measured with error; consequently,
confounding may not be fully controlled by a model and assess
ments of effect modification may be biased.

Sample size may further limit interpretation of model results.
Generally, traffic-related pollution is associated with "small ef
fects," and limited precision of estimates may cloud interpreta
tion of findings. Generally, as noted, the estimates of the effect
of pollution do not acknowledge the uncertainty associated with
reliance on models for estimates of exposure; additionally, the
precision of effect estimates may be overestimated, if the spatial
correlation among estimates for individual participants is not
analytically acknowledged.

Findings of Epidemiological Studies on Traffic
The epidemiological literature on the health effects of traffic

related air pollution is growing rapidly. To date, the findings
indicate associations of traffic indicators with increased risk for
multiple adverse health effects including asthma and allergic
diseases, cardiac effects, respiratory symptoms, reduced lung
function growth, adverse reproductive outcomes, premature
mortality, and lung cancer (White et al., 2005). Additionally,
far more extensive evidence links current levels of particulate
matter and ozone to increased risk for premature death and a
variety of morbidity indicators. Traffic is a major contributor
to particulate matter in urban locations and a key source of the
precursors of photochemical pollution.

In introducing the topic of air pollution and health, I com
mented on the two questions to be answered: Does traffic-related
air pollution cause adverse health effects, and what is the mag
nitude of the associated risk? If the full sweep of the evidence on
particulate matter and ozone is considered, along with the evi
dence from studies focused on traffic, then the answer to the first
question is affirmative (White et al., 2005). The ease with which
a causal conclusion can be reached indicates a need to refine the
question for public health protection. From the perspective of
air quality management, the first question might be sharpened
to ask whether control of particulate matter and ozone will re
duce the risks from traffic-related pollution; whether the mixture
of traffic-related pollutants has toxicity beyond that expected
from associated exposures to particulate matter and ozone; and
whether effects attributed to traffic reflect the toxicity of pollu
tants other than particulate matter and ozone.

The second question, the magnitude ofthe traffic-related bur
den of disease, needs to be answered to guide strategies forreduc
ing risk of traffic-related pollution. Such estimates are needed to
gauge the urgency of taking measures to reduce population ex
posures to traffic-related pollutants. Methodologies are available
to carry out the burden estimation, but we need more accurate

descriptions of exposure-response relationships from epidemi
ological studies to support such estimates.

CONCLUSIONS
An enlarging body of research evidence indicates that expo

sure to traffic-related air pollution adversely affects health. The
relevant evidence includes monitoring data on the characteristics
of near-roadway pollution, the penetration of traffic-generated
particles indoors, and the existence of hot spots of pollution
in heavily trafficked areas. Epidemiological studies have linked
indicators of exposure to traffic to adverse health effects, al
though the particular pollutants mediating these effects are still
not identified. Additionally, difficult methodological issues call
for caution in interpreting the epidemiological findings; there
is potential for uncontrolled confounding, exposure measures
are subject to misclassification, and uncertainty is not fully ac
counted for.

Nonetheless, the evidence raises concern about a threat to
public health that will be managed with great difficulty. Ex
posures to traffic reflect the amount of traffic and the cou
pling of emissions from traffic to pollutant concentrations in
the environments where people spend time. Control will require
both reduced emissions and increased separation of people from
emissions. There is a need for further research to refine our un
derstanding of the health consequences of traffic exposures and
as a basis for formulating mitigation policies. While we con
tinue to obtain further evidence, prudent, "no-regret" strategies
to reduce exposures merit consideration.
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The identification of adverse heath effects associated
with elevated exposures to motor vehicle emissions
(MYE) near busy roadways has emerged as a signifi

cant public health concern. This concern is based on recent
air-pollutant measurement data documenting the unique as
pects of the air-pollution mixture near roadways and an ex
panding body of epidemiological data suggesting increased
risks for exacerbation of asthma and other respiratory dis
eases. premature mortality. and certain cancers and birth
outcomes from air-pollution exposures in populations resid
ing in relatively close proximity to roadways. Measurements
indicate that pollutant concentrations can be substantially el
evated near major highways and other roadways with large
traffic volumes and that this pollutant mixture has specific
characteristics reflecting its recent formation and dispersion
behavior. Current transportation-planning policies primarily
consider the potential impact of increased MYE on popula
tion health and on potential exceedances of National Ambi
ent Air Quality Standards (NAAQS) at the metropolitan and
regional levels. However. if future studies of health risks

from traffic proximity continue to demonstrate increased
health risks for populations located near major roadways
and transponation infrastructures. particularly in densely
populated urban areas. the implications would be signifi
cant, not only for transportation and air-<Juality planning. but
also for urban development.

The Workshop on Traffic. Health. and Infrastructure Plan
ning. held in February 2004. was convened to provide a
forum for interdisciplinary discussion of proximity to MVE
and related health effects. The 43 workshop participants (a
list of workshop participants is available at http://www.jhsph.
edu/RiskSciences/Rescarch) comprised an interdisciplinary
group from the scientific and public-health communities in 4
specific fields that covered mobile-source air-pollution emis
sions and exposures, their associated health effects, and
transportation-infrastructure planning and policy. The objec
tives of the workshop were to (I) promote dialogue among
environmental-health scientists. transportation and urban
planners. environmental and transportation advocates and
policy-makers. and the motor-vehicle industry regarding the
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implications of traffic-related health effects for motor-vehicle
technology, transportation planning, and urban design;
(2) evaluate the scientific evidence regarding the relationship
of roadway proximity to MVE exposures and adverse health
outcomes and identify research needs; (3) present approach
es to assessing pollutant-based health risks from roadways;
and (4) consider approaches for integrating planning and de
sign strategies that mitigate potential health risks associated
with traffic into transportation-infrastructure design and
policy, reflecting the emerging knowledge of exposure and
health consequences of MVE.

Although the discussion of policy and planning issues at
the workshop focused on the US experience, the scientific
infonnation that provided the technical basis for discussion
was international in scope, and the findings and recommen
dations from the workshop have broad implications. The
workshop agenda focused on the following 6 key questions
developed by the planning committee:

1. What is the current state-of-the-science for on-road
mobile-source emissions, localized exposures and
health effects?

2. Is this infonnation sufficient to warrant further action
to protect public health?

3. What are the current strategies in place to address traffic
exposure and health issues? Have these current strate
gies been effective?

4. If there is a public-health basis for decreasing expo
sure to motor-vehicle emissions, then what infonna
tion is needed to guide strategies to reduce exposures?

5. If further action is needed, is there sufficient infonna
tion on the impact of various mobile-source types and
the scale of exposure to influence decisions on mitiga
tion strategies and policies?

6. Prospectively examine current trends in urbanization
and changing motor vehicle and fuel technologies.
With regard to these trends (eg, urban sprawl, metro
politan-area in-fill, tighter emission standards, hybrid
engines, cleaner fuels), what is the net impact of these
trends on exposure?

WORKSHOP FINDINGS
AND RECOMMENDAnONS

This document summarizes findings regarding the current
science. identifies the planning and policy issues related to
localized MVE and health concerns, and provides recom
mendations for future directions. It also introduces new in
fonnation and initiatives that have emerged since February
2004. It is not intended to serve as a comprehensive review
of the scientific literature on proximity to traffic and health,
and the citations listed are for illustrative purposes only. Doc
uments summarizing infonnation on motor-vehicle pollution
emissions, near-roadway air-pollution exposures and health
effects, and transportation-planning and policy issues are
available at http://www.jhsph.edulRiskSciences/Research.

March/April 2005, Vol. 60, No. 2

Motor-Vehicle Emissions and Resulting Air Pollution

Motor-vehicle traffic is a mixture of vehicles that vary in
age, type. and fuels and that travel under different operating
conditions at variable speeds and densities across different
roadway configurations and geographical settings. This dy
namic source produces a highly variable, complex mixture
of air pollutants, and the set of factors detennining its char
acteristics is likely to be important in understanding air pol
lution from traffic and potential human-health effects.

The mixture of traffic-related air pollution comprises
components derived from diverse species, the primary and
secondary fonnations of which are driven by physical and
chemical processes. Primary emissions include partiCUlate
matter (PM), nitrogen oxides (NOx). carbon monoxide
(CO). and hydrocarbons (HC). Exhaust particles are emitted
primarily as submicrometer aerosols « I J.Lm) from operat
ing engines. I•2 The concentrations of emitted pollutants de
crease as they are transported and dispersed by wind and the
turbulence induced by vehicle movement. Particle concen
trations undergo shifts in their size distributions through ag
glomeration, condensation, and evaporation. with increasing
domination of larger particles at greater distances from
roadways. This dynamic process occurs rapidly within tens
of meters of the roadway.3-S Ambient temperature and local
meteorology can influence this process. In addition. the
emitting mix of vehicles (passenger cars and trucks), driving
behavior (acceleration, cruise, idle. braking), and speed all
detennine the local characteristics of near-field pollution.6

Traffic produces other potentially hazardous combustion
products. including volatile organic compounds. carbonyls.
and semivolatile organic compounds (polycyclic aromatic
hydrocarbons [pAHs] and nitro-PAHs}.1 Other traffic-related
factors (eg, noise. stress) may also contribute to adverse
health responses.

Abrasion of surfaces and friction-induced mechanical dis
ruption resuspends "road dust," itself a complex mixture
comprised predominantly of coarse particles (> 2.5 J.Lm in
aerodynamic diameter).8 Sandy, salty. dirty. and unpaved
roadways can result in elevated concentrations of coarse
particulate maUer.1I The coarse fraction might contain earth
crustal material. along with asphalt. metals. latex tire frag
ments. pollens. and oil-coated particles. The wearing of ve
hicle parts. including tires and brake pads and discs.
generates latex. metal. and ceramic debris. lo Motor oils
evaporate off engine parts or drip onto road surfaces to be
come part of the complex mixture of contaminants.

Although they typically represent a relatively small percent
age of the vehicle fleet, high-emitting vehicles (which often
emit visible tailpipe smoke) have been found to contribute a
substantial portion of in-use emissions. II These vehicles are
typically poorly maintained and/or have emissions control sys
tems that have been tampered with. and emissions levels in ex
cess of 200 g/mi CO and 20 g/mi HC are possible without
properly functioning emission-control systems. Older vehicles
also generally contribute disproportionately more pollution
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than newer vehicles because of previously less stringent emis
sion standards and equipment deterioration over time.

Alr·Pollution Exposures

Motor-vehicle traffic leads to pollutant exposures for ve
hicle occupants, pedestrians. and occupants of nearby
homes. schools, and other buildings. Collective emissions
from mobile sources typically give rise to higher concentra
tions of pollutants. such as CO and NOx, within urban cen
ters than in surrounding suburban and rural areas.

Several key components of the complex mixture of
traffic-derived pollutants. such as CO. NO,. ultrafine parti
cles. and black carbon, have been found to follow a declining
concentration gradient with distance from roadways.4.12 In
addition, studies have found concentrations of benzene and
other air toxics to be significantly higher near busy roads. 13

Exposures to traffic-related pollutants reflect long-term
trends in MVE emissions from changes in the fleet mix and
engine design, control technology, and fuel formulation, as
well as seasonal, daily, and hourly variations in emissions re
lated to road-surface conditions, congestion, vehicle speed,
and weather conditions.3.14.13 Current tools for understanding
the composition of air pollution near roadways include traffic
demand models, traffic-flow models, source-receptor disper
sion models, and transportation-tracking systems. Population
exposures to air pollution are funher affected by variation in
the indoor contribution as it is modified by natural and me
chanical ventilation of roadway-adjacent structures and their
occupant-activity panems.16

The workshop identified substantial limitations in the
current understanding of characterization of near-roadway
population exposures to motor-vehicle pollution. In particu
lar, the roles of population characteristics such as other pol
lutant exposures and social factors, including those related
to environmental-justice concerns. are not well studied.

Exposure to elevated levels of pollution along and near
roadways presents a special concern and poses challenges
both for research and for contaminant control. Exposure
related issues discussed at the workshop included the defini
tion of these areas in the context of near-roadway exposures;
the detection of these areas, given the current and likely fu
ture limitations of available monitoring networks; and the
identification of the extent and causes of these elevated pol
lutant levels and potential mechanisms to mitigate them.

Near-Roadway Traffic and Health

A rapidly expanding body ofepidemiologic studies has doc
umented associations of proximity to roadways or traffic ex
posure with a wide array of health effects. ranging from di
minished quality of life to increased risk of cardiopulmonary
mortality. Associations of adverse health outcomes with mea
sures of traffic volume or distance of residential location from
roadways have been found in Japan. Europe. Scandinavia, the
United States. Canada. and elsewhere. Positive associations
have been found for a broad spectrum of adverse health effects
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with various surrogate indicators of traffic-related pollution
exposure, and these findings are also generally consistent with
the broader literature on the health effects of air pollution.

Most frequently reported health effects are associations of
increased risk of respiratory symptoms. including exacerba
tion of astJuna, with proximity to or measures of traffic pollu
tion; studies from throughout the world have reported similar,
generally positive, fmdings. 17- 28 Other studies have identified
an increased risk of cardiopulmonary and stroke mortality re
lated to close proximity to traffic.29.30 However, studies of
other health outcomes, such as astJuna hospitalizations and
medication use and risk for various cancers, have provided
less consistent evidence.31 -48 Evidence also suggests that traf
fic density49 and traffic proximity30 may be linked to adverse
preterm birth outcomes.

The specific components of the mixture contributing to
the health effects are uncertain. Although no health re
searchers to date have quantified subject exposure to the
full range of components of the complex traffic-related
mixture of pollutants. surrogates, such as N02, CO, ben
zene, and carbon soot (reflectance), have been used for this
purpose. Researchers have measured or modeled a few of
these pollutants in the community and associated them
with adverse health outcomes for children and aduItS.42.43.31
Furthermore. variations in these air-pollutant measures are
reasonably predicted by geographic variations in traffic
density or distance from high-volume roadways.s2 A ma
jority of the epidemiologic studies using distance from
roadway as a measure of exposure have defined near-road
way proximity as radial distances up to 200 to 300 meters
from the road. whereas studies using traffic volume as the
exposure measure have found adverse effects associated
with traffic volumes as low as 10,000 vehicles per day.20

Health studies suggest near-roadway air pollution health
effects are of concern for populations considered generally
susceptible to the effects of air pollution (eg. persons with
respiratory and cardiovascular disease. children). However,
data on the scope of susceptible populations and the magni
tude and distribution of the health risks are still lacking.

Policy- and Infrastructure-Planning Issues

Current federally mandated mobile source-control pro
grams are generally insufficient to address and mitigate spa
tial disparities in traffic-related exposures. The Clean Air Act
(CAA) "conformity" provision (Section 176[c]). which re
quires that planned development of additions to metropolitan
transportation systems contribute to the emissions reductions
needed for attainment of the NAAQS. requires assessment of
the air-quality impact of these projects. primarily at the met
ropolitan level. However, localized. project-level analyses
are required for CO and PM,o nonanainment areas. Local
ized PMB requirements have been proposed as an option for
implementation of the PM2.s NAAQS33. The National Envi
ronmental Policy Act (NEPA) has played a limited role in re
ducing emissions by requiring consideration of less-polluting
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alternatives in the development of major highways. Howev
er, this obligation has been limited to a consideration of al
ternatives that can be implemented at the scale of the corri
dor to be served by a particular highway.

Federal and state air-monitoring networks for NAAQS
compliance and for hazardous air pollutants range from
neighborhood-scale to a mesoscale of tens of kilometers.
Near-roadway traffic-related impacts are detected at the mi
croscale of meters, highlighting the challenges associated with
identifying potential areas and exposures of concern and im
plementing mechanisms to monitor air-quality improvements.
Given the potential number of locations of concern and the
costs of air-quality monitoring, microscale air quality and
human-exposure models will likely be used extensively. Addi
tional data will be needed to further develop and evaluate these
models. This modeling is also typically reliant upon integrated
measures, although continuous data collections may be need
ed to fully understand the impact of a given source.

High levels of traffic-related air pollution can result
from localized traffic congestion as well as from large ve
hicle volumes. Regulatory policy that crosses the domains
of environmental protection and city planning has not been
adequately fonnulated to address this broader problem. Al
though some "hot spots" of traffic are predictable (eg, toll
plazas, truck stops), other situations are sporadic (eg, acci
dents, construction, poor weather, special events). Even
where road conditions on freeways and commercial streets
are static, traffic volume varies over time, and this ~empo

ral variability provides an additional challenge to trans
portation-management systems.

As another consideration in policy formulation, patterns of
land use change with respect to transportation infrastructure.
New transportation infrastructures attract users and often
stimulate related development, which can lead to congestion
and increased exposure to traffic emissions. This phenome
non is often referred to as "induced demand." The divergent
trends of expanding urban sprawl, which increases traffic
volumes and results in roadway expansions, and urban revi
talization efforts, which encourage urban in-fill to populate
urban centers, both have the potential to worsen population
exposures to near-roadway motor-vehicle pollution.

Considering a health-assessment paradigm that extends
from emissions to exposures to health effects, there are
several potential strategies to mitigate health impacts of
traffic. These include technical and regulatory control
program approaches, as well as traffic-oriented capital pro
jects. In addition, local zoning and ordinances, procedures,
and codes affecting development could mitigate traffic
through land-use decisions.

Pollution-Exposure Reduction Options

Reducing population exposures to high levels of traffic
related air pollutants can be accomplished using the follow
ing 2 major approaches: (I) reduction of direct vehicle emis
sions and (2) increasing the separation of populations from
emissions.

I*JrchlApril 2005. Vol. 60. No, 2

Reduction of MVE can be accomplished through a vari
ety of approaches, including vehicle-based emission con
trols, fuel-based emission controls, travel-demand reduction
(eg, increased walkability), mode shifting (eg, car to transit
or bike), congestion mitigation (eg, traffic-signal coordina
tion), and inspection and maintenance of emission controls
on in-use vehicles. Mass emissions can be reduced through
any of these measures, although consequences for popula
tion exposures may be different

Reducing emissions at the source is accomplished by lim
iting emissions from vehicles based on emission-control
technologies, modifications to engine design and the com
bustion characteristics of traditional fuels to reduce pollu
tant formation, and/or the conversion from gasoline- and
diesel-fueled vehicles to vehicles that use less-polluting or
nonpolluting energy sources.

Although emissions standards for passenger vehicles will
tighten somewhat over the next several years, only very mod
est gains in emission reductions are expected from the in
creased Corporate Average Fuel Economy (CAFE) standards
and closing of some "light-duty truck" emissions standards
loopholes for sport utility vehicles (SUVs). In contrast, wide
spread use of low-sulfur diesel fuels and particle traps, along
with selective catalytic reduction technology, are expected to
result in a substantial reduction of new heavy-duty truck emis
sions. Because existing truck engines are designed to power
vehicles for hundreds of thousands ofmiles, thus extending the
time required for fleet turnover, near-term gains for local air
quality from these sources will necessarily depend on im
proved vehicle maintenance and retrofitted controls.

As part of State Implementation Plans (SIPs) containing the
air-pollution control measures required to demonstrate attain
ment of the NAAQS under the CAA, states have adopted
strategies to reduce vehicle emissions by means other than re
ducing direct emissions from vehicles. These strategies
include reductions in vehicle miles traveled through the
development of public transportation alternatives to single
occupant vehicle travel and reductions of aggregate emissions
by decreasing total-vehicle travel. Additional strategies include
the implementation of transportation-eontrol and/or land-use
strategies that encourage personal travel by multiple-occupant
vehicle modes and walking or bicycling rather than single
occupant vehicles; reducing trip lengths by land-Use planning
that facilitates closer proximity of trip origins and destinations;
consolidating freight shipments onto larger platforms (eg,
truck to rail or barge), encouraging freight transport by less
emitting modes of shipment; and reducing travel demand.

The public-health consequences of close-proximity expo
sures to MVE can also be reduced by separating populations
from areas with large traffic volumes and/or high levels of
traffic congestion where vehicle emissions are highly concen
trated. This could be achieved by the isolation of truck and
bus depots from residential neighborhoods, the relocation of
rail switch yards to unpopulated areas, and the creation of
open-space buffer zones along major freeway rights-of-way
and near large airports. Exposures could also be reduced by
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setbacks, benns, plantings, placement of building air intakes,
or installing air-cleaning equipment in mechanical ventilation
systems. The comparative quantitative consequences of these
strategies to reduce exposures have not been well studied.

Research Needs

A broad range of research is needed to improve our un
derstanding of the health consequences of exposures to
MVE near roadways. Refmement of our knowledge and im
provements to the analysis of the health, ecological. and
economic consequences of congestion and air pollution
from traffic will lead to more effective mitigation policies.
Key research needs, identified based on the workshop dis
cussions, are as follows:

• More infonnation on the composition and spatial variation
ofMVE is needed. especially on those components that have
received less attention. such as metals, PAHs, and air toxins.
Standardized methods to collect and chemically speciate air
samples are needed to improve the understanding of the
range and variability of potential population exposures.

• Exposure studies to date are limited to 2 types: case stud
ies of specific road configurations and studies to establish
relationships among easily measured parameters and
traffic- and land-use variables. Case studies of different
configurations, effects of buffers, pollution penetration into
structures, and personal exposure to traffic-related air
pollution are needed.

• Quantification of the variation in traffic-related exposures
across age. gender, ethnic, and economic variables that
differentiate residential location, commuting patterns, and
type of employment in the United States is needed. The ap
plication of existing air-quality models to near-roadway is
sues has been limited because of model uncertainty. Addi
tional data on the above variables, as well as identification
of traffic operating characteristics leading to elevated ex
posures and adverse effects, are needed to further develop
and evaluate the utility of these models in understanding
exposures to traffic-related air pollution.

• Health evidence relating exposure effects to key cofactors
such as noise, socioeconomic status, and related social
stressors is needed. Researchers must conduct studies to
detennine whether the impact of outdoor and indoor
allergens is enhanced by coexposure to diesel particles.
Additional studies on health outcomes such as cancer.
cardiovascular disease, and developmental and immuno
logic effects are also needed. These should include both
real-world as well as scripted studies so the fulJ range of
potential scenarios can be examined. Studies of other p0

tentially susceptible populations are needed to address the
lack of infonnation on the role of health conditions other
than asthma on potential adverse health effects from ex
posure to fresh automotive emissions.

• Controlled exposure and toxicological studies are needed
to begin to evaluate the health impacts of the near-road
way air-pollution mixture (including MVE, road dust,
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and emissions related to brakes and tire wear), to identify
the pollution components most responsible for health ef
fects, to investigate questions of causality and biological
susceptibility, and to identify potential biological mecha
nisms of adverse health effects from the near-roadway
air-pollution mixture.

• Demonstration projects linking traffic-relief strategies to
corresponding improvement in health effects or their asso
ciated biological markers are needed. Performed as a com
munity collaborative effort, such demonstration projects
offer opportunities to educate politicians, planners, devel
opers, and citizens.

• Social experiments are needed to understand factors that
would lead to behavior modification. Stemming the ever
increasing vehicle miles traveled will be critical to reduc
ing congestion in the long run. The market forces that are
the precursors to traffic are poorly understood. Under
standing the fmancial and other incentives needed to trade
passenger miles among modes of transit is critical.

FuruRE DIRECTIONS

Specific and certain quantification of the health conse
quences of traffic is not possible at the present time, but
the emerging evidence from exposure and health studies
provides a warning. Living close to heavy traffic has been
associated with increases in risk for several adverse health
effects. Further research is needed, but the evidence is suf
ficient to warrant its consideration in many piarming deci
sions and policies. In addition, the relationship between
exposure to near-roadway traffic emissions and health im
pacts, which have primarily been expressed based on res
idential and, to a more limited extent, school locations,
may extend to other locations, such as offices and elder
care facilities in close proximity to high-traffic roadways
with expected extended-duration exposures. The emerging
literature on the relatively high levels of personal expo
sures to motor-vehiCle-related air pollution encountered
in-vehicle while traveling, including children's exposure
to diesel emissions in school buses, also raises concerns
regarding the impact of coexposures on public health.

Despite remaining uncertainties in the specific nature and
magnitUde of the health problems associated with near
roadway traffic-pollution exposures, workshop participants
discussed a range of "no regret" strategies that are direc
tionaUy correct both in tenns of reducing local exposures
and lowering the overall impact of mobile source emissions,
including greenhouse gases. These strategies, which have
national, regional, and local air-quality benefits accruing
from reduced emissions and fuel reformulation, included in
creasing the CAFE standards; retrofitting trucks and buses
with additional emission-control technology; promoting
cleaner vehicles (including hybrids), electrified truck stops,
and other idling-reduction measures. In addition, promotion
of telecommuting, densification of housing stock, and ex
panding public transit, car sharing, and bicycling may lower
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emissions and congestion levels. Strategic implementation
of these improvements can potentially contribute to reliev
ing or averting local areas of high traffic-related pollution.

In addition to the approaches discussed above that reduce
exposures through reductions in vehicle emissions, other
strategies that reduce pollution exposures are also available.
These include revising building codes, zoning, and traffic
avoiding ordinances to minimize the potential for exposure
to traffic-related pollution.

Municipal governments might consider the relationships
between traffic and health when planning public invest
ments. Examples of such strategies include siting schools
with a buffer setback from heavily traveled roads; equip
ping diesel school buses with enhanced pollution controls,
such as particle traps and positive crankcase ventilation; or
converting current fuels to lower-polluting fuels (eg,
biodiesel or liquid natural gas). Buildings with mechanical
ventilation systems might orient air intakes to minimize ve
hicle-exhaust intrusion and use higher-efficiency filters and
air cleaners.

The multi-disciplinary nature of the issue of air pollution
from motor vehicles requires an integrated approach to prob
lem recognition and response from the scientific, engineer
ing, planning, and regulatory communities, which are typi
cally in the domains of separate professional groups.
Professionals and citizens alike find it difficult to be broadly
informed in sufficient depth across multiple disciplines to
comprehensively address traffic-related health concerns.
Emerging scientific and engineering knowledge regarding
near-roadway traffic air pollution and its impact on public
health is typically in the domain of specialized scientific and
technical organizations with seemingly little communication
between those groups and city planners, architects, develop
ers, or transportation policy makers or regulators. Enhanced
communication between all these disciplines would be mu
tually beneficial to understanding and addressing this issue.
It was with this perspective in mind that the workshop in
cluded representatives from many of the various disciplines
and stakeholders described above.

Enhanced public awareness of the range of health and
other societal impacts associated with high levels of motor
vehicle traffic is also needed. With more transparent and
comprehensive accounting of these impacts, evaluation of
alternative strategies to mitigate unwanted impacts and pub
lic support for control measures will improve.

Finally, it is important to note that, since completion of the
Traffic, Health and Infrastructure Planning Workshop in
February 2004, interest and concern regarding near-roadway
pollution exposures and health effects has continued to grow
and is receiving increasing attention from the scientific, regu
latory, and public-health communities. The US Environmen
tal Protection Agency (EPA) and the Mickey Leland National
Urban Air Toxics Research Center are supporting research on
this issue, and the Health Effects Institute has identified this
issue as a priority area for research in its 2005-20 I0 strategic
plan.
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CONCLUDING COMMENTS

In planning this workshop, there was strong recognition
of the topic's immediacy and of the need for convening a
multidisciplinary group. The multidisciplinary, multisector
approach of this workshop offers a model for future efforts
on this subject In reviewing findings since the workshop,
we are impressed by the continued surge of evidence on
near-roadway-traffic-related impacts on health. Although
the foundation of evidence for decision making still has
many gaps, an array of policy options for control needs to be
developed now. For some "no regrets" options, immediate
implementation may be warranted; for others, specifying al
ternatives may sharpen planning research.
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Abstract
There is growing evidence of a distinct. set of freshly-emitted air pollutants downwind from major
highways, motorways, and freeways that include elevated levels of ultrafine particulates (UFP), black
carbon (Be), oxides of nitrogen (NOx), and carbon monoxide (CO). People liVing or otherwise
spending substantial time within about 200 m of highways are exposed to these pollutants more so
than persons living at a greater distance, even compared to living on busy urban streets. Evidence
of the health hazards of these pollutants arises from studies that assess proximity to highways,
actual exposure to the pollutants. or both. Taken as a whole. the health studies show elevated risk
for development of asthma and reduced lung function in children who live near major highways.
Studies of particulate matter (PM) that show associations with cardiac and pulmonary mortality also
appear to indicate increasing risk as smaller geographic areas are studied, suggesting localized
sources that likely include major highways. Although less work has tested the association between
lung cancer and highways. the existing studies suggest an association as well. While the evidence is
substantial for a link between near-highway exposures and adverse health outcomes, considerable
work remains to understand the exact nature and magnitude of the risks.

Background
Approximately 11% of US households are located within
100 meters of 4-lane highways [estimated using: [1,2]].
While it is clear that automobiles are significant sources of
air pollution, the exposure of near-highway residents to
pollutants in automobile exhaust has only recently begun
to be characterized. There are two main reasons for this:
(A) federal and state air monitoring programs are typically
set up to measure pollutants at the regional, not local
scale; and (B) regional monitoring stations typically do
not measure all of the types of pollutants that are elevated
next to highways. It is, therefore, critical to ask what is
known about near-highway exposures and their possible
health consequences.

Here we review studies describing measurement of near
highway air pollutants, and epidemiologic studies of car
diac and pulmonary outcomes as they relate to exposure
to these pollutants and/or proximity to highways.
Although some studies suggest that other health impacts
are also important (e.g., birth outcomes), we feel that the
case for these health effects are less well developed scien
tifically and do not have the same potential to drive public
policy at this time. We did not seek to fully integrate the
relevant cellular biology and toxicological literature,
except for a few key references, because they are so vast by
themselves.
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We started with studies that we knew well and also
searched the engineering and health literature on
Medline. We were able to find some earlier epidemiologic
studies based on citations in more recent articles. We
include some studies that assessed motor vehicle-related
pollutants at central site monitors (i.e., that did not meas
ure highway proximity or traffic) because we feel that they
add to the plausibility of the associations seen in other
studies. The relative emphasis given to studies was based
on our appraisal of the rigor oftheir methodology and the
significance of their findings. We conclude with a sum
mary and with recommendations for policy and further
research.

Motor vehicle pollution
It is well known that motor vehicle exhaust is a significant
source of air pollution. The most widely reported pollut
ants in vehicular exhaust include carbon monoXide, nitro
gen and sulfur oxides, unburned hydrocarbons (from fuel
and crankcase oil), particulate matter, polycyclic aromatic
hydrocarbons, and other organic compounds that derive
from combustion [3-5). While much attention has
focused on the transport and transformation of these pol
lutants in ambient air - particularly in areas where both
ambient pollutant concentrations and human exposures
are elevated (e.g., congested city centers, tunnels, and
urban canyons created by tall buildings), less attention
has been given to measuring pollutants and exposures
near heavily-trafficked highways. Several lines ofevidence
now suggest that steep gradients of certain pollutants exist
next to heavily traveled highways and that living within
these elevated pollution zones can have detrimental
effects on human health.

It should be noted that many different types of highways
have been studied, ranging from California "freeways"
(defined as multi-lane, high-speed roadways with
restricted access) to four-lane (two in each direction), var
iable-speed roadways with unrestricted access. There is
considerable variation in the literature in defining high
ways and we choose to include studies in our review that
used a broad range of definitions (see Table 1).

It should also be noted that there may be significant het
erogeneity in the types and amounts of vehicles using
highways. The typical vehicle fleet in the US is composed
of passenger cars, sports utility vehicles, motorcycles,
pickup trucks, vans, buses, and small, medium, and large
trucks. The composition and size of a fleet on a given
highway may vary depending on the time of day, day of
the week, and use restrictions for certain classes of vehi
cles. Fleets may also vary in the average age and state of
repair ofvehicles, the fractions ofvehicles that bum diesel
and gasoline, and the fraction of vehicles that have cata
lytic converters. These factors will influence the kinds and
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amounts of pollutants in tailpipe emlSSlOns. Similarly,
driving conditions, fuel chemistry, and meteorology can
also significantly impact emissions rates as well as the
kinds and concentrations of pollutants present in the
near-highway environment. These factors have rarely been
taken into consideration in health outcome studies of
near-highway exposure.

Based on our review of the literature, the pollutants that
have most consistently been reported at elevated levels
near highways include ultrafine particles (UFP), black car
bon (BC), nitrogen oxides (NOx), and carbon monoxide
(CO). In addition, PM2.5, and PM lO were measured in
many of the epidemiologic studies we reviewed. UFP are
defined as particles having an aerodynamic diameter in
the range of0.005 to 0.1 microns (um). UFP form by con
densation of hot vapors in tailpipe emissions, and can
grow in size by coagulation. PM2.5 and PM lO refer to par
ticulate matter with aerodynamic diameters of 2.5 and 10
urn, respectively. BC (or" soot carbon ") is an impure form
of elemental carbon that has a graphite-like structure. It is
the major light-absorbing component of combustion aer
osols. These various constituents can be measured in real
time or near-real time using particle counters (UFP) and
analyzers that measure light absorption (BC and CO),
chemiluminescence (NOx), and weight (PM 2.5 and PM lO).

Because UFP, NO., BC, and CO derive from a common
source - vehicular emissions - they are typically highly
inter-correlated.

Air pollutant gradients near highways
Several recent studies have shown that sharp pollutant
gradients exist near highways. Shi et al. [6] measured UFP
number concentration and size distribution along a road
way-to-urban-background transect in Birmingham (UK),
and found that particle number concentrations decreased
nearly 5-fold within 30 m of a major roadway (>30,000
vehJd). Similar observations were made by Zhu et al. [7,8)
in Los Angeles. Zhu et a1. measured wind speed and direc
tion, traffic volume, UFP number concentration and size
distribution as well as BC and CO along transects down
wind of a highway that is dominated by gasoline vehicles
(Freeway 405; 13,900 vehicles per hour; vehJh) and a
highway that carries a high percentage of diesel vehicles
(Freeway 710; 12,180 vehJh). Relative concentrations of
CO, BC, and total particle number concentration
decreased exponentially between 17 and 150 m down
wind from the highways, while at 300 m UFP number
concentrations were the same as at upwind sites. An
increase in the relative concentrations of larger particles
and concomitant decrease in smaller particles was also
observed along the transects (see Figure 1). Similar obser
vations were made by Zhang et al. [9) who demonstrated
"road-to-ambient" evolution of particle number distribu
tions near highways 405 and 710 in both winter and sum-
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Table I: Summary of near-highway pollution gradients
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Citation

Shi et al. 1999 (6)
Zhu et al. 2002 (8)
Zhu et al. 2002 (7)

Hitchins et al. 2002 (I I)

Fischer et al. 2000 (13)
Roorda-Knape et al. /998

(14)
Janssen et al. 200 I (15)

Morawska et al. 1999 (12)

Location

Birmingham, UK
Los Angeles; Freeway 710
Los Angeles; Freeway 405

Brisbane (Austr.)

Amsterdam
Netherlands

Netherlands
Brisbane (Austr.)

Highway traffic intensi
tya

30,000 veh/d
12,180 veh/h
13,900 veh/h

2,130-3,400 veh/h

<3,000-30,974 veh/d
80,000-152,000 veh/d

40.000-170,000 veh/d
NA

Pollutants measuredb

UFP + FP (10-104 nm)
UFP. CO. BC
UFP, CO, BC

UFP + FP (15-2 x 10" nm),
PMu

PMZ.5' PM IO• PPAH. VOCs
PMz.s• PM 10' BC. VOCs,

NOz
PMz.s. VOCs. NOz

UFP

Observed Pollution
Gradients

2-100 m'
17-300 m'
30-300 m'
15-375 m'

NA
15-330 m'

< 400 m'
10-210 m'

'As defined in article cited (veh/d =vehicles per day; veh/h =vehicles per hour).
bUFP'" ultrafine particles; FP = fine particles; PMz.s '" particles with aerodynamic diameter::; 2.5 um; PM IO '" particles with aerodynamic diameter ::;
10 um; BC '" black carbon; PPAH = particle-bound polycyclic aromatic hydrocarbons; VOCs =volatile organic compounds
'Pollutant measurements were made along a transect away from the highway
NA '" not applicable; measurements were not made.

mer. Zhang et a!. observed that between 30-90 m
downwind of the highways, particles grew larger than
0.01 um due to condensation, while at distances >90 m.
there was both continued particle growth (to >0.1 um) as
well as particle shrinkage to <0.01 um due to evaporation.
Because condensation, evaporation, and dilution alter
size distribution and particle composition, freshly-emit
ted UFP near highways may differ in chemical composi
tion from UFP that has undergone atmospheric
transformation during transport to downwind locations
[10].

Two studies in Brisbane (Australia) highlight the impor
tance ofwind speed and direction as well as contributions
of pollutants from nearby roadways in tracking highway
generated pollutant gradients. Hitchins et a!. [11] meas
ured the mass concentrations of 0.1-10 um particles as
well as total particle number concentration and size distri
bution for 0.015-0.7 um particles near highways (2,130
3,400 vehjh). Hitchens et al. observed that the distance
from highways at which number and mass concentrations
decreased by 50% varied from 100 to 375 m depending
on the wind speed and direction. Morawska et al. [12]
measured the changes in UFP number concentrations
along horizontal and vertical transects near highways to
distinguish highway and normal street traffic contribu
tions. It was observed that UFP number concentrations
were highest <15 m from highways, while 15-200 m from
highways there was no significant difference in UFP
number concentrations along either horizontal or vertical
transects - presumably due to mixing of highway pollut
ants with emissions from traffic on nearby, local road
ways.

In addition to UFP, other pollutants - such as PM2 .5•

PMlO' N02 (nitrogen dioxide), VOCs (volatile organic

compounds), and particle-bound polycyclic aromatic
hydrocarbons (PPAH) - 'have been studied in relation to
heavily-trafficked roadways. Fischer et a!. [13] measured
PM2.5, PM lO, PPAH, and VOC concentrations outside and
inside homes on streets with high and low traffic volumes
in Amsterdam (<3,000-30,974 vehjd). In this study,
PPAH and VOCs were measured using methods based on
gas chromatography. Fischer et a!. found that while PM2.5

and PM lO mass concentrations were not specific indicators
of traffic-related air pollution, PPAH and VOC levels were
",2-fold higher both indoor and outdoor in high traffic
areas compared to low traffic areas. Roorda-Knape et al
[14) measured PM2.5, PM 10' black smoke (which is similar
to Be), N02, and benzene in residential areas <300 m
from highways (80,000-152,000 vehjd) in the Nether
lands. Black smoke was measured by a reflectance-based
method using filtered particles; benzene was measured
using a method based on gas chromatography. Roorda
Knape et al reported that outdoor concentrations of black
smoke and N02 decreased with distance from highways,
while PM2.5 , PM lO, and benzene concentrations did not
change with distance. In addition, Roorda-Knape et a!.
found that indoor black smoke concentrations were corre
lated with truck traffic, and N02 was correlated with both
traffic volume and distance from highways. Janssen et al.
[15) studied PM2.5, PM 10' benzene, and black smoke in 24
schools in the Netherlands and found that PM 2.5 and
black smoke increased with truck traffic and decreased
with distance from highways (40,000-170,000 vehjd).

In summary, the literature shows that UFP, BC, CO and
NOx are elevated near highways (>30,000 vehjd), and
that other pollutants including VOCs and PPAHs may
also be elevated. Thus, people living within about 30 m of
highways are likely to receive much higher exposure to
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Figure I
Ultrafine particle size distribution (top panel) and normalized particle number concentration for different size ranges (bottom
panel) as a function of distance from a highway in Los Angeles. From Zhu et al. (8). Reprinted with permission from Elsevier.
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traffic-related air pollutants compared to residents living
>200 m (+/- 50 m) from highways.

Cardiovascular health and traffic-related pollution
Results from clinical, epidemiological, and animal studies
are converging to indicate that short-term and long-term
exposures to traffic-related pollution, especially particu
lates, have adverse cardiovascular effects [16-18]. Most of
these studies have focused on, and/or demonstrated the
strongest associations between cardiovascular health out
comes and particulates by weight or number concentra
tions [19-21] though CO, S02' N02, and BC have also
been examined. BC has been shown to be associated with
decreases in heart rate variability (HRV) [22,23] and black
smoke and N02shown to be associated with cardiopul
monary mortality [24].

Short-term exposure to fine particulate pollution exacer
bates existing pulmonary and cardiovascular disease and
long-term repeated exposures increases the risk of cardio
vascular disease and death [25,26].

Though not focused on near-highway pollution, two large
prospective cohort studies, the Six-Cities Study [27] and
the American Cancer Society (ACS) Study [28] provided
the groundwork for later research on fine particulates and
cardiovascular disease. Both of these studies found associ
ations between increased levels of exposure to ambient
PM and sulfate air pollution recorded at central city mon
itors and annual average mortality from cardiopulmonary
disease, which at the time combined cardiovascular and
pulmonary disease other than lung cancer. The Six-Cities
Study examined PM2.5 and PM IO/ lS ' The ACS study exam
ined PM 2.5' Relative risk ratios of mortality from cardiop
ulmonary disease comparing locations with the highest
and lowest fine particle concentrations (which had differ
ences of 24.5 and 18.6 ugfm3 respectively) were 1.37
(1.11, 1.68) and 1.31 (1.17,1.46) in the Six Cities and
ACS studies, respectively. These analyses controlled for
many confounders, including smoking and gas stoves but
not other housing conditions or time spent at home. The
studies were subject to intensive replication, validation,
and reanalysis that confirmed the original findings. PM2.5
generally declined following implementation of new US
Environmental Protection Agency standards in 1997
[17,29], yet since that time studies have shown elevated
health risks due to long-term exposures to the 1997 PM
threshold concentrations [29,30].

Much of the epidemiological research has focused on
assessing the early physiological responses to short-term
fluctuations in air pollution in order to understand how
these exposures may alter cardiovascular risk profiles and
exacerbate cardiovascular disease [31]. Heart rate variabil
ity, a risk factor for future cardiovascular outcomes, is
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altered by traffic-related pollutants particularly in older
people and people with heart disease [22,23,32]. With
decreased heart rate variability as the adverse outcome,
negative associations between HRV and particulates were
strongest for the smallest size fraction studied [33]
(PM0.3-1.0); [34] (PMO.02-1). In two studies that
included other pollutants, black carbon, an indicator of
traffic particles, also elicited a strong association with
both time and frequency domain HRV variables; associa
tions were also strong for PM2.5 for both time and fre
quency HRV variables in the Adar et al study [[23]; this
and subsequent near highway studies are summarized in
Table 2], however, PM2.5 was not associated with fre
quency domain variables in the Schwartz et al. study [22].

Several studies show that exposure to PM varies spatially
within a city [35-37], and finer spatial analyses show
higher risks to individuals living in close proximity to
heavily trafficked roads [18,37]. A 2007 paper from the
Woman's' Health Initiative used data from 573 PM2.S
monitors to follow over 65,000 women prospectively.
They reported very high hazard ratios for cardiovascular
events (1.76; 95% Cl, 1.25 to 2.47) possibly due to the
fine grain of exposure monitoring [18]. In contrast, stud
ies that relied on central monitors [27,28] or interpola
tions from central monitors to highways are prone to
exposure misclassification because individuals living
dose to highways will have a higher exposure than the
general area. A possible concern with this interpretation is
that social gradients may also situate poorer neighbor
hoods with potentially more susceptible populations
closer to highways [38-40].

At a finer grain, Hoek et al. [24] estimated home exposure
to nitrogen dioxide (N02) and black smoke for about
5,000 participants in the Netherlands Cohort Study on
Diet and Cancer. Modeled exposure took into considera
tion proximity to freeways and main roads (100 m and 50
m, respectively). Cardiopulmonary mortality was associ
ated with both modeled levels of pollutants and living
near a major road with associations less strong for back
ground levels of both pollutants. A case-control study
[41], found a 5% increase in acute myocardial infarction
associated with living within 100 m of major roadways. A
recent analysis of cohort data found that traffic density
was a predictor of mortality more so than was ambient air
pollution [42]. There is a need for studies that assess expo
sure at these scales, e.g., immediate vicinity of highways,
to test whether cardiac risk increases still more at even
smaller scales.

Although we cannot review it in full here, we note that evi
dence beyond the epidemiological literature support the
contention that PM2.S and UFP (a sub-fraction of PM2.5)
have adverse cardiovascular effects [16,17]. PM2.S appears
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Table 2: Summary of near-highway health effects studies

Citation Location Highway traffic Pollutants meas- Distance from Health Outcomes Statistical associa-
intensityil uredb highway tione

Schwartz et al. 200S Boston NA PM,." BC. CO NA Heart rate variability Decreases in
(22) measures of heart

rate variability

Adar et al. 2007 (23) St Louis, Missouri NA PM,." BC. UFP On highway in busses Heart rate variability Decreases in
measures of heart

rate variability

Hoek et al. 2002 (24) Netherlands NA BC. NO, Continuous d Cardio-pulmonary IA I OR for living
mortality, lung cancer near road

Tonne etal. 2007 (41) Worchester, Mass. NA PM,.s Continuous d Acute myocardial 5% increase in odds of
infarction (AMI) AMI

Venn et al. 200 I (49) Nottingham. UK NA NA Continuous d Wheezing in children 1.08 OR for living wi
in ISO m of road

Nicolai et al. 2003 Munich, Germany >30,000 veh/d Soot, benzene, NO, Traffle counts within Asthma, respiratory 1.79 OR for asthma
(58) SO m of house symptoms. allergy and high traffic

volume

Gauderman et al. Southern California NO, Continuous d Asthma, respiratory Increased asthma
2005 (6S) symptoms closer to freeways

McConnell et al. 2006 Southern Califomia NA NA Continuous d Asthma Large risk for children
(57) living w/in 75 m of

road

Ryan. et al. 2007 (59) Cincinnati, Ohio > 1.000 trucks/d PM2.5 400m Wheezing in children NA
Kim et al. 2004 (60) San Francisco 90,000 - 210,000 vehl PM, BC, NO, School sites Childhood asthma 1.07 OR for high

d levels of NO,
Wjst et al. J993 (68) Munich, Germany 7.000--125.000 veh/d NO"CO School sites Asthma, bronchitis Several statistical

associations found

Brunekreef et al. 1997 Netherlands 80.000 - 152.000 vehl PM,., NO, Continuousd Lung function Decreased FEY with
(69) d proximity to high

truck traffic

Janssen et al. 2003 Netherlands 30,000--155.000 veh/d PMB • NO,. benzene < 400 m' Lung function, No association with
(74) respiratory symptoms lung function

Peters et al. 1999 (82) Southern California NA PM,., NO, NA Asthma, bronchitis, 1.54 OR of wheeze
cough, wheeze for boys with

exposure to N02
Brauer et al. 2007 Netherlands Highways and streets PM,s. NO,. soot Modeled exposure Asthma, allergy, Strongest association

(67) bronchitis, respiratory was with food
symptoms allergies

Visser et al. 2004 (91) Amsterdam > 1O.000·veh/d NA NA Cancer MUltiple associations

Vineis et al. 2006 (87) 10 Eurpoean NA PM, •. NO" SO, NA Cancer 1.46 OR near heavy
countries traffic. 1.30 OR for

high exposure to NO,
Gauderman et al. Southern California NA PM,., NO, Continuousd Lung Function Decreased FEY for

2007 (73) those living near
freeway

'As defined in article cited (veh/d =vehicles per day; veh/h =vehicles per hour).
bUFP =ultrafine particles; FP =fone particles; PM2.s =particles with aerodynamic diameter';; 2.5 um; PM ,. =particles with aerodynamic diameter';; '0 um; BC =black carbon;
PPAH = particle-bound polycyclic aromatic hydrocarbons; VOCs = volatile organic compounds
cPoJJutant measurementS were made along a transect away from the highway
"Proximity of each participant to a major road was calculated using GIS software
eStatistical association between proximity to highway or exposure tl) traffic-generated pollutants and measured health outcomes
NA = not applicable; measurements were not made.

to be a risk factor for cardiovascular disease via mecha
nisms that likely include pulmonary and systemic inflam-'
mation, accelerated atherosclerosis and altered cardiac
autonomic function [17,22,43-46J. Uptake of particles or
particle constituents in the blood can affect the auto
nomic control of the heart and circulatory system. Black
smoke, a large proportion of which is derived from
mobile source emissions [301, has a high pulmonary dep
osition efficiency, and due to their surface area-to-volume
ratios can carry relatively more adsorbed and condensed
toxic air pollutants (e.g., PPAH) compared to larger parti
cles [17,47,48 J. Based on high particle numbers. high
lung deposition efficiency and surface chemistry, UFP
may provide a greater potential than PM2 .5 for inducing
inflammation [10 J. UFPs have high cytotoxic reactive oxy
gen species (ROS) activity, through which numerous

®

inflammatory responses are induced, compared to other
particles [10J. Chronically elevated UFP levels such as
those to which residents living near heavily trafficked
roadways' are likely exposed can lead to long-term or
repeated increases in systemic inflammation that promote
arteriosclerosis [18,29,34,37J.

Asthma and highway exposures
Evidence that near highway exposures present elevated
risk is relatively well developed with respect to child
asthma studies. These studies have evolved over time with
the use of different methodologies. Studies that used
larger geographic frames and/or overall traffic in the vicin
ity of the home or school [49-52J or that used self-report
of traffic intensity [53 J found no association with asthma
prevalence. Most recent child asthma studies have,
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instead, used increasingly narrow definitions of proximity
to traffic, induding air monitoring or modeling) and have
focused on major highways instead of street traffic [54
59]. All of these studies have found statistically significant
associations between the prevalence of asthma or wheez
ing and living very dose to high volume vehicle roadways.
Confounders considered included housing conditions
(pests, pets, gas stoves, water damage), exposure to
tobacco smoke, various measures ofsocioeconomic status
(SES), age, sex, and atopy, albeit self-reponed and not all
in a single study.

Multiple studies have found girls to be at greater risk than
boys for asthma resulting from highway exposure
[55,57,60]. A recent study also reports elevated risk only
for children who moved next to the highway before they
were 2 years of age, suggesting that early childhood expo
sure may be key [57]. The combined evidence suggests
that living within 100 meters of major highways is a risk
factor, although smaller distances may also result in
graded increases in risk. The neglect ofwind direction and
the absence of air monitoring from some studies are nota
ble missing factors. Additionally, recent concerns have
been raised that geocoding (attaching a physical location
to addresses) could introduce bias due to inaccuracy in
locations [61].

Studies that rely on general area monitoring of ambient
pollution and assess regional pollution on a scale orders
of magnitude greater than the near-roadway gradients
have also found associations between traffic generated
pollution (CO and NOx) and prevalence of asthma [62]
or hospital admission for asthma [63]. Lweguga-Mukasa
et al. [64] monitored air up and down wind of a major
motor vehicle bridge complex in Buffalo, NY and found
that UFP were higher downwind, dropping off with dis
tance. Their statistical models did not, however, suppon
an association of UFP with asthma. A study in the San
Francisco Bay Area measured PM2 .5 , BC and NOxover sev
eral months next to schools and found both higher pollu
tion levels downwind from highways and a linear
association ofBC with asthma in long-term residents [60].

Gauderman et al. [65] measured N02 next to homes of
208 children. They found an odds ratio (OR) of 1.83 (con
fidence interval (CI): 1.04-3.22) for outdoor N02 (prob
ably a surrogate for total highway pollution) and lifetime
diagnosis ofasthma. They also found a similar association
with distance from residence to freeway. Self-repon was
used to control for numerous confounders, including
tobacco smoke, SES, gas stoves, mildew, water damage,
cockroaches and pets which did not substantially affect
the association. Gauderman's study suggests that ambient
air monitoring at the residence substantially increases sta-
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tistical power to detect association of asthma with high
way exposures.

Modeling of elemental carbon attributable to traffic near
roadways based on ambient air monitoring of PM2.5 has
recently emerged as a viable approach and a study using
this method found an association with infant wheezing.
The modeled values appear to be better predictors than
proximity. Elevation of the residence relative to traffic was
also an imponant factor in this study [66]. A 2007 paper
reponed on modeled N02, PM2.5 and soot and the associ
ation of these values with asthma and various respiratory
symptoms in the Netherlands [67]. While finding modest
statistically significant associations for asthma and symp
toms, it is somewhat surprising that they found stronger
associations for development of sensitization to food
allergens.

Pediatric lung function and traffic~re/atedair pollution
Studies of association of children's lung function with
traffic pollutants have used a variety of measures of expo
sure, induding: traffic density, distance to roadways, area
(city) monitors, monitoring at the home or school and
personal monitoring. Studies have assessed both chronic
effects on lung development and acute effects and have
been both cross-sectional and longitudinal. The wide
range of approaches somewhat complicates evaluation of
the literature.

Traffic density in school districts in Munich was associated
with decreases in forced vital capacity (FVC), forced expir
atory volume in 1 second (FEV l ), FEV1/FVC and other
measures, although the 2-kilometer (km) areas, the use of
sitting position for spirometry and problems with transla
tion for non-German children were limitations [68].
Brunekreef et al. [69] used distance from major roadways,
considered wind direction and measured black smoke
and N02 inside schools. They found the largest decre
ments in lung function in girls living within 300 m of the
roadways.

A longitudinal study of children (average age at stan = 10
years) in Southern California reponed results at 4 [70]
and 8 years [71]. Multiple air pollutants were measured at
sites in 12 communities. Due to substantial attrition, only
42% of children enrolled at the stan were available for the
8-year follow-up. Substantially lower growth in FEV l was
associated with PM IO, N02, PM2.5' acid vapor and elemen
tal carbon at 4 and at 8 years. The analysis could not indi
cate whether the effects seen were reversible or not [72]. In
2007, it was reponed from this same cohon that living
within 500 m of a freeway was reponed to be associated
with reduced lung function [73].
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A Dutch study [74] measured PM2.s' N02, benzene and
EC for one year at 24 schools located within 400 m of
major roadways. While associations were seen between
symptoms and truck traffic and measured pollutants,
there was no significant association between any of the
environmental measures and FVC < 85% or FEV l < 85%.
Restricting the analysis to children living within 500 m of
highways generally increased ORs.

Personal exposure monitoring of N02 as a surrogate for
total traffic pollutants with 298 Korean college students
found statistically significant associations with FEV l ,

FEV1/FVC, and forced expiratory volume between 25 and
75% (FEV2s_7s ), but not with FVC. The multivariate
regression model presented suggests that FEV25_7s was the
outcome measure that most clearly showed an effect [75].
Cross-sectional studies of children in Korea (76) and
France (77) also indicate that lung function is diminished
in association with area pollutants that largely derive from
traffic.

Time series studies suggest there are also acute effects. A
study of 19 asthmatic children measured PM via person
ally carried monitors, at homes and at central site moni
tors. The study found deficits in FEY1 that were associated
with PM, although many sources besides traffic contrib
uted to exposure. In addition, the results suggest that abil
ity to see associations with health outcomes improves at
finer scale of monitoring (78). PM was associated with
reduced FEV1 and FVC in only the asthmatic subset ofchil
dren in a Seattle study (79). Studies have also seen associ
ations between PM and self reported peak flow
measurements [80,81) and asthmatic symptoms (82).

Cancer and near highway exposures
As noted above, both the Six-Cities Study [27) and the
American Cancer Society (ACS) Study [28) found associa
tions between PM and lung cancer. Follow-up studies
using the ACS cohort [29,37) and the Six-Studies cohort
(83) that controlled for smoking and other risk factors
also demonstrated significant associations between PM
and lung cancer. The original studies were subject to
intensive replication, validation, and re-analysis which
confirmed the original findings [84].

The ASHMOG study [85] was designed to look specifically
at lung cancer and air pollution among Seventh-day
Adventists in California, taking advantage of their low
smoking rates. Air pollution was interpolated to centroids
of zip codes from ambient air monitoring stations. High
way proximity was not considered. The study found asso
ciations with ozone (its primary pollutant of
consideration), PM1 0 and S02. Notably, these are not the
pollutants that would be expected to be substantially ele
vated immediately adjacent to highways.

http://www.ehjournal.net/content/6/1 /23

A case control study of residents of Stockholm, Sweden
modeled traffic-related N02 levels at their homes over 30
years and found that the strongest association involved a
20 year latency period [86]. Another case control study
drawn from the European Prospective Investigation on
Cancer and Nutrition found statistically significantly ele
vated ORs for lung cancer with proximity to heavy traffic
(>10,000 cars per day) as well as for N02 and PMIQ at
nearby ambient monitoring stations [87). Nafstad et al.
[88] used modeled N02 and S02 concentrations at the
homes of over 16,000 men in Oslo to test associations
with lung cancer incidence. The models included traffic
and point sources. The study found small, but statistically
significant associations between N02 and lung cancer.
Problems that run through all these studies are weak
measures of exposure to secondhand tobacco smoke, the
use of main roads rather than highways as the exposure
group and modeled rather than measured air pollutants.

A study of regional pollution in Japan and a case control
study of more localized pollution in a town in Italy also
found associations between N02and lung cancer and PM
and lung cancer [89,90). On the other hand, a study that
calculated SIRs for specific cancers across lower and higher
traffic intensity found little evidence of an association
with a range of cancers (91).

The plausibility of near-highway pollution causing lung
cancer is bolstered by the presence of known carcinogens
in diesel PM. The US EPA has concluded after reviewing
the literature that diesel exhaust is "likely to be carcino
genic to humans by inhalation" [92]. An interesting study
of UFP and DNA damage adds credibility to an associa
tion with cancer [93]. This study had participants bicycle
in traffic in Copenhagen and measured personal exposure
to UFP and DNA oxidation and strand breaks in mononu
clear blood cells. Bicycling in traffic increased UFP expo
sure and oxidative damage to DNA, thus demonstrating
an association between DNA damage and UFP exposure
in vivo.

Policy and research recommendations
Based on the literature reviewed above it is plausible that
gradients of pollutants next to highways carry elevated
health risks that may be larger than the risks of general
area ambient pollutants. While the evidence is considera
ble, it is not overwhelming and is weak in some areas. The
strongest evidence comes from studies of development of
asthma and reduction of lung function during childhood,
while the studies of cardiac health risk require extrapola
tion from area studies of smaller and larger geographic
scales and inference from toxicology laboratory investiga
tions. The lung cancer studies, because they include pol
lutants such as 03 that are not locally concentrated, are
not particularly strong in terms of the case for near-high-
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way risk. There is a need for lung cancer research that uses
major highways rather than heavily trafficked roads as the
environmental exposure.

http://www.ehjournal.net/content/6/1/23

Abbreviations
UFP = ultra fine particles

BC = black carbon
While more studies of asthma and lung function in chil-
dren are needed to confirm existing findings, especially N02= nitrogen dioxide
studies that integrate exposure at school, home and dur-
ing commuting, to refine our knowledge about the associ- NOx = oxides of nitrogen
ation, we would point to the greater need for studies of
cardiac health and lung cancer and their association with CO = carbon monoxide
near highway exposures as the primary research areas
needing to be developed. Many of the studies of PM and PM = particulate matter
cardiac or pulmonary health have focused on mortality.
Near highway mortality studies may be possible, but PM2.5 = particulate matter less than 2.5 um
would be lengthy if they were initiated as prospective
cohorts. Other possibilities include retrospective case con- PM 10 = particulate matter less than 10 um
trol studies of mortality, cross sectional studies or pro-
spective studies that have end points short of mortality, PPAH = particle bound polyaromatic hydrocarbons
such as biological markers of disease. For all health end
points there is a need for studies that adequately address EC = elemental carbon
the possible confounding of SES with proximity to high-
ways. There is good reason to think that property values VOC = volatile organic compounds
decline near highways and that control for SES by, for
example, income, may be inadequate. S02 = sulfur dioxide

Because of the incomplete development of the science ACS = American Cancer Society
regarding the health risks of near highway exposures and
the high cost and implication of at least some possible SES = socioeconomic status
changes in planning and development, policy decisions
are complicated. The State of California has largely pro- EPA = Environmental Protection Agency
hibited siting of schools within 500 feet of freeways (SB
352; approved by the governor October 2, 2003). Perhaps OR = odds ratio
this is a viable model for other states or for national-level
response. As it is the only such law of which we are aware, FEV) =forced expiratory volume in 1 second
there may be other approaches that will be and should be
tried. One limitation of the California approach is that it FEVdpvC = ratio of FEVI and forced vital capacity
does nothing to address the population already exposed
at schools currently cited near freeways and does not FEV25_75 =forced expiratory volume between 25 and 75
address residence near freeways.

Conclusion
The most susceptible (and overlooked) population in the
US subject to serious health effects from air pollution may
be those who live very near major regional transportation
route, especially highways. Policies that have been tech
nology based and regional in orientation do not effi
ciently address the very large exposure and health
gradients suffered by these populations. This is problem
atic because even regions that EPA has deemed to be in
regional PM "attainment" still include very large numbers
of near highway residents who currently are not protected.
There is a need for more research, but also a need to begin
to explore policy options that would protect the exposed
population.

PVC = forced vital capacity

ugfm3 = micrograms per cubic meter of air

m =meters

um = micrometers

vehJd = vehicles per day

vehJh = vehicles per hour
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