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People who live close to busy roads and highways are exposed

to high levels of traffic-related air pollution. This puts them at

risk of significant health difficulties such as high blood pressure,

heart attacks and cancer. The Community Assessment of Freeway
Exposure and Health Studies led by Dr Doug Brugge from the

University of Connecticut represent community-engaged research

into the biological impact of high exposure to pollution and
importantly, possible solutions to this. This work has shown that

high-efficiency particulate arrestance filters are one promising

intervention for minimising exposure to pollution and thus

improving health.

A Serious Health Issue Worldwide

Traffic-related air pollution is a concern
for the health of people living in urban
areas all over the world. In the USA,
exposure to air pollution is associated
with 100,000-200,000 deaths annually
This pollution comes in the form of
gases and particulate matter of many
sizes and compositions suspended in
the air.

These pollutants can have serious
health implications, and where people
live and how long they stay there
impacts a person’s exposure and
their likelihood of associated illness.
The air around high traffic areas can
contain two to three times higher
concentrations of polluting gases
and particulates than other sites, and
even inside cars during commuting,
concentrations are high.

Ambient airborne particulate matter is
one of the top five causes of morbidity
and mortality globally. To improve

the health of the people living in cities
and traffic-heavy areas, it is vital to
study local traffic pollution, which has
been studied much less than regional
pollution in order to understand the
impact it has and to reduce exposure
and health consequences.

This is the focus of a group of
researchers and community partners
led by Dr Doug Brugge at the University
of Connecticut, USA. Starting in 2008,
the original Community Assessment

of Freeway Exposure and Health
(CAFEH) Study investigated levels

of pollution in Boston communities
near high traffic volume highways.
CAFEH now provides an umbrella for
several ongoing research projects that
collaborate with affected communities.
This work is providing insights into how
highway traffic pollution affects nearby
communities.
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Air Filtration to Lower Pollution
Particle Concentration

‘| have played a leading role in a series
of community-based participatory
research studies and implementation
projects in the Boston area for about
15 years’ explains CAFEH Principal
Investigator and Steering Committee
Co-chair, Dr Brugge.

Particles emitted from vehicle exhaust
pipes generally make up around 30%
of fine particulate matter and are
regulated in the USA. Concentrations
are consistent over tens to hundreds
of kilometres making them a regional
pollutant. But a particular concern is
the high concentration of the smaller
ultrafine particles commonly found

in traffic-heavy areas of cities. These
concentrations vary a great deal over
tens to hundreds of metres and remain
unregulated.




Air purifier.

Ultrafine particles represent an emerging health burden,
considering there is evidence to suggest poor health indicators
and cardiovascular disease risks are elevated by their presence.
‘We started out studying the effects of traffic-related ultrafine
particles on health, focusing on biomarkers of cardiovascular
risk... (and) we were among the first to report associations of
ultrafine particles with biological health measures and continue
to study these associations. However, we rapidly shifted from
studying the problem to also exploring options to reduce
exposure’, explains Dr Brugge.

These explorations lead them to air purifiers, which have
become increasingly popular due to the COVID-19 pandemic.
These machines have the ability to reduce the concentrations
of particulate matterindoors, including traffic-related particles,
allergens and even viruses. They could be a promising tool
although their efficacy is not well established for residential
exposure to traffic particles. Therefore, the CAFEH project
team conducted a pilot study that recruited low-income
Puerto Ricans across 23 households in Boston and Chelsea

in Massachusetts. Reducing ultrafine particles in low-income
households can be especially difficult due to a lack of
mechanical ventilation in their homes.

Participants were given high-efficiency particulate arrestance
(HEPA) filtration devices for their homes for three weeks

and a sham device that had no filtration capabilities for a
separate three weeks (with the order of the intervention/sham
intervention randomised and participants blinded as to which
they had). Particle number concentrations were measured
continuously over the six weeks. The results revealed that
when HEPA filtration was in effect, the participants’ homes
had 50-85% lower concentrations of particles than with sham

filtration. However, the researchers did not find a statistically

significant reduction in blood inflammatory biomarkers in
these participants.

A number of explanations could account for this finding,
including the amount of time that participants spent in rooms
with the filters and serious underlying health conditions that
might mask the benefits of reduced exposure to particulate
matter. Therefore, the team concluded that whilst HEPA
filtration does lower ultrafine particle concentration, there was
a need for an improved study design to better understand the
impact of filtration on health indicators.

Controlled Air Filtration Study

Dr Brugge and the CAFEH project team next developed a
methodologically more rigorous study, which they conducted
under highly controlled conditions. This research focused on
the effect that traffic-related air pollution has on short-term
changes in blood pressure, the elevation of which is a risk
factor for cardiovascular disease. A total of 77 participants each
spent two hours in a room near an interstate highway on three
separate occasions. A HEPA filter and the opening/closing of
windows and doors were used to control the concentration

of particles and therefore, the exposure the participants
experienced. In a randomised order, participants were exposed
to low, medium and high levels of traffic pollution, with a
one-week ‘washout’ period in between each test to allow valid
comparisons between the different study conditions.

Systolic blood pressure (the larger blood pressure number,
which represents the pressure in the heart during contraction)
and diastolic blood pressure (the smaller number, which is the
pressure in the arteries between beats/at rest) were measured
every 10 minutes. These readings showed that systolic blood
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pressure increase over the two hours but that the amount
of increase was lower with lower exposures. According to

Dr Brugge, this study from his team provides ‘strong causal
evidence that air purifiers could both reduce ultrafine
concentrations indoors near a highway and positively affect
blood pressure’

Investigating Air Filtration in the Real World

Although this controlled exposure study was incredibly useful in

demonstrating that near highway pollution affects health and
that air purifiers could be a useful tool to reduce risk, it did not
reflect real-world conditions. To understand the effectiveness of
air filtration in the real world, Dr Brugge and the CAFEH project
team have set out to study 200 adults who live near a highway
in Somerville, Massachusetts. This study is still ongoing and
expected to continue for 2-3 years.

Households in this study have been given two HEPA filters

so that they could have them running in both the living

and bedrooms. Either real or sham filtration is used for one
month, followed by a month-long washout period and then
the alternate configuration for another month. Half of the
participants begin with sham filtration followed by true
filtration to ensure participants were blinded as to which
version they had. Unlike the previous study, this one allows
participants to open windows, cook food, spend time in rooms
without the filter and generally go about their lives.

This investigation is ongoing and Dr Brugge is keen to see
the outcomes in due course. The primary health outcomes
include systolic blood pressure and the secondary outcomes
include diastolic and central blood pressure. Blood levels

of C-reactive protein, which is an indicator of inflammation,
are also being measured, as well as D-dimer, a blood clotting
factor. Throughout the study, other factors will be monitored
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and used to evaluate the success or failure of the air filtration
intervention. These include indoor and outdoor monitoring
of particulate pollution levels, size and composition of the
particulates in the air, tracking the amount of time spent in
the room with the filter and in addition, interviews to gain
qualitative feedback from participants.

Once all these elements and the health outcomes have been
assessed and analysed, the CAFEH project team will be able

to determine whether the daily habits of people impact the
potential benefits of filtration shown in the previous study. If
successful, this promising research could provide evidence

for an effective intervention to reduce the exposure to traffic-
related air pollution in people who live near busy roads. In turn,
this could improve the cardiovascular and overall health of
these residents.

Utilising the knowledge built up through ongoing research, Dr
Brugge and colleague Sharon Ron (Metropolitan Area Planning
Council) wrote a white paper to inform policy for near roadway
exposure to ultrafine particles. Their paper outlines what is
known about the health risks of exposure to traffic-related
particulate matter and why it should be addressed. Their
recommendations cover high-efficiency air filtration, noise
barriers, building away from highways and many others.

With considerable work already completed and even more
underway, Dr Brugge and the CAFEH project team remain
committed to influencing health outcomes related to local
traffic pollution at a policy level, which will, ultimately, be
critical for the large-scale protection of health. By expanding
our understanding of this underappreciated type of pollution,
the CAFEH project team is also raising awareness about this
invisible, odourless toxic pollution that comes from motor
vehicles.
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The Community Assessment of Freeway Exposure and Health
Study (CAFEH) is led by Dr Doug Brugge, who is Principal
Investigator for most of the CAFEH studies. He is Co-chair of
CAFEH Steering Committee, in addition to Chair and Professor
in the Department of Public Health Sciences at the University
of Connecticut School of Medicine. CAFEH serves as the larger
umbrella for five related community-based participatory
research air pollution studies. These projects have full
participation of the community partners in all aspects of the
science including: developing the proposal, leading the study,
and collecting, analysing and interpreting the data. The CAFEH
project teams include staff (oversight, management, field,
clinic, research, graduate students and student interns) and
additional research collaborators. By improving understanding
of how air pollution from traffic and highways affects people’s
health, the team is developing approaches to mitigate this
exposure at the individual and policy and practice levels.
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