Clearing the Air
How Green Screens Can Protect Vulnerable Communities
from the Harmful Effects of Air Pollution

A Vega+Bernier Design Group White Paper

Bringing Design to Life.

Executive Summary

In recent decades, the USA has made great strides in reducing
air pollution, by monitoring and regulating toxic emissions from
a variety of sources, and developing technology to reduce those
emissions. But many low-income neighborhoods continue to
suffer from environmental injustice when it comes to receiving fair
treatment and protection. They remain, in effect, toxic hot spots
– exposed to elevated levels of toxic substances, because of their
proximity to sources of pollution.
—
That exposure brings with it significant health risks, with a financial
impact on our health care system, and ultimately, on economic
growth.
Over the years, there have been many worthy ideas proposed for
reducing pollution in these toxic hot spots. They range from higher
emissions standards to re-zoning poor neighborhoods to remove
pollution sources. All of these ideas can and should be pursued.
But many of them are long-term solutions that require substantial
effort, funding and political will to accomplish.

Green Screens act as a
natural biofilter, helping
to shield economically
disadvantaged communities
from toxic air pollutants.

Fortunately, there is a viable, cost-effective, relatively short-term
solution available, in the form of Green Screens. Made up of trees,
shrubs and other plants, they act as a natural biofilter, helping
to shield economically disadvantaged communities from toxic
air pollutants. They have been successfully used for decades in
agriculture, to lower the level of odor-causing airborne particles
from animal waste, and they can be equally effective in urban and
suburban locations.

Introduction:

Toxic Hot Spots
Air Pollution’s
Harmful Effects on
our Most Vulnerable
Populations
—
Nowadays, Americans are more
conscious than ever of their
environment and the need to protect
it from pollution.

Reducing the level of ambient air pollution can improve the health
of at-risk populations in economically disadvantaged communities.
Doing so will reduce the impact on our health care costs and
produce a healthier environment for community investment, with
real benefits for our society at large.
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But there’s one group of Americans who, through no
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Negative environmental impacts are particularly
acute in economically disadvantaged neighborhoods
that could be described as toxic hot spots. These
areas have high levels of airborne emissions from a
variety of sources of pollution. They contain more
industrially-zoned land and higher concentrations of
facilities that emit toxic air pollutants. Many of those
pollution sources are located not only near lowincome communities, but within the communities
themselves. They include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Highways and high-traffic roads and streets
Railways
Ports and shipyards
Hazardous waste sites
Power plants
Oil refineries
Large gasoline dispensing facilities
Chemically-intensive manufacturing
Auto repair, paint and body shops
Metal and chrome plating facilities
Dry cleaners using perchloroethylene
Printing shops
Recycling facilities
Large-scale agriculture
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The Risks of Toxic Exposure

Protecting the Most Vulnerable

According to a report by the American Lung
Association1, “Evidence shows that people who have
low incomes may face higher risk from air pollution.”

The Clean Air Act requires the Environmental
Protection Agency (EPA) to set standards that
protect public health. Health is a particular concern
for people known as “sensitive receptors” — those
who are most vulnerable to toxic exposures,
including children, pregnant women, the elderly
and the poor, and those with pre-existing health
conditions, especially respiratory or coronary disease
or diabetes.

That risk is to their health. The negative effects of
toxic air pollutants include:
•
•
•
•
•

Low birth weights
Infant mortality
Developmental diseases
Cancer
Cardio-vascular disease (including heart attacks
and strokes)
• Respiratory illnesses (including asthma, bronchitis,
and COPD2)
Increased exposure to toxic air pollution is a
significant contributor to health problems in poor
communities. Being poor compounds this problem,
producing additional vulnerability. That’s because
income limits access to health care and medicine.
It also restricts the ability to move to a healthier
community. And the mental stress of poverty can
lower resistance to the effects of toxic substances.

Those most vulnerable to
toxic exposures include
children, the elderly and
the poor, and those with
respiratory or coronary
disease or diabetes.
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The places where low-income people who are
particularly susceptible to the adverse effects of
pollutant exposures spend a lot of time are called
“sensitive land uses.” They include:
•
•
•
•
•
•
•
•
•
•
•
•
1
2
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Homes
Schools
Day care centers
Playgrounds
Parks
Health care facilities
Convalescent centers
Churches
Community centers
Senior centers and retirement homes
Veterans’ housing
Homeless shelters
Source: State of the Air 2012, American Lung Association.
Chronic Obstructive Pulmonary Disease
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How Small is PM?
Hair cross section

Imagine a
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human hair

( 70 µm)

˜

PM10
90 µm in diameter
Fine Beach Sand

The Dangers of Particulate Matter

PM2.5

<10 µm
in diameter

<2.5 µm
in diameter

Q: How small is a micron?
A: A micron is a millionth of a meter, or slightly larger
than the common e coli bacteria. The diameter of a
strand of hair is about 60 microns.

Under the Clean Air Act, the EPA has set National
Ambient Air Quality Standards (NAAQS) for six
main pollutants, which the agency calls “criteria”
pollutants3:
• Carbon Monoxide (CO)
• Lead
• Nitrogen Dioxide (NO2)
• Ozone
• Sulfur Dioxide (SO2)
• Particulate Matter (PM)
While the EPA continues to regulate these and many
other air pollutants, they have increasingly focused
on Particulate Matter, because of its effects on
health. PM consists of tiny solid particles or liquid
droplets suspended in air. The main sources of PM
include:
•
•
•
•
•
•
•
•
•

Exhaust from gasoline and diesel‑powered vehicles
Dust from roadways
Construction
Agriculture
Coal‑fired power plants
Industrial boilers and incinerators
Oil refineries
Industrial solvent use
Mining and mineral products operations

Particulate Matter is generally classified into two size
categories:
• PM10 — between 2.5 and 10 microns in diameter,
known as Coarse PM
• PM2.5 — for particles smaller than 2.5 microns in
diameter, known as Fine PM

Most PM2.5 is formed by the burning of fossil fuels.
It includes hydrocarbons, also called Volatile
Organic Compounds (VOCs). Many of the most
toxic Polycyclic Aromatic Hydrocarbons (PAHs) are
smaller than 0.10 microns in diameter and fall into
the category of Ultra-Fine PM. Some of the most
carcinogenic pollutants, including metals, are in the
very finest particle sizes, with a diameter of only
about 0.075 microns in diameter.
The finer the particle, the greater the health risk,
because fine particles are small enough to evade
the body’s respiratory defense mechanisms
when inhaled, and lodge deep within the lungs,
aggravating respiratory illnesses. This is a serious
risk to low-income communities, located in toxic hot
spots, that cannot and should not be ignored.

Environmental justice means
developing and conducting
environmental programs and
policies so that every citizen
receives fair treatment and
protection, regardless of race,
age, culture, income, or
geographic location.
But it’s more than a matter of justice and fairness for
working-class communities burdened with health
risks from toxic air pollution. There is also a strong
link between environmental quality, health and the
economy, with real costs to society.
For example, the annual costs of negative health
effects from transportation emissions associated
with the movement of goods just in the state of
California have been estimated to be $19 billion4.
Poor health, coupled with low income, produces
more hospital emergency room visits and more
money spent on medicines and prescription drugs,
with a financial impact on the entire health care
system. It also leads to an inability to buy healthy
foods, more lost work days, and lower revenues
for public schools that are dependent on student
attendance. All of these factors combine to limit
economic growth.
Knowing the enormous health, economic and societal
impacts of air pollution in toxic hot spots, it is critical
to develop effective methods to deal with it.
Source: Emission Reduction Plan for Ports and Goods in California,
California EPA Air Resources Board

4
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FACTOIDS
Tree intensive areas improve environmental quality by filtering air and water and dampening noise,
thereby contributing to better health outcomes.
Trees in New York City, for example, removed an
estimated 1,821 metric tons of air pollution in 1994.
US Dept of Agriculture, Forest Service pamphlet #FS-363,
cited in Benefits of Trees in Urban Areas. Colorado Tree
Coalition. Available at HYPERLINK
“http://www.coloradotrees.org” http://www.coloradotrees.
org

Trees can remove as much as 15% of the ozone,
14% of the sulfur dioxide, 13% of particulate matter,
8% of the nitrogen oxide, and .05% of the carbon
monoxide.
Sherer PM. 2003. Parks for people: Why America needs
more city parks and open space. San Francisco: The Trust
for Public Land. Available at HYPERLINK “http://www.tpl.
org/” http://www.tpl.org/.

Increased vegetation dampens sound and mitigates
noise pollution.

In one urban park, tree cover was found to remove
48 pounds of particulates, 9 pounds nitrogen dioxide, 6 pounds sulfur dioxide, 2 pounds carbon monoxide, and 100 lbs of carbon on a daily basis.

Trees remove gaseous air pollution primarily by
uptake via leaf stomata, though some gases are
removed by the plant surface.

Fighting Particulate
Pollution In
Toxic Hot Spots

Nowak, David J., “Urban Trees and Air Quality.” USDA Forest
Service, Syracuse, NY, November, 1995.

—

Coder, Dr. Kim D., “Identified Benefits of Community Trees
and Forests”, University of Georgia, October, 1996.

Shade from trees can reduce air temperature.
Reduced air temperature due to trees can improve
air quality because the emission of many pollutants
and/or ozone-forming chemicals are temperaturedependent.

There is no shortage of proposals
for battling the harmful effects of
air pollution.

Nowak, David J., “Urban Trees and Air Quality.” USDA Forest
Service, Syracuse, NY, November, 1995.

Beattie J, Kollin C, Moll G. 2000. Trees help cities meet
clean water regulations. American Forests. Available at HYPERLINK “http://www.americanforests.org/downloads/graytogreen/treeshelpcities.pdf” http://www.americanforests.
org/downloads/graytogreen/treeshelpcities.pdf
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There is no shortage of proposals for battling the
harmful effects of air pollution.

Higher Emissions Standards
for Particulate Matter

• Prevention, intended to stop pollution from
occurring at its source
• Mitigation, designed to eliminate, alleviate, and
reduce the impact of pollution on low-income
communities

The American Lung Association advocates
strengthening the EPA’s national standards for PM2.5.

Pollution Prevention
Clean and Green Economic Development
Emerging green technologies can be used to
modernize and re-tool industries and facilities
that produce hazardous emissions. Tax incentives,
government grants, project mitigation funds, and
public-private partnerships can all help promote this
process.

Zoning & Siting Changes
The concentration of hazardous emission-producing
facilities located in and near working-class
neighborhoods could be reduced.

“Many small polluters . . . are
not regulated . . . . But they have
a cumulative impact, because
clusters of them are often located
in low-income communities.”

For example, the California Air Resources Board
(CARB) recommends separating sensitive land uses
from major pollution sources5.
And the U.S. Department of Health and Human
Services (HHS)6 singles out schools and child care
facilities, recommending that they be located away
from highways and high-traffic roads.

Traffic & Road Improvements

7

And the EPA is considering the establishment of a
new PM1.0 Ultra-Fine particle emissions standard.

Increased regulation of small polluters
Many small polluters are not monitored and
regulated at all, because their emissions are
considered by regulatory agencies to be too low. But
they have a cumulative impact, because clusters of
them are often located in low-income communities.
And that impact needs to be taken into account by
regulatory agencies.8

Emissions from gasoline and diesel-powered engines
are among the largest sources of Particulate Matter,
especially PM2.5.
Approaches that could reduce these emissions
include:
• Improving traffic flow, to reduce the numbers of
vehicle starts and stops, and shorten the time
spent idling9.
• Improved road design, such as reducing the
number and slope of uphill grades
• Using concrete rather than asphalt for pavement,
since it consumes less fuel during materials
production, transportation and construction10
• Removal of older, high-emission vehicles from
roads, via retirement and scrapping programs like
“Cash for Clunkers”
• Cleaner engines and fuels. Despite continuing
reductions in vehicle emissions over the past
several decades, they remain a public health issue,
significantly contributing to toxic pollution, for two
main reasons:
1. Large increases in traffic volume have offset
per-vehicle emission reductions.
2. Some pollution sources, such as brake, tire and
road wear, are unregulated
All of these preventive anti-pollution measures can
and should be pursued — since, as the old saying
goes, an ounce of prevention is worth a pound of
cure. But it must be recognized that they are longterm solutions and may take many years to produce
results.
5
Source: Air Quality and Land Use Handbook: A Community Health
Perspective, California EPA, CARB
6
Source: Healthy People 2020, HHS report
7
Source: Sick of Soot, a report by the American Lung Association, Clean Air
Task Force and Earthjustice
8
Source: Hidden Hazards, Los Angeles Collaborative for Environmental
Health and Justice
9
The state of California has adopted anti-idling laws for trucks stopping at
the ports of Los Angeles and Long Beach.
10
Source: Green Highways, American Concrete Pavement Association report
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Some of them, such as the road and highway
design recommendations, can only apply to new
construction. Others, such as the regulatory
recommendations, require legislative action that
will take time and effort, especially in today’s highly
partisan political climate. It is also a challenge to
address these issues during a period of economic
uncertainty. Clearly, more cost-effective and shorterterm solutions must be found.

Pollution Mitigation

GREEN SCREENS:

Since it is unrealistic to assume that all air pollution
will ever be eliminated, ways must be found of
lessening the impact of pollution on low-income
communities.

A Practical
Pollution Solution

Screening out Pollution
The most direct and effective way of mitigating the
effects of air pollution is to create structures that
function as protective screens, to lower the amount
of air pollution that reaches these neighborhoods.

“Since it is unrealistic to assume
that all air pollution will ever be
eliminated, we must find ways of
lessening its impact.”

Structures such as sound walls are designed
to reduce noise levels from traffic, by blocking,
absorbing and deflecting the sound waves. They can
also lower air pollutant concentrations, by deflecting
the polluted air flow upward and increasing air
turbulence and mixing of the pollutants downwind
of (behind) the wall. But this is only a side-effect, not
their intended purpose.

—
The effectiveness of green screens in
mitigating the effects of air pollution is
based on fundamental principles found
in nature.

Green Screens, made up of trees, bushes and other
plants, can be far more effective than sound walls
as pollution biofilter shields, barriers and buffers.
In addition to deflecting the air flow upward, they
also allow some of it to flow through their foliage,
where pollutants are removed by a variety of natural
processes — in similar ways that plants absorb
carbon dioxide and release oxygen.
And where sound walls are generally only erected
alongside highways for noise reduction, Green
Screens are a feasible and practical solution for
many other pollution sources. Wherever they are
implemented, they can function as a living air
filter, removing significant amounts of airborne
particulate matter before it can harm sensitive and
vulnerable populations. Green Screens are also far
more aesthetically pleasing to the eye, and more in
harmony with the landscape, than any wall, helping
to increase residential, commercial and industrial
property values.
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For example, nature uses plants, often in the form
of wetlands and marshes, to perform screening
functions such as cleaning storm water runoff,
by facilitating biodegradation and lowering
the concentrations of heavy metals and other
pollutants suspended in the water. Some pollutants
are removed by slowing the water flow so that
sedimentation (suspended particles settling out of
the water) can occur, while others are filtered out
by plant leaves and roots. Green Screens perform
similar processes on polluted air.

Photomicrograph of stomata
of leaf. stomata aborb CO2
and release 02.

Capture

Like sound walls, Green Screens create a windbreak,
causing polluted air to lift and vertically mix, leading
to lower concentrations behind the green screen.

Green Screens can also reduce pollutant
concentrations by capturing particulate matter with
their foliage — in effect, trapping and intercepting it.
When a particle is captured, it is removed from
the air.

But unlike sound walls, which are solid structures,
Green Screens have a secondary windbreak effect,
as the air flows through their foliage. Their complex
structure of leaves and branches adds to the mixing
of the air and the dispersion of the pollutants.

Often referred to as windbreaks, hedge rows or
shelterbelts, Green Screens of trees and other plants
are widely used in agriculture to reduce pesticide
spray drift and limit animal waste odors. They have
proven particularly successful in filtering out animal
waste odor particulates produced by poultry houses
and confined swine facilities.

“Sound walls only block and divert
polluted airflow. Green Screens
reduce pollutant concentrations by
a variety of natural processes.”

Dispersion

Green Screens have a similar ability to reduce
Particulate Matter concentrations in urban and
suburban locations. Their effectiveness has been
documented in wind tunnel and static chamber tests,
and in analyses of highway traffic emissions data.11
Their screening action occurs by two main
processes: dispersion and capture.
Source: Removal Rates of Particulate Matter onto Vegetation as a Function
of Particle Size, report by University of California, Davis

11

Particulate capture by green screens happens in
three different ways:
• Settling: Gravity causes larger (coarse) particles to
settle out of the air and onto leaves and branches.
• Impaction: Winds blow particles onto plant
surfaces.
• Diffusion: Particles adhere to sticky and waxy leaf
surfaces, while smaller (finer) ones are absorbed
by their stomata (pores on the undersides of
leaves).
Fortunately, the tiny size that makes fine and ultrafine particulates so dangerous to human lungs and
respiration also enables them to be captured by
Green Screens.
Green screens have been shown to be very effective
in removing some of the most toxic particulate air
pollutants. Even better, “shake-off” tests have proven
that the particles, after being captured by plants, are
not easily dislodged and returned to the air.12
12
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Design and Selection of Green Screens
Green Screens work best when planted as close as
possible to a pollution source.
The configuration of a Green Screen should also take
into account the prevailing wind direction and speed,
and the size of the pollution source. These factors
will determine the plant height and other dimensions
needed for maximum effectiveness.
Plant properties should also include:
• Low maintenance requirements, to reduce both
ongoing costs and exhaust emissions from
landscaping equipment
• Suitability for local soil and climate conditions
• Minimal allergenic properties
• Year-round foliage (evergreen)
• Complex foliage structure, to allow significant
mixing of airflow
• Long life span
Highway without a Green Screen.

Highway with a Green Screen.

Appropriate plant selection and Green Screen design
for each individual situation is the key to reducing air
pollutant concentrations and lessening their harmful
effects on sensitive populations.

Oil Refineries

Cargo Trains

Green Screen Planting Area
Drainage Swale
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Drainage Swale

Freeway

Green Screen Planting Area
Drainage Swale
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Residential Area

Drainage Swale
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Conclusion
—
Like many modern industrial societies,
the USA continues to face the challenge
of minimizing environmental pollution.
Air pollutants have their most severe
impact on toxic hot spots, often
located in economically disadvantaged
neighborhoods.
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The adverse health impacts of toxic air pollution on
people in low-income communities can no longer be
ignored. These communities deserve environmental
justice and fairness. We need to clear the air
“literally” in these highly impacted neighborhoods.
Green Screens can be the key component of a set of
a comprehensive pollution prevention and mitigation
policies and strategies. They are cost-effective and
relatively easy to implement.
They also contribute to the aesthetic beautification
of heavily industrial and blighted communities,
and can help increase residential, commercial and
industrial property values in these areas.
In short, Green Screens can help transform
areas burdened with hazardous toxics and their
accompanying health risks into healthy, sustainable
and livable communities.

Vega+Bernier Design Group is a professional
landscape design firm located in Pasadena,
California. Under the leadership of John Vega and
Michael Bernier, the company has pioneered the
planning, design and implementation of Green
Screens for air pollution mitigation in a wide variety
of situations.
The diverse nature of V+B’s clients and projects
reflects its comprehensive design expertise.
The firm’s Green Screen solutions are imaginative
and inventive, demonstrating its profound technical
knowledge and breadth of experience.
Bringing Design to Life is V+B’s mantra for every
Green Screen project the firm undertakes. They
create natural spaces that excite all the senses; sight,
touch, smell, taste and sound. Their Green Screen
design solutions are not only functional and budgetfriendly, but also beautiful and sustainable.
Contact Vega+Bernier Design Group today for more
information about its Green Screen capabilities and
solutions.
VEGA+BERNIER DESIGN GROUP
696 E. Colorado Blvd. Ste. #300
Pasadena CA 91101
626.795.5494
www.vegabernier.com

Bringing Design to Life.
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