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Abstract

By examining the census tracts and towns that are intersected by Massachusetts’ major highway corridors, Diesel and

Health along Massachusetts’ Highway Corridors ascertains whether these areas contain significantly higher rates of diesel

particulate matter (DPM), lung cancer, and asthma. DPM was significantly higher for corridor towns than non-corridor

towns. Hot spot analysis revealed statistically significant clustering of elevated DPM concentrations and asthma incidence

in certain towns. The location of these towns was compared to the location of environmental justice neighborhoods. The

authors recommend a series of steps that can be taken by policy makers and planners to curb DPM emissions.

r 2008 Elsevier Ltd. All rights reserved.
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Introduction

Proximity to major traffic corridors may be an
indicator of diesel particulate matter (DPM) levels
as well as risk of developing asthma and/or lung
cancer. The objective of this study is to determine
whether areas in Massachusetts containing major
highway corridors have higher rates of DPM
exposure, lung cancer, and asthma incidence than
those that do not and to perform hot spot analysis
to locate areas with high concentrations of DPM,
lung cancer, and asthma to determine whether these

areas overlap with environmental justice (EJ)
neighborhoods as defined by the Massachusetts
Executive Office of Environmental Affairs
(EOEA).2 The EOEA has defined an EJ population
as a census block group whose residents annual
median household income is equal to or less than
65% of the statewide median or whose population is
made up of 25% minority, foreign born, or lacking
English language proficiency (i.e., only one of these
criteria must be met to qualify) (Massachusetts
Executive Office of Environmental Affairs, 2003).

Diesel engines are known for their longevity
and reliability, which make them a desirable and
valuable asset to transportation networks around
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the world (Clean Air Task Force, 2005). In the
USA, diesel engines are integrated into every aspect
of society; from delivery trucks to school buses to
ship engines. Multiple studies have shown that
proximity to diesel exhaust causes a variety of
respiratory and cardiovascular problems (Dockery
et al., 1993; Houston et al., 2004; Pope III et al.,
2002; Steenland et al., 1998). Both large (10–2.5 mm
diameter [PM10]) and small (2.5 mm and smaller in
diameter [PM2.5]) particulate matter diesel exhaust
particles have damaging health effects (Donaldson
et al., 2000; Hesterberg et al., 2006; McClellan et al.,
1985; McClellan, 1987; Peterson and Saxon, 1996).
While the large particles are visible, the small
particles may result in more damaging effects due
to a larger surface area and because they are more
easily absorbed into the blood stream (Nemmar
et al., 2002).

Using the Environmental Protection Agency’s
1999 National Air Toxics Assessment (NATA) (for
DPM data) and the Massachusetts Department of
Public Health (DPH) (2005) data (for lung cancer
and asthma data), this study examines whether
areas that are intersected by major highway
corridors have higher rates of DPM, lung cancer,
and asthma than those that are not.3 Major
highway corridors were selected based on the MA
Executive of Office of Transportation traffic volume
counts. Major corridors used in this study include
Interstates 91, 90, 95, 495, and 93. Interstates 395,
290, and 190, though they could be considered
major highway corridors, were excluded from this
analysis. For Interstate 190 and 395, average daily
traffic volume counts were far below those included
in this analysis (I-190: 77,368; I-395: 51,500; I-91:
119,400; I-90: 122,735; I-95: 180,605; I-495: 124,600;
I-93: 219,598). We excluded Interstate 290 because
of its exceptionally short length compared to the
other interstates included here (I-290: 39,160m; I-
90: 220,994m; I-91: 99,409m; I-93: 80,841m; I-495:
239,060m; I-95: 159,685m), the traffic of which we
assumed is accounted for in nearby Interstates 90
and 495 average daily traffic counts (Massachusetts
Executive Office of Transportation, 2006).

Efforts to curb diesel emissions through engine
retrofit filters for existing vehicles are gaining
ground in Massachusetts, and this study could
provide justification for these efforts and highlight
other areas of concern. This study will show
locations of the highest concentrations of DPM,
and whether there is a spatial correlation between
major highway corridor locales, DPM concentra-
tion, and lung cancer and asthma rates. This
analysis also identifies whether these locales overlap
with EJ neighborhoods, which is important because
it draws attention to neighborhoods and commu-
nities that may experience a disproportionate
burden of negative environmental consequences.
Studies such as this are valuable to the state of
Massachusetts because they identify spatial trends
that may be placing humans at an increased risk to
the negative effects of air pollution. Other states
that have identified EJ neighborhoods can adopt
our methodology because we utilize a nation-wide
publicly available DPM data source. The results of
these analyses can serve as an impetus for reform in
state air quality standards and encourage changes in
other policy areas.

State of the field

This project is grounded on three sets of
hypotheses. The first is that there are higher rates
of DPM along major highway corridors. Along with
several other studies, Houston et al.’s (2004)
discussion of structural disparities illustrates in-
creased air pollutant concentration near major
roadways. Housing located along major roadways
is more likely to consist of low-income and minority
populations who are living in older housing, which
is more susceptible to indoor exposure of outdoor
air pollution (Green, 2002; Ruotsalainen et al.,
1991; Emenius et al., 2004). These structural dis-
parities embedded in the urban built environment
are combined with the fact that higher rates of diesel
exhaust exist in these areas in the first place
(Hitchins et al., 2000; Houston et al., 2004; Zhu
and Hinds, 2002). The second hypothesis is that
there is a relationship between proximity to major
highway corridors and increased risk of lung cancer
and asthma. Multiple studies have illustrated the
linkage between these elements (Steenland et al.,
1998; Edwards, 1994; Venn et al., 2001). However,
debate exists regarding which indicators should be
used to identify high rates of diesel exhaust. Some
sources, such as the EPA, suggest that DPM is the
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Furthermore, cancer and asthma rates were not available at the

census tract level, which meant comparison between cancer (or

asthma) and census tracts was not possible due to inconsistent

geographic scales.
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best indicator, others advocate for a combination of
nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone
(O3), and carbon monoxide (CO) (Restrepo and
Zimmerman, 2004) and lastly, others argue that the
best indicator is elemental carbon (Birch and Cary,
1996). The final hypothesis is that areas identified as
having higher rates of DPM, lung cancer, and
asthma overlap with the physical locations of EJ
neighborhoods.

Geographic information systems

Geographic information system (GIS)-based stu-
dies examining DPM, lung cancer, and asthma rates
in major highway corridors areas are scarce.
However, GIS has become an important tool used
in segments of previous studies with related goals.
In a study by Houston et al. (2004), researchers
utilized GIS to develop estimates of vehicle miles
traveled for their study area. Though not integral to
the final analysis performed, GIS provided a
convenient method to obtain integral information
regarding vehicle miles traveled and annual average
daily traffic counts (Houston et al., 2004). Increas-
ingly, GIS is being used as the primary tool in
spatial statistical analysis studies. Oyana et al.’s
(2004) study of geographic clustering enabled the
research team to geocode their study area as well as
determine spatial associations while Maantay (2007)
used GIS to highlight how proximity to noxious
land uses was related to asthma hospitalization
rates, poverty, and minority status within the
Bronx, New York City. Chakraborty et al.’s
(1999) GIS-based buffer analysis of air pollution
and noise impacts was used as part of a larger model
to articulate the effects of potential changes in a
Waterloo, Iowa transportation arterial. English
et al. (1999) successfully linked proximity to higher
traffic areas to an increase in repeated medical visits
for asthmatic children by combining statistical
methods and the geocoding and buffer capabilities
of a GIS.

Like these studies, our analysis contributes to
research examining air pollution and vulnerable
populations, but is uniquely situated amongst these
studies because we operate on a greater (statewide)
spatial scale and intend to capture and highlight the
effects of mobile sources of air pollution on EJ
communities. One other study that has operated at a
large geographical scale is Mitchell and Dorling’s
(2003) nationwide analysis of British air quality,
economic status, and vehicle ownership rates.

Kingham et al. (2007) examined similar data
elements in their study of environmental justice in
Christchurch, New Zealand, concluding that car
ownership rates were the lowest in areas of the city
with most pollution exposure (also see Jerrett et al.,
2001). Unlike these two studies, our analysis relies
on an environmental justice definition that is
defined by socioeconomic status as well as minority,
foreign-born, and English-speaking status.

Our analysis does not rely on moving measure-
ment unit collected data (Weijers et al., 2004)
(potentially more accurate than stationary collec-
tion points) nor account for influential environ-
mental variables on DPM such as season, wind
direction, and wind speed (Begum et al., 2006).

Environmental justice paradigm

The environmental justice paradigm has emerged
over the past two decades as a framework for
integrating class, race, gender, environment, and
social justice concerns. Emerging from the debate
surrounding the inequity of waste facility siting in
the United States during the 1980s, EJ has become a
rallying cry for poor people and communities of
color that have borne a disproportionate burden of
environmental ‘bads,’ and have had restricted access
to environmental ‘goods,’ such as parks and open
spaces. When the state of North Carolina attempted
to site a PCB landfill in a predominantly African-
American community, the opposition forced ac-
knowledgment of racial environmental injustice,
recognizing it as strongly influenced by civil rights
issues.4 The environmental justice paradigm posits
‘‘y certain minority populations are forced,
through their lack of access to decision-making
and policy-making processes, to live with a dis-
proportionate share of environmental ‘bads’—and
suffer the related public health problems and quality
of life burdens’’ (Agyeman et al., 2003, p. 6). Today,
many federal and state agencies, including the EPA
and the EOEA, have EJ programs.5 Only eight
states do not have any formal EJ-related policy, law,
or program (Bonorris, 2007).6 The Massachusetts
EOEA has even developed a set of EJ neighborhood
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United States (Chavis, 1987).
5EPA: (http://www.epa.gov/compliance/environmentaljustice/

index.html), Massachusetts Executive Office of Environmental

Affairs: (http://www.mass.gov/envir/ej/default.htm).
6Iowa, Kansas, Nebraska, Nevada, North Dakota, Oklahoma,

South Dakota, and Wyoming.
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GIS layers using 2000 census data. These layers are
utilized as part of this study.

GIS technology has come to serve as a powerful
tool in advocacy efforts for EJ communities (Levy et
al., 2001; Pastor et al., 2005). In response, some GIS
EJ literature has begun to critique the methodolo-
gies involved in analyzing these areas and popula-
tions, suggesting that more attention should be paid
to factors of risk and that there should be a focus on
mobile sources in addition to stationary sources of
pollution (Maantay, 2002, 2007; Pastor et al., 2005).

Data collection and management

The data utilized in this analysis originated from
the US Environmental Protection Agency, Massa-
chusetts Department of Public Health, Massachu-
setts Geographic Information System (MassGIS)
(Massachusetts Executive Office of Environmental
Affairs, 2006), and US Census Bureau (2006). In
February 2006, the EPA released the 1999 NATA.
As outlined on EPA’s NATA website, the purpose
of the assessment was to ‘‘identify and prioritize air
toxics, emission source types and locations which
are of greatest potential concern in terms of
contributing to population risk’’ (Environmental
Protection Agency, 2006a). DPM is included in the
NATA, along with 176 other air pollutants that the
assessment provided data for at both county and
census tract levels. The 1999 NATA is currently the
most up-to-date and comprehensive source of
publicly available DPM data.7 The Hazardous Air
Pollutant Exposure Model (HAPEM) (which is part
of the NATA) predicts inhalation exposure of
specified population groups and toxics, calculated
through a number of factors including ambient air
quality levels, climate data, and census data at the
county and census tract levels (Environmental
Protection Agency, 2006b). HAPEM data were
used in this study because it models human
exposure rates and risk.8 The HAPEM data enable

comparison between the geographic scales of the
model (census tracts, counties, states, etc.). Though
the 1999 NATA accounts for non-point sources of
pollution including mobile sources, it does not take
into account proximity of these sources to highway
corridors. HAPEM inputs include 1999 national
emissions inventory data (stationary and mobile
sources), estimates of ambient air levels (using the
Aspen model), screening level inhalation exposure
(for population exposure estimates), and approx-
imations of cancer health effects (as well as other
public health risks) as a result of inhalation of toxics
(Environmental Protection Agency, 2006c). DPM
exposure concentrations are reported in micrograms
per cubic meter (mg/m3) and we used values at the
census tract spatial scale. The HAPEM data used in
this analysis were downloaded in Microsoft Access
format from the EPA 1999 NATA webpage
(http://www.epa.gov/ttn/atw/nata1999/tables.html).
Massachusetts was selected from the ‘‘Pollutant--
Specific Database’’ section.

The Massachusetts Department of Public Health
developed the Massachusetts Community Health
Information Profile (MassCHIP) to provide health-
related information to parties interested in health
planning. This study utilized the MassCHIP client
to generate two reports: one for 2002 lung cancer
incidence (includes raw incidence count, adjusted
rate per 100,000, and age-adjusted rate confidence
interval), and the other for asthma-related hospita-
lizations (includes raw incidence count, adjusted
rate per 100,000, and age-adjusted rate confidence
interval). MassCHIP lung cancer and asthma data
are reported by town, while NATA DPM data are
reported by census tract, requiring aggregation of
DPM data to the town level for comparison of these
three factors to be possible.

The MassGIS was the source of cartographic
boundary files for year 2000 census blocks, towns,
and roads.
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7The 1999 National Air Toxics Assessment has been evaluated

for accuracy in at least two studies (Pratt et al., 2000; Tam and

Nuemann, 2004), both of which found that NATA modeled

values were typically lower than ambient monitored values.
8EPA listed limitations to using 1999 NATA data did not

preclude its use in this study. The limitations are as follows: ‘‘The

results apply to geographic areas, not specific locations; The

results do not include impacts from sources in neighboring

countries (i.e., Canada or Mexico); The results apply to groups,

not to specific individuals; The results are restricted to 1999 (since

the assessment used emissions data from 1999); The results do not

reflect exposures and risk from all compounds; The results do not

(footnote continued)

reflect all pathways of exposure; The assessment results reflect

only compounds released into the outdoor air; The assessment

does not fully reflect variation in background ambient air

concentrations; The assessment might systematically underesti-

mate ambient air concentration for some compounds; The

assessment used default, or simplifying, assumptions where data

were missing or of poor quality; The assessment may not

accurately capture sources that have episodic emissions (e.g.,

wildfires and prescribed burning or facilities with short-term

deviations such as startups, shutdowns, malfunctions, and

upsets); Estimates of risk are uncertain’’ (http://www.epa.gov/

ttn/atw/nata1999/limitations.html).
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Methodology

Town and census tract polygons were created
from census block data. A census block is the
smallest geographic unit used by the United States
Census Bureau. A cluster of census blocks form a
census block group, and a cluster of these form a
census tract. Towns can have one or more census
tracts (typically containing between 1500 and 8000
people each) within them, depending on population.
This, in turn, dictates physical area, which can vary
according to population (Massachusetts has an
average census tract population of 4660 people).
In Massachusetts, for instance, there are 1361
census tracts, with a minimum area of 0.075 km2,
a maximum area of 516 km2, and an average area of
15 km2 (Fig. 1).

Tabular data on DPM, lung cancer, and asthma
rates were joined to the corresponding spatial layers
and maps showing their spatial distributions were
produced (Fig. 2). All GIS analysis was completed
in ArcMap 9.1 (ESRI, 2005). Each was divided into
two groups—those intersected by major highway
corridors (‘‘corridor towns’’) and those not inter-
sected by major corridors (‘‘non-corridor towns’’).
The difference in mean values between these two
groups was analyzed for significance using an
independent samples t-test.

Weighting algorithm was used to assign DPM
census tract level values to the town level values.
Using census tract population data as a weight, new
town level DPM values were aggregated based on
the following formulas:

When multiple towns fell within a single census
tract:

Weighted HAPEM ¼
town population

census tract population

� �

� census tract HAPEM

When single tracts fell between multiple towns:

Weighted HAPEM ¼
census tract population

town population

� �

� census tract HAPEM

Using these two equations, the DPM by town map
was produced (Fig. 2b).

Hot spot analysis

A hot spot analysis was performed for DPM at
the town level and for lung cancer and asthma
incidence to determine whether hot spots for these
data elements coincided with major highway corri-
dors and environmental justice communities identi-
fied by the MA EOEA. Hot spots are calculated
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Fig. 1. Context map of study area. Source: MassGIS/2000 US Census.
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using the Gi* statistic developed by Getis and Ord
(1992) to measure clustering of values in a sub-
region of a study area (Getis, 2004). Gi* statistics,
when used in conjunction with Moran’s I statistics,
can ‘‘measure the degree of association that results
from the concentration of weighted points’’ in-
cluded in a predefined radius distance (Getis and
Ord, 1992, p. 190); in this case the distance band
identified through spatial autocorrelation. By sum-
ming the values of neighbors in the sub-region and
dividing by the sum of the values of all features, the
Gi* statistic is calculated (Mitchell, 2005, p. 176).
After standardizing these values to obtain a z-score,
the resulting values identify the magnitude of hot
and cold spots; areas where high and low concen-
trations of values exist. In this analysis, we used a
95% confidence interval, meaning z-scores above
1.96 and below �1.96 correspond to hot and cold
spots, respectively (a z-score of 0 indicates no
concentration of high or low values). Spatial

autocorrelation coefficient (Moran’s I) was used to
determine the proper distance bands for the hot spot
analysis (Anselin, 1994). The distance at which
spatial autocorrelation was the strongest was used.
For town DPM concentration, this distance was
1750m; lung cancer rate: 10,000m; and asthma rate:
5000m. Hot spot analysis was performed to
produce the maps found in Fig. 3.

Results

Lung cancer incidence was not significantly
higher in corridor towns (data were unavailable
for nearly one third of Massachusetts, which
certainly affected dispersal of hot spot patterns),
though a trend in this direction exists in the data.
Hot spot analysis revealed statistically significant
clustering of elevated DPM concentrations in the
Boston metro area and clustering of increased lung
cancer rates east of Interstate 495. From visual

ARTICLE IN PRESS

Fig. 2. Diesel particulate matter rates by (a) census tract, (b) town, (c) lung cancer incidence by town, and (d) asthma-related

hospitalizations by town. Source: US EPA 1999 National-Scale Air Toxics Assessment; Massachusetts Department of Public Health:

Massachusetts Community Health Information Profile: 2002 Lung Cancer Incidence and 2003 Asthma-related Hospitalizations;

MassGIS/2000 US Census.
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inspection of the hot spot maps, it was apparent
that town DPM and asthma incidence maps had
common hot spot locations, while no lung cancer
values overlaid with these two elements. Some hot
spots for each data element coincided with major
highway corridors. One potential reason that lung
cancer hot spots did not overlap with asthma hot
spots may be due to the fact that asthma is typically
earlier onset than lung cancer (Boffetta et al., 2002;
Brown et al., 2005; Santillan et al., 2003). Therefore,
when considering the transient nature of people
over a lifetime, asthma rates may be more accu-
rately tied with the local population than lung
cancer. An overlay of town DPM and asthma
incidence hot spot maps showed a significant
clustering of increased rates of all three elements
in the greater Boston metro area, specifically,
Revere, Chelsea, and Everett. This analysis supports
claims that proximity to major highway corridors
increases DPM exposure since higher rates appear

to occur near clusters of major highway corridors
(i.e., Eastern Massachusetts) (Hitchins et al., 2000).

There are two sets of results in this study. The
first is the results of the independent samples’ t-tests
between corridor and non-corridor values for DPM
rates, lung cancer, and asthma incidence. The
second set is the results from the hot spot analyses
and inclusion of EJ neighborhood locations.

Regarding the first set of results, an independent
samples’ t-test was executed with an alpha level at
0.05 on the mean values for corridor and non-
corridor towns.

As shown in Table 1, DPM at the town level was
the only element that contained statistically sig-
nificant results. DPM was significantly higher for
corridor towns (M ¼ 0.53; S.D. ¼ 0.33; t(d.f.) ¼
5.29; p ¼o0.0005) than non-corridor towns (M ¼
0.33, S.D. ¼ 0.34). On the census tract level, the
mean DPM was higher in corridor tracts but not
significantly so. This is perhaps due to the fact that
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Fig. 3. Diesel particulate matter, lung cancer incidence, and asthma-related hospitalizations hot spots in Massachusetts. Source: US EPA

1999 National-Scale Air Toxics Assessment; Massachusetts Department of Public Health: Massachusetts Community Health Information

Profile: 2002 Lung Cancer Incidence and 2003 Asthma-related Hospitalizations; MassGIS/2000 US Census.
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many census tracts in the Boston metro area have
elevated DPM levels due to heavy local traffic, but
are not intersected by a major highway corridor.
This resulted in the inflation of the mean DPM for
non-corridor census tracts.

The mean lung cancer incidence was higher in
corridor towns than non-corridor towns, while the
opposite was true for asthma, although neither were
significantly so. Both lung cancer and asthma data
were incomplete, with 105 (lung cancer) and 43
(asthma) missing values. This influenced the statis-
tical power of the analyses performed.

Hot spots for town level DPM occurred primarily
to the east of the Interstate 95 corridor, while hot
spots for lung cancer and asthma incidence occurred
throughout the state.

Town DPM hot spots were overlaid with asthma
hot spots to highlight common hot spots to show
that the towns of Revere, Chelsea, and Everett
overlapped. Finally, these areas were then overlaid
with the EOEA’s EJ neighborhood layer (Fig. 4).

Of the 120,400 residents living in Revere, Chelsea,
and Everett, 83,565 (69%) people live in EJ
neighborhoods and town DPM and asthma in-
cidence hot spots (Table 2). These figures demon-
strate the fact that many residents live within the
borders of EJ neighborhoods as well as areas of

spatially clustered high values of town DPM
exposure and asthma incidence.

Discussion

The results of this study support existing claims
that higher rates of DPM at the town level exist
along major highway corridors than elsewhere and
that proximity to diesel exhaust could cause
respiratory problems (Houston et al., 2004; Hitchins
et al., 2000; Zhu and Hinds, 2002). The findings
presented here suggest that further study examining
corridor DPM rates is warranted. Though some
debate exists on what are the most accurate
indicators of the presence of DPM, our results
suggest that higher rates of DPM provided in the
HAPEM data exist in corridor towns. The Boston
metro region is an area of particular concern be-
cause it contained such high DPM values (Boston’s
DPM mean is 3.18 mg/m3 versus 0.38 mg/m3 for all
other Massachusetts towns) and also contains 388
of 1551, or 25%, of the EJ neighborhoods in
Massachusetts. Of the 388 EJ neighborhoods
located within Boston, all lie within town DPM
hot spots.

GIS was an integral tool used in this study,
and we hope that it contributes to the ongoing
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Table 1

Independent samples’ t-tests

Corridor t(d.f.) p Significant

(a ¼ 0.05)

Yes No

Statistical significance in corridor versus non-corridor census tracts and towns (HAPEM concentration, lung cancer, and asthma)

Census tracts

Diesel HAPEM concentration (mg/m3)

Mean (M) 0.97 0.85 t(1359) ¼ 1.76 0.078 No

Standard deviation (S.D.) 1.26 0.95

N 267 1094

Towns

Diesel HAPEM concentration (mg/m3)

Mean (M) 0.53 0.33 t(349) ¼ 5.29 o0.0005 Yes

Standard deviation (S.D.) 0.33 0.34

N 113 238

2003 lung cancer incidence (age-adjusted rate)

Mean (M) 72.53 66.7 t(244) ¼ 1.13 0.205 No

Standard deviation (S.D.) 26.8 44.8

N 92 154

2002 asthma-related hospitalizations (age-adjusted rate)

Mean (M) 654.06 663.83 t(306) ¼ �0.321 0.749 No

Standard deviation (S.D.) 246.13 258.36

N 107 201

J.C. McEntee, Y. Ogneva-Himmelberger / Health & Place 14 (2008) 815–826822



Author's personal copy

discussion of both cleaner air quality standards and
GIS methodology. Similar to Oyana et al.’s (2004)
study of geographic clustering, this analysis de-
pended on GIS technologies to analyze and present
complicated data and relationships. In addition, it is
hoped that this study bolsters the call for an
increased focus on mobile sources of pollution
presented by Pastor et al. (2005).

Recommendations for policy advocacy based on
this analysis focus on the reduction of DPM levels,

especially along major corridors, and particularly in
the Boston metro area and the towns of Revere,
Chelsea, and Everett. Possible actions include
treatment of both the effects and sources of the
problem:

� Adopt legislation mandating usage of DPM
filters in conjunction with ultra low sulfur diesel
fuel.
� Employ diesel cleanup measures for stricter

particle air quality standards, such as federally
enforceable State Implementation Plans.
� Establish a state fund to aid diesel equipment

owners in replacing older equipment with cleaner
technologies.
� Institute an enforceable anti-idling campaign and

install electrification programs at truck stops to
eliminate need to run truck engines overnight.
� Implement strategies outlined in the Massachu-

setts’s EAOA’s Environmental Justice Policy to
enhance participatory options for those residing
in EJ neighborhoods. Also, follow the EAOA’s
guidelines to ensure all industrial facilities within
EJ neighborhoods comply with all environmental
regulations and rules.

ARTICLE IN PRESS

Fig. 4. Environmental justice neighborhoods and DPM and asthma incidence hot spot overlay regions. Source: US EPA 1999 National-

Scale Air Toxics Assessment; Massachusetts Department of Public Health: Massachusetts Community Health Information Profile: 2002

Lung Cancer Incidence and 2003 Asthma-related Hospitalizations; MassGIS/2000 US Census.

Table 2

Environmental justice neighborhoods and town DPM and

asthma incidence hot spot overlap populations

Hot spot and environmental justice populations

Town

name

EJ neighborhoods

and hot spot

overlay

population

Total town

population

Percentage

Revere 23,116 47,283 49

Chelsea 33,697 35,080 96

Everett 26,752 38,037 70

Total 83,565 120,400 69

J.C. McEntee, Y. Ogneva-Himmelberger / Health & Place 14 (2008) 815–826 823
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� Municipal planners should employ pollution
reduction techniques in EJ neighborhoods, such
as barrier walls and community designs that
integrate compatible land use types, such as
work, school, and recreation in areas with low
vehicle trip counts.

Conclusions

Future analysis should include detailed assessment
of corridor areas that contain the highest DPM rates
and identification of major contributors, which may
involve substantial primary data collection. Some
variables that affect DPM rates were not accounted
for in this analysis, such as non-interstate road
corridors and industrial sources. For instance, the
town of Revere is a hot spot for town DPM and
asthma incidence rates, but it does not contain a
major corridor as we have defined it. Yet Revere has
a number of roads that experience significant traffic
(e.g., Route 1), which may have influenced our
results. Though our analysis found significantly
higher rates of DPM in corridor towns than non-
corridor towns, we do not assert that major corridors
cause higher DPM rates. Towns with higher DPM
rates might also have greater industrial DPM sources
which could influence the DPM data, and it would
be beneficial for future research to account for such
variables. Collecting the absent lung cancer and
asthma data would allow for a more complete
statistical assessment of rates in corridor areas.
Finally, obtaining current data would make the
results more pertinent, instead of including values
that are up to 8 years old (1999 NATA data).

Employment of more complex regression modeling
programs that incorporate multiple variables, such as
distance to roads, geographical features, wind, and
season would provide additional insight into DPM
exposure. This study presents preliminary informa-
tion regarding the existence of spatial trends in DPM
distribution in Massachusetts. In many GIS-based
analyses, obtaining accurate and current data is often
a problem and this study is not an exception.
However, these findings strongly suggest significantly
elevated DPM exposure in the Boston metro area
and clustered town DPM and asthma incidence rates
in the towns of Revere, Chelsea, and Everett.

Acknowledgments

We thank the Economic and Social Research
Council’s Centre for Business Relationships, Ac-

countability, Sustainability and Society at Cardiff
University for providing resources and support
during the research, analysis, and writing stages of
this paper.

References

Agyeman, J., Bullard, R.D., Evans, B. (Eds.), 2003. Just

Sustainabilities: Development in an Unequal World, first ed.

MIT Press, Cambridge, MA.

Anselin, L., 1994. Exploratory spatial data analysis and

geographic information systems. In: Painho, M. (Ed.), New

Tools for Spatial Analysis. EuroStat, Luxembourg, pp. 45–54.

Begum, B.A., Biswas, S.K., Hopke, P.K., 2006. Temporal

variations and spatial distribution of ambient PM2.2 and

PM10 concentrations in Dhaka, Bangladesh. Science of the

Total Environment 358 (1–3), 36–45.

Birch, M.E., Cary, R.A., 1996. Elemental carbon-based method

for occupational monitoring of particulate diesel exhaust:

methodology and exposure issues. The Analyst 121,

1183–1190.

Boffetta, P., Ye, W., Boman, G., Nyren, O., 2002. Lung cancer

risk in a population-based cohort of patients hospitalized for

asthma in Sweden. European Respiratory Journal 19 (1),

127–133.

Bonorris, S., 2007. Environmental Justice For All: A Fifty-State

Survey of Legislation, Policies, and Cases. American Bar

Association and Hastings College of the Law, Washington,

DC.

Brown, D., Young, K., Anda, R., Giles, W., 2005. Asthma and

risk of death from lung cancer: NHANES II mortality study.

Journal of Asthma 42 (7), 597–600(4).

Chakraborty, J., Schweitzer, L.A., Forkenbrock, D.J., 1999.

Using GIS to assess the environmental justice consequences of

transportation system changes. Transactions in GIS 3 (3),

239–258(20).

Chavis, B., 1987. Toxic Wastes and Race in the United States.

United Church of Christ, New York.

Clean Air Task Force, 2005. Diesel and Health in America: The

Lingering Threat, Boston, MA. Available at: /http://

www.catf.us/publications/reports/Diesel_Health_in_America.

pdfS.

Dockery, D.W., Pope III, C.A., Xu, X., Spengler, J.D., Ware,

J.H., Fay, M.E., Ferris Jr., B.G., Speizer, F.E., 1993. An

association between air pollution and mortality in six US

cities. The New England Journal of Medicine 329 (24), 1753.

Donaldson, K., Gilmour, I.M., MacNee, W., 2000. Asthma and

PM10. Respiratory Research 1, 12–15.

Edwards, J., 1994. Hospital admissions for asthma in preschool

children: relationship to major roads in Birmingham, United

Kingdom. Archives of Environmental Health 49 (4), 223–227.

Emenius, G., Svartengren, M., Korsgaard, J., Nordvall, L.,

Pershagen, G., Wickman, M., 2004. Building characteristics,

indoor air quality and recurrent wheezing in very young

children (BAMSE). Indoor Air 14 (1), 34–42.

English, P., Neutra, R., Scalf, R., Sullivan, M., Waller, L., Zhu,

L., 1999. Examining associations between childhood asthma

and traffic flow using a geographic information system.

Environmental Health Perspectives 107 (9), 761–767.

ARTICLE IN PRESS
J.C. McEntee, Y. Ogneva-Himmelberger / Health & Place 14 (2008) 815–826824



Author's personal copy

Environmental Protection Agency, 2006a. Technology transfer

network 1999 National-Scale Air Toxics Assessment. Re-

trieved from: /http://www.epa.gov/ttn/atw/nata1999/in-

dex.htmlS (accessed 30.04.06).

Environmental Protection Agency, 2006b. Technology transfer

network 1999 National-Scale Air Toxics Assessment—glos-

sary. Retrieved from: /http://www.epa.gov/ttn/atw/

nata1999/gloss1.htmlS (accessed 30.04.06).

Environmental Protection Agency, 2006c. Technology transfer

network 1999 National-Scale Air Toxics Assessment—1999

data tables description. Retrieved from: /http://www.

epa.gov/ttn/atw/nata1999/99pdfs/datatablesreadme.pdfS (ac-

cessed 30.04.06).

ESRI, 2005. ArcMap Version 9.1. Environment Systems Re-

search Institute Inc.

Getis, A., 2004. A geographic approach to identifying disease

clusters. In: Janelle, D.G., Warf, B., Hansen, K. (Eds.),

Worldminds: Geographical Perspectives on 100 Problems:

Commemorating the 100th Anniversary of the Association of

American Geographers 1904–2004, first ed. Kluwer Academic

Publishers, Norwell, MA, pp. 81–86.

Getis, A., Ord, J.K., 1992. The analysis of spatial association by

use of distance statistics. Geographical Analysis 24 (3),

189–206.

Green, L., 2002. Insulation system offers new approach to indoor

air quality. Journal of Environmental Health 65 (4), 34–35.

Hesterberg, T.W., Bunn III, W.B., Chase, G.R., Valberg, P.A.,

Slavin, T.J., Lapin, C.A., Hart, G.A., 2006. A critical

assessment of studies on the carcinogenic potential of diesel

exhaust. Critical Reviews in Toxicology 36 (9), 727–776.

Hitchins, J., Morawska, L., Wol, R., Gilbert, D., 2000.

Concentrations of submicrometre particles from vehicle

emissions near a major road. Atmospheric Environment 34,

51–59.

Houston, D., Wu, J., Ong, P., Winer, A., 2004. Structural

disparities of urban traffic in southern California: implica-

tions for vehicle-related air pollution exposure in minority

and high-poverty neighborhoods. Journal of Urban Affairs 26

(5), 565.

Jerrett, M., Burnett, R.T., Kanaroglou, P., Eyles, J., Finkelstein,

N., Giovis, C., Brook, J., 2001. A GIS-environmental justice

analysis of particulate air pollution in Hamilton, Canada.

Environment and Planning A 33 (6), 955–973.

Kingham, S., Pearce, J., Zawar-Reza, P., 2007. Driven to

injustice? Environmental justice and vehicle pollution in

Christchurch, New Zealand. Transportation Research Part

D: Transport and Environment 12 (4), 254–263.

Levy, J.I., Houseman, E.A., Spengler, J.D., Loh, P., Ryan, L.,

2001. Fine particulate matter and polycyclic aromatic

hydrocarbon concentration patterns in Roxbury, Massachu-

setts: a community-based GIS analysis. Environmental

Health Perspectives 109 (4).

Maantay, J., 2002. Mapping environmental injustices: pitfalls and

potential of geographic information systems in assessing

environmental health and equity. Environmental Health

Perspectives 110, 161–171.

Maantay, J., 2007. Asthma and air pollution in the Bronx:

methodological and data considerations in using GIS for

environmental justice and health research. Health & Place 13

(1), 32–56.

Massachusetts Department of Public Health, 2005. Massachu-

setts Community Health Information Profile (MassCHIP).

Retrieved from: /http://masschip.state.ma.us/S (accessed

30.04.06).

Massachusetts Executive Office of Environmental Affairs, 2003.

The Environmental Justice Policy of The Executive Office of

Environmental Affairs.

Massachusetts Executive Office of Environmental Affairs, 2006.

Massachusetts geographic information system. Retrieved

from: /http://www.mass.gov/mgis/massgis.htmS (accessed

30.04.06).

Massachusetts Executive Office of Transportation, 2006. Traffic

volume counts. Retrieved from /http://www.mhd.state.-

ma.us/default.asp?pgid=content/traffic01&sid=aboutS (ac-

cessed 30.04.06).

McClellan, R.O., 1987. Health effects of exposure to diesel

exhaust particles. Annual Review of Pharmacology and

Toxicology 27, 279–300.

McClellan, R.O., Mauderly, J.L., Jones, R.K., Cuddihy, R.G.,

1985. Health effects of diesel exhaust. A contemporary air

pollution issue. Postgraduate Medical Journal 78 (6),

199–201, 204–207.

Mitchell, A., 2005. The ESRI Guide to GIS Analysis, vol. 2, first

ed. ESRI, Redlands, CA.

Mitchell, G., Dorling, D., 2003. An environmental justice

analysis of British air quality. Environment and Planning A

35 (5), 909–929.

Nemmar, A., Hoet, P., Vanquickenborne, B., Dinsdale, D.,

Thomeer, M., Hoylaerts, M.F., et al., 2002. Passage of

inhaled particles into the blood circulation in humans.

Circulation 105 (4), 411.

Oyana, T.J., Rogerson, P., Lwebuga-Mukasa, J.S., 2004. Geo-

graphic clustering of adult asthma hospitalization and

residential exposure to pollution at a United States–Canada

border crossing. American Journal of Public Health 94 (7),

1250.

Pastor Jr., M., Morello-Frosch, R., Sadd, J.L., 2005. The air is

always cleaner on the other side: race, space, and ambient air

toxics exposures in California. Journal of Urban Affairs 27

(2), 127–148.

Peterson, B., Saxon, A., 1996. Global increases in allergic

respiratory disease: the possible role of diesel exhaust

particles. Annals of Allergy, Asthma & Immunology: Official

Publication of the American College of Allergy, Asthma, &

Immunology 77 (4), 263–268 (quiz 269–270).

Pope III, C.A., Burnett, R.T., Thun, M.J., Calle, E.E., Krewski,

D., Ito, K., Thurston, G.D., 2002. Lung cancer, cardiopul-

monary mortality, and long-term exposure to fine particulate

air pollution. JAMA: The Journal of the American Medical

Association 287 (9), 1132–1141.

Pratt, G., Palmer, K., Wu, C., Oiliaei, F., Hollerbach, C., Fenske,

M., 2000. An assessment of air toxics in Minnesota.

Environmental Health Perspectives 108 (9), 815–825.

Restrepo, C., Zimmerman, R., 2004. South Bronx Environ-

mental Health and Policy Study. Robert F. Wagner Graduate

School of Public Service—New York University, New York,

NY.

Ruotsalainen, R., Jaakkola, J.J.K., Ronnberg, R., Antti Maja-

nen, O.S., 1991. Symptoms and perceived indoor air quality

among occupants of houses and apartments with different

ventilation systems. Indoor Air 4, 438.

Santillan, A.A., Camargo, C.A., Colditz, G.A., 2003. A meta-

analysis of asthma and risk of lung cancer (United States).

Cancer Causes and Control 14 (4), 327–334.

ARTICLE IN PRESS
J.C. McEntee, Y. Ogneva-Himmelberger / Health & Place 14 (2008) 815–826 825



Author's personal copy

Steenland, K., Deddens, J., Stayner, L., 1998. Diesel exhaust and

lung cancer in the trucking industry: exposure–response

analyses and risk assessment. American Journal of Industrial

Medicine 34, 220–228.

Tam, B., Neumann, C., 2004. A human health assessment of

hazardous air pollutants in Portland, Oregon. Journal of

Environmental Management 73 (2), 131–145.

US Census Bureau, 2006.

Venn, A.J., Lewis, S.A., Cooper, M., Hubbard, R., Britton, J.,

2001. Living near a main road and the risk of wheezing illness

in children. American Journal of Respiratory Cell and

Molecular Biology 164 (12), 2177–2180.

Weijers, E.P., Khlystov, A.Y., Kos, G.P.A., Erisman, J.W.,

2004. Variability of particulate matter concentrations

along roads and motorways determined by a moving

measurement unit. Atmospheric Environment 38 (19),

2993–3002.

Zhu, Y., Hinds, W.C., 2002. Concentration and size distribution

of ultrafine particles near a major highway. Journal of the Air

& Waste Management Association 52, 1032–1042.

ARTICLE IN PRESS
J.C. McEntee, Y. Ogneva-Himmelberger / Health & Place 14 (2008) 815–826826


