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Abstract Inland southern California is a region of public
health concern, especially for children, given the area’s
perennially poor air quality and increasing sources of local
pollution. One elementary school specifically is located
only a few hundred yards from the San Bernardino Railyard, one of the busiest goods movement facilities in
California, potentially increasing respiratory problems.
Through ENRRICH (Environmental Railyard Research
Impacting Community Health) Project, we assessed association of proximity to a major freight railyard on adverse
respiratory health in schoolchildren. Respiratory screening
was provided for children at two elementary schools: one
near the railyard and a socio-demographically matched
comparison school 7 miles away. Screening included
testing for airway inflammation (FENO), lung function
(peak expiratory flow, PEF) and parent reported respiratory
symptoms. Parental questionnaires collected additional
information. Log-binomial and linear regression assessed
associations. Children attending school near the railyard
were more likely to exhibit airway obstruction with higher
prevalence of abnormal PEF (\80 %): prevalence ratio
(PR) = 1.59 (95 % CI 1.19–2.12). The association with
inflammation was less clear. Children at the exposure
school, who had lived 6 months or longer at their current
address (vs. all children at that school) were more likely to
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have values suggesting inflammation (FENO [ 20 ppb)
(PR = 1.44, 95 % CI 1.02–2.02) and present with a trend
for increased adverse respiratory symptoms. Children attending school near the railyard were significantly more
likely to display respiratory health challenges. Ideally these
low-income, low resource communities should be supported to implement sustainable intervention strategies to
promote an environment where children can live healthier
and thrive.
Keywords Air pollution  Children  Respiratory 
Railyard  Health professionals
Abbreviations
CARB California Air Resource Board
FENO
Fractional exhaled nitric oxide
CS
Control school
PEF
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Background
The impacts of international trade and the accompanying
nationwide movement of goods by ship, plane, train, or
truck, are generally seen as positive as they are believed to
promote employment opportunities and cheaper goods.
Relatively little attention has been given to possible health
threats to the mainly low income and minority communities located in close proximity to the goods movement

123

J Community Health

network, including railyards and rail lines. Near freight rail
facilities, residents are likely to be exposed to high levels
of diesel exhaust particles and other airborne pollutants at
potentially even greater levels than those from major
freeways.
Children are a sensitive sub-population at risk for adverse health effects associated with air pollution due to a
number of biological factors including their developing
lungs, increased breathing rates, their smaller body size,
and tendency to spend more time outdoors compared to
adults [23]. Already, scientific evidence has linked automobile-related air pollution to increased respiratory
symptoms, increased asthma-related hospitalizations, and
even initial development of asthma, clearly establishing air
pollution as a considerable health threat for children [2, 5,
20, 29, 30, 36]. However, less is known about the potential
additional risks associated with pollutants from global
goods movement, particularly in communities near intermodal rail facilities located at inland port hubs [33, 37]
where they are already exposed to high levels of automobile/freeway related pollution. Thus, the primary aim of
this research was to explore the association between respiratory function, airway inflammation and adverse respiratory health symptoms in young children living and
attending school near a major freight railyard facility.

Materials and Methods
Study Setting
The San Bernardino Railyard (SBR) is located in a densely
populated area in inland southern California characterized
by notoriously poor air quality for ozone and particulate
pollution. The area which surrounds the SBR is home to
predominantly young, low-income, Hispanic populations.
Emission sources at this 24/7 intermodal rail facility include locomotives, on-road and off-road machinery and
vehicles. Diesel PM (DPM) is the dominant toxic air
contaminant although other air toxics (e.g., benzene, 1,3butadiene) are also emitted [12]. The SBR is the largest
source of air pollution in the immediately adjacent
populated areas, with an estimated 22 tons of diesel particulate matter (DPM) emitted annually [12].
Study Design
We used a cross-sectional design to compare two sociodemographically matched elementary schools; the exposure
school (ES) was located 500 meters downwind from the
SBR; and the comparison school (CS) was located seven
miles west. The CS was selected among a group of candidates that were located in neighborhoods that matched the
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GIS-derived socio-demographic profile of children attending the ES. After obtaining Institutional Review Board
(IRB) and school district approval, an explanatory letter,
consent form and a short questionnaire were sent to the
parents of the children. School-based respiratory health
screenings were then conducted during late February 2012
with all students (grades K-5) with parental consent.
Screening Clinics
Children’s peak expiratory flow (PEF) and fractional exhaled nitric oxide (FENO) measurements were collected as
were height and weight to determine each child’s body
mass index (BMI). PEF was assessed using a peak flow
meter (Mini Wright, Medline, Mundelein, IL). The highest
of three readings was used and transformed into the percent
of the predicted PEF according to the child’s height based
on manufacturer’s guidelines. Nitric oxide (NO) in exhaled
breath reflects the redox state of the airway and has been
proposed as a biomarker of lung tissue injury and inflammation [17]. FENO was measured once with the child in a
sitting position using a NIOX MINOÒ instrument (Aerocrine AB, Solna, Sweden). The screenings were conducted
in partnership with the San Bernardino County’s BreathmobileÒ (mobile respiratory health clinic) Program. All
children who exhibited respiratory values outside normal
PEF range or per the parental survey reportedly had asthma, received additional spirometry testing by the medical
staff of the BreathmobileÒ Program and were offered follow-up medical care through the mobile clinic.
Potential Confounders
Potential confounders were identified based on relevant
literature and included the following variables: (1) From the
parental questionnaire we assessed socio-demographic,
residential and health history information: sex (male/female); age (years); grade (kindergarten, 1st, 2nd, 3rd, 4th,
5th); race (Non-Hispanic White, Non-Hispanic Black,
Hispanic, Other); furry pets in the home (yes/no); time spent
outdoors (\12 h per week, 12–24 h per week, 24? h per
week); exposure to environmental tobacco smoke (ETS;
yes/no); type of home heating system (gas, wood burning
stove/fireplace, coal/oil, other); length of time at current
address (months); physician diagnosis of asthma for their
child (yes/no); use of asthma inhaler medication (yes/no)
and lack of access to medical care (yes/no). (2) From the
Census, we derived neighborhood characteristics. Using
GIS, we created several variables to characterize population
density, housing indicators, and median household income
at the census block group (BG) level using 2010 census
data. These neighborhood-level indicators were assigned to
study participants according to their residential location. (3)
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Traffic and DPM related air pollution exposures. We
modeled proximity to major roadways as a proxy for
residential and school exposure to traffic emissions. Distance from the subjects’ residential to nearest major roads
(freeway, highway, and arterials) was estimated through
GIS mapping methods described previously [35, 42]. To
account for exposures to DPM emissions from local (stationary and mobile) sources other than the SBR, we used
data from the Multiple Air Toxics Exposure Study III
(MATES-III), a regional emissions inventory of air toxics
developed by the South Coast Air Quality Management
District [31]. Using GIS we linked the local DPM emissions
to the address of each subject.

Descriptive and summary estimates were assessed and
compared between the two schools using Chi-square and
t tests. The association of school location with the two
respiratory health measures, PEF (\80 % vs. 80?) and
FENO (C20 vs. \20 ppb), and the adverse respiratory
symptoms (chronic cough, wheezy sounding breathing,
shortness of breath walking, parent reported physician diagnosis for asthma and use of emergency room services for
asthma) were studied separately using log-binomial regression models for dichotomous outcomes which allowed
the calculation of prevalence ratios (PRs) and 95 % confidence intervals (95 % CIs). Additionally, PEF and FENO
were modeled using linear regression with calculations of
PRs and CIs for each. The final model in addition to the
school variable included age, gender, race/ethnicity, environmental tobacco smoke (ETS), time spent outdoors,
block group annual median household income, proximity
to nearest major road, and total diesel pollution from local
sources. In addition, sensitivity analyses were conducted
limiting the study population to students who had lived 6?
months at their current address (N = 765). All analyses
were conducted utilizing SAS version 9.3 (SAS Institute,
Cary, NC).

study population (Table 1). Overall 21 % of students had
PEF results below 80 % of the predicted value and 16.3 %
had high FENO values, indicative of airway obstruction and/
or lung inflammation, respectively. Children from the ES
had poorer test results (26 % with PEF \ 80 % of predicted and 18 % with FENO C 20 ppb) compared to children from the CS (17 % PEF \ 80 % of predicted and
15 % FENO C 20 ppb).
Association between respiratory outcomes and proximity to the SBR are shown in Tables 2 and 3. Both the
log-binomial and linear regression analyses revealed consistent findings across the crude, adjusted, and sensitivity
analysis models, indicating that children from the ES exhibited an increased prevalence of poorer PEF results
compared to the comparison school. After adjusting for
age, sex, race/ethnicity, ETS, time spent outdoors, median
household income, proximity to nearest major road, and
local DPM emissions, the ES children experienced a statistically significant 59 % increase in the prevalence of
reduced PEF, compared to the CS children (PR = 1.59,
95 % CI 1.19–2.12). Sensitivity analyses with children
who resided 6 months or longer at their current address
confirmed the earlier PEF results (PR = 1.41, 95 % CI
1.03–1.92). Results with low PEF and inhaler use showed a
similar pattern and were statistically significant for all
children and for the sensitivity analyses. The findings for
FENO were less clear. No association was found using the
linear regression model. However, when using the recommended cutoff of 20 ppb, children in the ES were 33 %
more likely to have an abnormal value (PR = 1.33, 95 %
CI 0.95–1.85) compared to CS children. In the sensitivity
analyses the estimate became stronger and statistically
significant (PR = 1.44, 95 % CI 1.02–2.02). Results from
analysis of all the adverse respiratory health symptoms
indicated similar trends across symptoms, with children
attending the ES more likely to exhibit adverse respiratory
conditions than those at the CS. Chronic cough
(PR = 1.80, 95 %CI 1.14–2.85) and wheezy sounding
breathing (PR = 1.74, 95 % CI 1.25–2.42) were also significantly higher in ES versus CS children.

Results

Discussion

Of 1440 children attending the schools, 1066 (74 % overall
participation, with 70 % CS and 79 % ES) students participated in the respiratory health screening (n = 531 ES;
n = 535 CS). Two-thirds of participating children lived
within \0.6 miles of their campus and most were Hispanic
(83 %). Schools were similar with respect to gender, race/
ethnicity, BMI category, and time spent outdoors. A total
of 877 children (ES, n = 435; CS, n = 442) had complete
information on all variables thus constituting our analytic

Even when compared to demographically matched CS
children living in high pollution environments, children
attending the school near the railyard had reduced lung
function and increased airway inflammation. Results were
even more pronounced in children who had lived at their
address for at least 6 months, with a 41 % increase in
prevalence of low PEF (indicating a significant increase in
airway obstruction) and a 44 % increase in airway inflammation. Additionally, adverse respiratory symptoms

Statistical Analysis
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Table 1 Basic characteristics and main outcomes of participating children
By school of enrollment
All subjects (n = 877)

Exposure school (n = 435)

Comparison school (n = 442)

7.96 ± 1.8

7.97 ± 1.8

7.95 ± 1.8

Non-Hispanic White

42 (4.8)

19 (4.4)

23 (5.2)

Hispanic

732 (83.4)

356 (81.8)

376 (85.1)

African American

48 (5.5)

32 (7.4)

16 (3.6)

Other

55 (6.3)

28 (6.4)

27 (6.1)

414 (47.2)

201 (46.2)

213 (48.2)

Age [years (mean ± SD)]
Race/ethnicity [n (%)]

Gender [male, n (%)]
Grade [n (%)]
Kindergarten

128 (14.6)

74 (17.0)

54 (12.2)

1st

145 (16.5)

57 (13.1)

88 (19.9)

2nd

161 (18.4)

77 (17.7)

84 (19.0)

3rd

139 (15.9)

71 (16.3)

68 (15.4)

4th

156 (17.8)

81 (18.6)

75 (17.0)

5th

148 (16.9)

75 (17.2)

73 (16.5)

BMI [n (%)]
Underweight (\18.5 kg/m2)

39 (4.5)

28 (6.4)

11 (2.5)

Normal (18.5–24.9 kg/m2)

481 (54.8)

233 (53.6)

248 (56.1)

Overweight (25.0–29.9 kg/m2)

144 (16.4)

71 (16.3)

73 (16.5)

Obese ([30 kg/m2)

213 (24.3)

103 (23.7)

110 (24.9)

a

Peak expiratory flow (PEF)
Mean ± SD (L/min)

\80 % of predicted [n (%)]
Exhaled nitric oxide FEbNO
Mean ± SD (ppb)
C20 ppb [n (%)]

207 ± 61.8

201 ± 60.5

214 ± 62.4

188 (22.4)

112 (25.8)

76 (17.2)

13.3 ± 15.1

13.7 ± 15.6

12.9 ± 14.6

141 (16.3)

76 (17.5)

65 (14.7)

Median household income ± SD

43,726 ± 13,679

38,755 ± 12,704

48,618 ± 12,826

Diesel exposure [kg/day, mean ± SD]

7.96 ± 1.47

7.73 ± 1.81

8.19 ± 0.98

a

Sample size = 840,

b

sample size = 867

reported by the parents (chronic cough, wheezy sounding
breathing, shortness of breath, and use of emergency room
services) were higher in children attending the ES. This
strong pattern of adverse effects suggests that proximity to
the railyard increases respiratory risk for children, even in a
region with overall poor air quality.
Our biological respiratory tests provide important information that is not burdened by self-report. Others have
used PEF when studying traffic-related air pollution and
ambient PM and found significant decreases in PEF values
for children associated with increase in air pollutants [25,
27, 40] and FENO has been used in assessing traffic related
air pollution and ambient PM [16, 40]. FENO is a sensitive
screening method for early respiratory risk of asthma and
for assessing asthma aggravation in asthmatic children [8,
11]. In fact, it may be a more sensitive indicator of adverse
air pollution effects than traditional measures of ventilatory
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function [14]. In a recent study where children (ages 7–10)
were followed for 3 years, those in the highest FENO
quartile had more than a two-fold increased risk of newonset asthma compared to those with the lowest quartile
(hazard ratio 2.1, 95 % CI 1.3–3.5) [4]. Together, the
respiratory tests and the parent reports provide a picture of
troubling health challenges for children living in close
proximity to the examined intermodal rail facility.
Physiological mechanisms of action for the ambient air
pollutants, lends credence to the observed findings. Emissions from the SBR are dominated by diesel exhaust, which
is composed of vapors, gases, and fine particles. Diesel
exhaust components aggregate into particles 0.1–0.5 lm in
diameter, which are readily inhalable and can penetrate
deep into the more distal branches of a growing child’s
lungs and eventually gain entry to cells and tissues, and
alter or disrupt normal cellular function [7, 28]. Because of
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Table 2 Log binomial regression modeling results of children at the exposure elementary school (ES) experiencing adverse respiratory related
health outcomes in contrast with the comparison elementary school (CS)
Health outcomes

Sensitivity analysisb

All subjects
N

Events

Adjusteda
PR (95 % CI)

Crude
PR (95 % CI)

N

Adjusteda
PR (95 % CI)

Events

Low PEF (\80 %)

877

188

1.50 (1.16, 1.94)

1.59 (1.19, 2.12)

765

161

1.41 (1.03, 1.92)

High FENO C 20 ppb

867

141

1.19 (0.88, 1.61)

1.33 (0.96, 1.86)

759

129

1.44 (1.02, 2.02)

Parent reported asthma

877

141

1.41 (1.04, 1.92)

1.31 (0.94, 1.84)

783

127

1.26 (0.89, 1.79)

Chronic cough

448

111

1.75 (1.25, 2.45)

1.80 (1.14, 2.85)

404

103

1.97 (1.21, 3.20)

Shortness of breath walking

793

401

1.04 (0.91, 1.20)

1.06 (0.91, 1.23)

709

358

1.05 (0.89, 1.22)

Wheezy breathing

835

147

1.70 (1.25, 2.31)

1.74 (1.25, 2.42)

748

134

1.76 (1.24, 2.49)

Emergency room visit

847

50

1.25 (0.73, 2.15)

1.53 (0.84, 2.79)

759

47

1.55 (0.84, 2.88)

PR prevalence ratio, 95 % CI 95 % confidence interval, PEF peak expiratory flow, FENO fractional exhaled nitric oxide
a

Model = school, age, gender, race, environmental tobacco smoke (ETS), time spent outdoors, median household income, proximity to nearest
major road, total diesel pollution
b

Sensitivity analysis included only subjects residing more than 6 months at their current address

c

Endpoint defined as low PEF/high FENO and/or inhaler use

Table 3 Linear regression
modeling

Health outcomes

All subjects

Sensitivity analysisb

N

Adjusteda
b (95 % CI)

Crude
b (95 % CI)

N

Adjusteda
b (95 % CI)

Linear regression analyses
PEF test results

877

-12.8 (-21.0, -4.66)

-14.9 (-22.2, -7.58)

765

-13.0 (-20.8, -5.20)

FEcNO

867

0.0 (-0.10, 0.11)

-0.01 (-0.13, 0.11)

759

0.03 (-0.10, 0.16)

PEF–inh

877

-16.4 (-25.6, -7.17)

-17.4 (-25.6, -9.25)

608

-15.3 (-24.0, -6.54)

Results of children at the exposure elementary school (ES) experiencing adverse respiratory related health
outcomes in contrast with the comparison elementary school (CS)
b regression coefficient, 95 % CI 95 % confidence interval, PEF peak expiratory flow, FENO fractional
exhaled nitric oxide, PEF–inh peak expiratory flow excluding subjects with parent-reported inhaler use,
FeNO –inh fractional exhaled nitric oxide excluding subjects with parent-reported inhaler use
a
Model = school, age, gender, race, environmental tobacco smoke (ETS), time spent outdoors, medium
household income, proximity to nearest major road, total diesel pollution
b

Sensitivity analysis included only subjects residing more than 6 months at their current address

c

Log of FENO ? 1

the large number of hazardous chemicals associated with
DEPs, the possibility exists that the particles are capable of
promoting a wide array of pathological effects; especially
in the maturing lungs of children, who are particularly
vulnerable due to their higher activity/breathing levels [9].
DEPs can act as nonspecific airway irritants at high levels,
while at lower levels, promote the release of allergic and
inflammatory response mediators as well as reactive oxygen species in the upper and lower airway that lead to
oxidative injury, and induce DNA damage, eventually
compromising lung function [15, 34]. In addition, DEPs
appear to enhance the immunological effects of environmental allergens, providing an explanation for the increased risk for asthmatic symptoms and respiratory

dysfunction in children living near major sources of diesel
pollution [13, 32].
Public Health Implications
Freight logistics systems provide many benefits; however,
such benefits should not obscure the potential for health
and societal impacts such as air pollution, noise, stress, loss
of land and blight. The prospect that residents, especially
children, who live near ports, rail yards, and distribution
centers could be disproportionally affected by higher levels
of ambient air pollution has prompted the State of
California to implement emission reduction strategies
specifically focused on goods movement [22]. Our study

123

J Community Health
Table 4 Suggestions for positive change promoting awareness and increased respiratory health for children residing in region with chronic poor
air quality
Key stakeholders

Suggestions for improvement

Policy development

Development of local, state and federal level policies to address exposure to children from community based railyard
industries
Encourage air quality monitoring around schools near major railyard sources

School districts and
boards

Consider development of vegetation borders for schools near major pollution source; strategic planning, urban
vegetation has been shown to reduce atmospheric pollutants
Encourage planting of allergen friendly plants for landscaping. Contact local Masters Gardner Programs or American
Horticulture Society (www.ahs.org)
Contact a local BreathmobilesÒ mobile clinic in your area and have the school as a designated site, or work with local
medical institutions to provide follow-up care for those in need. Mobile clinics are effective in reaching
underserved communities and providing cost-effective preventive health services
Promote ‘‘allergy and asthma friendly’’ school campuses through best practices to eliminate asthma triggers. The U.S.
Department of Health and Human Services has more information: (http://www.nhlbi.nih.gov/health/prof/lung/
asthma/asth_sch.pdf)
Implement higher efficiency filtration for use within schools, to help reduce pollutants from exposing children inside
the building

Principals

Work with local American Lung Association (ALA), county health departments, medical and academic institutions to
increase educational opportunities for students, parents and school personnel
Routine monitoring of daily air quality measurements (www.airnow.gov). Use air quality levels to determine outdoor
activities and if needed modify such as encouraging a walking recesses (i.e. no basketballs distributed or equipment
that encourages running) or indoor recess

Teachers

Encourage allergen free environments in the classroom, to reduce likelihood of encountering asthmatic triggering
agents.

School health care
providers

Offer routine, annual respiratory screening for all children, through validated screening survey
Offer referrals for children in need of additional medical support
Encourage linking of families in need to educational and resource support for managing respiratory conditions

Local community
physicians

Physicians, especially pediatricians and family practice providers, potentially offer more routine screening for
children in areas with chronic poor air quality. Alarmingly, studies have identified that as many as 15 % of children
in urban settings may experience undiagnosed asthma
Work with school districts on referrals for children identified through the annual school health screening as
potentially having a respiratory condition
Provide trainings for school personnel to keep current on best practices for respiratory health in their school
Provide local health fairs to increase awareness, respiratory screening and resource linkage for those in need

Academic/research
institutions

Conduct larger scale follow-up studies to assess for potential health impacts (i.e. respiratory, cognitive function,
behavioral health, obesity)
Develop and implement creative strategies to promote health and wellness for the community; providing a major
resource for promoting a resilient community

represents one of the first investigations into the concerns
about the health effects of railyard-related emissions in
children. Our findings are consistent with previous exposure studies that indicate that proximity to traffic sources
can negatively impact respiratory health in children. Current CARB guidelines recommend avoiding construction of
new schools and homes within a mile of a railyard [10]. In
2003, the California Legislature passed SB 352, which
requires that a school district verify that any railyard within
a quarter mile of a new school will not present a public
health threat. However, decades ago when the schools were
first built, little was known about the health effects of air
pollution and thus older schools are not covered by this
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legislation. Public health professionals have a responsibility to nevertheless consider the impact of these environmental conditions on growing children, especially on
children from low income, minority households who often
already live stressful lives and are, according to emerging
evidence, at even greater respiratory health effects of
traffic-related air pollution [18, 24, 38]. We know that air
quality control policies are effective as evidenced by a
recently published study by Gauderman et al. [19], which
indicates long-term improvements in air quality is associated with improvements in lung function in children.
The findings from this study have implications for
school personnel and local health professionals, especially
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pediatricians in areas with air quality challenges and in
coastal and inland port cities where, due to the increasing
international trade, new goods movement hubs, including
intermodal rail facilities, are being planned. Since air
pollutants were shown to promote development of asthma
in children and exacerbate asthma symptoms, routine
asthma screening should be offered at any point of health
care provider contact in areas with increased burden of air
pollutants [29]. Diagnosis and proper management of
asthma is key to keeping children healthy and well enabling them to attend school. Asthma is one of the leading
causes of school absenteeism, especially among children
from a lower income household [1]. Table 4 provides
recommendations for improving the local environment as
well as promoting the health of children living and attending school in an area encompassed by poor air quality.
Strengths and Limitations
Our study has a number of strengths. Screening was offered
to all children with parental consent and we had a high
participation rate (74 %). We used objective biological
measurements (PEF and FENO) to assess respiratory health.
The CS school was socio-demographically matched to the
ES to allow robust comparisons. Both schools are subject
to virtually the same levels of regional air pollution, allowing us to assess the additional risk of the railyard. Results are likely conservative as the data collection was
conducted during a winter month when ambient air pollution is lowest in the region.
Our research also had some limitations. School location
was used as a surrogate of exposure and no on-site
monitoring data of ambient air pollution levels was available. Furthermore data collection was conducted cross-sectionally. Future research should attempt to collect individual
exposure measurements such as equipping children with
backpacks that measure air pollution [39, 41], arguably a
challenging but important next step. Another limitation is
isolating the exposures to railyard-related emissions from
other off-site sources of pollution. However, previous research established that the railyard accounts for 66 % of the
on- and off-site DPM emissions [12]. In any case, these
limitations relate to cause or attribution and do not negate
our findings of increased respiratory risk for our participating children who clearly require a medical and public health
response to protect them from further declines in health.

Conclusion
The results from this study support the hypothesis that
proximity to a busy goods movement railyard negatively
impacts the respiratory health of children, even in an area

already afflicted by poor regional air quality. Previous research and subsequent regulatory efforts have focused on
ports and roadways and not on goods movement rail facilities. More research is needed from prospective studies
to assess the long term impact of rail facilities on children’s
respiratory health. Additional research is also needed to
explore co-morbidities (i.e. obesity, increased blood pressure, mental health) and explore these effects in especially
vulnerable subpopulations of children (ie. children with
sickle cell disease) [3, 6, 21, 26]. Since these children live
in low resourced communities it is critical for regional
professionals to partner with these communities to promote
sustainable policy changes well as screening, referral and
interventions to promote a healthier environment, where
children can live and thrive.
Acknowledgments This research was funded by the SCAQMD/BP
West Coast Products Oversight Committee, LLC Grant # 659005 and
by NIH # P20MD006988. We thank the Arrowhead Regional Center
BreathmobileÒ for collaborating with Project ENRRICH and the
Aerocrine Corporation for donating additional NIOX tests. We are
also grateful to Drs. J. Ospital and T. Chico, from the SCAQMD, for
providing the MATES emissions data.
Conflict of interest
interest.

The authors have no financial conflict of

References
1. Akinbami, L., Centers for Disease, & Prevention National Center
for Health. (2006). The state of childhood asthma, United States,
1980–2005. Advanced Data, 381, 1–24.
2. Anderson, H., Favarato, G., & Atkinson, R. (2013). Long-term
exposure to air pollution and the incidence of asthma: Metaanalysis of cohort studies. Air Quality, Atmosphere and Health, 1,
47–56.
3. Barbosa, S. M., Farhat, S. C., Martins, L. C., Pereira, L. A.,
Saldiva, P. H., Zanobetti, A., et al. (2015). Air pollution and
children’s health: Sickle cell disease. Cad Saude Publica, 31(2),
265–275.
4. Bastain, T. M., Islam, T., Berhane, K. T., McConnell, R. S.,
Rappaport, E. B., Salam, M. T., et al. (2011). Exhaled nitric
oxide, susceptibility and new-onset asthma in the Children’s
Health Study. European Respiratory Journal, 37(3), 523–531.
5. Bateson, T. F., & Schwartz, J. (2008). Children’s response to air
pollutants. J Toxicol Environ Health A, 71(3), 238–243.
6. Bilenko, N., van Rossem, L., Brunekreef, B., Beelen, R., Eeftens,
M., Hoek, G., et al. (2015). Traffic-related air pollution and noise
and children’s blood pressure: Results from the PIAMA birth
cohort study. European Journal of Preventive Cardiology, 22(1),
4–12.
7. Boland, S., Baeza-Squiban, A., Fournier, T., Houcine, O., Gendron, M. C., Chevrier, M., et al. (1999). Diesel exhaust particles
are taken up by human airway epithelial cells in vitro and alter
cytokine production. American Journal of Physiology, 276(4 Pt
1), L604–L613.
8. Buchvald, F., & Bisgaard, H. (2001). FeNO measured at fixed
exhalation flow rate during controlled tidal breathing in children
from the age of 2 yr. American Journal of Respiratory and Critical Care Medicine, 163(3 Pt 1), 699–704.

123

J Community Health
9. Cahill, T., Cahill, T., Barnes, D., Spada, N., & Miller, R. (2011).
Inorganic and organic aerosols downwind of California’s Roseville Railyard. Aerosol Science and Technology, 45(9),
1049–1059.
10. CARB. (2005). Air quality and land use handbook: A community
health perspective. Retrieved 31 October, 2014, from http://www.
arb.ca.gov/ch/handbook.pdf
11. Carraro, S., Gottardi, G., Bonetto, G., & Baraldi, E. (2007). Exhaled nitric oxide in children with asthma and sinusitis. Pediatric
Allergy and Immunology, 18(Suppl 18), 28–30.
12. Castaneda, H., Yang, E., Mahmood, A., Cutts, S., Mitchell, A.,
Dolney, N., et al. (2008). Health risk assessment for the BNSF
San Bernardino Railyard. Sacramento, CA: California Air Resources Board. http://www.arb.ca.gov/railyard/hra/bnsf_sb_final.
pdf. Accessed 25 August, 2013.
13. Codispoti, C. D., LeMasters, G. K., Levin, L., Reponen, T., Ryan,
P. H., Biagini Myers, J. M., et al. (2015). Traffic pollution is
associated with early childhood aeroallergen sensitization. Annals
of Allergy, Asthma & Immunology, 114(2), 126–133.
14. Dales, R., Wheeler, A., Mahmud, M., Frescura, A. M., SmithDoiron, M., Nethery, E., et al. (2008). The influence of living
near roadways on spirometry and exhaled nitric oxide in elementary schoolchildren. Environmental Health Perspectives,
116(10), 1423–1427. doi:10.1289/ehp.10943.
15. Danielsen, P. H., Loft, S., & Moller, P. (2008). DNA damage and
cytotoxicity in type II lung epithelial (A549) cell cultures after
exposure to diesel exhaust and urban street particles. Particle and
Fibre Toxicology, 5, 6.
16. Delfino, R. J., Staimer, N., Gillen, D., Tjoa, T., Sioutas, C., Fung,
K., et al. (2006). Personal and ambient air pollution is associated
with increased exhaled nitric oxide in children with asthma.
Environmental Health Perspectives, 114(11), 1736–1743.
17. Dweik, R. A., Sorkness, R. L., Wenzel, S., Hammel, J., CurranEverett, D., Comhair, S. A., et al. (2010). Use of exhaled nitric
oxide measurement to identify a reactive, at-risk phenotype
among patients with asthma. American Journal of Respiratory
and Critical Care Medicine, 181(10), 1033–1041.
18. Gaffron, P., & Niemeier, D. (2015). School locations and traffic
emissions—environmental (in)justice findings using a new
screening method. International Journal of Environmental Research and Public Health, 12(2), 2009–2025.
19. Gauderman, W. J., Urman, R., Avol, E., Berhane, K., McConnell,
R., Rappaport, E., et al. (2015). Association of improved air
quality with lung development in children. New England Journal
of Medicine, 372(10), 905–913.
20. Gehring, U., Wijga, A. H., Brauer, M., Fischer, P., de Jongste, J.
C., Kerkhof, M., et al. (2010). Traffic-related air pollution and the
development of asthma and allergies during the first 8 years of
life. American Journal of Respiratory and Critical Care Medicine, 181(6), 596–603.
21. Hew, K. M., Walker, A. I., Kohli, A., Garcia, M., Syed, A.,
McDonald-Hyman, C., et al. (2015). Childhood exposure to
ambient polycyclic aromatic hydrocarbons is linked to epigenetic
modifications and impaired systemic immunity in T cells. Clinical and Experimental Allergy, 45(1), 238–248.
22. Hricko, A. (2008). Global trade comes home: Community impacts of goods movement. Environmental Health Perspectives,
116(2), A78–A81.
23. Hricko, A. M. (2006). Ships, trucks, and trains: Effects of goods
movement on environmental health. Environmental Health Perspectives, 114(4), A204–A205.
24. Islam, T., Urman, R., Gauderman, W. J., Milam, J., Lurmann, F.,
Shankardass, K., et al. (2011). Parental stress increases the
detrimental effect of traffic exposure on children’s lung function.
American Journal of Respiratory and Critical Care Medicine,
184(7), 822–827.

123

25. Jacobson, L., Hacon, S., Castro, H., Ignotti, E., Artaxo, P., &
PoncedeLeon, A. (2012). Association between fine particulate
matter and the peak expiratory flow of schoolchildren in the
Brazilian subequatorial Amazon: A panel study. Environmental
Research, 117, 27–35.
26. Jerrett, M., McConnell, R., Wolch, J., Chang, R., Lam, C.,
Dunton, G., et al. (2014). Traffic-related air pollution and obesity
formation in children: A longitudinal, multilevel analysis. Environ Health, 13, 49.
27. Lee, Y. L., Wang, W. H., Lu, C. W., Lin, Y. H., & Hwang, B. F.
(2011). Effects of ambient air pollution on pulmonary function
among schoolchildren. International Journal of Hygiene and
Environmental Health, 214(5), 369–375.
28. Li, N., Sioutas, C., Cho, A., Schmitz, D., Misra, C., Sempf, J.,
et al. (2003). Ultrafine particulate pollutants induce oxidative
stress and mitochondrial damage. Environmental Health Perspectives, 111(4), 455–460.
29. McConnell, R., Islam, T., Shankardass, K., Jerrett, M., Lurmann,
F., Gilliland, F., et al. (2010). Childhood incident asthma and
traffic-related air pollution at home and school. Environmental
Health Perspectives, 118(7), 1021–1026.
30. Newman, N., Ryan, P., Huang, B., Beck, A., Sauers, H., & Kahn,
R. (2014). Traffic related air pollution and asthma hospital
readmission in children: A longitudinal cohort study. Journal of
Pediatrics, 164(6), 1396–1402.
31. Ospital, J., Cassmassi, J., & Chico, T. (2008). Multiple air toxics
exposure study in the South Coast Air Basin: MATES-III. Final
report. Diamond Bar, CA. http://www.aqmd.gov/home/library/
air-quality-data-studies/health-studies/mates-iii/mates-iii-finalreport. Accessed 23 October, 2014.
32. Pandya, R. J., Solomon, G., Kinner, A., & Balmes, J. R. (2002).
Diesel exhaust and asthma: Hypotheses and molecular mechanisms of action. Environmental Health Perspectives, 110(Suppl 1),
103–112.
33. Perez, L., Kunzli, N., Avol, E., Hricko, A. M., Lurmann, F.,
Nicholas, E., et al. (2009). Global goods movement and the local
burden of childhood asthma in southern California. American
Journal of Public Health, 99(Suppl 3), S622–S628.
34. Riedl, M., & Diaz-Sanchez, D. (2005). Biology of diesel exhaust
effects on respiratory function. Journal of Allergy and Clinical
Immunology, 115(2), 221–228. (quiz 229).
35. Rioux, C. L., Gute, D. M., Brugge, D., Peterson, S., & Parmenter,
B. (2010). Characterizing urban traffic exposures using transportation planning tools: An illustrated methodology for health
researchers. Journal of Urban Health, 87(2), 167–188.
36. Ritz, B., Yu, F., Chapa, G., & Fruin, S. (2000). Effect of air
pollution on preterm birth among children born in southern
California between 1989 and 1993. Epidemiology, 11(5),
502–511.
37. Sharma, D. C. (2006). Ports in a storm. Environmental Health
Perspectives, 114(4), A222–A231.
38. Spencer-Hwang, R., Montgomery, S., Dougherty, M., Valladares,
J., Rangel, S., Gleason, P., et al. (2014). Experiences of a rail yard
community: Life is hard. Journal of Environmental Health, 77(2),
8–17.
39. Spira-Cohen, A., Chen, L. C., Kendall, M., Lall, R., & Thurston,
G. D. (2011). Personal exposures to traffic-related air pollution
and acute respiratory health among Bronx schoolchildren with
asthma. Environmental Health Perspectives, 119(4), 559–565.
40. Steerenberg, P. A., Nierkens, S., Fischer, P. H., van Loveren, H.,
Opperhuizen, A., Vos, J. G., et al. (2001). Traffic-related air
pollution affects peak expiratory flow, exhaled nitric oxide, and
inflammatory nasal markers. Archives of Environmental Health,
56(2), 167–174.
41. van Roosbroeck, S., Wichmann, J., Janssen, N. A., Hoek, G., van
Wijnen, J. H., Lebret, E., et al. (2006). Long-term personal

J Community Health
exposure to traffic-related air pollution among school children, a
validation study. Science of the Total Environment, 368(2–3),
565–573.
42. Wilhelm, M., Meng, Y. Y., Rull, R. P., English, P., Balmes, J., &
Ritz, B. (2008). Environmental public health tracking of

childhood asthma using California health interview survey, traffic, and outdoor air pollution data. Environmental Health Perspectives, 116(9), 1254–1260.

123

