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A B S T R A C T

Air pollution causes an estimated 200,000 deaths per year in the United States alone. Older adults are at

greater risk of mortality caused by air pollution. Here we quantify the number of older adult facilities in

Los Angeles County who are exposed to high levels of traffic derived air pollution, and propose policy

solutions to reduce pollution exposure to this vulnerable subgroup. Distances between 20,362

intersections and 858 elder care facilities were estimated, and roads or highways within 500 of facilities

were used to estimate traffic volume exposure. Of the 858 facilities, 54 were located near at least one

major roadway, defined as a traffic volume over 100,000 cars per day. These 54 facilities house

approximately 6000 older adults. Following standards established for schools, we recommend

legislation mandating the placement of new elder care facilities a minimum of 500 ft from major

roadways in order to reduce unnecessary mortality risk from pollution exposure.

� 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Today it is estimated that 200,000 people die per year in the
United States alone due to inhalation of air pollution (Caiazzo et al.,
2013). The relative risk for mortality due to living in a heavily
polluted area is roughly equivalent to the relative risk of being
overweight (a BMI between 25 and 39.9 kg/m2) (Pope et al., 2002).
Study of the ACS Cancer Prevention II population showed that for
every 10 mg/m3 increase in fine particulate matter (PM2.5)
concentration, an important component of air pollution, there
was a concurrent increase of 6% in mortality due to cardiopulmo-
nary conditions, an 8% increase in mortality from lung cancer, and a
4% increase in total all-cause mortality (Pope et al., 2002). National
guidelines are 35 mg/m3 daily maximum and 12.0 mg/m3 annual
maximum for PM2.5.

While air pollution negatively affects everyone, children and
older adults are especially vulnerable to adverse health effects. Air
pollution exposure at a young age can cause cognitive impairments
and asthma (Perera et al., 2006; Morgenstern et al., 2008), while
pollution exposure at older ages causes a disproportionate increase
in mortality, when compared to middle aged individuals (Hoek
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et al., 2002; Katsouyanni et al., 2001). Mortality from air pollution
exposure is mainly due to cardiovascular and cardiopulmonary
effects (Brook et al., 2004; Chen et al., 2013; Pope et al., 2002).

Typical age related declines in the cardiovascular system, such
as decreased reserve capacity, decreased elasticity of the arterial
wall, and decreased ability to respond to norepinephrine signals to
adjust blood pressure, make the older adult population extremely
vulnerable to cardiovascular and cardiopulmonary disease, and
exposure to air pollution amplifies these risks. Although individu-
als aged 65 and over only represent 13.3% of the population, they
account for 42.8% of all cases of heart disease, and 52.1% of
coronary disease (Center for Disease Control, 2010). Exposure to
high levels of PM2.5 is associated with an increased intima-medial
thickness, a common measure of the progression of atherosclerosis
(Adar et al., 2013). Individuals exposed to PM2.5 also showed a
decrease in heart rate variability resulting in less adaptability to
changes in cardiovascular demands, increasing susceptibility to
myocardial infarction (Adar et al., 2007). Particulate matter also
causes inflammation of the alveolar cells in the lung, which then
releases signaling molecules that increase blood coaguability,
raising the chances of clot formation (Ruckerl et al., 2006).

Older adults, especially those in poor health with diminished
cardiovascular function, are not as adept at handling these added
stressors, therefore they have a higher risk of mortality as a result
of the exposure. Individuals with preexisting conditions, especially
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cardiovascular or cardiopulmonary conditions, are more vulnera-
ble to air pollution (Goldberg et al., 2001). Also, individuals who
sustained a myocardial infarction during heavy pollutant exposure
show an increased 10-year future mortality risk, and survivors of a
previous myocardial infarction show greater all around mortality
later in life if exposed to air pollution (Rosenbloom et al., 2012;
Berglind et al., 2009). Exposure to PM2.5 has also been associated
with increased mortality to individuals with type-2 diabetes
(Peters, 2012; Katsouyanni et al., 2001), where older adults are
again overrepresented, comprising 39.4% of the diabetic popula-
tion.

Increasing awareness of the harmful effects of air pollution has
led to the development of guidelines to prevent excess exposure to
these toxicants. The EPA has been successful in monitoring and
reducing air pollution across cities in the United States, however,
its measurement methods are coarse and very poorly measure the
variability within the city. Two locations within the same city often
have greater differences in pollution concentration than the
difference between two cities, and the difference in risk can also
be larger within a city than between two cities (Jerrett et al., 2005;
Miller et al., 2007). In one study, the range of exposure to
particulate matter within Los Angeles was 20 mg/m3, versus a
range of 16 mg/m3 between 116 other cities studied (Jerrett et al.,
2005). Colloquially know as hot spots, these are areas within a city
with much higher pollution concentration than background, often
due to higher traffic volume. Identifying these areas of greater
pollution concentration, and minimizing exposure to sensitive
populations in these areas is a critical step to minimize adverse
health effects from pollution exposure.

In this study we quantify the number of older adult facilities,
specifically nursing homes, assisted living facilities, and adult day
healthcare centers, in Los Angeles County that are currently being
exposed to unnecessarily high levels of traffic derived air pollution.
Methods for the reduction in pollution exposure through the
strategic placement of facilities are proposed.

2. Materials and methods

2.1. Data acquisition

Data were compiled from publicly available databases, which
provided information for line coordinates of roads and highways in
Los Angeles, traffic counts at one mile intersections or freeway
exits, and addresses and occupancies for facilities throughout Los
Angeles which cater to the older adult population. These sources
were the 2010 TIGER road file for road and highway coordinates,
while the Los Angeles Department of Transit traffic survey 10-year
summary and the State of California 2012 Annual Average Daily
Traffic Report provided traffic data. The nursing home data was
provided by the CA.gov site, with the Department of Social Services
providing data on adult day health care and assisted living
facilities, and skilled nursing facilities data provided by the health
facilities section.

Data on road and highway coordinates came from a 2010 TIGER
road file (Topologically Integrate Geographic Encoding and
Referencing) of the county of Los Angeles. The TIGER file contained
geographical coordinates in GCS_NORTH_AMERICAN_1983 for
2,366,677 nodes on the centerline networks of roads used by
the US Census Bureau. Additionally, the TIGER road file also
contained MAF/TIGER feature classification codes (MTCC), depict-
ing the type of road on which each node was located. Node
coordinates were converted to latitude and longitudes using
Global Mapper 15 software so that they could be more easily
incorporated with traffic and facility location data. Traffic data is a
combination of the Los Angeles Department of Transit traffic
survey section 10 year 2001–2010 summary, and the State of
California 2012 Annual Average Daily Traffic Report. The first file
had eastbound, westbound, southbound, and northbound traffic
counts for 20,362 intersections in Los Angeles. The second file
contained traffic count data for one mile increments on major
highways throughout the Los Angeles area. Information on
freeway name, exit names, and average monthly and daily traffic
counts were available for 763 points.

Data on assisted-living facilities (ALF), adult day health care
(ADHC), and skilled nursing facilities (SNF) were available for
download from the CA.gov website. Information on ADHC and ALF
was provided through the department of social services link
(https://secure.dss.cahwnet.gov/ccld/securenet/ccld_search/
ccld_search.aspx), while information for SNF was provided
through the health facilities section (https://hfcis.cdph.ca.gov/
search.aspx). These files contained facility addresses and capacity.
Very small facilities—those with less than 6 beds—and those
without current licenses were excluded from our analysis. Overall,
our analytical sample consisted of 858 facilities (192 ADHC,
400 SNF, and 266 ALF), see Fig. 2.

2.2. Analysis

The high performance computing cluster from the University of
Southern California was used for analyses. From available
information on city addresses, latitude and longitude were
estimated for the facilities and intersections using the STATA
module, Geocode3 (Bernhard, 2013). Next, the Haversine dis-
tances—a measure of the distance between two points on a
sphere—was estimated between the 858 facilities and 2,366,677
geographical points in the TIGER road file using the STATA module
Vincentry (Nichols, 2003). Given that node coordinates for roads
were calculated for the midpoint of the road, distances to facilities
were adjusted based on road type to reflect a more accurate
measure of the distance between the facility and the nearest side of
a road. We subtracted 66 ft from distances between facilities and
major freeways, based on the assumption that most major
freeways in Los Angeles have eight lanes and two shoulders,
leading to an overall diameter of 132 ft. Similarly, 52 ft was
subtracted from distances between facilities and major freeways,
given that the average diameter for a Secondary Highway Class II is
104 ft. Finally, for residential roads, whose diameters are estimated
to be approximately 60 ft, we subtracted 30 ft from their distances
to nearby facilities.

Once the distance was estimated for every facility by road point
combination, only road points that were less than or equal to 500 ft
away from any given facility were kept (n = 33,064). The 500 ft cut-
off was chosen in light of the proposed policy of restricting
construction of new building to a minimum of 500 ft from a major
roadway, a distance based on established school regulations, and
founded on numerous studies modeling spatial dispersion
characteristics of PM0.1, including studies done in Los Angeles
(CARB, 2005; CA SB 352; Hagler et al., 2009; SCAQMD, 2005; Zhu
et al., 2002, 2009). The goal in the current analysis is to quantify the
number of facilities within this 500-ft radius and exposed to high
PM0.1 concentrations. We choose to calculate distance between
facilities and road points rather than between facilities and
intersections or highway exits given that the later may not actually
represent the closest road point to a facility. However, given that
traffic counts are only provided for intersections and freeway exits,
traffic counts for road points within 500 ft of a facility were
estimated by matching them with the nearest intersection or
freeway exit on the same street and then assigning that traffic
count to them. This was done by calculating the Haversine distance
between each road point and each intersection or freeway exit
which shared either a primary or cross street. Based on these
distances, the closest location with measured traffic count was
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Table 1
Descriptive statistics of all the facilities mapped in the study. Descriptive

characteristics for facilities (n = 392) within 500 ft of a major road or freeway with

measured traffic.

Characteristic Statistic

Facility type (N)

ADHC 74

ALF 131

SNF 187

Capacity, mean (SD) 94.82 (58.95)

Distance from major road/freeway, mean feet (SD) 332.32 (120.69)

Traffic count for major road/freeway, mean (SD) 43,459.2 (102, 127.5)

Road type for major road/freeway (N)

Primary road (interstate) 5.0%

Secondary road (major/US highway) 16.1%

Local road (residential road) 78.87%

ADHC, adult day health care; ALF, assisted living facility; SNF, skilled nursing

facility.
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selected and that traffic count was assigned to the road point,
assuming they were no more than one mile apart. From this we
were able to match 18,048 pairs (measured traffic points and
TIGER file road points). Those that were not matched mainly
consisted of local neighborhood roads or city streets, which had
relatively low levels of use; therefore traffic counts were not
measured.

Roads were defined into three categories of traffic density: high
(�100,000 cars per day), moderate (50,000–99,999 cars per day),
and low (<50,000 cars per day). The proposed legislation focuses
on roads in the high-risk category. High-risk cutoff was determined
from previous legislation, which uses 100,000 as definition for a
major roadway in urban environments (CARB, 2005; CA SB 352;
SCAQMD, 2005). It is important to note that epidemiological
evidence points to detrimental physiological effects at lower levels
of traffic, however the purpose of the present study is to propose a
feasible policy solution, therefore the already utilized standard of
100,000 cars per day was chosen (Garshick et al., 2003;
Rosenbloom et al., 2012).

3. Results

Of the 858 elder care facilities we identified in the Los Angeles
County area (Fig. 1), nearly half (n = 392) were located within
500 ft of at least one road or freeway for which we had measured
traffic counts (Table 1). The 392 facilities included 187 skilled
nursing facilities (SNF), 131 assisted living facilities (ALF), and
74 adult day health care centers (ADHC). The majority of the SNF
were relatively large facilities, having on average 187 (s.d. = 98.6)
beds each—with 65 of the 187 facilities housing over 100 beds
apiece. The ALF had approximately 108 beds on average—and over
half (n = 70) of the 131 facilities had 100 or more beds. Finally,
capacities for the ADHC averaged about 60, with only 10 of the
74 facilities reaching capacities of 100 residents or more. Just over
150 of the facilities were located in the city of Los Angeles, with the
next most represented cities being Long Beach and Van Nuys,
which both housed around 4% (n = 16 and n = 15, respectively) of
the 392 facilities.

Overall, there were 1013 roads or freeways within very close
proximity (500 ft or less) of one of the 392 elder care facility. On
average the traffic counts for these roads were approximately
Fig. 1. Older adult care facilities in Los Angeles county. A descriptive map of major

roadways in Los Angeles combined with older adult care facilities. Gray lines denote

primary roads/highways, black lines are interstate freeways, and black squares are

older adult facilities.
43,000 cars per day, with some roads reaching average traffic
counts of over 500,000 cars per day. Approximately 5% of the roads
in our analytic sample were major freeways, 16% were Secondary
Highway Class II, and 79% were residential roads. On average, these
roads were 332 ft from at least one facility. Overall, highways had
the closest proximity to facilities (m = 318 ft, s.d. = 126), followed
by residential roads (m = 330 ft, s.d. = 120), and finally freeways
(m = 398 ft, s.d. = 86). When definitions of high risk (traffic
�100,000 cars per day) and moderate risk (traffic 50,000–99,999
cars per day) were considered, we found that 54 of the 392 facilities
were located within high pollution concentration areas—less than
500 ft from a high risk roadway (Fig. 2), whereas 51 facilities were
located in close proximity to roads with moderate risk traffic
counts. The facilities located in these dangerous areas also tended
to be significantly larger (p = .008) than those not located in high
pollution areas. On average the facilities in close proximity to busy
roadways had 115 beds, whereas those in lower pollution locations
only had 92 beds, on average.

Breakdown of facility type and size of the 54 facilities with
500 ft of a high traffic roadway are given in Table 2. Of the
54 facilities, 24 were SNF’s, 26 ALF’s, and 4 ADHC’s, with an average
capacity of 106, 133, and 49, respectively. There were 51 facilities
located within 500 ft of a moderate risk roadway. Of these
51 facilities, 18 were SNF’s, 19 ALF’s, and 14 ADHC’s, with an
average capacity of 97, 125, and 65, respectively. In total the
facilities next to high risk roadways had a maximum capacity of
6198, while the facilities located next to a moderate risk roadway
could house up to 5031 individuals.

A few facilities were located next to multiple major roads,
exacerbating pollution exposure (Table 3). Nine of the facilities
were within 500 ft of two high risk roads (traffic �100,000 cars per
day), while three facilities were within 500 ft of one moderate and
Fig. 2. High risk facilities in Los Angeles county. A plot of older adult facilities,

measuring distance to a major roadway on the y-axis and average traffic count per

day on the x-axis. The size of the circle indicates size of the facility, and color

indicates type.



Table 2
Number and capacity of facilities next to major roadways.

Facility type Number next to high

risk road (capacity)

Number next to

moderate risk

road (capacity)

Skilled nursing facility 24 (106) 18 (97)

Assisted living facility 26 (133) 19 (125)

Adult day health care center 4 (49) 14 (65)

Total individuals 6198 5031

Depicts the number and average capacity (given in parenthesis) of facilities located

next to high risk and moderate risk roadways. Total given is the maximum number

of people housed at one time in these 54 high risk, and 51 moderate risk facilities.
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two high risk traffic count roads. Additionally, one facility sat
between two moderate and one high risk road; three facilities sat
between one moderate and one high risk road, and 38 were located
next to a single high risk road.

4. Discussion

The large body of evidence illustrating the harm of
particulate matter inhalation makes a clear argument for
reducing exposure, but what exactly is a safe distance away
from sources of air pollution? In order to understand what is a
safe distance away from emission sources it is necessary to look
at both epidemiological evidence of near roadway exposure, and
the spatial dispersion characteristics of the components of air
pollution.

There is a clear increase of mortality for older adults when
residing near a major roadway. A Dutch study on individuals,
aged 55–69, recorded a relative risk of 1.41 for all-cause
mortality when living within 100 m (330 ft) of a freeway, or
50 m (165 ft) of a major urban roadway (Hoek et al., 2002). Older
adults have higher levels of mortality from pollution exposure,
versus middle-aged individuals (Katsouyanni et al., 2001).
Another study, monitoring individuals in Ontario, Canada, with
a median age of 63 observed a relative risk of 1.18 for mortality
when living near a major roadway (Finkelstein et al., 2004).
These findings have been corroborated in the Nurses’ Health
Study, which found women residing near a major roadway to
have a relative risk of 1.11 for myocardial infarction, and 1.05 for
all-cause mortality (Hart et al., 2013). Aside from the immediate
risks of myocardial infarction, being in a high pollution
environment at the time of a myocardial infarction increases
10-year mortality rates as well (Rosenbloom et al., 2012).
Though the evidence for mortality from air pollution exposure is
strong, there is need in the field for more studies focusing
specifically on older adults. In the current study, the 54 facilities
located close to major roadways housed approximately 6000 in-
dividuals. Considering the minimal distance needed to drasti-
cally reduce pollution concentration and lower mortality risk,
this level of exposure is truly unnecessary.
Table 3
The number of facilities with combinations of high and moderate risk roads.

Number of high risk

roads

Total

0 1 2

Number of moderate risk roads

0 294 38 9 341

1 42 3 3 48

2 2 1 0 3

Total 338 42 12 392
Understanding the spatial dispersion characteristics of the
relevant components of air pollution is also critical in determin-
ing appropriate safe distances, and in creating informed policy
solutions. There are three classes of particulate matter: PM10,
PM2.5, and PM0.1, known as coarse, fine and ultrafine particulate
matter, respectively. Coarse particulate matter (PM10) is any
particle between 2.5 and 10 mm, whereas fine particulate matter
(PM2.5) are particles with a diameter between 2.5 and 0.1 mm, and
PM0.1 is any particle with a diameter less than 0.1 mm
(1 � 10�6 m). For comparison human hair is around 70 mm in
diameter—seven hundred times larger than the largest
PM0.1. PM2.5 has been the most widely measured and recorded,
however PM0.1, with particles ranging from a couple nanometers
to 100 nm, is increasingly recognized as being especially harmful
(Schulz et al., 2005; Utell and Frampton, 2000; Weichenthal,
2012). Due to their small size, this component of particulate
pollution has gone relatively unnoticed, however their small size
also makes this component of air pollution especially dangerous,
as it is able to bypass physiological barriers (Schulz et al., 2005;
Utell and Frampton, 2000; Weichenthal, 2012). Polystyrene
beads, a model nanoparticle, can rapidly cross the human
placenta ex vivo, and titanium dioxide nanoparticles (25–
70 nm diameter) subcutaneously delivered to pregnant mice
was observed in male offspring brains, crossing both the placenta
of the mother and blood brain barrier of offspring (Takeda et al.,
2009; Wick et al., 2010). The small size of nanoparticles is
especially relevant to inhalation, as particles <34 nm in diameter
can rapidly translocate from the lung to the mediastinal lymph
node (Choi et al., 2010). It is this small size class, PM0.1, which is of
special importance when considering near roadway pollution.
The dispersion of PM0.1 into background concentrations has been
well studied, providing valuable information on areas of high
exposure, and necessary distances for safe levels of exposure
(Hagler et al., 2009; Roorda-Knape et al., 1998; Zhou and Levy,
2007; Zhu et al., 2002, 2009).

Although adverse health effects of air pollution exposure
diminish the farther an individual is from a major roadway (Hoek
et al., 2002; Gauderman et al., 2007; Peters et al., 2004),
distribution patterns show that neither PM2.5 nor PM10 decreases
substantially in that distance (Roorda-Knape et al., 1998; Zhou
and Levy, 2007). Meanwhile, PM0.1 quickly returns to background
levels, with pollution concentration closely resembling observed
health risks (Hoek et al., 2002; Zhou and Levy, 2007; Zhu et al.,
2002). Concentrations of PM0.1 show a 25-fold increase at 100 ft
(30 m) from a freeway compared to ambient levels within the city
(Zhu et al., 2002). The dilution of PM0.1 from the source into
background ambient levels occurs in an exponential decline with
levels returning to background at 1000 ft away from the source
(Hagler et al., 2009; Zhu et al., 2002, 2009). A distance of 500 ft
would reduce concentration by approximately 80%, with dimin-
ishing returns after 500 ft (Hagler et al., 2009; Zhu et al., 2002,
2009). Zhu et al. (2002) is of importance for the current study, as it
measured PM0.1 drop-off from Los Angeles freeways. These
results are consistent with sampling from three locations in
Austin, Texas, and with sampling in Raleigh, North Carolina,
demonstrating that the concentration drop-off rates can be
confidently generalized to different locations (Hagler et al., 2009;
Zhu et al., 2009). Therefore 500 ft, which is the end of the
exponential decline for PM0.1 concentration, is recommended for
proposed guidelines, as it balances functionality and safety by
minimizing PM0.1 exposure as much as possible and reducing
adverse physiological outcomes, without creating overly restric-
tive regulations (Finkelstein et al., 2004; Rosenbloom et al., 2012).
The spatial dispersion characteristics of different classes of PM
highlight the importance of a more precise analysis of pollution
exposure within a city.
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4.1. Policy responses to protect older adults from air pollution

The National Ambient Air Qualities Standards (NAAQS) has
developed special rules for air pollution exposure of certain
vulnerable segments of the population. This special attention is
based upon observations that sensitivity to particulate matter can
be much higher in vulnerable populations compared to healthy
individuals. The NAAQS has developed non-binding recommen-
dations for reducing exposure to pollution among these groups.
For example the EPA drafted national guidelines dictating steps
that should be undertaken in the ‘‘school sitting process’’ (EPA,
2007). The guide offers recommendations for accurately measur-
ing air quality in a new location, deciphering the sources of the
pollution, and choosing an appropriate site, all in an effort to
reduce pollution exposure to children. Although currently there
are no national requirements, several states have taken steps to
reduce pollution exposure for children. California, Indiana, and
New Mexico all have minimum safe distance requirements, and
many other states have recommendations for placing schools
away from busy roadways. One example, California Senate Bill
352 (Chapter 668, statutes of 2003, effective January 2004)
outlines regulations against school sitting within 500 ft (150 m)
of a heavily traffic roadway, as defined by 50,000 cars per day in
rural areas, and 100,000 cars per day in urban environments. This
policy is based on studies showing a 70% drop-off of particulate
matter with a distance of 500 ft from a freeway (SCAQMD, 2005).
The California Air Resource Board’s (CARB) Air quality and land use

handbook also recommends 500 ft as a minimum distance from
busy roadways, and California’s Office of Environmental Health
Hazard Assessment (OEHHA) defines close proximity as within
500 ft of a major roadway (SCAQMD, 2005). School sitting laws
offer a valuable template to reduce pollution exposure by
enacting regulations that ensure the safe placement of facilities
for older adults. Based on available epidemiological data, we
recommend that these regulations (California State Senate Bill
352, minimum school distance 500 ft from roadway) be extended
to include older adult facilities (Hoek et al., 2002; Finkelstein
et al., 2004; Hart et al., 2013). Specifically, a distance of 500 ft
from the roadway is recommended as the mandatory minimum,
as it reduces ultrafine particulate matter (PM0.1) concentration by
70–80% (Hagler et al., 2009; SCAQMD, 2005; Zhu et al., 2002,
2009). Currently in Los Angeles County alone there are
approximately 6000 individuals unnecessarily being exposed to
these dangerous levels of pollution, and the proposed policy
offers a simple and affordable method to attenuate this significant
risk.

While enforced regulation offers one remedy, intermediate
steps should also be considered. Currently, public awareness of the
effects of pollution exposure, and especially its variance within a
city, is minimal. Through educating the public, consumer demand
for safer, less polluted sites, could drive supply. Rating elder care
facilities based on air quality, either relative to city average or on an
absolute scale, would provide the public with an opportunity to
make an educated decision. The rating system could be modeled
after the Department of Health’s ratings of A, B, and C for restaurant
sanitation standards. Facilities could be given a score based on the
traffic count of the largest roadway within 500 ft of the facility. The
score could be in increments of 25,000, with three categories.
These categories would be: 50,000 cars per day and below being
low risk, 50,000–100,000 being moderate risk, and over 100,000
cars per day being high risk. This alternative to a mandatory
requirement would be an extremely low cost and readily available
solution. Indeed the data generated here is sufficient to rank all the
facilities within Los Angeles County. This method could rely upon
consumer demand to drive lower pollution exposure to future
facilities. Combining the two proposed policy solutions would
create a mix of enforced legislation at the higher end, and
consumer demand at the lower end to drive reductions in pollution
exposure.

5. Limitations

The patterns of spatial distribution of air pollution are not as
clear-cut in very dense urban areas. In a study modeling spatial
distribution of air pollution in Brooklyn, New York, PM0.1 showed
only a 15–20% decrease in concentration after the first 330 ft
(100 m) from the roadway (Zwack et al., 2011). This study
illustrates a primary problem for dense urban areas, where there is
such a plethora of pollution coming from multiple sources that
there may be no ‘‘safe’’ distance. Thus, while locating facilities a
‘‘safe’’ distance away from a major pollution source (approximately
500 ft) may reduce negative health outcomes, the effects will not
be as beneficial in very densely packed urban areas compared to
smaller or more diffuse cities.

Also, the proposed policy does not take into account the
possibility of multiple heavily trafficked roadways being located
within close proximity of the facility, such as being located on a
busy street corner. This would create especially high pollution
conditions. The decision for the single roadway perspective was
made in light of ease of implementation of the proposed policy. It is
believed that the relative advantage gained by multiple roadway
analysis would be relatively few, however the cost of added
complexity for such a policy to be implemented would be much
greater. Analysis of the current dataset showed only a small subset
fell within this category of being located within 500 ft of two
moderately high traffic roads.

The present analysis provides only an estimate of individuals
that are exposed to high levels of air pollution. The estimate of risk
is based on documentation of spatial dispersion patterns of
components of air pollution, and we believe is sufficient evidence
toward establishing guidelines for the placement of older adult
care facilities (Hoek et al., 2002; Zhu et al., 2002). While it is clear
that such pollution exposure increases mortality risk, the
limitation of this paper is that it cannot adequately estimate
excess mortality, and more epidemiological studies focusing
specifically on older adult populations are needed for the field
to confidently generate predictions of excess mortality. We
calculate this estimate based on the maximum occupancy of
SNF, ALF, and ADHC. These facilities, while often quite full, are not
always at maximum capacity. For example, SNF’s have an average
occupancy rate of 87% in California (OSHPD, 2013). However, these
facilities also experience significant turnover, increasing the
number of individuals that will be housed in a high-risk facility
over the course of a year.

One additional factor related to placement is the assumption
that being indoors will reduce exposure. However, residing indoors
does not confer protection from PM0.1 generated outdoors, because
of its small size. The concentration of PM0.1 indoors is similar to
outdoor measurements; meaning that older individuals indoors
are still at risk for pollution exposure (Arhami et al., 2010). In fact,
outdoor derived particulate matter has been shown to be one of the
most harmful components of indoor air pollution (Delfino et al.,
2008). The best ways to reduce pollution exposure are still at the
source, or by creating distance away from the source. This
highlights the importance of continuing to develop reduced
emission vehicles.

6. Conclusion

Air pollution is a ubiquitous environmental toxin that has been
documented to have numerous adverse health effects on all
members of the population. However, this burden of risk is shared
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unequally across the population, with children and older
individuals more prone to adverse health effects than young
and middle aged adults. In some areas, this problem has begun to
be addressed in children, with state legislatures enforcing a
mandatory 500 ft away from a major roadway. In light of the
available scientific evidence, we propose that the same regulations
be considered for facilities and community services for older
adults, including services such as skilled nursing facilities, assisted
living facilities, and adult day health care centers. Regulations
ensuring that these facilities are required to be a safe distance from
the highest levels of air pollution offer a low cost preventative
approach to reduce morbidity and mortality associated with
pollution exposure in older individuals.
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