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Abstract

Background: According to the US Environmental Protection Agency (EPA), Superfund is a federal government
program implemented to clean up uncontrolled hazardous waste sites. Twenty-six sites in South Carolina (SC) have
been included on the National Priorities List (NPL), which has serious human health and environmental implications.
The purpose of this study was to assess spatial disparities in the distribution of Superfund sites in SC.

Methods: The 2000 US census tract and block level data were used to generate population characteristics, which
included race/ethnicity, socioeconomic status (SES), education, home ownership, and home built before 1950.
Geographic Information Systems (GIS) were used to map Superfund facilities and develop choropleth maps based
on the aforementioned sociodemographic variables. Spatial methods, including mean and median distance analysis,
buffer analysis, and spatial approximation were employed to characterize burden disparities. Regression analysis was
performed to assess the relationship between the number of Superfund facilities and population characteristics.

Results: Spatial coincidence results showed that of the 29.5% of Blacks living in SC, 55.9% live in Superfund host
census tracts. Among all populations in SC living below poverty (14.2%), 57.2% were located in Superfund host
census tracts. Buffer analyses results (0.5mi, 1.0mi, 5.0mi, 0.5km, 1.0km, and 5.0km) showed a higher percentage of
Whites compared to Blacks hosting a Superfund facility. Conversely, a slightly higher percentage of Blacks hosted
(30.2%) a Superfund facility than those not hosting (28.8%) while their White counterparts had more equivalent
values (66.7% and 67.8%, respectively). Regression analyses in the reduced model (Adj. R2 = 0.038) only explained a
small percentage of the variance. In addition, the mean distance for percent of Blacks in the 90th percentile for
Superfund facilities was 0.48mi.

Conclusion: Burden disparities exist in the distribution of Superfund facilities in SC at the block and census tract
levels across varying levels of demographic composition for race/ethnicity and SES.
Background
The Superfund program was established by the United
States Environmental Protection Agency (USEPA) to ad-
dress abandoned hazardous waste sites [1]. These aban-
doned sites are thought to pose a significant threat to
human health and the environment, and as a result, may
qualify for placement on the USEPA’s Superfund list to re-
ceive federal cleanup funds [2]. Currently, there are more
than 1,200 sites on the USEPA’s National Priorities List
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(NPL), which is comprised of the country’s most serious
hazardous waste sites that are eligible for cleanup under the
Superfund program [1]. As part of the federal mandate, the
USEPA was tasked with locating and ranking the most se-
vere Superfund sites for remedial action [1]. In order for a
Superfund site to be placed on the NPL, the following pro-
cedures must be implemented: 1) an alleged hazardous
waste site must be proposed to the USEPA, 2) public com-
ments must be accepted for the site, and 3) the USEPA
must respond to the comments and places the sites on the
NPL that meet certain inclusion criteria [1].

Environmental justice
The geographic distribution of Superfund sites has al-
ways been a controversial issue because research has
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shown that hazardous waste sites are differentially lo-
cated in predominately Non-White and low-income
communities. An environmental justice (EJ) analysis
conducted by Maranville et al., examined whether the
presence of a Superfund site affected surrounding com-
munities in the state of Illinois in order to inform future
siting decisions and improve current sites [3]. Geo-
graphic Information Systems (GIS) was used to create
one, two, and five mile buffer zones around Superfund
sites to capture the sociodemographic composition of
host communities [3]. The study found that percent
Non-White was significantly higher than the percent of
White populations within a one mile radius surrounding
the Superfund sites [3]. Furthermore, over 50% (24/43)
of the sites included in the analysis had a higher percent-
age of Non-White populations residing near the envir-
onmental hazards [3]. The aforementioned results
suggest that race/ethnicity may be the principal driver of
environmental inequity.
The objectivity of the Superfund program has been

questioned due to the disproportionate number of Non-
White and low-income populations that may not be
benefiting from cleanup efforts [2]. While there are cer-
tain criteria that determine whether a site is placed on
the NPL, such as the severity of the hazard, or if the site
presents less of a hazard thus making the cleanup
process less arduous; there are additional racial and so-
cioeconomic determinants that may influence the fate of
a site [3]. A 2007 study by O’Neil [2] examined the rela-
tionship between environmental remediation and EJ by
evaluating the impact of Executive Order 12898 [4,5] on
the Superfund listing and cleanup process.
O’Neil found that a one percent increase in Non-

White populations was associated with a 0.2% decrease
in the probability of a Superfund listing [2]. The results
of the study suggest that for sites discovered after the
1994 Executive Order 12898, there was a lower chance
of a Superfund listing for poor communities and disad-
vantaged communities of color [2]. Despite the EJ Ex-
ecutive Order, equity in the Superfund listing process
worsened after 1994 [2]. In addition, it appears that the
USEPA has failed to properly implement Executive
Order 12898 in regards to the Superfund program [2]
particularly in EJ communities known to have a high
concentration of hazardous waste sites.

Environmental effects
Some of the common contaminants found at Superfund
sites are asbestos, dioxin, and mercury, all of which may
pose a significant threat to ecological health. Asbestos is a
naturally occurring fibrous silicate mineral that has been
mined for its invaluable properties and used in many com-
mercial products that include insulation, brake linings, and
roofing shingles [6]. Moreover, asbestos may enter the air
and water from the weathering of natural deposits and the
decomposition of manufactured products (e.g., brake pads)
[6]. Small fibers may remain suspended in the air for an ex-
tended period of time before settling which may increase
the duration of exposure [7].
Dioxin refers to a group of toxic chemical compounds

that share certain chemical structures and biological
characteristics [8]. Dioxins may be very toxic to certain
animals as well as humans, particularly during their early
stages of development when the body is less capable of
metabolizing the aforementioned compound. While,
mercury is another naturally occurring chemical in the
environment, additional sources include coal and oil
combustion as well as emissions from incineration and
landfills. These emissions may contaminate soil and
water, which can lead to deleterious effects on various
animal species such as loons, eagles, otters, mink, and
kingfishers [9].

Health effects
Despite the limitations in exposure science to link
Superfund site contaminants with long-term health ef-
fects, there have been studies to show the detriment of
volatile organic compounds (VOCs) that were released
in drinking water among Superfund host communities
[10]. The adverse health effects attributable to VOC ex-
posure included the following: (1) birth defects, (2) dia-
betes, (3) urinary tract disorders, (4) eczema and skin
conditions, (5) anemia, (6) speech and hearing difficul-
ties in young children, and (7) stroke [10]. Moreover, a
study that evaluated local health problems and exposure
to heavy metals at the Tar Creek Superfund site in
Ottawa County, Oklahoma found an increase in mortal-
ity incidence for heart disease among adults as well as
increased blood lead levels (>10 μg/dl) in over 50% of
the children which exceeded normal intake standards
[11]. Another study by Williamson et al. found that
people who live near multiple Superfund sites were more
likely to have immunoglobulin test results that are lower
or higher than the reference range when compared to
populations further away from these sites or other envir-
onmental hazards [12]. The major implications of having
abnormal immunoglobulin levels is that it decreases im-
mune function, which then impairs the body’s ability to
protect against disease [12]. As a result, populations liv-
ing in close proximity to Superfund sites may be more
susceptible to chronic and infectious diseases as well as
those related to chemical exposures.

Property values
The proximity of Superfund sites to neighboring com-
munities, whether commercial or residential may have a
drastic effect on property values [13]. Properties located
close to these sites may depreciate due to unwanted land
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uses [14]. Unfortunately, there is little that a homeowner
can do to reduce their exposure to nearby waste sites
since it is the responsibility of the company to ensure
that harmful chemicals are not released into the com-
munity. If these hazardous chemicals were dispersed into
the environment, they could pose a serious health threat
to the community and surrounding property. Specific-
ally, the area may be deemed unlivable due to irrevers-
ible contamination of soil or pollution of surface waters
and drinking water resources [13].
While research has shown that hazardous waste sites

are located in predominately Non-White and low-
income communities, there is a paucity of research de-
scribing the profile of populations hosting those sites,
particularly in the state of South Carolina (SC). The pur-
pose of this study was to evaluate the spatial distribution
of Superfund sites in SC across areas with varying racial/
ethnic and socioeconomic composition.
Methods
Superfund sites in South Carolina
Superfund data was obtained from the USEPA’s Compre-
hensive Environmental Response, Compensation, and Li-
ability Information System (CERCLIS) public access
database, which contains “non-enforcement confidential”
information on hazardous waste sites, potentially hazardous
waste sites, and remedial activities as well as those noted
on the NPL [15]. As of December 2011, SC has 274 active
Superfund sites [15] that were used in the analysis and
mapped based on the addresses provided in the USEPA’s
CERCLIS Public Access Database.
Sociodemographic status
This study used 2000 US Census Bureau sociodemo-
graphic data derived from summary files 1 and 3. While
demographic information is available at various geo-
graphic scales (ZIP code tabulation areas (ZCTAs),
tracts, block groups, and blocks); we utilized census data
at the tract and block level to enumerate the following
population characteristics: race/ethnicity (% White, %
Black, % Non-White) and socioeconomic status (SES).
SES variables considered in our study included poverty
(% of population below poverty line), education (% of
population with less than a high school education), un-
employment (% of population who are unemployed),
homeowners (% of population who own a home), and
home built before 1950 (% of population who own a
home built before 1950). Other SES-related variables in-
cluded % Black below poverty level, and % Black with
less than a high school education. The same summary
statistics (% below poverty and % having less than a high
school education) were obtained for White populations
as well. The variables related to income used in this
study were per-capita income and median household
income.

Statistical analyses
We used SAS version 9.2 (SAS Institute Cary, NC) to
perform statistical analyses to assess disparities in the
prevalence of these hazardous sites across areas with
varying racial/ethnic and SES composition. Buffer ana-
lysis techniques were used to address burden disparities
in the distribution of Superfund sites across SC at the
census block and tract level. Buffer distances of 0.5, 1.0
and 5.0 miles (mi) as well as 0.5, 1.0, and 5.0 kilometers
(km) were created. The population size, percent Black,
and percent Non-White were calculated for each buffer
distance. The mean and median distance of census tracts
to the nearest Superfund site was calculated for each
sociodemographic factor at the 10th, 25th, 50th, 75th and
90th percentiles. Summary statistics were calculated for
all variables and the graphical tool gnuplot version 4.6
was used to visualize the association of the percentage of
all variables with distance to the nearest Superfund site.
Chi-square tests were used to evaluate the difference

in the proportion of populations who host a Superfund
site and compared to those not hosting a Superfund site
for all sociodemographic factors. Specifically, chi-square
tests were conducted for each buffer distance for all
sociodemographic factors to determine the difference in
the proportion of populations who host a Superfund site
compared to those that do not host Superfund sites. Lin-
ear regression models were applied to describe the rela-
tionship between the distance to the nearest Superfund
site (dependent variable) and the sociodemographic fac-
tor (independent variables). Selection of all significant
variables was conducted using the backward selection
model. For variables related to income (per capita in-
come, median household income), we performed t-tests
to determine whether they were significantly different
from populations hosting a Superfund site and those not
hosting a Superfund site. In all the analyses, the overall
significance level for each type of test was set at 0.05.

Results
The descriptive statistics for all sociodemographic factors
across census tracts are included in Table 1 where the re-
sults summarized as means calculated over all census tracts
in the state. On average, 32.4% of the population in a cen-
sus tract was Black while 64.4% were White. Approximately
15.8% of the population was living below poverty line,
which is higher than the national average of 11.3% in 2000.
Those with less than a high school education comprised
25.1% of the population and the unemployment rate was
3.9%. When considering housing characteristics, 69.6% of
the population owned their own home and 13.6% built
their home before 1950. In addition, 6.1% of the White



Table 1 Summary statistics for sociodemographic factors in the State of South Carolina (US Census 2000)

Variable Minimum Lower Quartile Mean Upper quartile Maximum Median

% Black 0.04 11.16 32.42 49.69 98.83 26.05

% Non-White 0.74 14.50 35.59 52.48 99.57 30.23

% White 0.43 47.51 64.41 85.50 99.26 69.76

% Poverty 0.00 8.20 15.78 20.60 100.00 13.60

% Homeowner 0.00 61.40 69.63 84.40 100.00 75.50

% < HS Education 0.00 14.60 25.13 33.90 63.10 26.90

% Homes Built Before 1950 0.00 4.20 13.61 18.70 100.00 9.50

% Unemployed 0.00 2.25 3.91 4.70 53.93 3.30

% Poverty White 0.00 3.26 6.05 7.67 60.91 5.26

% Poverty Black 0.00 0.16 5.11 6.72 58.51 1.38

% White with < HS Education 0.00 1.47 4.53 6.52 23.94 3.56

% Black with < HS Education 0.00 0.21 6.17 8.53 55.37 1.80

Note: The summaries of quartiles are with respect to 25%, 50%, and 75% of census tracts. For example, for % Poverty White, the lower quartile of 3.26 indicates
that 25% of the tracts have at most 3.26% of Whites in poverty.

Burwell-Naney et al. Environmental Health 2013, 12:96 Page 4 of 11
http://www.ehjournal.net/content/12/1/96
population lived below poverty line while 5.1% of Blacks
live below poverty line. These variables were calculated
with respect to the entire state, which has a much larger
White population than Black. Therefore, percent poverty
was automatically higher among Whites when compared
with their Black counterparts.
Choropleth maps were then drawn to describe the dis-

tribution patterns of Superfund sites across demographic
variables of interest. Figure 1 is a choropleth map con-
structed in ArcGIS 10.0 to illustrate the spatial distribu-
tion of Superfund sites in relation to percent Non-White
within the state. The values of percent Non-White were
divided into four quartiles and were represented by dif-
ferent colors in the graph. There were large clusters of
Superfund sites located in densely populated areas in the
Northwest, west, central, and coastal regions of the state.
These clusters appear to be concentrated in high popu-
lation density counties such as Greenville, Spartanburg,
Anderson, Richland, Charleston, Pickens, and Aiken.
While the Northeast region has multiple Superfund clus-
ters, this part of the state has the highest percentage of
Whites and lowest number of Superfund sites. The
choropleth map for the distribution pattern of Super-
fund sites in relation to percent poverty across the state
highlighted similar points (Figure 2).
Large clusters of Superfund sites were observed and lo-

cated in population areas of the state such as Greenville,
Spartanburg, Anderson, Richland, Charleston, Pickens,
and Aiken. These counties are mostly comprised of more
affluent areas and have fewer Superfund sites compared
to the high poverty areas in the state. In addition, we
observed that as percent poverty increased, the number
of Superfund sites increased.
The mean and median distances between all census

tracts for SC and the nearest Superfund site were 0.46
and 0.00mi, respectively. The mean distance between the
nearest Superfund site and census tracts where the Non-
White population was greater than 50% was 0.48mi and
the mean distance between the nearest Superfund site
and census tracts where Whites accounted for more
than 50% of the population was 0.45mi. Among census
tracts where population sizes of Blacks were in the first
quartile (25th percentile), the mean distance was 0.49mi
from the nearest Superfund site to these census tracts.
The distance decreased to 0.45mi among census tracts
in the third quartile (75th percentile). The median dis-
tance for 25th and 75th percentiles was 0.06 and 0.00mi,
respectively, which implies that most Blacks were within
Superfund host areas.
In all instances, as percent Black increased, the dis-

tance (both in km and miles) to the nearest Superfund
site decreased. We observed similar results for the SES
variables (% poverty, % unemployment, % with less than
a high school education, % of Blacks in poverty, % of
Whites in poverty, % Black with less than a high school
education, and % White with less than a high school
education). For example, the plots of distance to the
nearest Superfund site for each sociodemographic factor
(in miles) (Figure 3) illustrate that as the distance to the
nearest Superfund site increased, the percentage of
Blacks, Non-Whites, and SES measures (% poverty, %
unemployment) decreased, while the % of Whites in-
creased. We did not observe a clear pattern for the SES
variable “% of people who own a home”. As a result,
populations that are Black, Non-White, poor, or have
less than a high school education may have a greater risk
of being exposed to Superfund-related contamination.
Table 2 examines spatial disparities in the distribution

of Superfund sites by comparing sociodemographic com-
position in host and non-host tracts. Overall, 54.8% of



Figure 1 Map of Superfund Sites and NPL Sites in South Carolina by Percent Non-White (US Census 2000).
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the population in SC lives within a Superfund host tract.
Among the Black population (which accounted for
29.5% of the entire population), 55.9% lived within a
Superfund host tract. There were similar findings for
Non-Whites. In SC, 14.2% lived in poverty and 57.2% of
this population lived within a Superfund host tract.
Moreover, 59.2% of people with less than high school
education (23.8% of the entire SC population), lived
within host areas, and 54.5% of the unemployed lived in
host areas even though the unemployed only account
for 3.6% of the entire SC population. Among persons
with less than high school education and living in Super-
fund host areas, 18.3% were Black, which is not statisti-
cally different from the corresponding percentage for
Blacks living in non-host areas (18.8%, p = 0.1143). We
did not find a statistically significant difference between
percent blacks living in poverty in host areas (54.9%)
and those in non-host areas (54.7%, p = 0.0625).
Chi-square analyses (Table 3) indicated that Blacks,

Whites, Non-Whites or peopleof low SES were more
likely to live in Superfund host areas than non-host
areas. For instance, among people living in the host area,
30.2% were Black and 14.8% were living below poverty
line, which was higher than the percentages (28.8%, and
13.4%, respectively) among people living in non-host
areas. All results were significant at the multiple-testing
adjusted significance level of 0.0036 (0.05/14.0 = 0.0036)
with the exception of unemployment (p = 0.0230).
We created buffers for Superfund sites in SC census

tracts based on the state’s total population of 4,012,012.
In the 0.5mi buffer (figure not shown), the population
was 30.3% Black and decreased to 29.6% and 29.5% for
1.0 and 5.0mi buffers, respectively. The Non-White
population was approximately 33.6% for the 0.5mi buffer,
which decreased to 32.9% and 32.8% for the 1.0 and
5.0mi buffers, respectively. In the 0.5km buffer, the
population was 30.3% Black which decreased to 30.3%
and 29.5% for 1.0 and 5.0km buffer, respectively. The
Non-White population was roughly 33.6% for the 0.5km
buffer, which decreased to 33.6% and 32.8% for 1.0 and



Figure 2 Map of Superfund Sites and NPL Sites in South Carolina by Percent Poverty (US Census 2000).
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5.0km buffers. In contrast, the White population in-
creased from roughly 66.0% in the 0.5km and 0.5mi
buffers to 68.0% in the 5.0km and 5.0mi buffers. An ana-
lysis evaluating the distribution patterns of Superfund
sites in relation to race/ethnicity and socioeconomic sta-
tus across different buffers (in miles only) was per-
formed. Based on the results, all ratios of host versus
non-host were significantly different from 1, except for
unemployment (Table 4), another indicator of burden
disparity.
Linear regression models were applied to examine the as-

sociation of distance to the nearest site (dependent variable)
with all of the sociodemographic factors mentioned (inde-
pendent variables). After adjusting for other sociodemo-
graphic factors noted earlier, % homeowners (p = 0.0008),
% with less than a high school education (p = 0.0025), %
who built their home before 1950 (p = 0.0271), % Black in
poverty (p = 0.0165),% White with less than a high school
education (p = 0.0108), and % Black with less than high
school education (p < 0.0001) were statistically significant.
Discussion
We found evidence of racial/ethnic, SES, and other dis-
parities (homes built before 1950) in the spatial distribu-
tion of Superfund sites. Results from chi-square and
linear regression analyses demonstrated a statistically
significant difference in sociodemographic composition
of populations living near Superfund sites, which were
predominately Non-White, low-income, and less edu-
cated as well as those living in homes built before 1950.
As percent Black and Non-White decreased, there was
an inverse increase in buffer distance indicating that the
percentage of these populations was higher at buffer dis-
tances closer to Superfund sites.
While per-capita (p < 0.0012) and median household in-

come (p = 0.0005) were statistically significant and lower
for populations who lived within Superfund host tracts,
these differences were only found at 1.0mi, 5.0mi, and
5.0km buffer distances which may indicate that income
may not be as important as other sociodemographic factors.
There were also differences in the proportion of populations



Figure 3 Association Between Sociodemographic Composition and Distance (miles) to the Nearest Superfund Site in South Carolina.
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that host Superfund sites. While there were relatively small
changes in percent Black and Non-White groups residing in
each buffer zone, these populations were still located closer
to a Superfund site than at distances farther away from a
Superfund site.
While there was no statistical difference found be-

tween Superfund host and non-host tracts for Blacks
with less than a high school education (p = 0.1143)
and Blacks in poverty (p = 0.0625), there were still
disparities found in the proportion of the population
living within a host tract. Specifically, Black and Non-
White populations, Black and White populations liv-
ing in poverty, populations with a home built before
1950, and Black and White populations with less than



Table 2 Racial/ethnic and Socioeconomic Disparity for Superfund Host Versus Non-Host Census Tracts (US Census
2000)

Demographics & Socioeconomic Variables Census Tracts* Superfund Host Tracts ** Superfund Non-Host Tracts **

Population (%) 4,012,012 2,197,252 (54.8) 1,814,760 (45.2)

Black Population (%) 1,185,216 (29.5) 662,949 (55.9) 522,267 (44.1)

White Population (%) 2695560 (67.2) 1,464,784 (54.3) 1,230,776 (45.7)

Non-White Population (%) 1,316,452 (32.8) 732,468 (55.6) 583,984 (44.4)

Population Below Poverty Line (%) 567,783 (14.2) 324,523 (57.2) 243,260 (42.8)

Population Above Poverty Line (%) 3,444,229 (85.9) 1,872,729 (54.4) 1,571,500 (45.6)

Population with < HS Education (%) 953,243 (23.8) 564,396 (59.21) 388,847 (40.8)

Population with HS Education (%) 3,058,769 (76.2) 1,632,856 (53.4) 1,425,913 (46.6)

Unemployed Population (%) 146,043 (3.6) 79,559 (54.5) 66,484 (45.5)

Employed Population (%) 3,865,969 (96.4) 2,117,693 (54.8) 1,748,276 (45.2)

Note: * The percentages are with respect to the count 4,012,012. ** The percentages in each row are with respect to the count in the column “Census Tracts” in
that row.

Burwell-Naney et al. Environmental Health 2013, 12:96 Page 8 of 11
http://www.ehjournal.net/content/12/1/96
a high school education were more likely to live in a
Superfund host tract.
Moreover, backward selection results for % who own a

home (p < 0.0008), % with less than a high school educa-
tion (p = 0.0025), % White with less than a high school
education (p = 0.0108) and % Black with less than high
school education (p < 0.0001) were statistically signifi-
cant which may indicate that these variables were the
best predictors of whether a Superfund site would be
present in a particular area.
The aforementioned results further support the claim

that racial and SES disparities exist in the distribution of
Superfund sites across the state at the census tract level.
Table 3 Chi-square assessment of sociodemographic dispariti
Non-Host Tracts)

Variable Host Non-H

Percent (%)

Black 30.2 28.8

Non-White 33.3 32.2

White 66.7 67.8

Poverty 14.8 13.4

Homeowners 73.1 71.4

< HS Education 25.7 21.4

Homes Built Before 1950 12.0 9.9

Unemployed 3.6 3.7

Blacks in Poverty 26.9 25.5

Whites in Poverty 9.1 8.0

Blacks with < HS Education 7.7 7.5

Whites with < HS Education 7.7 6.3

Mean (SD)

Per Capita Income 17739.5 (6500.5) 19371.7

Median HH Income 35085.1 (11403.4) 38446.5

Note: The percentages were calculated with respect to the host or non-host popula
However, homeownership and populations who built
their homes before 1950 are not necessarily determi-
nants that are traditionally used in EJ research. As a re-
sult, further information may be needed to develop
more comprehensive profiles for populations and com-
munities that may be differentially burdened by Super-
fund sites and other environmental health hazards
outside of the conventional variables used in EJ research.
Incorporating GIS and other spatial techniques into EJ

research has become useful in demonstrating that spatial
disparities exist in the distribution of environmental haz-
ards and cumulative health risks [16-27]. However, burden
disparities associated with the distribution of Superfund
es in the distribution of superfund sites (Host Versus

ost Ratio of Host and Non-Host p-value

1.05 <0.0001

1.04 <0.0001

0.98 <0.0001

1.10 <0.0001

1.02 <0.0001

1.20 <0.0001

1.21 <0.0001

0.99 0.0230

1.06 <0.0001

1.13 <0.0001

1.03 <0.0001

1.23 <0.0001

(8157.7) 0.92 0.0012

(16526.8) 0.91 0.0005

tion sizes.



Table 4 Superfund host versus non-host ratios for race/ethnicity and socioeconomic variables in different buffers

Variable Host 0.5 Mile 1.0 Mile 5.0 Mile

Percent* Ratio (p-value)** Ratio (p-value)** Ratio (p-value)**

Black 30.2 0.99 (<0.0001) 1.06 (<0.0001) 1.05 (<0.0001)

Non-White 33.3 0.97 (<0.0001) 1.04 (<0.0001) 1.04 (<0.0001)

White 66.7 1.01 (<0.0001) 0.98 (<0.0001) 0.98 (<0.0001)

Poverty 14.8 1.04 (<0.0001) 1.12 (<0.0001) 1.11 (<0.0001)

Owned Home 73.1 1.13 (<0.0001) 1.07 (<0.0001) 1.02 (<0.0001)

< HS Education 25.7 1.20 (<0.0001) 1.26 (<0.0001) 1.21 (<0.0001)

Homes Built Before 1950 12.0 0.99 (<0.0001) 1.12 (<0.0001) 1.21 (<0.0001)

Unemployed 3.6 0.90 (<0.0001) 0.96 (<0.0001) 0.99 (0.0807)

Blacks in Poverty 26.0 1.00 (0.2626) 1.04 (<0.0001) 1.05 (<0.0001)

Whites in Poverty 9.1 1.13 (<0.0001) 1.19 (<0.0001) 1.14 (<0.0001)

Blacks < HS Education 7.7 1.00 (0.8987) 1.06 (<0.0001) 1.04 (<0.0001)

Whites < HS Education 7.7 1.29 (<0.0001) 1.32 (<0.0001) 1.24 (<0.0001)

Mean(SD)

Per Capita Income 17739.5 (6500.5) 0.96 (0.1657) 0.91 (0.0019) 0.91 (0.0007)

Median HH Income 35085.1 (11403.4) 0.95 (0.2063) 0.91 (0.0038) 0.91 (0.0003)

Note: *The percentages are with respect to the count 4,012,012. ** The p-values were from two sample proportion tests.
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sites seems to be primarily a regulatory problem (i.e., pro-
cedural equity issue) because not only are environmental
hazards disproportionately located in Non-White and low-
income populations, Superfund sites in particular are less
likely to undergo remediation if located within these com-
munities [2]. A review by O’Neil provides evidence that the
USEPA’s placement of hazardous sites on the NPL has been
slow due in part to poor implementation of the Executive
Order 12898 at the regional level [2]. Furthermore, the use
of GIS to spatially describe disparities is limited by our
knowledge of the location of Superfund sites because not
all hazardous waste sites have been placed on the NPL. The
lack of placement of these sites on the NPL in EJ communi-
ties can limit the availability of resources needed for
revitalization efforts.
The findings from this study are unique because no

previous studies have used spatial methods to assess the
distribution of Superfund sites across the state of SC.
Similar studies conducted by Wilson et al. [26,27] on the
distribution of toxic release inventory (TRI) facilities and
leaking underground storage tanks (LUSTs) in Charles-
ton, SC found that there was a higher prevalence of
Black and Non-White populations in census tracts and
blocks that host LUSTs and TRI facilities versus those
not hosting these environmental hazards. The cumula-
tive impact of these sites on EJ communities throughout
the state may have serious health and environmental
implications.
In EJ communities, there are underlying vulnerabilities

experienced at the individual or population levels that
may modify the effect of exposure to contaminants
released from Superfund sites and contribute to higher
health risks for local residents. While these communities
may be exposed to toxic releases from Superfund sites,
they may also experience social stressors due to limited
access to high quality health-promoting infrastructure,
overcrowding, and poverty [28-34]. These pathogenic
conditions in combination with exposure to Superfund-
related emissions may contribute to environmental
health disparities [18,28-31,34].

Conclusion
Despite the paucity of literature available on environ-
mental disparities related to the distribution of Super-
fund sites in SC, this study has shown that there are
burden disparities in the location of these sites for Non-
White and low-income populations at the block and
census tract levels. While there were some limitations in
the methodology, the study found significant differences
in the proportion of populations living within a Super-
fund host and non-host census tract for Black and Non-
White populations, populations below povertyline, popu-
lations with less than a high school education, popula-
tions with a home built before 1950, unemployed
persons, Black and White populations in poverty, as well
as Black and White populations with less than a high
school education.
This information may be useful to community-based

organizations (CBOs) seeking to obtain information on
the spatial distribution of Superfund sites and assistance
from federal agencies such as the USEPA and the
Agency for Toxic Substances and Disease Registry
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(ATSDR) to study the negative health impacts of these
sites as part of a comprehensive community re-
vitalization program such as the program implemented
by the ReGenesis project in Spartanburg, SC [35,36]. In
addition, we suggest that CBOs that represent residents
who live near Superfund and NPL sites work with state
agencies such as the SC Department of Health and En-
vironmental Control (SCDHEC) to use the results of this
study to prioritize hazardous sites in vulnerable commu-
nities and leverage state resources to remediate those
sites. CBOs such as the Lowcountry Alliance for Model
Communities (LAMC) and ReGenesis can work with the
SCDHEC and impacted communities using the USEPA’s
EJ collaborative problem-solving model (CPS) to remedi-
ate sites of concern in the state of SC.

Abbreviations
ATSDR: Agency for toxic substances and disease registry;
CERCLIS: Comprehensive environmental response, compensation, and
liability information; GIS: Geographic information systems; LUSTs: Leaking
underground storage tanks; NPL: National priorities list; SC: South Carolina;
SCDHEC: South Carolina department of health and environmental control;
SES: Socioeconomic status; TRI: Toxic release inventory; USEPA: United States
environmental protection agency; VOCs: Volatile organic compounds;
ZCTAs: ZIP code tabulation areas.

Competing interests
There are no financial or non-financial competing interests to disclose.

Authors’ contributions
KB-N drafted the manuscript. HZ helped with design and performed the
statistical analysis. CJ assisted with statistical analysis and mapping.
AS assisted with statistical analysis. LD assisted with drafting the introduction.
LR assisted with revising the manuscript. ED assisted with revising the
manuscript. SW designed the study and assisted with drafting the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
We would like to acknowledge the support of faculty and students at the
Maryland Institute for Applied Environmental Health including the Program
on Community Engagement, Environmental Justice and Health (CEEJH),
University of Maryland-College Park and the Institute for Partnership to
Eliminate Health Disparities, University of South Carolina. We would like to
further acknowledge residents across South Carolina who have been
differentially burdened by the siting of Superfund sites in their respective
communities. In addition, we would like to thank NIH for funding this
project, grant numbers 1R21ES017950-01 and 3P20MD001770-07S1.

Author details
1Maryland Institute for Applied Environmental Health (MIAEH), School of
Public Health, University of Maryland, College Park, MD, USA. 2Community
Engagement, Environmental Justice, and Health (CEEJH), University of
Maryland, College Park, MD, USA. 3Department of Epidemiology and
Biostatistics, Arnold School of Public Health, University of South Carolina,
Columbia, SC, USA. 4Department of Health Promotion, Education, and
Behavior, Arnold School of Public Health, University of South Carolina,
Columbia, SC, USA. 5Institute for Partnerships to Eliminate Health Disparities,
University of South Carolina, Columbia, SC, USA.

Received: 10 May 2013 Accepted: 29 October 2013
Published: 6 November 2013

References
1. Environmental Protection Agency: Superfund: basic information.

[http://www.epa.gov/superfund/about.htm].
2. O’Neil SG: Superfund: evaluating the impact of executive order 12898.

Environ Health Perspec 2007, 115:1087–1093.
3. Maranville AR, Ting T-F, Zhang Y: An environmental justice analysis:
superfund sites and surrounding communities in Illinois. Environmental
Justice 2009, 2:49–58.

4. Environmental Protection Agency: EPA insight policy paper: executive order
#12898 on environmental justice. http://www.epa.gov/fedfac/documents/
executive_order_12898.htm.

5. Department of Justice: Title VI of the civil rights Act of 1964. http://www.
justice.gov/crt/about/cor/coord/titlevi.php.

6. Environmental Protection Agency: Learn about asbestos. http://www2.epa.
gov/asbestos/learn-about-asbestos#asbestos.

7. Agency for Toxic Substances & Disease Registry: Public health statement
asbestos. http://www.atsdr.cdc.gov/ToxProfiles/tp61-c1-b.pdf.

8. Environmental Protection Agency: Dioxin. http://cfpub.epa.gov/ncea/CFM/
nceaQFind.cfm?keyword=Dioxin.

9. Gatehouse R: Ecological Risk Assessment of Dioxins in Australia, National
Dioxins Program Technical Report No. 11. Australian Government Department
of the Environment and Heritage, Canberra; 2004.

10. Lybarger JA, Lee R, Vogt DP, Perhac RM Jr, Spengler RF, Brown DR: Medical
costs and lost productivity from health conditions at volatile
organic-contaminated superfund sites. Environ Res 1998, 79:9–19.

11. Neuberger JS, Hu SC, Drake KD, Jim R: Potential health impacts of
heavy-metal exposure at the Tar Creek Superfund site, Ottawa County,
Oklahoma. Environ Geochem Health 2009, 31:47–59.

12. Williamson DM, White MC, Poole C, Kleinbaum D, Vogt R, North K:
Evaluation of serum immunoglobulins among individuals living near six
superfund sites. Environ Health Perspect 2006, 114:1065–1071.

13. PropEx: Landfills and hazardous waste sites. http://www.propex.com/
C_f_env_landfills.htm.

14. Agency for Toxic Substances and Disease Registry: Chapter 5: Landfill gas
control measures. http://www.atsdr.cdc.gov/hac/landfill/html/ch5.html.

15. Environmental Protection Agency: CERCLIS. http://www.epa.gov/enviro/
facts/cerclis/search.html.

16. Chakraborty J, Maantay JA, Brender JD: Disproportionate proximity to
environmental health hazards: methods, models, and measurement.
Am J of Public Health 2011, 101(Suppl 1):27–36.

17. Mohai P, Saha R: Reassessing racial and socioeconomic disparities in
environmental justice research. Demography 2006, 43:383–399.

18. Morello-Frosch R, Lopez R: The riskscape and the color line: examining
the role of segregation in environmental health disparities.
Environ Res 2006, 102:181–196.

19. Brender JD, Maantay JA, Chakraborty J: Residential proximity to
environmental hazards and adverse health outcomes. Am J of Public
Health 2011, 101(Suppl 1):37–52.

20. Bullard R, Mohai P, Saha R, Wright B: Toxic wastes and race at twenty: 1987–2007.
Grassroots struggles to dismantle environmental racism in the United States.
Cleveland: Unites Church of Christ Justice and Witness Ministries; 2007.

21. Maantay JA: Mapping environmental injustices: pitfalls and potential of
geographic information systems (GIS) in assessing environmental health
and equity. Environ Health Perspect 2002, 110(Suppl 2):161–171.

22. Chakraborty J, Armstrong MP: Exploring the use of buffer analysis for the
identification of impacted areas in environmental equity assessment.
CaGIS 1997, 24:145–157.

23. Pastor M Jr, Morello-Frosch R, Sadd JL: The air is always cleaner on the
other side: race, space, and ambient air toxics exposures in California.
J Urban Aff 2005, 27:127–148.

24. Su JG, Morello-Frosch R, Jesdale BM, Kyle AD, Shamasunder B, Jerrett M: An
index for assessing demographic inequalities in cumulative environmental
hazards with application to Los Angeles, California. Environ Sci Technol
2009, 43:7626–7634.

25. Sadd JL, Pastor M, Morello Frosch R, Scoggins J, Jesdale B: Playing it safe:
assessing cumulative impact and social vulnerability through an
environmental justice screening method in the South Coast Air Basin,
California. Int J Environ Res Public Health 2011, 8:1441–1459.

26. Wilson SM, Fraser-Rahim H, Williams E, Rice L, Svendsen E, Abara W:
Assessment of the distribution of toxic release inventory facilities in
Metropolitan Charleston: an environmental justice case study. Am J Public
Health 2012, 102:1974–1980.

27. Wilson SM, Fraser-Rahim H, Zhang H, Williams EM, Samantapudi AV, Ortiz K,
Abara W, Sakati W: The spatial distribution of leaking underground stor-
age tanks in Charleston, South Carolina: an environmental justice ana-
lysis. Environmental Justice 2012, 5:198–205.

http://www.epa.gov/superfund/about.htm
http://www.epa.gov/fedfac/documents/executive_order_12898.htm
http://www.epa.gov/fedfac/documents/executive_order_12898.htm
http://www.justice.gov/crt/about/cor/coord/titlevi.php
http://www.justice.gov/crt/about/cor/coord/titlevi.php
http://www2.epa.gov/asbestos/learn-about-asbestos#asbestos
http://www2.epa.gov/asbestos/learn-about-asbestos#asbestos
http://www.atsdr.cdc.gov/ToxProfiles/tp61-c1-b.pdf
http://cfpub.epa.gov/ncea/CFM/nceaQFind.cfm?keyword=Dioxin
http://cfpub.epa.gov/ncea/CFM/nceaQFind.cfm?keyword=Dioxin
http://www.propex.com/C_f_env_landfills.htm
http://www.propex.com/C_f_env_landfills.htm
http://www.atsdr.cdc.gov/hac/landfill/html/ch5.html
http://www.epa.gov/enviro/facts/cerclis/search.html
http://www.epa.gov/enviro/facts/cerclis/search.html


Burwell-Naney et al. Environmental Health 2013, 12:96 Page 11 of 11
http://www.ehjournal.net/content/12/1/96
28. Gee G, Payne-Sturges D: Environmental health disparities: a framework
integrating psychosocial and environmental concepts. Environ Health
Perspect 2004, 112:1645–1653.

29. Institute of Medicine: Toward environmental justice: research, education, and
health policy needs. Washington, DC: National Academy Press.

30. Northridge M, Shepard P: Environmental racism and public health.
Am J Public Health 1997, 87:730–732.

31. Payne-Sturges D, Gee G: National environmental health measures for
minority and low income populations: tracking social disparities in
environmental health. Environ Res 2006, 102:154–171.

32. Perlin S, Wong D, Sexton K: Residential proximity to industrial sources of
air pollution: interrelationships among race, poverty, and age. J Air Waste
Manag Assoc 2001, 51:406–421.

33. Pulido L: Rethinking environmental racism: white privilege and urban
development in Southern California. Ann Assoc Am Geogr 2000, 90:12–40.

34. Wilson SM: An ecologic framework to study and address environmental
justice and community health issues. Environmental Justice 2009, 2:15–24.

35. Fleming C: When environmental justice hits the local agenda: a profile of
Spartanburg and Spartanburg County, South Carolina.
PM Magazine 2004, 86:1–10.

36. Habisreutinger P, Gunderson DE: Real estate reuse opportunities within
the ReGenesis project area: a case study. IJCER 2006, 2:53–63.

doi:10.1186/1476-069X-12-96
Cite this article as: Burwell-Naney et al.: Spatial disparity in the
distribution of superfund sites in South Carolina: an ecological study.
Environmental Health 2013 12:96.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Environmental justice
	Environmental effects
	Health effects
	Property values

	Methods
	Superfund sites in South Carolina
	Sociodemographic status
	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


