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ABSTRACT 

The city of Philadelphia, Pennsylvania is the sixth largest city in the United 

States and resides within Philadelphia County. There is a large population within a 

small area, which can make environmental contamination more impactful to the 

population. Environmental contamination sites known as brownfields, are common 

throughout Philadelphia County, which many residents may not realize exist. This 

project focused on analyzing the spatial relationships between environmental 

contaminated sites and demographics at the county level. Bivariate and choropleth 

analysis were used as a way to understand the relationships. Three demographics 

were used including race, poverty percentage, and median household income. The 

African American or Black population is greatest in Philadelphia and is also the 

population with the highest percentage of poverty. In addition, median household 

income became important as the county has a below average income per household 

compared to the United States average. When looking at the distribution of 

brownfields throughout the county it appears that there are an abundance of 

locations, but when looking at the locations within each census tract, there are only a 

few tracts with more than 20 locations per area. Both bivariate maps that show the 

relationship of brownfields versus poverty status and median household income show 

similar results. African American population and brownfields showed a different 

relationship, but all three relationships showed at least one census tract where both 

variables were high. Understanding environmental injustice will help bring awareness 

and force policy members to address change in communities.  

Keywords: Brownfields, Philadelphia County, Environmental Injustice, Bivariate Maps 
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ETHICS STATEMENT 

 Ethics in GIS have become important because of the abundance of maps that 

are now being created as technology advances. There are more maps than there have 

ever been before, and as GIS experts who create maps it is important to understand 

how the maps that are being created are being presented and communicated. Even if 

not intended, maps can be distorted by the viewer. Unfortunately, there are maps that 

are created to present untrue information, which makes ethics become import. There 

are multiple codes of ethics in relation to GIS. Some of those codes include making sure 

data is accurate, maps are transparent, sources are cited properly, and knowing your 

audience (Kerski, 2020). All the codes of ethics are important, but for this project these 

four were most important.  

The data used in this study was obtained from multiple sources and not collected 

firsthand. When data is not collected by the author conducting the study, like in this 

case, not only is making sure the data is accurate, but it is also important to cite the 

sources properly.  

The sources in the maps that were created will all be identified throughout the  

analysis. Since the sources in this study were government agencies it became even  

more important to note the sources, so the audience understood that the data being  

presented was accurate. Both of those codes connected closely in this study, but the    

other two that were also important were making sure maps are transparent and  

knowing the audience. Again, these codes are connected and in this study were  

important since the analysis was designed to be able to communicate with the public  

and people of power. Having maps that cannot be understood by a common person will  

be harder to communicate with. Even though these codes of ethics were highlighted, all  
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were applied throughout this study.  
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CHAPTER 1 
INTRODUCTION 

As climate change continues to progress, there is a greater need to understand 

the environmental injustices in major urban areas of the United States. The industrial 

revolution sparked the interest of researchers to understand how society is affected by 

environmental impacts (Goodman, 2017).  Philadelphia Pennsylvania is home to an 

abundance of the United States’ history, and because it has been colonized for a long 

period of time, a lot of environmental contamination is present.  

 Environmental contamination can be a broad term that is generally not 

understood by most people. However, the Pennsylvania Department of Environmental 

Protection (PADEP) categorizes environmental contamination into land recycling 

locations. Land recycling locations according to the PADEP are locations where a 

specific media of either soil, air, surface water, sediment, groundwater, or waste are 

currently being cleaned up at that site. A land recycling location becomes active when a 

specific media is identified as exceeding the PADEP Act 2 Guidelines for Environmental 

Standards. The PADEP implemented the Act 2 guidelines to help protect humans and 

the environment from areas that contained environmental hazards. These areas include 

both industrial and commercial properties. As the locations are cleaned up, it allows for 

the re-use of the property for employment, housing, recreation, and open-space areas.   

 The city of Philadelphia is within Philadelphia County, Pennsylvania. It a large, 

populated county, within a small area of the state.  It is also home to an abundance of 

environmental contamination, but it wasn’t until the 1970s when environmental 

regulations first started becoming regulated that more industrial polluters became liable.   

The 1980 Comprehensive Environmental Response, Compensation, and Liability Act 
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(CERCLA) was a crucial funding opportunity for the PADEP. When CERCLA went into 

place it put a tax on chemical and petroleum industries to help identify locations where 

there were releases of hazardous substances into the environment (PADEP). Not only 

did CERCLA help lead the way in providing funding to the PADEP to cleanup land 

recycling locations, but the Hazardous Sites Cleanup Act (HSCA) specifically provides 

the funding and authority to clean up the locations.     

 Even though land recycling locations are abundant within Philadelphia County, 

many people do not even realize they live in close proximity to environmental 

contamination. The purpose of this study is to look at whether or not there are 

environmental injustices associated with the location of land recycling sites. 

Philadelphia county is home to a large minority population. According to Data USA, 

African Americans are the largest race of people within the county. Minority populations 

are the most common group of people that are examined when looking at environmental 

injustices (Goodman, 2017). Therefore, for this study the African American race along 

with two other demographics were compared to the location of land recycling sites to 

understand if there was a relationship in that race being the most impacted.  

 The other two demographics used in this study were household income and 

poverty status. Household income was an important demographic to look at because 

the percentage of people making less than $10,000 a year was the highest out of any 

income class (Data USA, 2019). If the same areas of the county that have large 

environmental contamination also have low income, it would become an environmental 

injustice. Since the average income was identified as being significantly low, it made 

sense to also look at poverty status and compare the relationships. Banzhaf et al (2019) 
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also looked at poverty status because populations in their study where they were below 

the poverty line were also minority, and thus faced environmental injustices.  

Unfortunately, what happened with primary polluters before they were held 

accountable was that they would pick areas that had high minority populations because 

the power they had over these populations was greater.  This study is just a small step 

in identifying the environmental injustices within Philadelphia County. However, studies 

like this can be used to help start discussions on the importance of educating the public 

and holding polluters accountable.
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CHAPTER 2 
METHODS AND DATA 

 ArcGIS Pro was used as the primary tool to bring in data and visualize before 

proceeding with any additional methods. It is important to review the data before 

proceeding with analysis because it may help in determining whether or not the desired 

analysis is appropriate for the data. Another important factor in this analysis was 

determining the demographics to use to compare land recycling locations to. After the 

data was obtained, this was the second step in the workflow.  

 

Figure 2-1. Reference Map of Philadelphia County, Pennsylvania 
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Figure 2-2. Methods and Data Workflow. 
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 As previously discussed, the non-white population in Philadelphia County is 

significantly lower than one would expect for a county containing the city of 

Philadelphia. Since the African American population is not the predominant population, 

the first of the three demographics used was race, total population of African American 

or Black. The other two demographics used were poverty status based on populations it 

was obtained for, and percentage of household income. According to Data USA for 

Philadelphia County, PA (Data USA, 2019), the African American population has the 

highest poverty percentage. Therefore, having both poverty and the African American 

population as demographics will help better understand any environmental injustices.  

 

Figure 2-3: Poverty by Race and Ethnicity (Data USA, 2019) 

 The United States Census Bureau is where the data for the demographics was 

downloaded from. The most recent data was for 2019, but it should not affect the overall 
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analysis. Once the data was brought into ArcGIS Pro, the census boundaries of 

Pennsylvania had to be joined with each of the demographic data sets. This was done 

by using the join tool.  

 Once the datasets were joined, Philadelphia County needed to be filtered from 

the data. In order to do this, the Geoid for Philadelphia County was obtained from 

online. Geoids help classify areas by numbers. For Philadelphia County, the Geoid is 

42101. By selecting the attributes within the Geoid field that began with 42101, and 

exporting as a shapefile, the census data for each demographic was obtained.   

 Within Philadelphia County, there are 384 census tracts. A census tract is a 

geographic region defined to take a census (US Census Bureau, 2022). According to 

the US Census Bureau, each tract is relatively small, averaging about 4,000 people per 

area.  
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Figure 2-4: Philadelphia County Census Tracts (Lowden, 2022) 

Determining the spatial relationship between demographics and land recycling 

locations requires the understanding of what a land recycling location is and how 

harmful the waste could be to a specific population. The PADEP continuously updates 

its land recycling locations as new sites are added. The locations used in this analysis 

were obtained on January 29, 2022.  

The PADEP classifies land recycling locations by media type, which includes 

groundwater, soil, sediment, surface water, air, and waste media. Points for all waste 

types were obtained from the PADEP’s open-source database. However, this included 

locations throughout the state. In order to find locations for just Philadelphia County, a 

filter in ArcGIS Pro had to be run to include locations within the county boundaries 

(PASDA, 2022).  

Within Philadelphia County, there are 1,785 land recycling locations. Table 2-1 

outlines the locations by media type. Each of the media types describe the type of 

environmental contamination that is associated with that site. The PADEP’s Act II 

guidelines help to eliminate and cleanup the media to meet statewide human health 

standards.  

Table 2-1: Total Counts of Land Recycling Location by Media Type 
 

Type Total 
Soil Media 1168 
Groundwater Media 578 
Surface Water 28 
Waste Media 11 

 1785 
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Figure 2-5: Distribution of Land Recycling Locations in Philadelphia County, PA by 
Media Type. 

 
The census tract data had to then be selected for whether or not it contained a 

land recycling location. This was done using the select by location tool and exporting 

the newly selected locations to a new layer. By exporting, it joined the census tract data 

to the land recycling location data. Not all of the census tracts contained land recycling 

locations, and this will be shown in the results section.  

 Once all the data was obtained and organized it made it easier to start 

developing choropleth maps and understanding the spatial relationships. Bivariate and 

choropleth analysis are used as a way to understand the relationships between 

demographics and brownfields in Philadelphia County. Joshua Stevens’ blog, “Bivariate 

Choropleth Maps: A How-to Guide” provides a good understanding on how to create 

bivariate maps. 

Before creating the bivariate maps, choropleth maps were designed for each 

demographic and the land recycling locations. This gave a better understanding and 
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helped predict where the highest outcomes would be once the variables were 

combined. As Stevens (2015) suggests, choropleth maps can show the quantity of a 

variable within a region as a univariate map.  

The main purpose of using a bivariate choropleth map is to combine two 

variables and see where they intersect. Figure 2-6 from Stevens (2015) shows how a 

legend of a bivariate map would read.  

 

Figure 2-6: Bivariate Choropleth Legend Example (Stevens, 2015). 

ArcGIS Pro makes it easy to create these maps. Once a layer that is going to be 

used as one of the variables is selected, under symbology, primary symbology, bivariate 

colors can be selected. Once selected, the appropriate fields for the demographics and 

land recycling locations were selected, a normalization of the symbology was chosen, 

and the bivariate colors displayed a bivariate map of the data.  

The last part of this methodology which may be the most important part in 

understanding the results was applying cartographic principles. Cartography is 

important when trying to portray data to a group of people and establish a point. 

Cartographic principles included: text fonts, colors, symbol colors, sizes, and 

corresponding elements to the map. Each of the maps were looked at several times, 

and even glanced at by peers to help make sure the cartography was appropriate. 
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CHAPTER 3 
RESULTS 

 Understanding the types of brownfields located in Philadelphia County was 

important to further develop the relationship between demographics. For a county that is 

the second smallest by land area in the state, it has an abundance of contamination. 

The main reason it might have the most contamination is due to population size, which 

will be discussed further.  

 According to the PADEP, a media is when a cleanup effort is designated for that 

media type at a site. The PADEP classifies a site as active when the select media 

exceeds the PADEP’s residential or non-residential statewide health standards. There 

are active and inactive sites that the PADEP defines. Table 3-2 breaks down each 

media type by the number of active versus inactive sites. Active sites are when cleanup 

efforts are still being implemented. For this analysis it is important to note both active 

and inactive jobs. Not all inactive jobs may be 100% cleaned up, but they do meet the 

PADEP’s statewide health standards for the media of the site.  

Table 3-2: The Number of Active and Inactive Sites by Media Type 
 

Media Type Number of Sites Active Inactive 
Soil  1168 1115 53 

Groundwater 578 548 30 
Surface Water 28 28 0 

Waste 11 10 1 
Total 1785 1701 84 

 

 When comparing the number of sites and the active versus inactive sites it is 

clear that the county still has a lot of work to do to clean up contamination. For such a 

small area, it is alarming how much damage has been done. Figure 3-6 puts into 

perspective the number of active and inactive sites. The outer ring represents the 
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number of sites, the middle ring shows active sites, and the center ring represents 

inactive sites. The pie chart of Figure 3-7 puts into perspective that there are 

significantly more active sites than inactive. This is a small amount of the greater picture 

on how there is so much work to be done to reduce the environmental impact of the 

planet to help reduce the impacts of climate change.  

 

Figure 3-6: The Total Number, Total Active, and Total Inactive Sites 

 

Figure 3-7: Active vs. Inactive Sites 

Soil Groundwater Surface Water Waste

Active Inactive
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 Looking at the distribution of the sites in the county visually helps to better 

understand where the efforts of cleanup could be focused on. The concentration of 

contamination is within the Center City district of the county. In Figure 3-8, each media 

type is represented by a different color and each district is labeled accordingly. It is hard 

to distinguish the other types of contamination because soil contamination is so 

prominent, but the data makes it clear why that is the case.  

 
Figure 3-8: Land Recycling Locations in Philadelphia County 
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Figure 3-9: Number of Brownfields per Census Tract 
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Figure 3-10: Choropleth Map of Land Recycling Locations 

 
 
 Each of the figures below help to show each demographic and their distribution 

by area by percentage or value. For race and poverty status, the choropleth maps were 
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calculated and presented to show a percentage of area, but for income per household it 

made more sense to look at the total number. 

 

Figure 3-11 African American Population in Philadelphia County 
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Figure 3-12: Poverty Status in Philadelphia County 
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Figure 3-13 Median Household Income in Philadelphia County 

 
For income, it is clear that the income in the county is relatively low with very few 

census tract areas reaching the max median income household in the county. In 

regards to race and the African American population, there are dominant sections of the 
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county that have the highest percentage of African Americans living in that area. There 

are also areas that there are very few African Americans, which are farther towards the 

outskirts of the county closer to the suburban Philadelphia and New Jersey counties.  

 Not all census tracts contained a contaminated site. Figure 3-9 shows only the 

census tracts that contained a site. Once the land recycling locations were joined with 

the census tract data, the bivariate choropleth maps were generated for each 

demographic. Looking at more than one demographic helps to get a better 

understanding of the relationship between demographics. For this study, it made sense 

to pick three demographics that were all related and had significance in the county. This 

same analysis could be used for other counties that have a large metropolitan 

population.    
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Figure 3-14 Land Recycling Locations and Median Household Income in Philadelphia 

County 
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Figure 3-15 Land Recycling Locations and Poverty Status in Philadelphia County 
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Figure 3-16 Land Recycling Locations and African American Population in Philadelphia 
County 
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Each of the bivariate choropleth maps shows a different relationship between the 

demographic and the land recycling locations. A different color scheme was chosen for 

each of the maps, which helps make each unique. If the same colors were used it might 

have been easier to compare, but it would have become harder to distinguish the 

differences. Since each map has a single color where both variables are considered 

high in value, that will be used to understand the relationships. The color schemes that 

were chosen were based on Joshua Steven’s (2015) recommendations. It is important 

to use colors that will grab the attention of the viewer but are also easily distinguished if 

someone that had impaired color vision. ArcGIS Pro made it easy to make each of the 

choropleth and bivariate choropleth maps.  

Discussion 

 Environmental contamination can impact any and all groups of people. However, 

the results from this study showed that there were areas within Philadelphia County that 

some groups were at higher risk than others. In Figure 3-16, it shows that there are a 

few census tracts that have both high land recycling locations and African American 

residents. However, there are not enough census tracts that it can be concluded that 

there are more African American people impacted by contamination compared to other 

groups of people. Since the city of Philadelphia is within Philadelphia County, the 

diversity throughout the county might help to make sure one specific race is not facing 

environmental injustice. Additionally, overtime, the city has redeveloped areas that may 

have brought other races in that once left for the suburbs during the industrial 

revolution. It is a positive outcome that African Americans in Philadelphia County are 

not being directly impacted because of the residency by land recycling locations.  
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 Figures 3-14 and 3-15 showed similar results because poverty status and income 

are closely related. According to the US Census Bureau, poverty status is assigned 

when a certain income level isn’t met. In 2019, the US Census Bureau defined poverty 

for an individual if they made less than $13,000 a year (Congressional Research 

Service, April 2021). The bivariate maps showing the relationship between income and 

poverty status versus land recycling locations that showed more of a relationship than 

the African American population. Again, there wasn’t a strong enough relationship to 

consider land recycling locations directly impacting these groups.  

The census tracts that had an abundance of land recycling locations were also 

commonly the same locations where the relationship between demographics was 

significant. Figure 3-9 helps to make this relationship easier to understand. The more 

land recycling locations, the greater chance of those areas impacting demographics.  
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CHAPTER 4 
CONCLUSION 

 The demographics used in this study did not show a significant enough 

relationship between land recycling locations to conclude that there were environmental 

injustices. However, the data collected and visualized could be packaged and displayed 

using other visual aids such as Tableau. Tableau allows for an interactive method of 

viewing and understanding data. It might help to better focus on certain neighborhoods 

within the county and their exact bivariate relationship. An evaluation study of not only 

Tableau, but also the individual maps created would help to see if the maps were 

effective among map readers. This would help to understand if it would be reasonable 

to use when communicating with political leaders and the community.  

When creating the bivariate maps, the colors chosen were driven both by  

Stevens as well as schemes that were already available in ArcGIS Pro. These colors  

seemed to stand out with the black background, but an evaluation study would definitely  

be beneficial in making sure a larger population had an easy time viewing each of these  

maps.    

The locations that were identified as having relationships still could be used to 

understand areas that should be focused on for cleanup. This study could be used as a 

building block when comparing other demographics or other census data. Other 

demographics such as primary language spoken, and different races could be used as 

demographics when comparing to the land recycling locations.  

 

 

 
  



 

34 

REFERENCES 

Kerski, J. (2020). Teaching Ethics in GIS. YouTube. 
https://www.youtube.com/watch?v=W9aA_sERUNY 

 
Pennsylvania Department of Environmental Protection (2021). Open Data Portal.  
 https://gis.dep.pa.gov/esaSearch/LayerInformation.htm 
 
Banzhaf, S., Ma, L., Timmins, C. (2019). Environmental Justice: The Economics of        

Race, Place, and Pollution. Journal of Economic Perspectives, Volume 33, 
Number 1, 185-208  

 
Goodman, K. (2017). Environmental Justice and GIS: A Comparison of Three GIS 
 Methods for Estimating Vulnerable Population Exposed to Brownfield Pollution in  
 Portland Oregon. Geography Masters Research Papers 19.     

https://pdxscholar.library.pdx.edu/geog_masterpapers/1910.15760/geogmaster.1
9  

 
Data USA (2019). Philadelphia County, Pennsylvania.  
 https://datausa.io/profile/geo/philadelphia-pa 
 
United States Census Bureau (2022). Glossary. https://www.census.gov/programs-

surveys/geography/about/glossary.html - par_textimage_13 

Pennsylvania Spatial Data Access (PASDA) (2022). Pennsylvania county boundaries.  
 https://www.pasda.psu.edu/uci/DataSummary.aspx?dataset=24 
 
Nandi, A., Shakoor, A. (2009). A GIS-based landslide susceptibility evaluation  
 using bivariate and multivariate statistical analyses. Elsevier, Engineering 
 Geology 110 (2009), 11-20 
 
Stevens, J. (2015). Bivariate Choropleth Maps: A How-to Guide.  

Bivariate Choropleth Maps: A How-to Guide joshuastevens.net 
 
 

 

 


	ACKNOWLEDGMENTS
	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	ETHICS STATEMENT
	INTRODUCTION
	METHODS AND DATA
	RESULTS
	Discussion

	CONCLUSION
	REFERENCES

