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Executive Summary 
 

The consequence of Chester’s long industrial history has left the city vulnerable to the 

accumulation of pollutants and contaminants that were largely unregulated for much of the time 

Chester prospered.  Industrial mills, foundries, smelting operations, casting and steel refinement, 

shipbuilding and electrical generation enterprises all played an important role in creating one of 

the most robust economic centers on the eastern seaboard of the United States.  Currently, most 

of these industries are no longer in business or have moved away from the city.  The purpose of 

this project was to identify land parcels that could potentially be classified as brownfield sites 

and couple the historic industries on these parcels to possible contamination.  These locations 

and potential contamination was then integrated with publically available information on areas 

prone to flooding and a conceptual model of floodplain identifications along Chester Creek to 

identify which parcels could release contaminants and pose a risk to aquatic ecology and the 

residents of Chester.  

The results of the study show that there are 31 potential land parcels that could be 

classified as brownfield sites.  These parcels were identified from an innovative method of 

historic insurance map interpretations, personal interviews, and field inspections.  Flood zones 

published by the Federal Emergency Management Association (FEMA) and a Sea Land and 

Overland Surges from Hurricanes (SLOSH) flooding model for category 4 hurricanes on the 

Delaware River from previous PASeaGrant research was compared to the spatial location of the 

potential brownfields sites.  A conceptual model for flooding on Chester Creek was also 

developed and compared to the other results.  After comparison and integration 19 of the 31 

identified sites were considered at risk from flooding during extreme storm events and at risk to 

release contamination to the environment.  Examples of potential contamination includes heavy 

metals, heavy-ended hydrocarbons, and arsenic. 
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Report 

 
1.0 Introduction 

1.1 Industrial History of Chester, PA 

 

The City of Chester is located in southeastern Pennsylvania along the Delaware River 

(Figure 1). The geographic location of the City made it ideal during early American 

industrialization. Chester’s role as the oldest prosperous town in Pennsylvania dates back to 

1644.  Originally, the main source of revenue for the town came from farming tobacco along the 

Delaware River (Chester History 1889).  As the turn of the century approached, Chester’s 

agrarian and trade-based community shifted towards manufacturing, and by 1880, several flour, 

saw, and rolling mills were in operation. The textile industry began to grow as wool and cotton 

mills arrived along the banks of the river (Historic Map – Chester). As time progressed Chester 

bloomed into a town of industry and trade, using the Delaware River to its full advantage.  

According to the census in 1880, Chester’s population was roughly 22,000 persons, 

however, an 1889 document chronicling Chester’s history states that “the growth and 

development of the city and its suburbs has been so marked, that … a careful calculation 

indicates that the population of the territory alluded to is not less than thirty thousand people” 

(Chester History 1889).  The area of interest to businesses and tradesmen was a strip of land 16 

miles southwest of Philadelphia, along the shores of the Delaware for a four-mile stretch that 

extended inland about 1.5 miles. In the 1880s, three-fourths of that area was already occupied by 

manufactories: shipyards, iron and steel rails to be used for ships, other tool manufacturers, 

cotton and woolen textiles, printing, and chemical works (Chester History 1889). The Chester 

Steel Casting Company, beginning in 1870, served as the backbone company in the shipping 

industry, and was closely tied to the Baldt Anchor and Chain company (Images of America: 

Chester 2004). At its inception, the company produced around 600 net tons of castings per year. 

Due to the level of expansion and the industrial boom along the Delaware River, by 1901 

production had grown to 15,000 gross tons (Perry and Suplee 1993). However, at the turn of the 

century, there was still ample space for development and the fabrication of new industries. This 

was precisely the interest of Chester’s Board of Trade. 

The Board of Trade itself was conceived in December of 1886, and prided itself on caring 



YORK

BERKS

LANCASTER
CHESTER

BUCKSDAUPHIN LEBANON

MONTGOMERY

ADAMS

PERRY

DELAWARE

CUMBERLAND

PHILADELPHIA

LEHIGHSCHUYLKILL

0 5 10 15 202.5
Miles

Description:Widener University GIS Laboratory
µ

Chad Freed, Ph.D.
Jamie Anderson, M.A.
Stephen Madigosky, Ed.D.

Legend
Chester
Southeastern Pennsylvania Counties

Site Location Map
Figure 1

Chester is located in Delaware County in 
southeastern Pennsylvania, south of the city
of Philadelphia

City of Chester



 
 

for the interests of the commercial and industrial facets of the city. However, the organization 

went through several dry spells where efforts almost ceased. However in 1907, duties were 

resumed and by 1912 a thorough reorganization was in effect (History of Chester, PA. 1914). 

The importance of the Board of Trade to the timing of Chester’s industrial boom is imperative, 

as this was time when many of the large-scale industries were emerging and thriving along the 

Delaware. Also critical at this time was transportation on the Delaware River using steamboats. 

Steam powered engines were becoming increasingly popular for not only transportation of 

people, but of industrial goods, placing Chester at an advantage for increasing its industrial 

capacity and dominance (History of Chester, PA. 1914). 

Since Chester, Pennsylvania’s location had lent itself to industry long before the turn of 

the century, one well-established business was the Sharpless Tool and Dye Extract Company, 

established in 1835.  Sharpless manufactured dyewood extracts to be used in the textile industry. 

Raw material or fabrics made of cotton, wool, silk, and morocco leather could be dyed with the 

dyewood extracts (History of the American 2009). The dyewood industry depended upon the 

Delaware River for transportation of goods. Outside of the facility, there was a wharf for 

berthing steamers loaded with dyewoods. Power cranes were also used, as well as a narrow 

gauge railroad for transportation.  The dyewoods had to be transported to the chipping machinery 

where they were extracted into autoclaves and concentrated into evaporators (History of the 

American 2009). Sometime around 1944, some of these liquid extracts were placed into a spray 

tower. In the dyewood industry, the extracts could be sold in either liquid form or solid slabs, 

depending upon their intended use, anything from dyeing or tanning textiles, leather, or fur-

dressings. Wood could even be stained with the extract, and the pigment lake making industries 

also were steady consumers of the dyewood industry.  This was an industry that produced a 

variety of contaminants some of which made their way to the Delaware River.  By 1904, 

Sharpless Tool and Dye Extract Company merged with the American Dyewood Company, 

taking on its name at that time (History of the American 2009). The Chester plant was the largest 

plant in the United States of its kind, a true forerunner in the industry. Thousands of Chester 

residents were employed at the Dyewood Company before imports eventually forced their 

closure (Images of America: Chester 2004).  

Another large-scale industry that employed thousands over its life was Baldt Anchor and 

Chain, which originated in 1901. The great number of shipyards and iron and steel works that 



 
 

existed along the banks of the Delaware at the turn of the century created a prime atmosphere for 

Baldt Anchor and Chain to flourish in Chester.  However, the use of metals and smelting 

operations created an environment that contributed a great deal of pollutants to the environment.   

The main business of the company was to design, manufacture, and market anchors and 

chains for both the U.S. Navy, and the commercial side of the shipping industry (Perry and 

Suplee 1993). The company used both steel and iron, and their first product to be designed was 

the “Baldt Patent Stockless Anchor,” produced by the Penn Steel Casting Company, as the 

company’s name did not officially change to Baldt until 1920. While there is no historical record 

of when Baldt began to manufacture chain, the demand for it increased around the time of World 

War I.  Later, with the end of the war, the need for chain declined again, thus demonstrating how 

closely the industry was tied to current events. Baldt began to acquire the necessary equipment 

for fire welded wrought iron chain making during the war, and it is believed that this was 

roughly the time period where their industry expanded to included new products (Perry and 

Suplee 1993).  

Again, Baldt’s industry began to boom with the coming of the second World War. 

Anchors, chain, and connector were again in high demand, and Baldt entered into supply 

contracts with the United States Government. The war also brought on the demand for ground 

tackle to be used on fighting ships (Perry and Suplee 1993). The increasingly high demand 

forced Baldt to keep its doors open for extended hours, sometimes up to 24 hours a day, and peak 

numbers of both male and female workers were recorded. Baldt’s property also expanded to 

accommodate a new, government owned forge shop along the Delaware River, and enlarged 

office space on 4th Street to house the Accounting Department. Forging machines, trimming 

presses, overhead cranes, Marvel stock saws, and other equipment pieces were added to boost 

industry.  According to an article on Baldt’s history, “in 1944, Chester’s industrial output ranked 

third of all Pennsylvania cities, exceeded only by Philadelphia and Pittsburgh, with a yearly 

output conservatively estimated at $400,000,000” (Perry and Suplee 1993). The Baldt Anchor 

and Chain company itself contributed largely to this number.   

Baldt continued to be a successful business peaking several more times during the 

Korean and Vietnam Wars. Eventually in the early 1970s, the company shifted from 

predominately government ship anchor, chain, and supply contracts to the oil rig business. This 

brought along with it large scale projects, as a single oil rig brought with it the need for 



 
 

numerous feet of chain (several types), anchors, links, and different types of shackles. New 

machines were acquired as the business shifted in this new direction (Perry and Suplee 1993). 

Another important enterprise that became a great source of revenue along the Chester 

waterfront was the Scott Paper Company. The company was launched by the Scott brothers in 

1879 in Philadelphia, and came to Chester’s industrial district in 1910, at the corner of Second 

and Welsh Streets in a converted soap factory. The brothers began by selling paper bags, 

wrapping paper, and other small paper products. The invention of indoor plumbing brought with 

it the opportunity for market expansion, and the Scott brothers had packaged and distributed 

tissue paper into numerous retail stores by the end of the 19th century (Hardy 1996). With the 

invention of the paper towel in 1907, and the rise in demand for such products, Scott paper 

expanded, acquiring new machines in the Chester paper plant by the 1920s. Scott soon became 

the world’s frontrunner in tissue manufacturing, adding plants in other cities and acquiring raw 

resources and materials to save the plant costs. Scott easily survived the Great Depression and 

World War 2 without forced layoffs or a decrease in production due to the necessity of the 

company’s items. In 1955, Scott Paper Company held 38% of shares in the sanitary-paper 

business, which made it the majority shareholder, followed by Kimberly Clark (Kleenex) with 

11% (Scott Paper Company History). Under the guidance of Thomas McCabe, a former 

salesman turned chief executive of the company, Scott Paper expanded into a 20,000-employee 

entity in 11 states and 19 countries with $2 billion in revenue (Hardy 1996).  This was all by 

1962.   

The mid-century and later years were hard on the company. At least five other 

competitors had emerged by 1966, the largest being Proctor and Gamble, formerly a soap 

company that had purchased Charmin Paper Mills. Proctor and Gamble began marketing to the 

higher end consumers, while Scott Paper Company lowered product prices and introduced new 

styles and colors of toilet tissue, as well as the “paper dress,” a short-lived fashion fad of the 

mid-1960s (Scott Paper Company History). Still, the Chester paper plant was the company’s 

primary manufacturing station for years, producing both successful products like toilet tissue and 

paper towels, and other paper inventions that did not sustain survival (Hardy 1996). When the 

plant finally merged with its original chief competitor, Kimberly Clark, in 1995, the Scott name 

was removed, the nearby water tower, which bore the Scott Paper logo, painted over, and only 

legacies like street names and the Scott Arboretum in nearby Swarthmore remained. The paper 



 
 

plant is one of the few Chester landmark businesses that’s doors remain open; the mill continues 

to produce 550 tons of paper each day under the Kimberly Clark name (Images of America: 

Chester, 2004).    

Along with the rich history of Baldt Anchor and Chain and Scott Paper, ship building 

industries boomed along the Delaware River.  Chester became the hub for Chester Shipbuilding 

Co. LTD., Sun Shipbuilding Co., and Pennsylvania Shipbuilding Co. that collectively operated 

for more than a century.  The shipbuilding industry, although a boom industry for Chester, used 

and processed a great deal of metals, paints, solvents, and other environmental contaminants that 

contributed to the degradation of the environment.   

The Sun Shipbuilding Company came to Chester’s industrial region several years after 

the arrival of Scott Paper. In the spring of 1916, the company was developed as a response to 

World War I.  Due to the war, a scarcity of ships developed and the shipping needs shifted as 

many vessels were lost in combat. Chester, again, was a prime location for such an industry. Five 

building ways were constructed, capable of manufacturing and holding 500-foot vessels. Other 

facilities included boiler rooms, copper shops, wet basins, and machine shops that housed a 

variety of equipment, consisting of cranes, locomotives, and other modern shipbuilding 

machinery (Kavanagh 2001).   The absence of mandatory environmental regulations meant that 

the industry could operate seamlessly and unhampered.  As a consequence, the local 

environment suffered and the Delaware River was negatively impacted.  

 Much of the engine-building equipment was acquired through the procurement of the 

Robert Wetherill Engine Works in Chester, as the war made obtaining tools and equipment 

improbable (Kavanagh 2001). The purchase of that company allowed Sun Shipbuilding to get a 

head start on their manufacturing. By 1917, the first contract was set for a single-screw tanker 

that was completed by the fall of that year and was called the Chester Sun. The owner of this first 

vessel was the Sun Oil Company. Sun Shipbuilding Company continued from that point on to 

develop tankers and small cargo ships for both the war effort and private industry (Kavanagh 

2001). In addition, numerous businesses built around smelting and casting, steel, gas and electric, 

rubber, scrap metal, and petroleum products that supported the shipbuilding industry were also 

operating on the Chester waterfront.   

Decades later during World War II, the Sun Shipbuilding Co. again provided for the 

shipping needs of privatized companies while also manufacturing Victory ships to aid in the war 



 
 

effort. Sun Shipbuilding was one of the most highly regarded shipyards of its type in both the 

nation and the world at that time. Output was so high that one ship a month was constructed 

during wartime (Images of America: Chester 2004).  It is said that the number of industrial jobs 

in Chester tripled between 1910 and 1920 due to the expansion of manufactories along the 

waterfront. This was largely due to Sun Shipbuilding and Sun Oil, along with Scott Paper. Sun 

Shipbuilding quickly became one of the largest, most notable, and well-respected local 

businesses along the Delaware River, employing thousands and boosting Chester’s economy 

(Blumgart 2015).  

Today, Chester, Pennsylvania is vastly different than the bustling, hopeful hub of the 

early 20th century. The city’s population is half of what it was in 1950, and the once successful 

school system struggles. The industrial area along the Delaware River is now left with the 

lifeless husks of abandoned lots. Harrah’s Casino, which opened in 2006 with hope of reviving 

the listless city, sits where Sun Shipbuilding once proudly stood. Talen Energy Stadium and its 

expansive parking lots are another hopeful endeavor at bringing people and income into Chester 

once again (Blumgart 2015). Sadly, Chester has also become an area where both local residents 

and visitors come to illegally dump unwanted bulk trash. A recent survey of Delaware County 

illegal trash dumping sites found that 14 of the 26 were in Chester, specifically along the 

riverfront off of the Route 291 corridor. The desolate riverfront is a secluded place to dump 

unwanted items, including old furniture, rubber tires, and other waste that brings in rodents and 

disease (Sullivan 2012). Chester is also home to Covanta, the seventh largest trash-burning 

incinerator in the country that burns waste from not only Pennsylvania, but New York City, and 

other surrounding states, releasing toxins into the air. The company has had air emissions 

violations and odor complaints over the years, but little has been done to combat the problem 

(Ewall 1999). In 2010, Covanta was the 4th largest nitrogen oxide polluter in the state of 

Pennsylvania, (the 1st in the five-county Philadelphia area) and the facility came in 6th in the 

state for sulfur dioxide emissions (Covanta’s Chester, PA Trash). Thermal Pure was also located 

in Chester. Now abandoned, the former medical waste plant was reported multiple times, once 

for illegally leaving trucks of medical waste sitting in the sun for days, and for not properly 

containing used medical needles and other supplies (Ewall 1999).  DELCORA, the Delaware 

Country Regional Water Quality Control Authority, currently houses a wastewater treatment 

plant on 5th Street. DELCORA has had multiple environment violations spanning the decades. 



 
 

These include wastewater leaking from sewers into the Delaware River and local tributaries, and 

the burning of chemical sludge that discharges toxins into the air, including arsenic, as 

discovered by the EPA. DELCORA is not simply a wastewater treatment plant for Delaware 

County residents, it also has handled the burning of waste from other neighboring industries 

including Scott Paper, now Kimberly-Clark, Witco Chemical, Sunoco, and Tosco refineries 

(Ewall 1999). The question that remains after over a century’s worth of engineering, 

manufacturing, building and demolition is whether Chester can recuperate from the 

environmental woes of the past? 

The problems that currently exist are undoubtedly a result of Chester’s history.  With the 

creation of the United States Environmental Protection Agency in 1970, new rules and 

regulations governing environmental pollution meant that businesses and industries had to 

become more environmentally responsible for their practices.  Unfortunately, most of the 

productive manufacturing business collapsed leaving an eclectic mixture of pollutants and 

contaminants behind.  On top of this, as seen above, many of the newer business that have come 

to the Chester waterfront area have been those which process and produce domestic and 

industrial waste, and have not been made accountable for egregious environmental practices 

throughout the years.  

 

1.2 Brownfields 

The City of Chester has a rich industrial past. With so many past industries now closed 

and abandoned, the potential for brownfield sites is a real concern as the City moves toward the 

future and works to attract redevelopment. In addition to redevelopment potential, the location of 

potential brownfield sites can create environmental hazards due to potential contaminants. Of 

particular concern are the increasing flooding issues that the City has been experiencing. In 

addition to flooding, overland runoff from storm events that enters the Cities stormsewer system 

could potentially transport pollutants present on these sites to local waterways.  

 

1.3 Watershed Hydrology 

When analyzing hydrologic relationships, the hydrologist usually will use the watershed 

as the fundamental area of study.  The watershed is the total land area that is contributing surface 

water to an outlet of interest during a rainfall event.  An outlet that is the point of interest will 



 
 

have one watershed area whereas an area of interest, such as a municipality, may have several 

watersheds that need to be analyzed.  Analyzing the rainfall-runoff relationships for an area of 

interest requires an understanding of this areas spatial relationship within its watershed or 

multiple watersheds.  Watersheds are often characterized by one main channel that is carrying 

surface water with multiple, lower-order tributaries providing surface water at confluence points.  

Each of these confluence points can be considered outlet points with their own watershed which 

are subareas for the larger watershed defined by the main channels outlet point.  A conceptual 

model for analyzing hydrologic relationships for an area of interest should include the following 

considerations; watershed area (A), channel length (L), length to watershed area centroid (Lc), 

channel slope (S), watershed slope (So), soil type (variable), land use and land cover (variable), 

and the main channel and tributary characteristics (variable) (Bedient, et. al. 2008).  If ground 

water is to be considered then the bedrock geology (variable) should also be interpreted.   

The hydrologic component of this study is interested in developing a conceptual rainfall-

runoff model that can be used to estimate surface water flows and potential flood impacts to the 

city of Chester, PA.  Where these areas of potential flooding intersect the potential brownfield 

sites a risk of potential contamination to the aquatic ecology and the residents of Chester could 

exist.  Chester is located along the Delaware River south of Philadelphia.  The municipal 

boundary intersects three separate watersheds, Delaware River direct runoff, Chester Creek, and 

Ridley Creek.  A small part of southwestern Chester is in the Stoney Creek watershed and was 

not considered for this study.  Chester Creek and Ridley Creeks outlet points are at the 

confluence with the Delaware River so these points define the contributing watersheds, which is 

the entire watershed area for these two streams.  Therefore, the spatial relationship of Chester to 

the watersheds results in the entire runoff from both Chester and Ridley Creeks has the potential 

to impact the city, as well as, any rise in water elevation from the Delaware River.  This spatial 

relationship makes the city highly susceptible to impacts from flooding, especially in extreme 

hydrologic events such as high-intensity rainfall or hurricanes. 

During these events, storm water must be controlled.  The importance of storm water 

control is to mitigate any adverse impacts of runoff to human establishments such as residences, 

industries, or agriculture.  The uncontrolled volumes of water can inundate both small and 

regional land areas depending on the storm event that provided the runoff water.  Lower intensity 

and duration storms may saturate localized soils adjacent to surface water bodies while larger 



 
 

intensity and duration storms could provide volumes of excessive water that pond around or in 

these establishments, causing excessive erosion or sedimentation.  In extreme storm events such 

as hurricanes, the excessive runoff may be conveyed to these establishments at rates and depths 

that result in physical damage.  The concern of this study is that these flood waters will become 

contaminated by the potential brownfield sites in the city and adversely impact water quality as 

the flood waters recede. 

The first step in developing a storm water management plan to protect these potential 

brownfield sites is to create a conceptual model of the hydrologic relationships of the study area.  

The development of a storm water management plan to control excessive rates and volumes of 

storm water runoff can be designed at both local and regional scales.  Usually the regional scale 

is the watershed scale, since it is this land area that drains surface water to the water courses that 

carry the runoff volumes.  Localized scales can be divided into smaller subwatersheds or 

municipalities interested in protecting their public works.  When smaller storm water 

management plans are designed and implemented this may result in detrimental effects for 

communities downstream.  This is certainly the case for the city of Chester.  Given this 

condition, "a more effective solution to storm water management is the watershed-wide 

approach" (Shamzi, 1996). 

2.0 Methodology 

2.1   Brownfield Determination 

 

Due to the potential redevelopment issues, potential water pollution concerns as well as 

human health issues, it is imperative for the City to get a better understanding of the number and 

location of potential brownfield sites that exist. The City of Chester has taken some preliminary 

steps to understand potential brownfield sites within City limits. In 2014, the City’s Planning 

Department compiled a preliminary list of potential brownfield sites. This list was completed 

through historical knowledge of employees who had decades of experience working in the 

planning department and detailed knowledge of the historical land uses within City boundaries. 

Site locations were based off of locations where industries were known to have existed but were 

now abandoned and idle. This inventory provided only parcel locations with no accompanying 

information regarding the industry that had been there or manufacturing processes that were 



 
 

used. A window survey of these sites offered little information regarding historical uses of the 

properties. Despite the limited information, this inventory proved to be an important starting 

point for a more in depth analysis of the City for potential brownfield sites. 

Historical information regarding industrial uses for each property was not readily 

available. For the scope of this project, detailed title and property searches were not possible. 

Very little historic information was available regarding manufacturing processes or potential 

pollutants that might have been present on parcels within the City and the every changing 

landscape that currently exists within the City made it challenging to discern much from site 

visits to selected parcels. In order to ascertain information on historical uses of the land within 

the City analysis was done through the use of Sanborn Fire Insurance Maps. 

 
Sanborn Fire Insurance maps are lithographed maps that were created to understand the 

fire insurance risks in urban areas of the United States. Sanborn maps were first created in 1866 

and are published in volumes with updates pasted on top of existing maps between volume 

publications. (Sanborn Map Company, 2016) Maps are produced at a 50 foot to 1 inch scale and 

are drawn at the street level. Structures are color coded based on building materials used and 

information is often provided as to the use of the structure with company name for each site 

 

Figure 2: Section of Plate 21 from the 1917 City of Chester Sanborn Maps 
 

 



 
 

given. For instance, a building might be listed as brick storage house, or machine shop. Maps 

also included details such as storage tanks as well as limited information on what activities might 

occur within each building. Enough details were provided on the maps to get an understanding of 

what areas were industrial and what type of manufacturing was occurring within that site. 

(Figure 2) This information allowed for determination based on industries and manufacturing as 

well as the year of the maps production of the potential for pollution that might be present on 

each site (Library of Congress, 2016).  

Several volumes of maps exist for Pennsylvania including the years 1885, 1891, 1898, 

1917, 1963, and 1990. Other volumes might exist, but these were the ones available for use 

during the project period. Analysis of industrial sites for developing the inventory utilized 

volumes published in 1917, 1963, 1990. Earlier volumes prior to 1917 show little modern 

industry with significant changes to land use and topography as to not offer significant 

information on brownfield potential in the year 2016.  

Each volume was accessed through a different source as maps are housed in various 

institutions throughout the country. The 1917 volume was digitized and accessed through the 

Pennsylvania State University online library. (Pennsylvania State University, 2015) (Sanborn 

Map Company, 1917) The 1963 volume was viewed as hard copies at the Delaware County 

Planning Department Historical planning offices. (Sanborn Map Company, 1963) The 1990 

volume was accessed at the Free Library of Philadelphia main branch and viewed on microfiche. 

(Sanborn Map Company, 1990)  These 3 volumes offered an historical overview of over 70 years 

of changing industrial use within the City of Chester. This information highlighted how a 

singular industrial site may contain multiple uses over a long period of time and therefore have 

the potential for increased pollutants.  

Each map sheet of the three volumes was reviewed with attention paid to locations that 

consisted of factories, industrial buildings, gas stations, mills, and chemical storage. Each site 

that contained buildings that fit within these categories was recorded by site location. For the 

Sanborn Maps site location was determined to be the nearest street with cross streets and 

intersections as the maps were not drawn with tax parcel folios. Types of structures present and 

names of industries listed were noted. Separate lists were created for each volume showing a 

progression of industrial changes on each site. (Table 1) Lists included the type of industry that 

was believed to have existed at each site based on details from the Sanborn Maps. It is from this 



 
 

list of industries that we determined the potential pollutants that might have been released during 

active use of the site and what could remain on the site today. 

Table 1: Industries in Chester as determined by year from Sanborn Maps 

1917 1963 1990 

ID Type of Industry ID Type of Industry ID Type of Industry 

1 Seabaord Oil Works 1 Sewage Disposal-Tidewater 
Terminal 

1 Sewage Disposal-Tidewater 
Terminal 

2 South Chester Tube Co. 2 South Chester Tube Co. 2 Industrial Center 
3 Philadelphia Gas & Electric Co. 3 Philadelphia Gas & Electric Co. 3 PECO 
4 Del. River Steel Co. 4 XX 4 PECO 
5 Beacon Light Co.  5 Phoenix Steel Co. 5 PECO 
6 Beacon Light Co.  6 Philadelphia Electric Co. 6 Petron Trading Co. 
7 American Locomotive Co.  7 Penna Industrial Chemical Corp. 7 Chem Clear Liquid Waste Plant 
8 Geo. H. Bonner Co.  8 Chester Machine Works Inc. 8 Trash & Steam Plant 
9 Consolidated Belting Co.  9 Perlite Corp. Steel Fabricating 9 XX 

10 American Locomotive Co.  10 Penna Industrial Chemical Corp. 10 XX 
11 Keystone Plaster Co. 11 National Gypsum Co. 11 XX 
12 Federal Steel Foundry Co.  12 XX 12 XX 
13 Harris Chemical Co.  13 XX 13 XX 
14 Bloomingdale Rubber Co.  14 Midwest Rubber Reclaming Co. 14 Empty Warehouse-Wade Dump 
15 Keystone Drop Forge Works 15 Philadelphia Gas and Electric Co. 15 PECO 
16 Philly. Suburban Gas & Elec. 

Co.  
16 Philly. Suburban Gas & Elec. Co.  16 PECO 

17 Geo. C. Hetzel Co.-Worsted  17 Scott Paper Co. 17 DEE Paper Co. 
18 American Dye Wood Co. 18 American Dye Wood Co. 18 W.An Silica Co. Div. of Phil. 

Quartz 
19 Philadelphia Quartz Co.  19 Philadelphia Quartz Co.  19 W.An Silica Co. Div. of Phil. 

Quartz 
20 Chester Shipbuilding Co. LTD 20 Ford Motor Compnay 20 Riverbridge Industrial Center 
21 Chester Shipbuilding Co. LTD 21 XX 21 Riverbridge Industrial Center 
22 New Chester Water Co.  22 Municipal Authority 22 Chester Water Authority 
23 The Irving Leiper M'F'G Co. 23 Penn Seaboard Steel Corp 23 XX 
24 Penn Seaboard Steel Corp. 24 XX 24 Scott Paper Truck Parking 
25 Penn Seaboard Steel Corp. 25 Penn Steel Castings 25 Scott Paper-Coal Pile 
26 Riverside Machine Co. 26 XX 26 Scott Paper Truck Parking 
27 Consumers Ice & Coal Co.  27 Scott Paper Co. 27 Scott Paper Truck Parking 
28 Chester Shipping Co. 28 Scott Paper Co. 28 Scott Paper Truck Parking 
29 Chester Paper Co. 29 Scott Paper Co. 29 Scott Paper Truck Parking 
30 Chester Lace Mills Inc. 30 XX 30 DEE Paper Co.  
31 Melrose Spinning Co. 31 Sealy Mattress Co. 31 Fisher Tank Co.  
32 Thurlow Steel Works Inc. 32 General Steel Co. 32 Fisher Tank Co. 
33 American Steel Foundries 33 Sheet Metal Shop 33 XX 
34 Chester Brewing Co. 34 Chester Brewing Co. 34 Truck Sales 
35 XX 35 Scrap Metal Yard 35 XX 
36 XX 36 Auto Shop 36 XX 
39 XX 39 XX 39 Jen Industrial Campus 
40 Keppel & Co. Keystone  40 A.J. Schmidt and Co. 40 A.J. Schmidt and Co. 
41 Beacon Light Co.  41 Scott Paper Co. 41 Medford's Meat Packing 
42 Harrison-Walker Refactories 42 Scott Paper Co. 42 Scott Paper Truck Parking 
43 XX 43 XX 43 Scott Paper Co.  
44 Armour & Co. 44 Cemetery 44 Cemetery 
45 Philly Suburban Gas & Elec. 45 Scott Paper Co. 45 Scott Paper Truck Parking 
46 Robt. Wetherill & Co. Inc.  46 Sun Shipbuilding Co. 46 PA Shipbuilding Co. 
47 Aberfoyle M'F'G Co.  47 Reynolds Spring Co. 47 PA Shipbuilding Co. 
48 Thompson Wortsed Co. 48 XX 48 PA Shipbuilding Co.  



 
 

Table 1: Industries in Chester as determined by year from Sanborn Maps 

1917 1963 1990 

49 XX 49 XX 49 Machine Welding Shop 
52 S.A. Crozer & Son Cotton  52 XX 52 XX 
53 McCausland ENGR Co. 53 XX 53 XX 
54 Union Paving Co.  54 XX 54 Parking 
56 The Crown Smelting Co. 56 Filling Station 56 Filling Station 
57 Balot Anchor Co. 57 Balot Anchor Co. 57 Baldt INC. Scrap 
58 Atlantic Steel Castings Co. 58 Atlantic Steel Castings Co. 58 Foundry 
60 Chester Steel Castings Co. 60 Philadelphia Electric Co. 60 XX 
62 Henry V. Baxter Fertilizer 

Works 
62 XX 62 XX 

63 National Art Stone Co. 63 Milk Co. 63 XX 
64 XX 64 XX 64 Auto Sales 
65 Aberfoyle M'F'G Co. 65 Scott Paper Co. 65 East End Manufacturing Co.  
66 Ewing-Thomas Converting Co. 66 Ewing-Thomas Converting Co. 66 Mostly Vacant 
67 W.G. Price & Sons 67 Chester Morton Electronics 67 Scott Paper Co.  
68 Chester Cotton Spinning Mills 68 Ewing-Thomas Converting Co. 68 Abandoned Buildings 
70 Jas. Irving & Son Ltd. 70 Jas. Irving & Son Ltd. 70 Caldwell Industrial Center 
71 The J.E. Fricke Co.  71 Filling Station 71 XX 
72 Chester Enameling Co. 72 XX 72 XX 
73 James Irving and Son 73 XX 73 XX 
74 Huston M'F'G Co.  74 XX 74 PA Shipbuilding Co. 

 

Each identified site was represented as a point in ArcMap 10.3 based on street locations 

determined from the Sanborn Maps using the City’s street layer to determine location within the 

City’s current configuration. Each point was given an ID number to represent the site within our 

inventory. A separate point layer was created for each year. Layering the point files on top of one 

another allowed for visualization of the City’s changing landscape through the decades (Figure 

3).The majority of sites appeared on all three sets of maps, however, there were instances where 

industries were found on one volume and not the others. For example, in some instances, a site 

may have been found on the 1963 maps but was not present on the 1990 maps. Additionally, 

some sites appeared on only the 1990 map volume but not previous versions of the Sanborn 

Maps. This is a result of the large time span that exists between each volume. 

The tax parcel layer for the City of Chester was layered behind each point file. The 

potential sites identified by the City of Chester were isolated on the parcel layer and the point file 

with each potential site identified through the Sanborn Maps was layered on top. The points 

corresponding to the sites identified by the City were noted. With the historical information 

gathered from the Sanborn Maps, industrial uses for the sites identified by the City were detailed. 

Additionally, current tax record information based on these parcels was identified through public 

land records. This provided additional details about the current owner but not much else 
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Figure 3

Industrial sites as identified from Sanborn insurance from the years 1917, 1963, and 1990.  
The sites shown include every industry and do not consider their present use.



 
 

regarding past or present activities on the parcel. There were several points or industries that 

were identified through the Sanborn Map inventory that were not present on those sites identified 

by the City. The nearest parcel layer for each point was identified and marked as a potential 

brownfield (Figure 4). There was a certain subjective nature to this process as each industry 

identified on the Sanborn maps may have been a part of multiple parcels. Best estimates were 

made regarding industry size and potentially related parcel. This provided a large list of parcel 

within the City as the point files often related to multiple parcels.  

As the most current Sanborn map information was from 1990 and a brownfield is defined 

as an idle site, street view site visits were done to determine which locations were active and 

which sites were currently inactive. These site visits performed in September of 2015 narrowed 

the list of sites further. Figures 5, 6, and 7 show plates from the 1917 Sanborn maps that detail 

industrial sites with corresponding present data photograph of the current conditions found on 

the site. There are certain assumptions made performing street views without an actual on the 

ground walk through of each site. Some sites consisted of buildings, which might seem 

abandoned, but upon further examination parts of a larger facility might still be in use. Final 

visits were made in January of 2016 to attempt to correct for these uncertainties. With this visit, a 

few on the ground site inspections were performed to try to determine if the property was still 

currently used. Additionally, where possible, employees at nearby industries were interviewed to 

determine what type of activity if any were occurring at certain sites. These were limited and 

brief and uncertainties still remain. However, for the budget and scope of this project, further 

investigations were not possible. Despite this, all sites identified are part of Chester’s industrial 

past and do possess a potential for possible pollution. Following site visits, a final list of potential 

brownfield sites was created. Figures 8, 9, 10, and 11 show satellite images of current land use 

for the identified potential brownfield sites. 



0 0.2 0.4 0.6 0.80.1
Miles

Description:Widener University GIS Laboratory

µ

Chad Freed, Ph.D.
Jamie Anderson, M.A.
Stephen Madigosky, Ed..D.

Legend
Inactive Sites
1990 Sanborn Sites
1963 Sanborn Sites
1917 Sanborn Sites
Roads
Chester

Potential Brownfield Sites from Sanborn Insurance Maps
Figure 4

Industrial sites as identified from Sanborn insurance from the years 1917, 1963, and 1990.  
The sites shown include every industry and do not consider their present use.
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Figure 8

Currently inactive former industrial sites in Chester.  
The red parcels are the current parcel boundaries.  
The final determination was made after field verification of the inactive status of each parcel.
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Figure 9

Currently inactive former industrial sites in Chester.  
The red parcels are the current parcel boundaries.  The final determination was made after
 field verification of the inactive status of each parcel.
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Figure 10

Currently inactive former industrial sites in Chester.  
The red parcels are the current parcel boundaries.  The final determination was made after
 field verification of the inactive status of each parcel.
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Figure 11

Currently inactive former industrial site in Northwestern Chester.  
The red parcels are the current parcel boundaries.  The final determination was made after
 field verification of the inactive status of each parcel.



 
 

Figure 5: Sanborn Map from 1917 Plate 51 showing Aberfoyle Manufacturing followed by picture from 
2015 showing the site idle. 
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Figure 6: Sanborn Map from 1917 Plate 50 showing National Art and Stone followed by current picture 
from 2015 showing site idle. 
 

 



 
 

 
Once a fairly detail schematic of the parcels was developed, all industries and businesses 

that were tallied from 1917, 1963, and 1990 were reviewed to develop Table 2 that not only lists 

the businesses and industries at a particular location, but also links and associates the various 

types of pollutants that potentially could be expected on these sites.  This was accomplished by 

exploring the types of industries within the city to develop a general list of pollutants from 

historic records of these places and others of a similar nature.  Since no actual sampling took 

place, this list is somewhat speculative.  However, through careful review of literature on 

brownfield sites and industrial sites from around this area and from other locations around the 

country to determine the types of pollutants these sites typically harbor.  In some instances, 

specific pollutants were identified at specific locations while in other instances they were placed 

into general categories based upon physical and chemical properties.  And although this study 

evaluates brownfield sites, it is worthwhile pointing out that there are many operational industrial 

sites currently in existence in Chester that contribute a great deal of contaminants to the air and 

water on a daily basis.  This increases the complexity of determining the risks of contamination 

from air and water pollution within the city of Chester. 

  

Figure 7: Sanborn Map from 1917 Plate 45 showing the Baldt Anchor Company followed by a current 
picture from 2015 showing the site idle. 
 

 



Table 2:  Characterization of Potential Brownfield Sites, Chester, PA  
 

Site 
No. 

Address Former Land Use/Facility Current Land 
Use/Description 

Possible Pollutants/Perceived 
Contamination 

6 2301 Front St  W Beacon Light Co. Waterside Station (1917) 
Philadelphia Electric Co. (1963) 
Petron Trading Co. (1990) 

Industrial/Misc Industrial 
Bldgs 
  

hydrocarbons (BTEX), Polycyclic 
Aromatic Hydrocarbons (PAHs), 
Semi-volatile Organic 
Compounds (SVOCs), 
Polychlorinated Biphenyls 
(PCBs), heavy metals, cyanides,  
sulfuric acid, hydrochloric acid, 
asbestos, underground storage 
tanks 

8 2105 2107 Front St  
W 

Geo. H. Bonner Co. Camphor Refiners (1917) 
Chester Machine Works (1963) 
Trash and Steam Plant (1990) 

Residential/2 Homes heavy metals, hydrocarbons 
(BTEX),  PAHs, SVOCs, 
underground storage tanks 

10 Delaware Ave American Locomotive Co. (1917) 
Pennsylvania Industrial Chemical Corp. 
(1963) 
 

Ground hydrocarbons  (BTEX),  PAHs, 
PCBs, SVOCs, VOCs, heavy 
metals, underground storage tanks 

11 Yarnall St Keystone Plaster Co. (1917) 
National Gypsum Co. (1963) 

Ground asbestos, PCBs 

12 12 Reaney St Federal Steel Foundry Co. (1917) Commercial/Misc Buildings cyanide, heavy metals, 
hydrocarbons (BTEX), PAHs, 
PCBs, plastics, SVOCs, VOC, 
dioxins, sulphates, asbestos, 
underground storage tanks 

13 Delaware Ave Harris Chemical Co. (1917) Residential/1 Story Bldg hydrocarbons  (BTEX), PAHs, 
PCBs, SVOCs, VOCs, heavy 
metals, underground storage tanks 

33 4th St  W American Steel Foundries (1917) 
Sheet Metal Shop (1963) 

Ground cyanide, heavy metals, 
hydrocarbons (BTEX), PAHs, 
PCBs, plastics, SVOCs, VOCs, 
dioxins, sulphates, hydrochloric 



 
 

Table 2:  Characterization of Potential Brownfield Sites, Chester, PA  
 

Site 
No. 

Address Former Land Use/Facility Current Land 
Use/Description 

Possible Pollutants/Perceived 
Contamination 

acid, sulfuric acid,  asbestos, 
underground storage tanks 

34 2nd St W Chester Brewing Co. (1917) 
Chester Brewing Co. (1963) 
Truck Sales (1990) 

Ground undetermined 

35 119 Jeffrey St Scrap Metal Yard (1963) Tax Exempt/Ground heavy metals, hydrocarbons 
(BTEX), SVOCs, PCBs 

36 Front St  W Auto Shop (1963) Residential/1 Story Bldg heavy metals, hydrocarbons 
(BTEX),  SVOCs 

37 1917 1923 2nd St Lumber Yard (1963) 
Scrap Metal Yard (1990) 

Ground heavy metals, hydrocarbons 
(BTEX) SVOCs, chlorinated 
compounds 

38 115 117 Reaney St Filling Station (1963) Residential/2, 2 Story Houses heavy metals, hydrocarbons 
(BTEX), PAHs, asbestos, 
underground storage tanks 

39 700 706 2nd St  W Jen Industrial Campus (1990) Residential/2 Story Str Ft 
TPRM 

Undetermined 

41 Front St  E Beacon Light Co. Power House (1917) 
Scott Paper Co. (1963) 
Medford Meat Co. (1990) 

Industrial/Bldg. hydrocarbons (BTEX), PAHs, 
SVOCs, PCBs, heavy metals,  
sulfuric acid, hydrochloric acid, 
asbestos, dioxins, furans, 
underground storage tanks  

49 Upland St Machine Welding Shop (1990) Industrial/Bldg. heavy metals, VOCs, dioxins, 
asbestos, lead paint 

52 512 516 Edgmont 
Ave 

S.A. Crozer and Son Cotton Mill (1917) Ground heavy metals, PCBs,  VOCs, 
asbestos 

53 Penn St McCausland Engineering Co. (1917) Commercial/1 Story Bldg. asbestos, lead paint 



 
 

Table 2:  Characterization of Potential Brownfield Sites, Chester, PA  
 

Site 
No. 

Address Former Land Use/Facility Current Land 
Use/Description 

Possible Pollutants/Perceived 
Contamination 

55 546 Concord Ave Filling Station (1963) 
Filling Station (1990) 

Commercial/Industrial Plant heavy metals, hydrocarbons 
(BTEX), PAHs, asbestos, 
underground storage tanks 

57 801 6th St  W Baldt Anchor Co. (1917) 
Baldt Anchor Co. (1963) 
Baldt Inc. Scrap (1990) 

Commercial/Misc. Bldgs. cyanide, heavy metals,  
hydrocarbons (BTEX), PAHs, 
plastics, SVOCs, VOCs, asbestos 

58 6th St  W Atlantic Steel Castings Co. (1917) 
Atlantic Steel Castings Co. (1963) 
Foundry (1990) 

Industrial/SE Corner 6th and 
Lloyd 

cyanide, heavy metals, 
hydrocarbons (BTEX), PAHs, 
PCBs, plastics, SVOCs, VOC, 
dioxins, sulphates, plastics, 
asbestos, underground storage 
tanks 

59 3rd St  W Jenson Dairy Co. (1990) Commercial/Ground and 
Bldgs. 

asbestos, lead paint 

62 Concord Ave Henry V. Baxter Fertilizer Works (1917) Tax Exempt/Ground cyanide, heavy metals,  VOCs,  
chlorinated compounds, dioxins,   
PAHs 

63 12th St  E National Art Stone Co. (1917) 
Milk Co. (1963) 

Residential/Ground asbestos, lead paint 

64 1118 Edgmont Ave Auto Sales (1990) Commercial/1 Story 
Supermkt. Parking Lot 

asbestos, lead paint 

65 10th St  E Aberfoyle Fabrics (1917) 
Scott Paper Trucking Lot (1963) 
East End Manufacturing Co. (1990) 

Ground sulphates, heavy metals, PAHs, 
dyes (vat dyes –viscose, disperse 
dyes - polyester), nitrates, acetic 
acid, formaldehyde, SVOCs, 
VOCs, PCBs, asbestos, 
underground storage tanks 

66 Walnut St Ewing-Thomas Converting Co. (1917) 
Ewing-Thomas Converting Co. (1963) 

Commercial/2 Story Bldg. chlorine compounds, (chloro-
alkali process), asbestos, lead 
paint 



 
 

Table 2:  Characterization of Potential Brownfield Sites, Chester, PA  
 

Site 
No. 

Address Former Land Use/Facility Current Land 
Use/Description 

Possible Pollutants/Perceived 
Contamination 

68 1020 Morton Ave Chester Cotton Spinning Mills (1917) 
Ewing-Thomas Converting Co. (1963) 

Industrial/Ground asbestos, heavy metals, PCBs, 
VOCs, underground storage tanks 

71 12th St  E J.E. Fricke Co (1917) 
Filling Station (1963) 

Commercial/2 Sty 1 Sty Iron 
Shed 

heavy metals, hydrocarbons 
(BTEX), PAHs, asbestos, 
underground storage tanks, lead 
paint 

72 Arbor Dr Chester Enameling Co. (1917) Tax Exempt/Ground heavy metals, dyes 

73 Providence Ave James Irving and Son Woolen Mill (1917) Residential/2 Sty House asbestos, heavy metals, PCBs, 
VOCs 

74 8th St  W Huston M’FG Co. (1917) 
Pa Shipbuilding Co. (1990) 

Industrial/Parking Lot cyanide, heavy metals, 
hydrocarbons (BTEX), PAHs, 
PCBs, plastics, SVOCs, VOCs, 
dioxins, sulphates, plastics, 
asbestos, underground storage 
tanks 

 

 

  



2.2 Potential Contaminants 

Once we developed a fairly detail schematic of the parcels we had defined as brownfield 

sites, we again looked carefully at all industries and businesses that were tallied from 1917, 

1963, and 1990 to develop Table 2 that not only lists the businesses and industries at a particular 

location, but also links and associates the various types of pollutants that potentially could be 

expected on these sites.  To accomplish this, we explored the scope and types of industries within 

the city and developed a general list of pollutants from historic records of these places and others 

of a similar nature.  Since no actual sampling took place, this list is somewhat speculative.  

However, we carefully reviewed the literature on brownfield and industrial sites in this area and 

from other locations around the country to determine the types of pollutants these sites typically 

harbor.  In some instances, specific pollutants were identified in association with particular types 

of industries and businesses.  For the most part, many former studies defined 

pollutant/contaminant loads broadly and grouped these into general categories such as PAH’s, 

SVOC’s, and volatile organic compounds.  Consequently, we selected our categories broadly 

which meant that these are the representative contaminants that possess the greatest chance of 

being on the brownfield sites we identified in Chester.   To determine the contaminant risk factor 

of pollutants we based our assessment, in part, on work completed by Kaufman, Rodgers, and 

Murray (2011) who evaluate surface water, ground water, soil, and air in the Rouge River 

Watershed in southeastern Michigan.   They evaluated a riparian system that closely resembles 

our site.  Additionally, we looked at some current industrial facilities and land use patterns that 

continue to influence Chester’s air and water quality.  In some instances, these facilities 

contribute a substantial pollutant load to the air and water in Chester on a daily basis.  These are 

not brownfield sites but they due contribute to the complexity of determining the risks of 

contamination from air and water pollution within the city of Chester.  Although this work is 

largely model based, it represents an initial step in understanding how pollutants movements 

through particular environmental matrixes when flooded.  This was the basis for selecting the 

contaminants we examined and reviewed in this report.  They do not represent an exhaustive list 

of pollutants that may be present in Brownfield sites in Chester.   

 

 

 



 
 

2.3 Watershed Modeling 

Watershed modeling for rainfall-runoff relationships starts with the development of a 

conceptual model.  The conceptual model must start, however, with the consideration of 

potential analytical models that may be applied for future studies.  A summary of some model 

types and examples are shown in Table 3: 

 
Table 3: Model Types 

Model Type Analytical or Computer Models 

Lumped Parameter Snyder or Clark Unit Hydrograph 
Distributed Kinematic Wave 
Event HEC-1, HEC-HMS, SWMM, SCS TR-20,  

SCS TR-55 
Continuous Stanford Model, SWMM, HSPF, STORM 
Physically Based HEC-1, HEC HMS, SWMM, HSPF 
Stochastic Synthetic streamflows 
Numerical Kinematic or Dynamic Wave Models 
Analytical Rational Method, Nash IUH 
Source: Modified from Bedient, et.al. 2008 

 
 

For the conceptual modeling stage at the watershed scale the event models where 

investigated for development.  Event models are designed to formulate rainfall-runoff 

relationships at the watershed or subwatershed scale from single rainfall events.  The Rational 

Method was initially chosen as the way to analyze the rainfall-runoff relationships.  Two other 

reasons for choosing this method is that it is often used “in small urban areas to design drainage 

systems, including pipe systems, culverts, and open channels” (Bedient, et al, 2008) and it is also 

the basis for the Department of the Interiors TR-20 and TR-55 models, as well as, the Army 

Corps of Engineers HEC-HMS model.  The Rational Method can also be developed natively in a 

Geographic Information System (GIS) which was also completed for this project. 

 

The steps in the development of a conceptual model for a watershed include: 

1.  Determine a model based on the objectives of the study that integrates with the    

watershed characteristics, availability of data, and the project budget. 



 
 

2. Collect all of the necessary input data such as rainfall (PPN), infiltration (I), 

physiography, land-use and land-cover distributions, main channel characteristics (L, Lc, 

and S), watershed areas (A) and slopes (So), stream discharges (Q), and ground water 

contributions. 

 

3. Run a preliminary model to verify that the results are realistic and meet the study 

objectives. 

Further steps need to be taken to complete the model and are not included in this project.  They 

include (Maidment, 1993): 

1. Choosing methods to determine sub basin hydrographs and the channel routing of flow. 

2. Calibrate the model using historical rainfall and streamflow discharge data. 

3. Complete model simulations on multiple rainfall events using the proper watershed 

conditions. 

4. Complete a sensitivity analysis to determine the models reaction to changing input 

parameters. 

5. Evaluate the effectiveness of the model to quantify the rainfall-runoff relationship. 

All of the data for the conceptual watershed model was acquired from publically 

available sources.  None of the data for the conceptual model was collected in the field.  Soil, 

land cover, digital elevation model (DEM), and watershed datasets for Pennsylvania were 

downloaded from the Geospatial Data Gateway (GDG) created by the U.S. Department of 

Agriculture (USDA). Other sources of data included the United States Geological Surveys 

National Map, the Pennsylvania Spatial Data Access website (PASDA), and the National 

Hydrography Dataset (NHD). 

The soil raster datasets were acquired within GDG from the Gridded Soil Survey 

Geographic (gSSURGO) database. The land cover raster dataset for 2011 was obtained from the 

National Land Cover Database (NLCD) located on the Multi-Resolution Land Characteristics 

Consortium (MRLC) website. The DEM data was also acquired from the U.S. Geological 

Survey’s (USGS) 3D Elevation Program in the format of a raster layer that has a resolution of 



 
 

1/3 arc-seconds, or about 10 m. The Delaware River Basin Commission, PASDA, and the NHD 

all had publically available watershed boundaries and stream centerline layers. 

The SCS Runoff Curve Number (CN) method from the Soil Conservation Service (SCS) 

of the USDA was used to approximate the amount of runoff from a synthetic rainfall event since 

it is an efficient method and widely used (Cheng et al. 2006; Al-Jabari et al. 2009; Singh et al. 

2011; Gholami 2013). The equation for the SCS CN method can be defined as follows (NRCS 

1986): 

𝑄 =
(𝑃−𝐼𝑎)

2

(𝑃−𝐼𝑎)+𝑆
       (1) 

  

Where: 

Q = runoff (in) 

P = rainfall (in) 

Ia = initial abstraction (in) and 

S = potential maximum retention after runoff begins (in) 

 

The initial abstraction is considered to be all losses that occur before runoff, such as 

water that is evaporated, infiltrated, retained in surface depressions, and intercepted by 

vegetation. The Ia can be highly variable, however, it is typically correlated with soil and land 

cover characteristics. The equation for calculating Ia is 

𝐼𝑎 = 0.2𝑆       (2) 

Solving for S and substituting it into equation 1 gives: 

𝑄 =
(𝑃−0.2𝑆)2

(𝑃+0.8𝑆)
       (3) 

S is typically related to soil and land cover conditions through a CN, which is a constant 

with a value anywhere from 0 to 100. The relationship between S and CN can be described by:  

𝑆 =
1000

𝐶𝑁
− 10       (4) 

The main factors involved in determining the CN are hydrologic soil groups and land 

cover type, as seen in Tables 4 and 5. The hydrologic soil groups are classified into four 



 
 

categories, either A, B, C, or D, depending on their infiltration rates. The watersheds that are 

considered for this conceptual model are the Chester Creek, the Ridley Creek, and the Delaware 

Direct Runoff (Figure 12).  Land Cover for 2011 was considered (Figure 13), however, it was 

decided to develop a current Land Cover Map for both the watershed areas (Figure 14) and the 

city of Chester (Figure 15).  Land cover information for the Ridley and Chester Creek 

watersheds was generated based on data obtained using the Delaware Valley Regional Planning 

Commission Land Use Data from 2010 and the more cohesive landcover maps in Figures 14 and 

15 was created with designations based on Anderson et al., 1976 (Table 6) 

The initial conceptual model was developed in a geographic information system using all 

of the previously defined publically available information.  Since the rainfall-runoff relationships 

are dependent on the soil type and land cover, these two features were spatially analyzed in the 

GIS.  The hydrologic soil group ratings were isolated from the gSSURGO dataset. Both land 

cover and soil layers were used to assign the CN values. The initial precipitation value used for 

equation 3 was based off of a 2-year, 24-hour synthetic rainfall.  This is a Type III storm that 

equates to 3.25 inches in 24 hours and can be found in the “Synthetic Rainfall Distribution” 

section, or Appendix B, in the TR-55 manual (NRCS 1986). Calculations were completed within 

the database file for the GIS to get values for equations 3 and 4.  

Table 4: CN Classifications for 2001 and 2011 Land Cover Layer 

Value Class Names TR-55 CN Description CN for Hydrologic Soil Group 
A                     B                   C                  
D 

11 Open Water Water 100 100 100 100 

21 Developed, 
Open Space 

Open Space - Good condition 39 61 74 80 

22 Developed, 
Low Intensity 

Residential districts by average 
lot size: 1/3 acre (30% 
impervious area) 

57 72 81 86 

23 Developed, 
Medium 
Intensity 

Residential districts by average 
lot size: 1/8 acre or less (town 
houses) (65% impervious area) 

77 85 90 92 

24 Developed, 
High Intensity 

Urban districts: Commercial and 
business (85% impervious area) 

89 92 94 95 

31 Barren Land 
(Rock/Sand/ 
Clay) 

Western desert urban areas: 
natural desert landscaping 
(pervious areas only) 

63 77 85 88 

41 Deciduous 
Forest 

Woods - Good condition 30 55 70 77 
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Figure 12 - Total Watershed Areas

The three watersheds considered for this study are the 
Chester Creek, Ridley Creek and Delaware Direct runoff.  
Chester and Ridley Creek watershed extend from the 
Delaware River through both Delaware and parts of Chester County.
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Figure 13 - Land Cover for Chester Creek, and Ridley Creek Watersheds
National Land Cover Database (NLCD)

This is the most recent Land Cover data availiable from the National 
Land Cover Database (NLCD) for the Chester Creek, 
Ridley Creek, and Delaware Direct watersheds. Most of the 
Delaware Direct runoff is through Urban Classifications while the other 
two creeks recieve runoff from a diverse landscape.
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This Land Cover map was created by using remote sensing data 
in the form of the most recently available aerial photographs and 
digitizing polygons that correlate to the 
Anderson Land Cover classification system.  
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This Land Cover map was created by using remote sensing data 
in the form of the most recently available aerial photographs and 
digitizing polygons that correlate to the 
Anderson Land Cover classification system for the city of Chester



 
 

 

 

42 Evergreen 
Forest 

Woods - Fair condition 36 60 73 79 

43 Mixed Forest Woods - Fair condition 36 60 73 79 

52 Shrub/Scrub Brush - Good condition 30 48 65 73 

71 Grassland/ 
Herbaceous 

Meadow 30 58 71 78 

81 Pasture/Hay Pasture, grassland, or range - 
Fair condition 

49 69 79 84 

82 Cultivated 
Crops 

Row Crops - Straight row (SR) - 
Good condition 

67 78 85 89 

90 Woody 
Wetlands 

Water 100 100 100 100 

95 Emergent 
Herbaceous 
Wetlands 

Water 100 100 100 100 

Table 5: CN Classifications for 1992 Land Cover Layer 
Value Class Names TR-55 CN Description CN for Hydrologic Soil Group 

     A                        B               C               D 
11 Open Water Water 100 100 100 100 

21 Low-Intensity 
Residential 

Residential districts by 
average lot size: 1/3 acre 
(30% impervious area) 

57 72 81 86 

22 High-Intensity 
Residential 

Residential districts by 
average lot size: 1/8 acre or 

less (town houses) (65% 
impervious area) 

77 85 90 92 

23 Commercial/Indust./
Transport. 

Urban districts: Commercial 
and business (85% 
impervious area) 

89 92 94 95 

32 Strip Mine/Quarry/ 
Gravel Pit 

Newly graded areas 77 86 91 94 

33 Transitional Barren Newly graded areas 77 86 91 94 

41 Deciduous Forest Woods - Good condition 30 55 70 77 

42 Evergreen Forest Woods - Fair condition 36 60 73 79 

43 Mixed Forest Woods - Fair condition 36 60 73 79 

81 Hay/Pasture Pasture, grassland, or range - 
Fair condition 

49 69 79 84 

82 Row Crops Row Crops - Straight row 
(SR) - Good condition 

67 78 85 89 

85 Urban/Other Grasses Open Space - Good condition 39 61 74 80 

91 Woody Wetland Water 100 100 100 100 

92 Herbaceous Wetland Water 100 100 100 100 



 
 

Table 6: Land Cover Classifications from Remote Sensing 

Land Cover 

Commercial 
Impervious 
Industrial 

Open Space 
Residential:  Multi Family 
Residential:  Row Home 

Residential:  Single Family 
Water 

Wooded 
 

In addition to the watershed modeling within the GIS, specialized hydrology software was 

utilized from Aquaveo Corporation.  This software is capable of interfacing with multiple 

hydrology and hydraulic engineering software packages developed by other agencies such as the 

Army Corps of Engineers (ACE) and the Environmental Protection Agency (EPA).  The 

software will also interfaces with a GIS allowing for the import and export of shapefiles. 

Several models were attempted but with the lack of reliable field data the results need to be 

verified and are not reported as part of this study.  These include preliminary trails using HEC-

HMS and GSSHA.  A preliminary HEC-RAS conceptual model was developed for Chester 

Creek using a DEM and the runoff quantities from the GIS output.  Cross Sections were created 

across the main channel and filled with water.  The Channel Selector interpolated creek stage 

elevations along the length of the Chester Creek.  Where the channel could not hold the excess 

water from the runoff model the floodplains were then delineated. 

 

3.0 Results 

  

3.1 Brownfield Locations 

The final list identified potential sites on the tax parcel level. (FIGURE 4) A total of 31 

sites were identified as having historic industrial uses and are currently idle and inactive. 

Industrial types, based in information from Sanborn maps, for each site identified were 

catalogued. Industrial type as well as details provided by the Sanborn maps was used as a basis 

for determining the potential pollutants that might be present at each site. (Table 2) The final list 

of sites reflects efforts focused mainly on use of historic Sanborn maps. These maps provide 



 
 

substantial detail regarding the history of various building and uses in the City of Chester and 

would seem to be a vital first tool in determining potential brownfield sites within an area or 

region. As these maps are readily available for various timeframes for most urban areas in the 

United States they could reasonably assist other communities in further understanding their 

historic industrial land uses. Future work with title searches and interviews with landowners 

would provide additional details. However, since the definition of a brownfield according to 

EPA is “a property, the expansion, redevelopment, or reuse of which may be complicated by the 

presence or potential presence of a hazardous substance, pollutant, or contaminant,” it would 

seem that use of the Sanborn maps are adequate to gather necessary information to determine 

potential pollution situations. (United States Environmental Protection Agency, 2016) Anything 

more detailed would fall into the category of a Phase I assessment and most likely not necessary 

for the purposes of determining prioritization of site redevelopment. Additionally, the use of any 

further investigation be it title search or on site assessments would greatly add to the costs, which 

for cities with multiple brownfields would be prohibitive.  

 

3.2  Potential Contaminants and Exposure 

The eclectic array of agricultural, industrial processes and business operations that have 

been a part of Chester’s history can best be described as paradoxical.  On one hand, the totality 

of these operations allowed inhabitants of the city and surrounding areas to prosper for well over 

a century. The development of Chester’s waterfront area, first as an agricultural center and then 

an industrial corridor helped to create one of the most important economic centers on the eastern 

seaboard of the United States.  Unfortunately, these advancements often came at a considerable 

environmental cost as policies and regulations controlling pollutants were largely nonexistent for 

most of Chester’s industrial history.  Like so many cities across America that opened their arms 

to the woes of industrialization to enhance economic development, Chester now faces a dilemma 

of how to deal with the aftermath of contaminants and industrial byproducts left behind from 

over a century of accumulation in a largely unregulated environment.  Many of the industrial 

sites in Chester have been abandoned and have recently obtained brownfield status.  These areas 

are in need of evaluation and possibly remediation.  Added to this is the continued presence of 

industries that currently contribute a heavy pollutant load to the environment in Chester.   There 

are currently 25 Toxic Release Inventory (TRI) facilities that contribute to the total pollutant load 



 
 

in Chester (EPA OAS PUB).  Much of these come as chemical releases in the form of various 

acids (hydrochloric and sulfuric acids).  This is a point worth pondering as the degree of acidity 

often governs how pollutants, especially metals, complex, precipitate, move and adhere to soils 

or colloidal particles in the environment.  In 2014 alone, Kimberly Clark released 73,679 pounds 

of HCl and 985,033 pounds of H2SO4 (EPA OAS PUB) in Chester.   Although not considered a 

brownfield site, industries of this nature impact how the addition of acids may be increasing 

metal transport and release mechanisms throughout Chester’s waterfront area. Tables 7, 8, and 

10C discuss the potential contaminants with fate and transport as well as potential health risks. 



Table 7: Metal Contaminants Commonly Found in Soils  
Heavy Metals 
Contaminant Sources Chemical Characteristics/Solubility Environmental Fate and Transport  Potential Health Risks 

Lead (Pb) (a,d,e,f,g,h) Industry  
Plumbing 
Gasoline 
Coal 
Paint 
Batteries 
Ammunition Pesticides 
Roofing Materials 
Sound proofing  Pigments 
Glazes  
Caulking 
Canning  

Soluble forms :  
(Pb) II 
Solubility is pH dependent in the presence of oxygen 
and highest in soft, acidic water. 
 
Insoluble forms: 
Lead phosphates  
Lead carbonates (pH>6) 
Lead oxides 
 
 
Pb (II) and lead-hydroxy complexes -most common 
and predominantly ionic.  
 
Pb (IV) compounds - mostly covalent, and some are 
strong oxidants. 
 
Lead sulfide (PbS) - most stable solid in soil.  Forms 
under reducing conditions when sulfide is present. 
 
 Pb3 (CO3)2(OH) 2 - lead salt widely used in the past as 
a white paint pigment and source of lead poisoning in 
children.   
 
Organolead compounds/lead alkyls - 
Tetraethyllead – gasoline additive 
Tetramethyllead – forms under anaerobic conditions 
due to microbial alkylation.   
 
 

Found in air, water and soil.  The largest source 
of lead found in soils is from atmospheric 
deposition.  Residence time in atmosphere 
averages ten days and can be carried thousands of 
miles. Strongly adsorbed by soil and sediment. 
Does not leach appreciably into the subsoil and 
groundwater; however, mobility increases as pH 
decreases.  Estimated residence time in soil 
ranges from 1000-3000 years. Lead does not 
generally undergo microbial or chemical 
degradation.  Partitioning – dissolved and 
particulate bound fractions. 
   

Toxic to plants, humans and 
animals. Inorganic lead 
accumulates in body organs 
through ingestion. Affects red 
blood cells, gastrointestinal 
tract, kidneys, liver, spleen, 
bones and central nervous 
system.  Delays physical and 
mental development in infants 
and children and may 
penetrate the blood-brain 
barrier leading to 
poisoning/death. Organic lead 
(tetramethyl lead and 
tetraethyl lead) penetrates 
skin and may cross the blood-
brain barrier in adults.   
Probable carcinogen.   

Chromium (Cr) (e,f,h) Industry/Wastes 
Combustion 
Electroplating  Leather tanning 
Dyes 
Wood preservative 

Cr (III) - dominant form of Cr under reducing, 
anaerobic conditions and pH(<4) 
Cr (III) – low solubility 
 
Cr(VI) – dominant form of Cr under oxidizing, aerobic 
conditions 
Cr (VI) - more soluble than Cr(III) 
Cr (VI) can be reduced to Cr (III) by soil organic 
matter. 
Cr (VI) species chromate CrO4 2- and dichromate Cr2O7 
2- precipitate in the presence of metal cations.   
Cr (VI) exists as an oxyanion in water and does not 
precipitate at any pH, it must be converted to Cr (III) 
first using a reducing agent.   

Found in air, water and soil. 
Cr (III) mobility is decreased by adsorption to 
clays and oxide minerals below pH5.   Cr(VI) has 
greater mobility as adsorption is poor in most 
soils.   Chromium can be transported by surface 
runoff to surface waters and can move down 
through soil to groundwater in its soluble or 
precipitated, unadsorbed form. It can also be 
present in air as particles. Residence time in 
atmosphere is expected to be <10 days.   Cr (VI) 
is found in soil and shallow aquifers under 
aerobic conditions. Cr (VI) species (chromate and 
dichromate) adsorb to soil, especially iron and 
aluminum oxides.   The leachability of Cr (VI) 
increases as soil pH increases. In lake water, 

Chromium (III) is an essential 
nutrient for processing fats 
and sugars. 
 
Cr(VI) is toxic to plants, 
humans and animals.  Causes 
liver and kidney damage, 
internal hemorrhaging, 
respiratory damage, and 
allergic dermatitis. 
Suspected carcinogen. 
 



 
 

Table 7: Metal Contaminants Commonly Found in Soils  
Heavy Metals 
Contaminant Sources Chemical Characteristics/Solubility Environmental Fate and Transport  Potential Health Risks 

residence time ranges from 4.6-18 years. 
Partitioning – dissolved or precipitated depends 
on pH and redox conditions.  

Arsenic (d,e,f,h) 
(As) 

Pesticides 
Herbicides 
Iron/Steel Industry 
Industrial waste 
Smelting  
Semi-conductors 
Wood preservatives 

As(III)- dominant form in soils under reduced 
conditions: H2AsO3

- 
As (III) – occurs in aqueous solutions and solids as 
arsenite ion:  AsO3

3- 

As(V) – dominant form in well drained soils under 
oxidized conditions: H2AsO4

- 
As(V) – occurs in water most commonly as arsenate 
ion: AsO4

3- 
 
 

As (III) is easily transported in groundwater as 
mobility is greater in trivalent state and 
adsorption is poor.  As(III) can be oxidized to 
As(V) by bacteria.  Some compounds of As 
adsorb strongly to soil.  Mobility increases as pH 
increases. Residence time in soil ranges from 
1000-3000 years.  

Toxic to plants humans and 
animals. Arsenic (III) is more 
toxic than (V). 
Causes liver, lung, intestinal 
and kidney damage.  Known 
carcinogen. 

Zinc (d,f,h) 
(Zn) 

Industrial waste Metal plating 
Steel processing Plumbing 
Smelting 

Solubility of zinc compounds vary. 
Occurs in oxidation state as Zn (II) 
Chemically similar to Cadmium 

Strongly adsorbed to soils.  Residence time in 
soil ranges from 1000-3000 years. 

Toxic to plants.  Zinc is an 
essential trace element for 
humans.   

Cadmium (b,d,e,f) 
(Cd) 

Industry 
Metal plating 
Smelting 
Water pipes 
Batteries 
Paint 
Pigment 
Plastic stabilizers 
Fertilizers 

Solubility of cadmium increases as pH decreases. 
Occurs in oxidation state as Cd (II) 
Chemically similar to Zinc 

Found in soil from atmospheric deposition 
(cadmium oxide). Uptake in plants increases 
when soil pH decreases.    Mobility increases as 
pH decreases. 
Residence time in soil ranges from 75-380 years. 

Toxic to plants, humans and 
animals.  Causes high blood 
pressure and anemia. 
Damages lungs, kidneys and 
stomach. 

Copper (d,f,h) 
(Cu) 

Metal plating 
Industrial waste 
Copper pipes 

Low solubility 
Solubility increases at pH 5.5 
 

Low mobility 
Strongly binds to organic and inorganic material 
in soil and groundwater. 
Residence time in soil ranges from 1000-3000 
years. 

Essential nutrient.  In high 
doses it is toxic to plants, 
humans and animals resulting 
in anemia, liver and kidney 
damage. 

Mercury (c,d,e,f,h) 
(Hg) 

Industrial waste 
Pesticides 
Coal/Combustion 
Electrical/Lighting 
Smelting 

Solubility of mercury compounds in water varies with 
pH and ionic concentration. 
Mercury vapor – insoluble 
 Easily vaporizes in air. 
Mercury (II) chloride – readily soluble 
Mercury (I) chloride – less soluble 
Mercury sulfide – low solubility 
Alkylated forms (methyl/ethyl mercury) - highly 
soluble.   
 

Mobility is subject to microbial redox 
reactions/methylation.   
Residence time in atmosphere is 5-15 days for 
particle bound mercury compounds.   
Residence time in soil ranges from 500-1000 
years. 

Accumulates in the body and 
is toxic to humans and 
animals. Causes kidney and 
neurological damage. 

Sources: a ASTDR (2007). Lead; b ASTDR (2012). Cadmium; c ASTDR (1999). Mercury; d Alloway, B.J. (1995).; e Baird, C. and Cann, M. (2012).; f  Bodger, K. 

(2003).; g Manahan, S. (1994).; h Okieimen, F. and Wuana, R. (2011). 
 



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8: Common Organic Pollutants 

Contaminant  Compounds Common Examples 

 

 

Sources Examples of Potential Health Effects 

Hydrocarbons Alkanes, Alkenes 
Aromatics 

BTEX 
Benzene 
Toluene 
Ethylbenzene 
Xylene 
 

Oil Industry 
Leaks/Spills 
Transport 
Solvents 
Filling Stations 

Benzene – Human carcinogen, hematological 
effects, immunological effects, neurological 
effects, reproductive effects 
 

Semi Volatile 
Organic 
Compounds 
(SVOCs)  

Phthalates  Di(2-
ethylhexyl)phthalate 
(DEHP) 

Plasticizers 
Building Materials 

Di(2-ethylhexyl)phthalate (DEHP) – Endocrine 
disruptor, possible carcinogen 

 Polychlorinated 
biphenyls (PCBs) 

Aroclor 1016 
 
 

Heat Transfer Liquid 
Floor Coating 
Electronics 

Aroclor 1016 – Respiratory problems, cell mutagenicity,  
reproductive toxicity, acute and chronic risk to the aquatic 
 environment 

 Polycyclic Aromatic 
Hydrocarbons 
(PAHs) 

Benzo[a]pyrene 
Naphthalene 
Chrysene 
Phenanthrene 
 

Oil Industry 
Filling Stations 
Spills/Leaks 
Creosote 
Incomplete 
Combustion of 
Fossil Fuels 
Pesticides Cleaning 
Products 
Dyes 
Plastics 
Wood Preservation 
 

Benzo{a}pyrene – Animal carcinogen, 
bioaccumulation in fish, plants and molluscs.  

Sources:  Baird, C. and Cann, M. (2012).; Bodger, K. (2003).;  Manahan, S. (1994).; Perlman, H. (2016). ; Environmental 

Protection Agency. Brownfields Roadmap. (2016).  
 



 
 

Table 9: Examples of Potential Contaminants 

Inorganic Species 

Contaminant Sources Chemical Characteristics/Solubility Environmental Fate and Transport  Potential Health 

Risks 

Cyanides (a,c) Industry  
Steel/Iron 
Metal Cleaning 
Electroplating 
Synthetic fabrics 
Fertilizer 
Road salts 
  

CN- - cyanide ion; strong affinity for 
metal ions. 
 
Occurs in water as HCN, weak acid. 
Highly soluble. 
 
Occurs in air as HCN gas or particulate 
bound cyanides. 
 
Occurs in soil as HCN from point 
exposure, deposition by air mainly from 
water soluble metal-cyanide particles.  
Alkali-metal cyanides – highly soluble.  
 
Thiocyanate forms when CN- reacts with 
sulfur (S). – released in the soil from 
industrial wastes and herbicide 
applications. 
 
Ferrocyanide forms when  CN-  

reacts with Fe(II) – less toxic form 
found in soils in industrial areas.  
 

Found in air, water and soil. Hydrogen cyanides 
can be carried long distances in air.  Residence 
time in atmosphere ranges from 1.3 – 5 years 
depending on concentration of hydroxyl radicals.  
 
 In water, HCN is removed by volatilization, 
aerobic and anaerobic biodegradation. 
 
HCN -  surface soil – primarily volatilization 
 
HCN (low concentrations) Subsurface soils – 
aerobic and anaerobic biodegradation 
 
HCN (high concentrations) – 
Subsurface soils – water soluble cyanides can 
leach into groundwater 
 
Thiocyanate – in water – aerobic and anaerobic 
biodegradation. Thiocyanate   partitioning in soil – 
stable species, does not appreciably volatilize or 
adsorb to soils. 
Ferrocyanide – not easily biodegradable. 
 
Some compounds of cyanide adsorb to clays and 
sediments. Fate and transport largely depends on 
concentration, pH, and soil characteristics. 
   

Poison.  Liver, 
spleen heart, brain 
and nerve damage.  

Asbestos (b,c) Insulation 
Building Materials 
Heat Resistant 
Materials 
Cement additive 
Underground Pipes 

Mg3Si2O5(OH)4 – chrysotile –most 
common type of asbestos 
Insoluble in water 
 

Fibers found in air, soil and water.  Fibers can 
travel long distances with no chemical degradation 
in atmosphere. Washout by rain or snow is the 
only cleaning measure.  Fibers do not migrate in 
soil. 

Inhalation of fibers 
causes lung disease 
and mesothelioma.   
Known carcinogen. 

Sources: a ASTDR (2006); b Manahan, S. (1994).; c Okieimen, F. and Wuana, R. (2011). 
 



Metals Contaminants in Chester 

Given the types of industries that have historically been located in Chester, the presence 

of heavy metals remains at the forefront of concern.  Chester was a heavily industrialized city 

throughout the 19th and 20th centuries that hosted agricultural operations, scrap metal yards, 

filling stations, foundry operations, cotton mills, machine works, metal shops all that are known 

to contain an abundance of metals.  Many of the industrial operations on the Chester waterfront 

released metal pollutants into the environment for decades.   Although some of this material has 

been removed with the closure of dozens of facilities over the past several decades, the 

possibility exists that contaminants may still persist in the environment.  Brownfield sites are 

often repositories for such pollutants and the Chester waterfront and surrounding areas have not 

adequately been evaluated for the presence of metals and other contaminants.    

Metal contaminants are of particular concern because they are persistent once released 

into the environment and can be maintained in a variety of forms and complexes even decades to 

centuries after their initial release.   This, in addition to their physical and chemical 

characteristics, makes them of particular concern in areas that have formerly been industrialized.  

Metals are generally not soluble and are therefore deposited very close to where they are initially 

released.  This is, in part, a function of their transport coefficients along with how they are being 

released into the environment.  In instances where coal is being burned to generate electricity, 

the byproduct mercury has been shown to be present in elevated amounts in addition to it ability 

to travel hundreds if not thousands of miles (Gade 2015).  

 

Heavy Metals 

While metals occur naturally in the environment, there are many instances where they 

have become elevated or magnified as a result of human activity.  Activities associated with 

industrialization add to the overall metal burden found in cities and abandoned industrial 

corridors throughout North America and beyond.  In many instances, the concentration of metals 

has exceeded natural ambient background levels by several orders of magnitude.  When this 

occurs, they are classified contaminants.   In particular, heavy metals, those elements possessing 

high molecular weights, have been used widely in agricultural and medical applications, 

industrial and domestic processes, and in the advancement of technological fields especially over 



 
 

the past century.  Consequently, they have become so widely distributed that they have served to 

create a variety of human health concerns.   

Heavy metals are largely not soluble in water except for some variety of arsenic and 

chromium VI at a neutral pH (Murray et al. 2004).  In addition, they are non-volatile, although 

they can be released into the atmosphere from the burning of coal, gasoline, sludge from sewage 

treatment operations, as well as from automobile exhaust, the incineration of trash, the 

combustion of human derived sludge from waste water treatment plants and a host of other 

combustive practices.  Metals are more commonly found in urban environments where industrial 

processes dominate the landscape but can be transported long distances if the proper conditions 

exist.   The contamination of the environment by metals is especially a concern in watersheds 

that transverse corridors of industrialization.  Such is the case in Chester, PA.  

 

The Risks of Heavy Metals 

Although heavy metals are known to exist naturally in the environment, it is the 

refinement and purification of these along with their application, both intended and unintended, 

that can produce problems in the environment and to human health. The nature of how metals 

react once released into the environment is complex and often difficult to discern.   That said, the 

fate and transport of metals when released largely depends on the exact chemical nature or form 

of the metal and the dispersal mechanisms at work.  They tend to be non degradable and may be 

transformed into insoluble forms which are then less likely to affect biological systems.  

However, in the process of dispersal, some biologically unavailable forms can often be converted 

into more soluble forms that can then affect plants and animals.  Their ultimate fate often resides 

within soils and sediments of both terrestrial and aquatic systems.  When released into a 

terrestrial environment several pathways are possible depending on the soil type, mineral 

composition, cation exchange capacity, and their mode of dissemination.   Depending on the 

exact species of metal, soil can chemically complex certain forms almost immediately while 

other forms may take longer periods of time to reach their ultimate fate.  This may take place 

over a period of months or even years.  Their redistribution within the environment significantly 

depends upon their mobility, bioaccumulation and decomposition processes and their degree of 

toxicity (Buckners 2007, Shiowatana et. al 2001).  One of the major risks of metals in the 

environment involves their bioaccumulation and biomagnification.  In this respect, organisms 



 
 

(both plants and animals) at all levels of the food chain may be affected, especially top-level 

predators including humans.  Their redistribution once entering the food chain is often difficult 

to ascertain owing to the overall influx and outflux of chemical or elemental movement through 

both physical and biological systems.  In addition, their mobilization or immobilization needs to 

be ascertained before one can adequately understand their significance in affecting plants and 

animals.   Once released, metals not only accumulate in soils, they also enter and affect surface 

and ground water systems.   

 

Lead  

The effect and application of lead has been widely written about since the time of the 

ancient Greeks.  They realized that drinking beverages from containers coated with lead could 

lead to illness.  Interestingly, they also used this information to deliberately adulterate beverages 

of the Romans who were not aware of the dangers of lead.  In the United States, lead was 

primarily used in pesticides, ceramic glazes and pigments, paints, caulking, roofing materials, 

ammunition, and in the canning industry throughout the 1800’s and into the early 1900’s.  The 

use of lead continued throughout the 1900’s as the application and demand for car batteries 

increased along with for X-ray radiation shielding, sound proofing, plumbing, construction 

materials, alloys, industrial coolants and for the lining of sinks and industrial tanks (Kaufman, 

Rogers, Murray 2011, Baird and Cann 2012, Manahan 1994).  Most importantly, tetraethyl lead 

(TEL) was employed as an antiknock agent in gasoline in the early 1920’s in the United States.  

This continued until the mid 1970’s and was finally phased out by the US Environmental 

Protection Agency in 1986.  The use of TEL for over six decades helped to disperse lead widely 

over the American landscape and has resulted in its bioaccumulation by select organisms 

(Madigosky, Alvarez, and Glass, 1992).  Clearly, lead has both helped and has plagued humans 

for thousands of years and continues to influence and impact our society today.   

At present, many developing countries use lead in paints and industrial processes with 

little regard to their ultimate fate in the environment.  Consequently, lead contamination in 

humans is on the increase and is affecting human health in numerous ways (Table 9).  

Fortunately, this trend is not the case in the United States. Here, the use of lead has been 

significantly reduced over the past several decades as a result of regulations imposed by the 

federal government.  The current risk in North America is largely related to industrial processes 



 
 

and dispersal patterns that have occurred in the past at the peak of the industrial revolution.  The 

city of Chester is no exception.  Land formerly occupied by filling stations, shipbuilding 

enterprises, metal foundries, machine shops, wood dying and ceramic industries, oil works, scrap 

metal yards, locomotive operations have all put Chester at risk.   

Why is lead such a concern?    From very early in Chester’s history, agriculture was an 

important industry.  Chester produced a significant amount of tobacco from the late 1800’s to the 

turn of the century.  This was a cash crop that became a very lucrative industry for the city.   

Much of the waterfront area was used to grow tobacco.   The soils were well suited for producing 

tobacco and the proximity to the Delaware River provided the industry with an easy way to 

transport the goods.  It was a common practice during this time to administer lead arsenate as a 

pesticide.  Lead arsenate was routinely used to control agricultural pests such as tobacco 

hornworm and other pests.  In fact, arsenic became the most widely used pesticide in the United 

States from the 1880’s until the 1950’s.  When the agriculture enterprise diminished in Chester, 

industries such as shipbuilding operations began to increase.   

Chester had a rich history in shipbuilding and smelting operations.  The Chester 

Shipbuilding Company, Sun Shipbuilding Company, Crown Smelting Co., and Chester 

Enameling Company were a few industries that were active in the early 1900’s.  They occupied 

the Chester water front area for many decades.  Most of these sites are currently inactive and are 

now classified as brownfield sites.  Industries of this nature were and are known to widely use 

lead based paints, lead glazes and pigments, and fuels and caulking materials that contain various 

forms of lead.  The extent and duration of their operations on the Delaware River waterfront area 

in Chester may warrant a thorough examination of soil and vegetation to assess the degree of 

contamination.  Clearly, some of these areas are prone to flooding and sea level rise as they 

occupy the riparian zones located in close proximity to the Delaware River.   These are the areas 

that should be examined first as they pose the greatest risk of contaminant release.  

Another application of lead was employed in industrial piping.  Lead was used to solder 

pipes together in domestic drinking water supply systems throughout North America.  Most 

human exposure to lead occurs through ingestion and inhalation.  The recent contamination of 

the drinking water supply in Flint, Michigan is testimony to the dangers of lead in drinking water 

(Hanna-Attisha et al. 2016).  Lead causes a wide range of neurological problems, especially in 

developing fetuses and children (Table 9).  Young children are especially prone to 



 
 

neuropsychological defects, hearing impairment, hyperactivity, ADHD, and a host of other 

conditions even at blood lead levels.  Most recently, the Centers for Disease Control and 

Prevention (2012) have indicated that the reported reference level of lead in the blood of children 

was dropped from 10 to 5 micrograms per deciliter Pb to identify children whose levels are 

considered elevated over children’s levels in the general population. 

Studies have shown that prolonged lead exposure in adults can affect the renal, 

reproductive, endocrine, gastrointestinal, cardiovascular systems in a negative manner.  

Developmental and hematological effects have also been documented (Kalia and Flora 2005).   

The neurological effects of lead depend on age, the type and amount of exposure as well as the 

duration.  Clearly, lead exposure can be one of the most debilitating of conditions impacting 

humans.   Interestingly, we do not yet know if the effects of certain types of exposure can be 

reversed. There is no known use for lead in the human body and no “safe” level of exposure to 

lead has been ascertained (Flora, Gupta, and Tiwari 2012). 

 

Mercury 

Mercury is the only metal that is liquid at room temperature.  It is one of the most 

versatile of metals possessing hundreds of applications.  This is the primary reason it has become 

so widely distributed in the environment.  Large-scale industrial operations throughout the 19th 

century used mercury in the chloro-alkali process to convert aqueous sodium chloride into 

commercial products such as sodium hydroxide, chlorine, and gaseous hydrogen via hydrolysis 

(Baird and Cann 2011).  This process has largely been phased out and replaced with more 

efficient and cleaner techniques.  Other early industrial applications that used mercury include 

the manufacturing of pesticides, smelting, and lighting.  Several companies were conducting 

business in 1917 on what are now brownfield sites in Chester.  These include Beacon Light 

Company, Harris Chemical Company, Philadelphia Suburban Gas and Electric Company, 

American Steel Refineries, and Keystone Drop Forge Works.  By 1963 these were all closed 

with the exception of Philadelphia Suburban Gas and Electric Company. Other industries that 

potentially could have used mercury in their operations include the American Wood Dye 

Company, Penna Industrial Chemical Corporation, Ford Motor Company, and Chester Morton 

Electronics.  Currently, most mercury is released into the atmosphere from the burning of coal in 

the electrical generation process or from burning solid waste or trash.  This has helped to 



 
 

distribute mercury widely throughout North America, especially in areas that have coal-burning 

power plants and resource recovery facilities.   The Delaware County Resource Recovery 

Facility located in Chester, currently owed by Covanta, is permitted to process 3,348 tons of 

municipal and commercial solid waste each day (Delaware County Resource Recovery Facility 

Permit Application 2013).  As a consequence, many contaminants are released that will 

eventually impact surrounding aquatic and terrestrial surfaces.  There are also other industries 

operating in Chester that may be contributing mercury to the environment.   

 

Toxicology of Mercury 

Mercury naturally exists as elemental mercury or as a sulfide within the Earth’s crust.  In 

its natural state it is found at concentrations around 0.5 parts per million (Bernhoft 2012).   It is 

often found at much higher concentrations when generated by the burning coal or incinerating 

trash to generate electricity.  In coal, mercury exists naturally as the Hg2+ ion in the inorganic 

form.  When coal is incinerated a substantial amount of mercury is liberated and ends up in the 

lower reaches of the atmosphere.   Eventually, elemental mercury settles in water where it then 

can be converted by organisms to organic methyl or ethyl mercury.  This can then be taken up by 

a variety of organisms and concentrated at the upper regions of the food chain.   Fish and birds 

are especially at risk for accumulating mercury (Johansson and Annerberg 1996).  In freshwater 

and in marine aquatic ecosystems, many top-level fish predators retain mercury at levels several 

orders of magnitude greater than in organisms at the base of the food chain (Bloom 1992, 

Hammerschmidt and Fitzgerald 2006, Colman et al. 2015).  Almost all of mercury that 

bioaccumulates in predator fish is from methylmercury (MeHg).   Consequently, people should 

not consume fish from any area known to or suspect of having been contaminated by mercury.  

Pregnant women should especially avoid eating fish tainted with mercury because MeHg 

transfers across the placental barrier and can impair the normal brain development of the fetus.  

There are many countries that currently limit the intake of certain fish species because they 

efficiently sequester (MeHg) in their tissues from the environment.   Almost 80% all (MeHg) 

detected in humans is derived from eating fish (Baird and Cann 2011).  This form of mercury can 

act as a neurotoxin targeting numerous systems throughout the body.  At elevated levels it has 

profound cellular, cardiovascular, hematological, pulmonary, renal, immunological, 

neurological, endocrine, reproductive, and embryonic toxicological effects (Rice et. al 2014). 



 
 

In some instances mercury can be absorbed by particle surfaces in suspension rather than 

in water as free ions.  In this instance, the mercury-particle complex may settle to the bottom of 

the water column and eventually become part of the subsurface matrix.  This creates a sink for 

mercury along with many other metals that are absorbed in a similar manner.  Unfortunately, 

these metals can remain in the subsurface for decades if not hundreds of years.  Subsequently, if 

a disturbance is initiated these contaminates may become re-suspended and absorbed or eaten by 

organisms which can again bioaccumulate the metal contaminants.       

When mercury settles on terrestrial surfaces via wet and dry deposition, it can adhere to 

mineral particles, become tied up by organic particles such as humus, or precipitate.  Regardless, 

when mercury complexes in soil it can then be taken up by plants and subsequently concentrated 

in organisms feeding upon the plants.  In this manner, mercury efficiently moves the 

contaminants up the food chain. The ability of metals to be absorbed so easily by plants, 

including vegetable crops is yet another reason why vegetable gardening in areas impacted by 

mercury deposition should be avoided or discouraged.    

There are also other forms of mercury that under certain circumstances may become a 

problem but they tend not to be as mobile as (MeHg).  The pH and redox potential usually 

determines the stability of mercury once released into the environment.  For instance, mercurous 

and mercuric mercury are more stable under oxidizing conditions. When reducing conditions 

prevail, both organic and inorganic mercury can be reduced to elemental mercury which may 

then be converted to more toxic and soluble alkylated forms (Berholt 2012).   

 

Chromium 

Chromium is a naturally occurring metal that most commonly exists as chromium (III), 

the trivalent form and chromium (VI), the hexavalent form.  From an environmental standpoint, 

the most important of these is hexavalent chromium because it is highly toxic, mobile, soluble in 

water, and is often released into the environment as a byproduct of industrial activity.  Cr (III) is 

considerably less toxic, of reduced mobility, more easily precipitates, and is used in biological 

systems as a trace element.  However, at certain levels Cr (III) may become toxic but much less 

so than Cr (VI).   The status of chromium largely depends upon whether it occurs as an ion in 

water or if it precipitates.  This depends upon whether the aqueous environment is oxidizing or 



 
 

reducing (Baird and Cann 2011).   In an oxidative environment the hexavalent form is more 

common and can easily be sequestered by organisms.  

Historically, chromium was used in electroplating, leather tanning, metal processing, 

steel welding, manufacturing of certain types of bricks, as a dye or pigment, as a leather and 

wood preservative and as a treatment of cooling tower water.  In much smaller quantities, 

chromium is used in drilling muds, textiles, and toner for copying machines (ATSDR 1998). 

 In 1917 there were several industries operating in Chester in what are now brownfield 

sites that potentially might have been using chromium.   These include Harris Chemical 

Company, Federal Steel Foundry Co., George H. Bonner Camphor Refiners, American 

Locomotive Company, Baldt Anchor Co., and Atlantic Steel Casting Co..  In 1963 about half of 

these were not in existence but other businesses such as filling stations, a lumber yard, Chester 

Machine Works, and a sheet metal shop replaced those that had closed.  By 1990 some of these 

businesses were no longer operating in Chester and many of these areas were torn down and 

remain to this day as open fields and in some cases with abandoned structures.   

Lumberyards, machine operations, and steel manufacturing commonly use or produce 

chromium based products.  In the lumber industry, chromium is a key component of pressure 

treated lumber along with copper and arsenate.  In fact, the solution used for this application is 

some 35% CrO which equates to a final wood concentration of about 0.25-4.0% chromium 

(Baird and Cann 2011).  This slowly over time can leach into the environment, especially when 

pressure treated wood is used in docks and other applications that contact water.  The metallic 

form of chromium (CrO) has a high fusion point that is used and associated with manufacturing 

steel.  

Throughout the United States a significant amount of chromium has been discovered 

under metal mills, smelting operations, and foundries and wood processing facilities.  Chromium 

is a common groundwater pollutant found beneath former businesses and industries that used 

various types of chrome based products.  It is also usually found in soils that underlie hazardous 

waste sites.  There is little doubt that the above noted industries and operations used metals in 

their operations.  The question that remains is whether they were adequately cleaned up when 

they closed.  Metals once released into the environment can be impacted by the physical and 

chemical nature of the underlying soils.  They can migrate through the subsurface by leaching 

into groundwater, undergo volatilization or may even be taken up and sequestered by plants.   



 
 

Since the soils on most of the sites we examined in Chester are situated on soils that have a good 

drainage capacity, the assumption is that these would be transported through the subsoil until 

they combine with soil particles to become immobilized, precipitated, or exported to other 

repositories within the Delaware River Basin.  Chromium also bonds strongly to organic soils 

and to aquatic sediments.   

 

Toxicology of Chromium 

Chromium like most metals, may bioaccumulate in just about any organism if in the 

proper form.  The hexacovalent form, that is highly soluble, can be readily absorbed by plants 

and animals.  Chromium (VI) is routinely sequestered by plants through carriers of essential ions 

such as sulfate.   When in abundance, the hexavalent form affects plants negatively. Seed 

germination and photosynthetic rates are often reduced as a result of chromium toxicity.  

Furthermore, chromium can also play a role in inhibiting enzyme function, altering nutrient and 

oxidative processes, and may even act as a mutagen, altering the genetic material in plants.   

Since plants sequester and retain certain forms of chromium, vegetables or fruits should not be 

grown on soils known to contain elevated hexavalent chromium.  Research has indicated that 

animals are more sensitive to chromium than are aquatic plants (Wright and Welbourn 2002).   

Studies have also shown that aquatic organisms and aquatic microbes are negatively 

affected by high levels of chromium.   The degree of toxicity is largely dependent upon the pH of 

the water because this determines how bioavailable the element is as well as how toxic it is to 

fish.  In one study, rainbow trout were found to be very sensitive to Cr when pH levels fluctuated 

between 6.5 and 7.8 (Abbasi 1995).   In a similar study evaluating young rainbow trout, Cr 

toxicity was found to be 50 to 200 times higher at pH 6.4 to 7.4 than at pH 7.8 to 8.0 

(Hogendoorn-Roozemond 1977).  Interestingly, these studies indicate that the pH not only 

affects the availability and toxicity of Cr to fish but also which organ systems are most affected 

and at risk at various pH levels. In certain instances immune system function can be impaired.  

One study showed that the fresh water fish (Tilapia sparrmanii) exposed to low levels of 

chromium at pH 5.0 showed anemia and leukopenia (Velma, Vutukura and Tchounwou 2009).   

In this same study, fish were evaluated after chromium exposure and found to be suffering from 

hematologic indices and Hb deficiencies, and their blood clotting abilities were reduced.   Within 

these studies the pH levels that cause the most cellular damage to fish by liberating toxic metals 



 
 

are similar to those currently recorded for soils found in most of Chester.   When Cr compounds 

are released onto terrestrial surfaces they bind to soil particles  and become immobilized but if 

transported to water e.g. from flooding, they may become tied in sediments which can then be 

accessed by the aquatic biota and accumulated (Velma, Vutukura and Tchounwou 2009). 

Because of the extensive foundry, smelting, and electric company operations that 

occurred in Chester, there exists the possibility that slag produced from these operations may still 

be present in the subsoil in select areas.  There is evidence that these types of industries were a 

major source of chromium release into soils (Barceloux 1999). 

In humans, chromium is an epithelial irritant, a known toxicant, and has been implicated 

in causing cancer.   Exposure to elevated levels of chromium can cause  nasal-septum 

perforation, immune system dysfunction, ulcers, allergic reactions, lung cancer, kidney and liver 

damage which if left unchecked may lead to death (CDCP 2008).   The toxicological effects of 

chromium depend on the route or mode of exposure as well as duration.  In general, exposure of 

chromium is usually from eating food, drinking water, and inhaling air that contains the 

chemical. The average daily intake from air, water, and food is estimated to be less than 0.2 to 

0.4 micrograms (µg), 2.0 µg, and 60 µg, respectively (ATSDR 1998).  Individuals working or 

living in close proximity to industrial operations that utilize chromium are at much greater risk of 

having elevated levels in their bodies. 

 

Cadmium  

Cadmium is a soft white-silver metal that occurs naturally in the Earth’s crust.  It is also 

released into the environment as a toxic contaminant in one of several ways.  One of the most 

common ways is from the combustion of fossil fuels such as coal or oil.  A significant amount of 

cadmium is also released in the smelting of zinc, lead, and copper ores.  In addition, the 

incineration of municipal waste at resource recovery facilities to generate electricity releases 

significant amounts of cadmium into the atmosphere.  Nickel/cadmium batteries from household 

devises that make their way into the domestic waste stream are often burned in resource recovery 

facilities.  When waste is incinerated in this manner, metallic cadmium preferentially condenses 

on small particles in the smoke stream that are difficult to extract with conventional pollution 

prevention devises (Baird and Cann 2001).   



 
 

Since cadmium is used as a pigment to color plastics and other materials, when 

combusted it is also volatilized and released into the atmosphere where it is disseminated widely 

throughout the environment via wet and dry deposition.  Cadmium has also found its way into 

the textile industry.  Cadmium was sometimes used to dye fabrics and textiles, especially early in 

America’s history. Studies have shown that tobacco smoke contains cadmium (Pappas et al. 

2006) thus elevating (Cd) in the blood of smokers (Kim et al 2010, Benedetti et al. 1994). This is 

because cigarettes contain cadmium in concentrations ranging from 1.56 to 1.96 μg/cigarette 

(Cekik 1998).  Tobacco products contain (Cd) because the phosphate fertilizers used to grow 

tobacco contain ionic cadmium as a natural product.   

A few of the industries and manufacturing facilities located in Chester at the turn of the 

last century that potentially were using or processing cadmium include American Steel Foundry, 

Federal Steel Foundry, Baldt Anchor Co., Atlantic Steel Casting, the Chester Cotton Spinning 

Mill, Aberfoyle Fabrics, and the S.A. Crozer and Son Cotton Mill.  These businesses were 

located near the riverfront area of Chester and currently, although no longer in existence, are 

susceptible to flooding based upon current models of hydrologic events that are expected to 

occur periodically.  In most instances, these locations are currently fields that are not well 

maintained.   

By the 1960’s most of the industries mentioned above were no longer in existence.  They 

were either demolished and remain fallow to this day or were replaced by other businesses such 

as scrap metal businesses, filling stations, and truck lots.  Currently, most of these have since 

been closed and the vast majority of these sites may be classified as brownfield sites.    

 

Toxicology of Cadmium 

The concentration of Cd in natural surface water and groundwater is usually <1 

μg/L but in contaminated industrial sites can range from <1.0 to 77 μg/L (ASTDR 2012).  

Plants sequester Cd and this can magnify throughout the food chain.   

When cadmium enters the aquatic environment it often accumulates in the sediments.  

Organisms that feed on bottom sediments can then ingest Cd.  In this manner, Cd may quickly 

move up the food chain in a variety of invertebrates, fish, and eventually even mammals.  The 

availability of Cd in the aquatic environment is largely dependent upon the degree of organic 

matter and the pH of the aquatic environment.  The increase of Cd resulting in acute or chronic 



 
 

toxicity can vary by several orders of magnitude, with specific invertebrates and freshwater fish 

being most sensitive (Wright and Welbourn 1994).  In one study, the freshwater aquatic surface 

plant Ceratophyllum demersum was shown to hyperaccumulate cadmium from the surrounding 

water by several orders of magnitude beyond that of Cu, Pb, and Zn (Matache et al. 2013).  

Clearly, this indicates that not all plants are genetically similar with respect to their abilities to 

sequester metals from the surrounding environment.  Contamination of the aquatic environment 

by Cd input especially over extended durations (years) can load sediments to create a metal sink.  

In this situation, vegetation living in the impoundment can maintain level of metals at very high 

levels.  When this occurs it poses an ecotoxicological risk to species occupying higher tropic 

levels.  Plants may sequester Cd especially when the soil pH decreases.  The mobility and 

solubility of Cd increases as soil pH decreases.  It is also interesting to note that the residence 

time of Cd is 75-380 years (Alloway 1995) and can remain fixed in soils for long periods of 

time.   

Cadmium is usually soluble in water unless the water is tainted with heavy sulfides at 

which time Cd may precipitate to form CdS.  In humans, elemental cadmium is rarely ingested 

via drinking water or inhaled from the air.  Instead, most contamination comes from other 

sources or behaviors that render humans susceptible.  For those who do not bear any 

occupational exposure issues, most of the ingested Cd is from eating leafy vegetables such as 

lettuce, spinach, kale, and tubers potatoes, that have been grown in Cd tainted soil (0.05-0.12 mg 

cadmium/kg) (ASTDR 2012). Other foods known to contain Cd are peanuts, sunflower seeds, 

and a variety of grains. The average adult cadmium blood level is ~0.38 ug/L for adults but 

smokers have much higher levels ~1.58 ug/L. (ASTDR 2012).  Historically, almost all instances 

of cadmium toxicity have resulted from exposure in nonferrous mining and smelting operations.  

Elevated Cd exposure has been implicated in degenerative bone disease, kidney disease, and 

cancer (Godt et al. 2006).  The respiratory system can be severely compromised by the inhalation 

of air contaminated with cadmium.  This often leads to shortness of breath, lung edema, and the 

destruction of mucous membranes as part of cadmium-induced pneumonitis (Godt et al. 2006).   

 

Arsenic 

Arsenic is a metalloid, a substance that possesses properties that are intermediate between 

metals and non-metals, that naturally is found in Earth’s crust.   It is usually found in association 



 
 

with minerals of which there are some 150 that contain arsenic in one form or another.  Although 

the mining of arsenic ceased in 1985 and the use of inorganic arsenic in pesticides has been 

discontinued the U.S. we are still one of the largest importers of arsenic (ATSDR 2007).  Most of 

the arsenic imported into the U.S. is used as a wood preservative to prevent or retard decay 

processes.  The increase of arsenic in the environment is largely from point sources of pollution 

such as smelters, coal-fired power plants, and municipal incinerators that burn trash.  In addition, 

arsenic is used in the production of pesticides from a very early period in America’s history.  

Therefore, the number of current and former agricultural sites across the U.S. impacted by this 

element is considerable.  There is also an association between the release of arsenic in the 

production of iron and steel along with the mining of gold, copper, nickel and several other 

metals.  The fact that arsenic is a natural component of coal and oil clearly has helped 

disseminate the element on a global scale throughout the environment.  Coal mined from the 

United States seems to be especially rich in arsenic compared to other countries.  The level of 

arsenic in U.S. coal is approximately 22 ppm and most coal from other areas averages less than 5 

ppm (Baird and Cann 2011).   Although arsenic can exist in many forms and complexes, the two 

major forms of arsenic of concern are As (III) and As (V) (Table 7).   Arsenic (III) AsO3 (-3 

charge) most commonly exists in aqueous solution and in solids as the arsenate ion.  Arsenic (V) 

commonly exists as the oxyanion AsO4 (-3 charge).   As (III) is usually the dominant form in 

soils under reduced conditions, it is also more toxic than As (V).  The residence time of arsenic 

varies from 1000 to 3000 years (Alloway 1995) contingent on individual soil type and 

conditions. 

It is clear that the type and numbers of industries that were conducting business in 

Chester at the turn of the last century contributed arsenic to the overall landscape.  Early in 

Chester’s history the production of tobacco undoubtedly contributed pollutants to the soil.  In 

addition, there are several industries currently in existence in Chester and surrounding areas that 

contribute contaminant loads to the atmosphere.  Most industrial corridors across the country 

possess arsenic at elevated levels in both water and soil (ATSDR 2007).   

 

Toxicology of Arsenic 

The toxicology of arsenic is complicated and somewhat circuitous.  This is because 

arsenic exists in several oxidative and structural states along with being associated with metals 



 
 

and bonding with oxygen, carbon, hydrogen, nitrogen and other elements (Hughes et al. 2011).  

Since arsenic is a part of many mineral complexes it can enters the environment through natural 

processes such as erosion and wind.  In this manner, arsenic can be blown and disseminated by 

wind and end up in bodies of water, in runoff, and as a result of leaching.  In this instance, As is 

usually attached to large particles which can end up in soils or in natural waterways.  When 

introduced into water, arsenic usually adheres to particles and can become trapped in sediments 

or redistributed throughout the aquatic environment.  Some of the airborne As released from 

industrial smokestacks will be transported great distances but will eventually settle owning to 

wet and or dry deposition.  Agricultural and industrial process can accentuate the release of 

arsenic into the environment and can then be acquired by the biological components of the 

ecosystem.  Unlike many contaminants, arsenic does not bioaccumulate as readily as metals.  

There is a great deal of preferential sequestration of As by plants.  One study looked at 71 

species of plants from 200 sample locations and determined that 7 plants were especially 

efficient at sequestering arsenic (Favas, Pratas, and Prasad 2012).  Clearly, there is a wide 

disparity in plants with regard to their ability to accumulate arsenic from the aquatic 

environment.  In a similar manner, other studies have indicated that certain fish (Rangkadilok 

2015) as well as shellfish (USFDA 1993) are able to concentrate arsenic with efficiency.  

Fortunately, much of the detected arsenic was shown to be a complex in the organic form 

(arsenobetaine) that is considered much less detrimental to humans.   

The exposure and intake of arsenic by humans is usually through ingestion and 

inhalation.  Worldwide, most of the exposure and intake of arsenic is from natural processes and 

sources.  However, drinking water, especially sources influenced by industrial process, may pose 

a greater risk.  Drinking water contaminated with arsenic is of most concern from deep-water 

sources such as wells rather than from surface water impoundments used from drinking water 

purposes.  According to the USFDA (1995) report on arsenic, about 80% of water supplies have 

less than 2 ppb of arsenic, but 2% of supplies exceed 20 ppb of arsenic.  Yet levels in foods can 

greatly exceed these amounts by orders of magnitude.  That same report also states that air borne 

arsenic ranges from less than 1 to about 2,000 nanograms per cubic meter of air (less than 1–

2,000 ng/m3), depending on location, weather conditions, and the influence of industrialization.  

There is great discrepancy in the amounts and concentrations humans are capable of 

accumulating based upon many factors.  That said, the production of leafy vegetables and fruits 



 
 

in areas known to concentrate arsenic should be avoided.  Why is this important?  We know that 

inorganic arsenic is a known carcinogen to humans.  Although the exact mechanisms are 

currently not fully ascertained, apparently As interferes with DNA repair pathways and 

mechanisms thus allowing cancer to take hold under certain conditions (Baird and Cann 2011).  

If ingested in high concentrations and sufficient quantities, cancers of the lungs, kidney, bladder, 

and prostate have been reported (Hughes et al. 2011).  People who live in close proximity to 

waste sites and industrial facilities that harbor and release arsenic may have an increased risk of 

lung cancer (USFDA 2007).   

 

Zinc and Copper 

Both copper and zinc occur naturally and are found in abundance in Earth’s crust.   

Unlike the other metals/metalloids reviewed, both zinc and copper are considered essential 

nutrients in animal systems and are required for normal cellular maintenance and function.  

However, these metals can be detrimental to animals if elevated or concentrated above and 

beyond what is considered normal ambient background levels.   This can occur in areas hosting 

business and industries that use or produce products that render or release these elements as 

waste products (either in fluid form or as aerosols).  Such is the case in mining and smelting 

operations, or with the use of these metals in commercial enterprises.  In addition, the presence 

of Zn and Cu are associated with coal and fuel combustion, refuse incineration, and iron and 

steel production.  Since Chester has had a diverse collection of industries and businesses 

associated with the use of metals for well over 100 years, there exists the possibility that both of 

these metals exist above background levels in soils and vegetation within the city.  Further 

evaluation is needed to substantiate this claim.  When present, both metals have environmental 

residence times ranging from 1000 to 3000 years (Alloway 1995).  This is contingent upon soil 

type and properties, oxidative conditions, pH, redox potentials and the presence of other organic 

and inorganic elements that can bind and immobilize zinc and copper.  A detailed discussion of 

zinc and copper toxicity is beyond the scope of this document.   

 

Zinc/Copper Toxicity 

Both copper and zinc behave very differently than other metals evaluated in this report.  

This is, in part, due to the ability of humans to actively sequester, moderate, utilize, and to 



 
 

efficiently eliminate these substances from the body.  As an example, well over 200 zinc 

containing enzymes have been identified that help moderate levels of zinc internally within the 

body (O’Dell 1984).  When released into the atmosphere through incineration, zinc and copper 

both adhere strongly to particulates that may then be transported over considerable distances.  

Rural areas typically have Zn concentrations in the range of 10 to 100 ng/m3 whereas 

urban areas can be quite higher (100-500 ng/m3) (WHO 2003).  In the United States, OSHA has 

set the legal limit for exposure to ZnCl fumes at 1 mg/m3 and for ZnO at 5 mg/m3 in an 8-hour 

workday over a 40-hour workweek (ATSDR 2005).  The limits set for zinc in other countries 

vary widely for both water and air parameters.  In many cases, the ingestion of zinc in 

concentrations that exceed recommendations are a result of drinking water from pipes that are 

being leached as a result of acidity.  The average recommended daily intake of zinc in the U.S. is 

5.2-16.2 mg per day (ATSDR 2005).   When zinc (II) becomes airborne, it eventually settles by 

way of wet and/or dry deposition.  When deposited within the terrestrial environment, it adheres 

to a variety of soil particles.  Copper also exists in the (II) state but more readily binds to soils 

that are high in organic matter.  So the concentrations retained within soil are a function of soil 

characteristics such as pH and organic matter availability.  In Chester, most of the soils beneath 

the areas we have designated as brownfield sites contain soil classified as “made land, gravelly 

materials.” These are composed primarily of shale and sandstone.  Consequently, zinc, would 

generally be expected to be retained more readily than copper within these soils.  Even in water 

where the concentration of copper is elevated, Cu(II) is typically reduced to very low values.  In 

relatively clean sediments, Cu typically ranges from 5 to 70 mg/kg and is higher in soils near 

smelters (ASTDR 2005).   The sediments located in clean areas along the New England coast 

have copper values of approximately <50ppm but can be in the neighborhood of several 

thousand ppm in areas that are heavily polluted (ASTDR 2005).  As with most metals, sediments 

serve as important sinks that if undisturbed can maintain metals in tact for very long periods.   

The interest in understanding how plants accumulate certain metals has great practical 

use.  On one hand they can be used as indicators of a polluted environment, additionally, such 

knowledge can lead to establishing how adulterated sites may be remediated by using certain 

plant species.  There is a disparity in how efficiently plants can sequester metals (Basile et al. 

2012).   They report that sublethal concentrations of select metals on plants can induce cell 

plasmolysis and alterations of the chloroplast arrangement.  It is clear from studies conducted 



 
 

worldwide that aquatic plants accumulate zinc and copper along with other metals in their tissues 

and that they can serve as important sinks for the acquisition of metals.  The disparity of 

concentrations they can maintain within various plant tissues varies considerably between 

species.    

The exposure of fish to elevated levels of Zn and Cu suggests that they differentially 

sequester these elements in various organs within their bodies.  One study reports that pike (Esox 

Lucius) and bream (Abramis brama) bioaccumulate Zn in their digestive tract and gills whereas 

copper seems to concentrate in the liver (Rajkowska and Protasowicki 2013).   The authors site 

that their results are in line with many similar studies conducted on fish from Eastern Europe and 

Russia.  The literature richly supports this premise.   

 

Asbestos 

Asbestos is a naturally occurring fibrous silicate mineral that exists in six basic forms 

(amosite, chrysotile, crocidolite, tremolite, actinolite, and anthophyllite).  All forms of asbestos 

are structurally stable and are composed of silicon atoms connected through intervening oxygen 

atoms (Baird and Cann 2011).  Consequently, the fibrous nature of the mineral allows it to be 

woven into a variety of products, especially heat resistant products.  Chrysotile is the most 

commonly used form of asbestos worldwide.  Common historical applications for this form of 

asbestos include insulation products, roofing materials, textiles (including curtains), conduits for 

electrical components, piping materials, boilers and heating vessels, textiles, sealants and 

coatings and vermiculite (ASTDR 2001c).  Prior to 1970, asbestos was commonly used in 

shipbuilding and in automotive industries.  More recently, asbestos has been used in vinyl tiles, 

roofing materials, brake pads and gaskets in automobiles, imported cement pipes, corrugated 

sheeting, fire resistant doors, heat resistant fabrics, some packaging materials and paper products 

(Kaufman, Rodgers, and Murray 2011).  Asbestos fibers are extremely stable and do not degrade.  

They can maintain their original integrity for hundreds if not thousands of years and 

consequently are an environmental concern.  A key issue with asbestos is the stability of the 

fibers that can become friable and airborne.  Background ambient concentrations of asbestos 

fibers range from 0.00001 to 0.0001 fibers per milliliter with highest levels being associated with 

urban areas (ASTDR 2001c).  The most problematic fibers are those possessing small diameters.  

These have lengthy residence times in the environment and are of concern especially in 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajkowska%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Protasowicki%20M%5Bauth%5D


 
 

occupational settings.  Since there is great disparity with regard to asbestos levels in different 

areas an evaluation of exposure must be conducted on a site-by-site basis.  The rare human 

condition termed mesothelioma is a result of exposure to asbestos fibers and is associated with 

lung cancer.  Asbestos fibers act synergistically with cigarette smoke to create a combined effect 

that is greater than the sum of the parts.  This has been especially devastating in populations 

where mining and cigarette smoking are common.  Another risk associated with asbestos is 

associated with construction sites and urban centers where older buildings are often demolished.  

In this instance, fibers that were once buried or restricted can be released into the atmosphere and 

circulated within the environment for extended periods.   

Asbestos can be a real problem especially in older industrial sites, especially in areas that 

had a rich history of particular types of industrial activities.  Chester is a prime example.  Many 

of the former industries in Chester most likely used asbestos in their operations.  The 

shipbuilding industry (PA Shipbuilding Co., Chester Shipbuilding Co. LTD., Sun Shipbuilding 

Co.) National Gypsum Co., Keystone Plaster Co., Beacon Light Co., Philadelphia Electric Co., 

Federal Steel Foundry and a host of other businesses potentially were using or producing 

products that contained asbestos.  There exists the possibility that some of this material remains 

buried in the soils on the original sites that are now fallow.  The Occupational Safety and Health 

Administration (OSHA) began regulating workplace asbestos in the 1970’s.  By the end of the 

1970’s into the 1980’s the U.S. EPA banned new uses for asbestos and designated it a class A 

human carcinogen (Kaufman, Rodgers and Murray 2011).  Thereafter, legislation was passed 

that further regulated the use of asbestos and even mandated action to evaluate and remove much 

of the material from industrial sites as well as from homes and businesses.  

 

Toxicology of Asbestos 

The tiny silicate mineral fibers associated with asbestos are both stable and have long 

residence times and thus can end up in the upper and lower respiratory tract of humans.  Most 

concern arises when industrial sites are remediated and as a result release substantial quantities 

of asbestos silicate fibers into the air.  In this instance, fibers may be inhaled and can become 

trapped in the upper and lower reaches of the respiratory tract.  Even when this occurs, little 

information is available with regard to the exact exposure since lung tissue would have to be 

autopsied to reveal such.  Once particles are inhaled they are usually removed by mucociliary 



 
 

mechanisms.  The alveoli play an important role in moving this material out of the lungs so that 

the material eventually is swallowed and transported out of the body via the gastrointestinal tract.  

The ATSDR (2001c) lists three processes that are suspect in causing asbestos pathogenicity.  

These include mechanisms that cause direct interaction with chromosomes, the generation of 

reactive oxygen species, and other cell-mediated mechanisms that ultimately lead to fibrosis and 

malignancy.   

Asbestos does not appear to bioaccumulate or biomagnify in biological systems.  

Consequently, the buildup of such is not expected in plants and animals.   

 

Polychlorinated Biphenyls (PCBs) 

Polychlorinated biphenyls or PCBs are a group or class of synthetic organic chemicals 

that have wide application in industrial processes worldwide.  In the United States they have 

been used widely used as lubricants, insulators of electrical components and capacitors, coolants, 

paints, glues, plastics, caulking around windows, and in fluorescent lighting ballasts.  Broadly 

speaking, most have low vapor pressures, high sorptive potentials, possess properties that make 

them very stable in the environment, and are lipophilic which allows them to efficiently 

accumulate and magnify in biological tissue.  Since they differ according to the number of 

chlorine atoms they possess, some, especially those that contain fewer choline atoms, can travel 

hundreds if not thousands of kilometers from their point of origin.  It is no wonder that they are 

found in some of the most remote places on the planet owing to their unique properties.   One of 

the highest incidents ever recorded for PCB contamination was found in polar bears in 

Spitsbergen, Norway.  In this instance, bears were found possessing PCBs of 90 ppm (Baird and 

Cann 2011).  Ironically, high concentrations of PCBs in human breast milk are often found in 

women living in more remote areas who consume a diet high in fish or fatty tissue (Fitzgerald et 

al. 1998).  In another study, Inuit women in the northern regions of Quebec were found to 

contain PCB blood levels of 27 ug/L and up to 150 ug/L in older subjects (Wormworth 1995).  

The same study also exerts that the concentration of PCB in breast milk can be 10 times greater 

than that documented for blood levels in Inuit women.  It is not only people residing in remote 

areas of the planet that need to be concerned about PCBs.  People living near places formerly 

known to have produced and or used PCBs also have an elevated risk of having elevated levels 

of these chemicals in their system (ASTDR 2015).  This is especially true of polluted sites where 



 
 

people unknowingly harvest contaminated fish for consumption.  But in general, the stable 

nature and associated properties of PCBs has assured that nearly all humans now contain some 

level of PCBs in their tissues.  The fact that Chester was so highly industrialized for the entire 

period when PCBs were being used (1929 until 1977) may offer some clues as to their presence 

in soils.  Chester had a variety of industries that would have employed the use of PCBs in their 

business operations.  Their ban by the Congress in 1976 has helped reduce the overall levels 

found in the environment.  Consequently, levels in human tissue have been greatly reduced since 

that time (ASTDR 2015).   On occasion however, there are instances where old lubricants, inks, 

flame retardants, paints and or antiquated materials and products containing PCBs may be 

incinerated or improperly disposed of.  In such instances, PCBs are then redistributed throughout 

the environment.  Since these materials are so persistent and widely spread, they commonly and 

continuously are being redistributed between soil, air, and water interfaces (Eisenreich et al. 

1992).  In this manner, they can be further magnified in higher trophic levels as organisms 

sequester the contaminants as a function of their redistribution within the environment.  PCBs 

also adhere very strongly to soils so their movement can be restricted.  Because of this, it is 

unlikely that they migrate to groundwater (ASTDR 2015).  Instead, they are more likely to 

volatilize from soils into the surround air, especially in summer when temperatures accentuate 

the release of PCBs from soils.  This is especially true in the lower chlorinated forms than in the 

higher chlorinated congeners that tend to volatilize less efficiently and sorb more readily to soils.  

There is also evidence that plants can absorb PCBs.  Although the literature is somewhat sparse, 

a few studies have shown that select plant species are able to absorb PCB’s from contaminated 

soils. (Liu et al. 2009).  Most importantly, there is evidence that sediments containing PCB’s 

may transfer volatile phase congeners directly to the air via covaporization as a result of flooding 

events or landfill removal operations (Chiarenzelli et al. 1997, Bremle and Larsson 1998).  This 

has implications for sites that are contaminated with PCBs and that periodically flood as a result 

of unusual storm events.   Inversely, Chiarenzelli et al. (1997) indicate that in soils that are 

deprived of moisture bind PCBs more vigorously thereby reducing volatilization.    

 

Total Petroleum Hydrocarbons (TPH) 

The term total petroleum hydrocarbons is used to describe a diversity of petroleum -based 

products that have a hydrogen/carbon base.  Few realize that petroleum is actually a mixture of 



 
 

hundreds of compounds.  These may include branched-chain, straight chain, and cyclic alkenes 

and alkanes, and a variety of aromatic compounds such as benzene, toluene, ethylbenzene, and 

xylene (BTEX) as well as polycyclic aromatic hydrocarbons (PAHs).  Many petroleum-based 

mixtures also contain secondary entities such as metals, alcohols, and a host of other elements 

that can greatly influence the overall properties of the petroleum.   All totaled, there are several 

hundred to possibly over a thousand different hydrocarbon components in various petroleum 

complexes (ATSDR 1999a).  This makes determining their toxicological properties challenging 

once released into the environment.  Because total petroleum hydrocarbons are not single 

entities, determining their Minimal Risk Levels (MRLs) are problematic.  This is one reason why 

various groups of hydrocarbons have been more finely defined by their physical and chemical 

properties along with other important properties e.g. Volatile Organic Compounds (VOCs), 

Semi-Volatile Organic Compounds (SVOCs), Polynuclear Aromatic Hydrocarbons (PAHs), 

Benzene, Toluene, Ethylbenzene, Xylene (BTEX).  Currently, there are MRLs in place for the 

following compounds: anthracene, benzene, ethylbenzene, fluoranthene, fluorene, n-hexane, 

naphthalene, toluene, m-xylene, p-xylene, xylenes, and l-methyl naphthalene (ATSDR 1999a).  

Different approaches have been implemented for assessment purposes relative to quantifying the 

risk for hydrocarbon exposure.  Since hydrocarbons often exist as conglomerates the assessment 

of toxicity and risk is somewhat generic.  This is why “indicator” compounds are sometimes 

used to characterize risk and a relative potency approach has been developed for some of the 

PAHs (ATSDR 1999a).  The current status of risk assessment for TPHs is not very well defined.  

This, in part, is due to the absence of appropriate models and toxicity information for most 

hydrocarbon contaminants. 

 

Benzene, Toluene, Ethylbenzene, and Xylene (BTEX) 

Hydrocarbons encompass a wide range of compounds that have varying degrees of 

hydrogen and carbon in their composition.  In particular, benzene, toluene, ethylbenzine, and 

xylenes (BTEXs) are sometimes grouped together because they have similar chemical properties 

and they often occur together in industrial sites that have been contaminated.   These are single 

ringed aromatic compounds that are important constituents in industrial settings.   Although 

similar in many respects, they have different industrial applications.  Benzene is used in motor 

fuels, solvents, inks, oils, paints, plastics, and rubber.  Toluene is a component of aviation and 



 
 

automobile fuels.   Ethylbenzene is used to manufacture synthetic rubber and is also used as an 

automobile fuel.  Xylene is used in making paints, and paint thinners, and is found in gasoline as 

well as in a host of other petroleum products.  Together, these can be collectively found 

contaminating groundwater, surface water, and soil.  They volatilize and are metabolized readily 

in biological systems.  They are known for producing neurological impairment in humans.  At 

least one, benzene is a proven carcinogen and has been linked with causing leukemia.   

 

Polycyclic Aromatic Hydrocarbons (PAHs) 

Polycyclic aromatic hydrocarbons or PAHs are a group of diverse compounds that occur 

as a result of incomplete burning.   PAHs are released naturally though volcanic activity or in an 

anthropogenic manner as a result of burning coal, oil, natural gas, wood, refuse, and a host of 

other substances.  PAHs have wide application and are found in products such as roofing tar, 

creosote, asphalt, plastics, dyes, coatings, and even medicines.   Since there are well over one 

hundred PAHs with varying properties and degree’s of toxicity, they will be treated as a general 

category of pollutants.   When released from point sources via combustion they exist as vapors 

and can adhere to surfaces and particles.  Consequently, they can travel long distances before 

they return to Earth on soil surfaces or in water as a result of wet and/or dry deposition.  They 

can then evaporate from a water surface back into the atmosphere or can remain fixed to soil 

particles which can eventually settle to the bottom of the water column and become part of the 

underlying sediment.  Both the physical and chemical properties of the environment determine 

the contamination risk associated with individual PAHs.  Attributes such as environmental 

persistence and absorption properties often influence their degree of mobility in the environment.  

In some instances they can bioaccumulate in select aquatic plants species and can be found in 

higher concentrations than in the surrounding water.  In other instances they may be partially 

degraded by ultraviolet light or by soil microorganisms over a period of weeks, months, or years.  

There are other instances where they move deeply into the soil and eventually influence and 

contaminate ground water.  To determine the risk posed by these contaminants, a Contaminant 

Risk Factor (CRF) for groundwater, soil, and air can be employed that takes into account the 

mobility, persistence, and toxicity of a pollutant/contaminant.  

 

 



 
 

A map of the soils of Chester as was superimposed onto areas we designated as 

brownfield sites in Chester (Figure 4).  A synopsis of the soil designations, their characteristics, 

and corresponding site numbers of brownfield locations can be found in table 10. The vast 

majority of brownfield sites were located on soils designated as Ma (made land, gravelly 

materials) and Mc (made land, silt and clay materials).  Only three other soil types designated 

Me (made land, schist and gneiss materials), Mhe (manor loam and channery loam, 25-35% 

slopes) and Mf (made land, sanitary landfill) were found on one of three locations we designated 

as a brownfield.   All of these soil types are classified as udorthents; areas having been disturbed 

by filling or cuffing that consist of moderately well drained to excessively drained soils.  These 

sites also are covered by a patchwork of pavement and buildings that can influence the overall 

permeability of the matrix.  They typically have either been cut into or have been modified by 

adding coarse to medium textured materials.  According to Web Soil Survey, the soil properties 

that exist in the brownfield sites from our study indicate that they are not especially flood prone.  

These are medium to well drained soils.  However, the modification of the watershed in areas 

north of Chester, helps to deliver an excess amount of water into the city when under the 

influence of unusual hydrologic storm events.    

 

 

 

 

 



Table 10: Site Specific Soil Properties, Chester, PA 
Soil 

Map 

Symb

ol 

Soil Map 

Name 

Elevation 

(ft) 

Mean 

Annual 

Precipitation 

(in) 

Composition Typical Profile 
Slope 

(%) 

Depth to 

Restrictive Feature 

Drainage/ 

Runoff 

Class 

Depth to 

Water 

Table 

(in) 

HSG* pH 
Site 

No. 

Ma  Made 
land, 
gravelly 
materials 

  200 – 1500  36 – 55  Udorthents, shale and 
sandstone: 85%  
Minor components: 
15% 

Ap – 0 – 60 inches: silt 
loam 
CEC – 6.4 - 21 
C – 6 – 60 inches: silt 
loam 
CEC – 3.6 – 30 

0 – 8 20 – 99 inches to 
lithic bedrock 

Well 
drained/ 
Very high 

~60 A 4.5 – 
8.4 

6,8,10,11,1
2,13,33,34,
35,36,37,38
,39,41,49,5
2,53,55,57,
58,59,62,65
,66,68,71 

Mc Made 
land, silt 
and clay 
materials 

 300 – 2000  36 – 55  Udorthents and 
unstable fill: 95%  
Minor components: 5% 

C – 0 – 65 inches: 
extremely channery silt 
loam 
CEC – Data unavailable 

0 – 8 > 80 inches Well 
drained/ 
Medium 

>80 C 3.6 – 
5.5 

64 
63 
72 

Me Made 
land, 
schist and 
gneiss 
materials 

200 – 2000  35 – 55 Udorthents, schist and 
gneiss: 95%  
Minor components: 5% 

A – 0 – 3 inches: silt 
loam 
CEC – 11 - 18 
C – 3 – 40 inches: 
gravelly silt loam 
CEC- 17 - 25 
2C – 40 – 60 inches: 
gravelly silt loam 
CEC- 17 - 25 

0 – 8 40 – 72 inches to 
paralithic bedrock 

Well 
drained/ 
Medium 

~60 C 5.1 – 
6.5 

73 

Mhe Manor 
loam and 
channery 
loam, 25 – 
35 percent 
slopes 

200 – 1000  35 – 50  Manor and similar 
soils: 98% 
Minor components: 2% 

A – 0 – 4 inches: loam  
Bw – 4 – 19 inches: 
channery loam 
C – 19 – 60 inches: very 
fine sandy loam 
CEC – Data unavailable 

25 – 35 72 – 99 inches to 
paralithic bedrock 

Well 
drained/ 
High 

>80 B 3.6 – 
6.6 

63 

Mf Made 
land, 
sanitary 
land fill 

100 – 1600  30 – 50  Udorthents, sanitary 
landfill, and similar 
soils: 98% 
 Minor components: 
2% 

A – 0 – 24 inches: 
gravelly loam 
CEC- 5.7 - 41 
C – 24 – 70 inches: 
variable 
CEC – Data unavailable 

0 – 15 10 – 70 inches to 
lithic bedrock 

Well 
drained/ 
Medium 

>80 B 4.5 – 
7.8 

74 

*Hydrologic Soil Groups: 
Group A.  Soils with a high infiltration rate (low runoff potential when thoroughly wet. Mainly deep, well drained to excessively drained sands or gravelly sands.  These soils have a high rate of water transmission. 
Group B. Soils with a moderate infiltration rate when thoroughly wet.  These consist mostly of moderately deep or deep, moderately well drained or well drained soils that have moderately fine texture to moderately 
coarse texture.  These soils have a moderate rate of water transmission. 
Group C.  Soils having a slow infiltration rate when thoroughly wet.  These consist mostly of soils having a layer that impedes the downward movement of water or soils of moderately fine texture or fine texture.  
These soils have a slow rate of water transmission. 
 
Derived from:United States Department of Agriculture, Natural Resource Conservation Service, Web Soil Survey, websoilsurvey.sc.egov.usda.gov/App/HomePage.htm 



Metals in Soils 

Metals are some of the common and important contaminants found in soil.  

Consequently, when assessing soils for industrial contamination, metals can be used as an 

indicator of soil contamination.  The United States Environmental Protection Agency (USEPA) 

lists 14 metals (Ag, As, Ba, Be, Cd, Cr, Cu, Hg, Ni, Pb, Se, Sb, Th, and Zn) as being especially 

important for assessing sites suspected of contamination.   The metals we considered in this 

report (As, Cd, Cr, Cu, Hg, Pb, and Zn) are all represented in the above list.  Given the different 

types of industries and businesses that existed in Chester over the past hundred years, these 

metals are ones most likely to have been used and are suspect in being present in areas 

throughout the city today.   Unlike organic contaminants, these can be tested fairly easily and 

inexpensively using atomic absorption spectrophotometry.   

Since the soils underlying brownfield sites in Chester are largely “made land” containing 

gravelly material, schist, loam, silt and in one case Mc-silt and clay, it is likely that their ability 

to retain metals in the upper region of the Group –A profile are diminished.   Where the Group B 

profile of these soils is missing, there potentially exists a barrier between A and C owing to the 

differences in composition.  Because of this, some metals may be present and tied up between 

the Group A and C layers.   The Web Soil Survey description of the soils from these sites suggest 

that the Group C profile soils contain a greater degree of silt loam, very fine silt, extremely 

channery silt loam.   Therefore, these soils have a greater capacity to retain metals as do clay 

materials (Kaufman, Rodgers and Murray 2011).  What is not clear is what chemical reactions 

are taking place with secondary minerals and how metals are being absorbed between these 

layers.  One thing is however certain, soil pH reactions are the most important reactions in 

determining the fate, transport, and chemical disposition of metals.  The pH of the soils 

underlying the brownfield sites we examined range from 3.6 to 8.4 (USDAWSS 2013).  This, 

although considered normal variation, is considerable and would undoubtedly influence the 

pathways of metal deposition and release.  Soils are subject to variation in redox status and this 

primarily affects the elements such as C, N, O, S, Fe, and Mn although Ag, As, Cr, Cu, Hg, and 

Pb are also affected (Sposito 1983).  The microbiota can also play an important role in 

influencing redox reactions.  Redox reactions are frequently catalyzed by microorganisms that 

ultimately influence metal availability (Sposito and Page 1985). 



 
 

Another important consideration is the pH of the rainfall in storm events.  Chester is 

highly industrialized and as such is subject to acid precipitation.  Interstate 95 runs directly 

through Chester and this greatly influences the pH of the rainfall.  Rainfall levels of pH 3 to pH 4 

have consistently been recorded in Chester over the past several decades (Madigosky and 

VanBramer, personal observations).  This plays a role in the fate and transport of metals in soils 

that exist on brownfield sites.  Additionally, soil pH is influenced by changes in the redox 

potential that occurs in soils that become intermittently waterlogged.  The pH of soils under 

reducing conditions typically increases while under oxidizing conditions decreases (Alloway 

1995).  In general, metals are released in soils when the pH is lowered and are tied up when the 

soil pH increases, especially above pH 7 or 8 (Brady 1974).  The continuous increase 

acidification of soils in Chester by rainfall events most likely has influenced the overall 

movement of metals into the lower region of the soil matrix.   

To determine the contaminant risk factor for groundwater (CRFGW) we compared 

properties on our study site to those reported by Kaufman Rodgers and Murray (2011).  They use 

the following equations to determine the overall risk of groundwater contamination: CRFGW= 

toxicity x mobility x persistence.  A detailed derivation of this equation is found on pages 346-

349 in Kaufman, Rodgers and Murray (2011).  This equation can be used to determine the 

common risk of contamination in groundwater for metals, volatile organic compounds (VOCs), 

polycyclic aromatic hydrocarbons (PAHs), light nonaqueous phase liquids (LNAPLs), and dense 

nonaqueous phase liquids (DNAPLs).  Another interesting point can be made about the variation 

in the CRF numbers relative to the various soil types (clay, silty clay, sand silty clay, and sand).  

The highest CRF numbers are typically on soils that possess larger grain sizes.  In this instance, 

soils are quite permeable and therefore allow water to pass through the matrix freely.     

The metals evaluated in this study represent some of the most common elements in 

contaminated sites nationwide.  They have been found frequently on industrial sites across the 

country.  A close examination of the CRF numbers for select metals reveals that there is a wide 

disparity in the ability of soils to assimilate metals.  Mercury has one of the highest CRFSOIL 

numbers of the metals.  Mercury binds very tightly to most soils and it is likely that this element 

is present in many of the brownfield sites we evaluated.   Mercury may however be transformed 

by microorganisms to methyl mercury which can then become more bioavailable to higher 



 
 

organisms.  An evaluation of vegetation from the brownfield sites in Chester should be 

considered as a next step to assess the potential of metal accumulation.  Chromium and lead have 

relatively low CRFSOIL numbers and do not sorb to soil particles readily.  Consequently, these are 

more apt to be soluble, especially in acidic soils, and migrate more freely than other metals.  

Chromium VI has very high CRFGW which indicates that it is quite mobile and may potentially 

move farther distances from the initial source of contamination.  The metalloid arsenic has a 

much higher CRFGW as compared to lead and this indicates that it is considerably more soluble 

and toxic (Kaufman, Rodgers, and Murray 2011). 

Asbestos 

Asbestos is widespread and is dissipated and circulated in its natural form as a result of 

weather events.  The concentrations of airborne asbestos that are associated with rural areas are 

typically 0.00001 fibers per mL of air.  Levels documented in urban areas run about 10 times 

higher than in rural areas.  Lee and VanOrden (2007) report mean outdoor asbestos levels at 3E-

05 (s/cc/>5um) from more than over 1600 sample sites from across the United States.   A 

plethora of industries occupied Chester in the early to mid part of the last century.  Many of these 

undoubtedly used, processed, and housed materials that contained asbestos.  Consequently, much 

concern centers around whether soils and old structures that occupy former industrial sites in 

Chester contain asbestos.  In some instances, materials may have been buried beneath these sites 

when regulations were not in place governing such activities.   Since there is little chance of it 

being chemically altered by acidification or fluctuating redox conditions in soil, most risk would 

come if and when these sites are disturbed and if they contain asbestos.     

 

PCBs 

One of the most important characteristics of PCBs is that they do not readily degrade 

once released into the environment.  Their stability allows them to cycle between terrestrial and 

aquatic environments with ease.  The soil conditions on brownfield sites we examined are largely 

“made land” containing gravely materials and sand with some silt and less clay.  The 

contaminant risk factor for PCBs in ground water and soil reported by Kaufman, Rodgers, and 

Murray (2011) indicate that soil rich in sand and silt have CRF values that range from 0.0009 to 

0.0003 and 1,457.00 to 2,524.00, respectively.  Most of the brownfield sites we evaluated had a 

strong shale and sandstone base.  Although not exactly identical to the conditions described by 



 
 

Kaufman, Rodgers, and Murray (2011) they are close approximations.   What this number 

indicates is that PCBs in sandy matrices tend to adhere tightly to soil particles and as a result are 

not all that soluble in water.   This accounts for the very low CRFGW numbers compared with 

other contaminants.  If PCBs are present in the brownfield sites in Chester, they most likely are 

tied very tightly to the soils.  PCBs are largely immobile and they do not readily leach.  They can 

however volatilize (especially lower chlorinated congeners) and this seems to be an important 

mechanism in their worldwide distribution.  Those that can vaporize have been shown to 

accumulate in plants such as food crops by a vapor to plant transfer (Bohme et al. 1999).  Others 

that escape may be circulated globally and can be found almost everywhere.  All PCBs are not 

the same and they may vary substantially according to their chemical properties.   PCBs that 

contain 0-1 chorine atoms tend remain mobile in the atmosphere. Those containing 1-4 chlorine 

atoms tend to migrate toward the poles while higher chlorinated forms (4-8 chlorines) tend to 

favor the mid latitudes while forms possessing 8-9 chlorine atoms remain close to their source of 

origin (ATSDR 2015). 

 

Hydrocarbons (TPHs, BTEX, PAHs) 

The diversity and mixture of hydrocarbons that can be found at industrial sites makes it 

difficult to assess toxicity and ultimately risk.  Of the hundreds of hydrocarbon compounds that 

exist, very little information is known about how these collectively react and behave with respect 

to their collective toxicological properties.  The few hydrocarbons that we have reviewed for this 

report are perhaps the most frequently found contaminants in industrial zones across the United 

States.  This is not an exhaustive list but rather a very narrow sample of compounds that 

potentially could exist on the brownfield sites examined in Chester.  They will serve to help 

characterize the degree of contamination on these sites.   Some of the most common forms of 

hydrocarbons are in the BTEX complex.  These substances have relatively few hydrocarbons in 

their structure as compared to other types of hydrocarbon contaminants.  They are often found 

together and share some structural attributes but their toxicological properties are quite different.  

To assess their contaminant risk we again turn to work outlined by Kaufman, Rodgers and 

Murray (2011) (Tables 11 and 12).  The soil types that they report on (clay, silty clay, sand silty 

clay, and sand) are the most common soil types found in urban areas throughout the United 

States.  The area that they specifically have developed their research around is very similar to the 



 
 

conditions in Chester.  Therefore, we feel that these sites share many of the attributes found in 

Chester and are therefore appropriate for comparison.  The CRFGW value for benzene is the 

highest of all the other LNAPLs provided by Kaufman, Rodgers and Murray (2011) (Table 11).  

Benzene is the most toxic, possesses great mobility, and is one of the more persistent VOCs 

found in the environment.  This is why is has the highest CRFGW number of the groups given.  

The highest CRFGW level is projected for sandy soils that are found in the majority of brownfield 

sites in Chester.  The higher numbers are indicative of the increasing grain size that allows for 

greater degree of movement and mobility within the soil.  Overall this component property 

enhances the permeability of the soil.  As a result, compounds such as benzene move freely 

within the soil.  Toluene has a lower CRF rating than benzene and that is because it is 

considerably less toxic.  Both benzene and toluene are soluble in water although benzene is more 

so.  This allows them to be more easily transferred from the surface to subsurface interfaces.  

Ironically, xylene (C8H10) although somewhat similar in structure, is practically insoluble in 

water, which changes the degree to which this substance is transmitted throughout the 

environment.   Xylene is rarely found in soil or waterways except after a recent spill because of 

its propensity to evaporate quickly once released.   When spilled accidentally, it vaporizes 

quickly and is degraded photochemically within a matter of days.  Ethylbenzene is soluble in 

water although not nearly as readily as benzene.  It moves freely in water but is largely broken 

down by both chemical and biological processes when entering soil.  Consequently, it has the 

potential of entering groundwater under certain conditions (ATSDR 2010).   Ethylbenzene lacks 

the persistence factor that is characteristic of benzene and thus possesses lower CFRGW numbers.   

Determining the CRF for air must include not only an evaluation of toxicity, mobility, 

and persistence, but also factors such as the gaseous and particulate nature of the material under 

assessment.  Therefore, a modification of the CRF equation should include the following: 

CRFAIR = Toxicity x [(Mobilitygas x Persistencegas) + (Mobilityparticulate x Persistencepartciulate)] and 

a more thorough derivation of this equation may be found in Kaufman, Rodgers and Murray 

(2011).   

The CRF for BTEX air values and risk factors can be found in Table 12.  Clearly, 

benzene posses the greatest risk compared to toluene, ethylbenzene, and xylene.   The toxicity of 

benzene helps to elevate the status of this contaminant.   While each brownfield site in Chester 

needs to be evaluated on a case-by-case basis, there have been incidents where BTEX and PAHs 



 
 

have been found at very high levels.   One example includes the Exelon Corp. facility (formerly 

Philadelphia Electric Company) located on Jeffrey Street and Delaware Avenue in Chester.  This 

90 acre waterfront site was contaminated with BTEX, PAHs, SVOCs, LNAPL’s, and some 

metals (USEPA 2014).  Here, seventeen acres were contaminated as this particular parcel was 

formerly a resin manufacturing plant and hazardous waste recycling facility.  This site was 

eventually remediated under the Resource Conservation and Recovery Act (RCRA) Corrective 

Action Program, sold to Preferred Real Estate, and is now high-tech office space.  Undoubtedly, 

there are other sites within the city, and those currently designated as brownfield sites, that may 

contain contaminants as a result of Chester’s industrial past.  Some of these undoubtedly may 

contain PAHs that tend to be very persistent.  To outline the general risk of PAHs we again 

return to the work of Kaufman, Rodgers, and Murray (2011). Their evaluation of a similar site 

indicates that some of the most common PAHs (naphthalene, chrysene, penanthrene, and 

benzopyrene) can be maintained in select soils but at relatively low levels.  These however are 

very toxic substances that can fix to soils readily.  Consequently, they can be maintained in soils 

for long periods of time.  That is the primary reason why CRFGW values are quite low as 

compared to the CRFSOIL values.  The model that we used to determine the likelihood of 

flooding on many of the brownfield sites indicates that in storms over 3.25 inches of rainfall over 

a 24 hour period will cause 17 of our sites to flood.  There is evidence suggesting that anaerobic 

conditions caused by flooding promote the decomposition of vegetation thereby releasing 

significant amounts of PAHs to the environment (Ciesielczuk et al. 2014).  The presence of 

flooding on brownfield sites in Chester poses not only a risk of toxicant release from the 

immediate area, water may also carry PAHs from areas well outside of the city.  Both Chester 

Creek and Ridley Creek terminate in Chester while flowing into the Delaware River.  The water 

from these systems are greatly influenced by towns and communities to the north of the city. So 

the influx of water during unusual flood events can impact the release of contaminants from the 

surface and soil components on brownfield sites as well as assimilating pollutant loads from 

outside of the city. Unusual hydrologic events play a role in the redistribution of pollutants and 

this needs to be critically and thoroughly examined in Chester.   

 

 



 
 

TABLE 11.   Common Risk Factors for Ground Water (CRFGW) and Soil (CRFSOIL) 
contaminants. 
CRF’s for Common 

Metals, VOC’s, PAH’s 

& other select 

compounds 

Soil Type CRFGW CRFSOIL 

(BTEX)    

 

Benzene 
Clay 
Silty clay 
Sand silty clay 
Sand 

3.64 
14.50 
15.40 
19.40 

10.00 
2.50 
2.30 
1.90 

 
Toluene 

Clay 
Silty clay 
Sand silty clay 
Sand 

0.63 
4.10 
4.53 
7.53 

12.76 
1.97 
1.79 
1.07 

 
Ethyl Benzene 

Clay 
Silty clay 
Sand silty clay 
Sand 

0.27 
2.10 
2.40 
4.80 

74.80 
9.60 
8.40 
4.20 

 
Xylene 

Clay 
Silty clay 
Sand silty clay 
Sand 

1.10 
7.80 
8.10 
13.90 

23.13 
3.43 
3.10 
1.80 

Metals, As & PCB’s    
 
Chromium VI (Cr VI) 

Clay 
Silty clay 
Sand silty clay 
Sand 

948.00 
2080.00 
2116.00 
2300.00 

10.20 
4.00 
3.50 
3.00 

 
Lead (Pb) 

Clay 
Silty clay 
Sand silty clay 
Sand 

0.03 
0.03 
0.34 
1.10 

234.00 
11.70 
9.94 
3.03 

 
Mercury (Hg) 

Clay 
Silty clay 
Sand silty clay 
Sand 

1.57 
2.52 
2.77 
3.10 

41,800.00 
19,140.00 
17,600.00 
15,600.00 

 
Arsenic (As) 

Clay 
Silty clay 
Sand silty clay 
Sand 

9.88 
11.26 
21.12 
50.25 

7,800.00 
2950.00 
2,850.00 
2,400.00 

 
PCB’s 

Clay 
Silty clay 
Sand silty clay 
Sand 

0.00002 
0.00026 
0.0003 
0.0009 

17,992.00 
2,800.00 
2,524.00 
1,457.00 

Select PAH’s    
 
Naphthalene 

Clay 
Silty clay 
Sand silty clay 
Sand 

0.0004 
0.003 
0.004 
0.01 

11.8 
1.24 
1.06 
0.37 

 
Chrysene 

Clay 
Silty clay 
Sand silty clay 
Sand 

0.000002 
0.00002 
0.00002 
0.0009 

2,407.00 
240.00 
204.00 
61.00 

 
Phenanthrene 

Clay 
Silty clay 
Sand silty clay 

0.00002 
0.0002 
0.0002 

70.00 
7.00 
5.90 



 
 

Sand 0.0007 1.80 
 
Benzo(a)pyrene 

Clay 
Silty clay 
Sand silty clay 
Sand 

<0.00001 
<0.00001 
<0.00001 
<0.00001 

797.30 
79.70 
67.50 
20.20 

Source: Kaufman, M.M., Rodgers, D.T., and Murray, K.S. (2011). In Urban Watersheds: Geology, 

Contamination, and Sustainable Development.  CRC Press, New York.  Pgs. 341-376. 

 

 

 

TABLE 12.   Common Risk Factors for Air (CRFAIR) values and Exposure Risk Potential 
for Select Contaminants.   
CRFs for Air 

Values and Risk 

Exposure 

CRFAIR % of Potential 

Exposure Risk 

from Gas 

Phase 

% of Potential 

Exposure Risk 

form 

Particulates 

Ratio of 

Exposure Risk 

Particulate:Gas 

BTEX     

Benzene 36.05 55.69 44.31 4:5 

Toluene 7.75 13.22 86.88 8.5:1.5 

Ethyl Benzene 18.18 11.00 89.00 9:1 

Xylene 18.95 2.07 97.93 97:3 

Select Metals & 

Arsenic 

    

Chromium VI 210.25 44.59 55.41 5:4 

Lead 3.45 12.68 87.32 7:1 

Mercury 166.33 83.36 16.64 1:5.6 

Arsenic 44.50 3.6 96.4 24:1 

Select PAH’s     

 

Naphthalene 

30.44 0.003 99.997 1,000:1 

Chrysene 162.09 0.0003 99.9997 1,000:1 

Phenanthrene 40.40 40.40 0.0009 1,000:1 

Benzo(a)pyrene 184.13 0.0002 99.9998 1,000:1 

Source: Kaufman, M.M., Rodgers, D.T., and Murray, K.S. (2011). In Urban Watersheds: Geology, 

Contamination, and Sustainable Development.  CRC Press, New York.  Pgs. 341-376. 



 
 

Brownfield Sites Prone to Flooding 

The hydrologic model that we used to determine the probability of flooding on 

brownfields in Chester indicate that several sites will flood in extreme storm events.  Of the 31 

sites designated brownfield sites, 19 would be expected to flood under these conditions.  All but 

two of these sites (63, 74) (Figure 16) have underlying soil types that are designated Ma which 

have a high infiltration rate and low runoff rate.  These soils possess sands and gravely sands.  

The first 0-60 inches of this matrix contains silt loam.  The lower portion of the profile located 

between 6-60 inches has a much slower rate of water transmission, especially when saturated.  

Consequently, when substantial amounts of water from storm events enter this portion of the soil 

profile, the upper or surface region of the soil profile becomes inundated and puddling results.      

 

3.3 Conceptual Watershed Model Results 

The conceptual model gets developed from the subsurface to the atmosphere, with the 

land surface being the interface between the atmosphere and the lithosphere.  Ground water 

resources that contribute to overland flow and potential flooding are dependent on the bedrock 

geology and the surficial geology of the watershed.  These also influence the topography, the 

land slope, the drainage pattern, and the elevation of the water table.  Surficial geology also 

influences the rate of infiltration, with lower infiltration rates developing higher overland flows 

and higher infiltration rates developing lower overland flows.   

The bedrock geology for the Chester and Ridley Creek watersheds are predominantly 

Proterozoic and early Paleozoic metamorphic and other crystalline rocks.  The spatial location of 

these formations can be found on Figure 16.  These metamorphic rocks include gneiss, schist, 

and quartzite.  The other crystalline rocks are igneous rocks such as anorthosite, pegmatites and 

diabase dike intrusions.  The Meozoic, Tertiary, and Quaternary unconsolidated bedrock 

formations are terrace deposits such as gravels and gravelly sands.    The predominate rock types 

that act as deep and shallow aquifers are the crystalline rocks.  General descriptions of these 

formations are found below, edited from (Geyer and Wilhusen, 1982 and Balmer and Davis, 

1996): 
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muname
Beltsville silt loam, 0 to 3 percent slopes
Beltsville silt loam, 3 to 8 percent slopes, moderately eroded
Butlertown silt loam, 3 to 8 percent slopes, moderately eroded
Chester silt loam, 0 to 3 percent slopes, moderately eroded
Chewacla silt loam
Congaree silt loam
Glenelg channery silt loam, 15 to 25 percent slopes, moderately eroded
Glenelg channery silt loam, 15 to 25 percent slopes, severely eroded
Glenelg channery silt loam, 3 to 8 percent slopes, moderately eroded
Glenelg channery silt loam, 8 to 15 percent slopes, moderately eroded
Glenville silt loam, 3 to 8 percent slopes, moderately eroded
Glenville silt loam, 8 to 15 percent slopes, moderately eroded
Made land, gravelly materials
Made land, sanitary land fill
Made land, schist and gneiss materials
Made land, silt and clay materials
Manor loam and channery loam, 25 to 35 percent slopes
Manor loam and channery loam, 25 to 35 percent slopes, severely eroded
Manor loam, 15 to 25 percent slopes, moderately eroded
Manor loam, 8 to 15 percent slopes, severely eroded
Manor very stony loam, 8 to 25 percent slopes
Melvin silt loam
Othello silt loam
Water
Wehadkee silt loam

Surficial Geologic Map - Soils Map of Chester
Figure 16

Generally, most of the soils under the city of Chester
are made land which is composed of gravelly to sandy
loams with high infiltration capacity. The labels on the 
potential brownfield sites can be correlated to Table 2
in the report.



 
 

Metamorphic Rocks 

Wissahickon Formation  

Includes the Glenam formation and is predominantly a chlorite schist with phyllite.  The 

schist fraction is highly micaceous and all facies are fissile with high angle dips.  The weathering 

is highly variable that results in topography with moderate relief and steep localized slopes.  It is 

considered to have good surface drainage (high infiltration) through the open and closely spaced 

joints.  Permeability is 0.2 to 3.0 ft/day and average well yields of 20 gal/min. 

 

Gneiss  

Includes the Mafic, Felsic, and Granitic rock formations.  These formations have very 

low primary porosity and their hydraulic properties are dependent on the development of 

secondary porosity from fracturing and weathering.   

 

Unconsolidated Deposits 

 

For this study these include the Pennsauken and Bridgeton, and the Trenton Gravel.  

Both these formations are Tertiary and Quaternary age and lie unconformably on the 

metamorphic rocks with varying thickness.  The Bryn Mawr Formation is also unconsolidated 

but thin with limited spatial extent making it unimportant as an aquifer.  The Trenton Gravel and 

Bryn Mawr Formations are thicker deposits of quartz sand and gravel and are important in the 

lower watershed by Chester.  A summary figure of the hydraulic characteristics of the bedrock 

geology are shown in Figure 17. 

Since Chester is located at the outlet points for Chester and Ridley Creeks it is at the lowest 

points for each watershed.  The bedrock geology is predominantly the unconsolidated deposits at 

this location (Figure 18).   

The surficial geology for the watershed can be generalized into several types of loam such as 

gravelly or sandy that exist on different land slopes.  The spatial distribution of these soils is best 

represented at the county scale within the watershed, rather than the watershed scale, and is 

shown for Chester County in Figure 19, and Delaware County in Figure 20.  A full description of 

each soil formation can be found at http://www.nrcs.usda.gov/wps/portal/nrcs/site/soils/home/ 

and is not included in this report.  The hydraulic characteristics of the soil can be represented by 

http://www.nrcs.usda.gov/wps/portal/nrcs/site/soils/home/


 
 

their drainage characteristics, which is shown in Figure 21 for the watershed.  By interpreting 

Figure 21 the largest area of the watershed is underlain by well-drained soils.  These soils have a 

high infiltration capacity and will easily convert precipitation to infiltration. 

An interpretation of the of the stream networks in the Chester and Ridley Creek 

watersheds (Figure 22) shows that the majority of the streams intersect at perpendicular or close 

to perpendicular angles.  This classifies the networks as rectangular, and these networks are 

developed on hard, erosion resistant rocks such as the crystalline rocks. The streams flow on 

preexisting fractures or highly weathered zones which provide the path of least resistance.  This 

becomes very evident when studying the stream intersections with the main channels for Chester 

and Ridley Creeks.   

 

Figure 17 – Hydraulic Characteristics of the Watershed Bedrock 

(Balmer and Davis, 1996) 
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NAME
"Glenarm Wissahickon" formation
Anorthosite
Bryn Mawr Formation
Felsic and intermediate gneiss
Felsic gneiss
Granitic gneiss and granite
Mafic gneiss
Octoraro Formation
Pegmatite
Pensauken and Bridgeton Formations, undifferentiated
Setters Quartzite
Trenton Gravel
Ultramafic rocks
Wissahickon Formation

Figure 18 - Bedrock Geologic Map - Chester Creek, Ridley Creek, StoneyCreek,
and Delaware Direct Watersheds

The bedrock geology of the watershed areas are dominated
by crystalline metamorphic rocks that act as aquifers
in the study areas.  At the tailwaters where Chester is located
the bedrock is unconsolidated gravel.

Chad Freed, Ph.D.
Jamie Anderson, M.A.
Stephen Madigosky, Ed.D.
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Baile silt loam
Baile silt loam, 3 to 8 percent slopes
Califon loam, 0 to 3 percent slopes
Califon loam, 3 to 8 percent slopes
Califon loam, 8 to 15 percent slopes
Chester silt loam, 3 to 8 percent slopes
Chrome silt loam, 15 to 25 percent slopes
Chrome silt loam, 3 to 8 percent slopes
Chrome silt loam, 8 to 15 percent slopes
Codorus silt loam
Cokesbury silt loam, 0 to 3 percent slopes
Cokesbury silt loam, 0 to 8 percent slopes, very stony
Cokesbury silt loam, 3 to 8 percent slopes
Conestoga silt loam, 3 to 8 percent slopes
Conowingo silt loam, 0 to 3 percent slopes
Conowingo silt loam, 3 to 8 percent slopes
Edgemont channery loam, 3 to 8 percent slopes
Gaila silt loam, 15 to 25 percent slopes
Gladstone gravelly loam, 0 to 3 percent slopes
Gladstone gravelly loam, 0 to 8 percent slopes, very bouldery
Gladstone gravelly loam, 15 to 25 percent slopes

Gladstone gravelly loam, 25 to 35 percent slopes
Gladstone gravelly loam, 3 to 8 percent slopes
Gladstone gravelly loam, 8 to 15 percent slopes
Gladstone gravelly loam, 8 to 25 percent slopes, very bouldery
Gladstone-Parker gravelly loams, 15 to 25 percent slopes
Glenelg silt loam, 0 to 3 percent slopes
Glenelg silt loam, 15 to 25 percent slopes
Glenelg silt loam, 3 to 8 percent slopes
Glenelg silt loam, 8 to 15 percent slopes
Glenville silt loam, 0 to 3 percent slopes
Glenville silt loam, 3 to 8 percent slopes
Glenville silt loam, 8 to 15 percent slopes
Hatboro silt loam
Legore gravelly silt loam, 15 to 25 percent slopes
Legore silt loam, 8 to 15 percent slopes
Manor loam, 0 to 3 percent slopes
Manor loam, 15 to 25 percent slopes
Manor loam, 25 to 35 percent slopes
Manor loam, 25 to 60 percent slopes, very stony
Manor loam, 3 to 8 percent slopes
Manor loam, 35 to 60 percent slopes
Manor loam, 8 to 15 percent slopes

Manor loam, 8 to 25 percent slopes, very stony
Mount Lucas silt loam, 0 to 8 percent slopes, extremely stony
Mount Lucas silt loam, 3 to 8 percent slopes
Neshaminy gravelly silt loam, 8 to 25 percent slopes, extremely bouldery
Neshaminy silt loam, very deep over mafic gneiss, 0 to 3 percent slopes
Neshaminy silt loam, very deep over mafic gneiss, 0 to 8 percent slopes, very stony
Neshaminy silt loam, very deep over mafic gneiss, 15 to 25 percent slopes
Neshaminy silt loam, very deep over mafic gneiss, 25 to 60 percent slopes, very stony
Neshaminy silt loam, very deep over mafic gneiss, 3 to 8 percent slopes
Neshaminy silt loam, very deep over mafic gneiss, 8 to 15 percent slopes
Neshaminy silt loam, very deep over mafic gneiss, 8 to 25 percent slopes, very stony
Parker gravelly loam, 15 to 25 percent slopes
Parker gravelly loam, 25 to 35 percent slopes
Parker gravelly loam, 3 to 8 percent slopes
Parker gravelly loam, 35 to 60 percent slopes
Parker gravelly loam, 8 to 15 percent slopes
Parker loam, 8 to 25 percent slopes, extremely stony
Towhee silt loam, 0 to 3 percent slopes
Towhee silt loam, 0 to 8 percent slopes, very stony
Towhee silt loam, 3 to 8 percent slopes
Udorthents, schist and gneiss, 0 to 8 percent slopes
Urban land, 0 to 8 percent slopes

Urban land-Baile complex, 0 to 8 percent slopes
Urban land-Califon complex, 0 to 8 percent slopes
Urban land-Chester complex, 0 to 8 percent slopes
Urban land-Chester complex, 8 to 25 percent slopes
Urban land-Chrome complex, 0 to 8 percent slopes
Urban land-Cokesbury complex, 0 to 8 percent slopes
Urban land-Cokesbury complex, 8 to 25 percent slopes
Urban land-Gladstone complex, 0 to 8 percent slopes
Urban land-Gladstone complex, 8 to 25 percent slopes
Urban land-Glenelg complex, 0 to 8 percent slopes
Urban land-Glenelg complex, 8 to 25 percent slopes
Urban land-Glenville complex, 0 to 8 percent slopes
Urban land-Hatboro complex
Urban land-Mount Lucas complex, 0 to 8 percent slopes
Urban land-Neshaminy complex, 0 to 8 percent slopes
Urban land-Parker complex, 8 to 25 percent slopes
Urban land-Udorthents, schist and gneiss complex, 0 to 8 percent slopes
Urban land-Udorthents, schist and gneiss complex, 8 to 25 percent slopes
Watchung silt loam, 0 to 3 percent slopes
Watchung silt loam, 3 to 8 percent slopes
Water

Figure 19 - Watershed Soils that are Spatially Located in Chester County

In general the soil formations are residual soils developed over the 
crystalline bedrock and predominantly thin, especially on slopes.
The soils are loams, which are combinations of clay, silt, sand, and sometimes 
gravels.  Descriptors such as "Silt "Loam provide information on the most 
predominant soil size fraction.

Chad Freed, Ph.D.
Jamie Anderson, M.A.
Stephen Madigosky, Ed.D.
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Beltsville silt loam, 0 to 3 percent slopes
Beltsville silt loam, 3 to 8 percent slopes, moderately eroded
Brandywine loam, 15 to 25 percent slopes
Brandywine loam, 15 to 25 percent slopes, moderately eroded
Brandywine loam, 15 to 25 percent slopes, severely eroded
Brandywine loam, 25 to 40 percent slopes
Brandywine loam, 3 to 8 percent slopes, moderately eroded
Brandywine loam, 8 to 15 percent slopes
Brandywine loam, 8 to 15 percent slopes, moderately eroded
Brandywine loam, 8 to 15 percent slopes, severely eroded
Brandywine very stony loam, 0 to 8 percent slopes
Brandywine very stony loam, 25 to 50 percent slopes
Brandywine very stony loam, 8 to 25 percent slopes
Butlertown silt loam, 0 to 3 percent slopes
Butlertown silt loam, 3 to 8 percent slopes, moderately eroded
Calvert silt loam, 0 to 3 percent slopes
Calvert silt loam, 3 to 8 percent slopes
Calvert silt loam, 3 to 8 percent slopes, moderately eroded
Chester silt loam, 0 to 3 percent slopes

Chester silt loam, 3 to 8 percent slopes
Chester silt loam, 8 to 15 percent slopes
Chewacla silt loam
Chrome gravelly silty clay loam, 15 to 25 percent slopes, severely eroded
Chrome gravelly silty clay loam, 8 to 15 percent slopes, severely eroded
Chrome silt loam, 15 to 25 percent slopes
Chrome silt loam, 3 to 8 percent slopes
Chrome silt loam, 8 to 15 percent slopes
Congaree silt loam
Conowingo silt loam, 0 to 3 percent slopes
Conowingo silt loam, 3 to 8 percent slopes, moderately eroded
Glenelg channery loam, 0 to 3 percent slopes
Glenelg channery loam, 3 to 8 percent slopes
Glenelg channery silt loam, 15 to 25 percent slopes
Glenelg channery silt loam, 15 to 25 percent slopes, moderately eroded
Glenelg channery silt loam, 15 to 25 percent slopes, severely eroded
Glenelg channery silt loam, 25 to 35 percent slopes
Glenelg channery silt loam, 25 to 35 percent slopes, severely eroded
Glenelg channery silt loam, 3 to 8 percent slopes, severely eroded
Glenelg channery silt loam, 8 to 15 percent slopes
Glenelg channery silt loam, 8 to 15 percent slopes, moderately eroded
Glenelg channery silt loam, 8 to 15 percent slopes, severely eroded
Glenelg very stony silt loam, 15 to 25 percent slopes

Glenville silt loam 0 to 3 percent slopes
Glenville silt loam, 3 to 8 percent slopes
Glenville silt loam, 3 to 8 percent slopes, moderately eroded
Glenville silt loam, 8 to 15 percent slopes, moderately eroded
Glenville very stony silt loam, 0 to 8 percent slopes
Made land, gabbro and diabase materials
Made land, gravelly materials
Made land, sanitary land fill
Made land, schist and gneiss materials
Made land, silt and clay materials
Manor loam and channery loam, 25 to 35 percent slopes
Manor loam and channery loam, 25 to 35 percent slopes, severely eroded
Manor loam, 15 to 25 percent slopes
Manor loam, 15 to 25 percent slopes, moderately eroded
Manor loam, 15 to 25 percent slopes, severely eroded
Manor loam, 3 to 8 percent slopes, moderately eroded
Manor loam, 3 to 8 percent slopes, severely eroded
Manor loam, 8 to 15 percent slopes
Manor soils, 35 to 60 percent slopes
Manor very stony loam, 8 to 25 percent slopes
Melvin silt loam
Montalto channery silt loam, 3 to 8 percent slopes, moderately eroded
Montalto very stony silt loam, 8 to 25 percent slopes

Neshaminy gravelly silt loam, 0 to 3 percent slopes
Neshaminy gravelly silt loam, 15 to 25 percent slopes
Neshaminy gravelly silt loam, 15 to 25 percent slopes, severely eroded
Neshaminy gravelly silt loam, 3 to 8 percent slopes, moderately eroded
Neshaminy gravelly silt loam, 8 to 15 percent slopes, moderately eroded
Neshaminy gravelly silt loam, 8 to 15 percent slopes, severely eroded
Neshaminy very stony silt loam, 0 to 8 percent slopes
Neshaminy very stony silt loam, 25 to 45 percent slopes
Neshaminy very stony silt loam, 8 to 25 percent slopes
Othello silt loam
Quarries
Sassafras loam, 0 to 3 percent slopes
Sassafras loam, 3 to 8 percent slopes, moderately eroded
Watchung silt loam, 0 to 3 percent slopes
Water
Wehadkee silt loam
Woodstown loam, 0 to 3 percent slopes
Worsham silt loam, 0 to 3 percent slopes
Worsham silt loam, 3 to 8 percent slopes
Worsham silt loam, 3 to 8 percent slopes, moderately eroded
Worsham very stony silt loam, 0 to 8 percent slopes

Figure 20 - Watershed Soils that are Spatially Located in Delaware County

In general the soil formations are residual soils developed over the 
crystalline bedrock and predominantly thin, especially on slopes.
The soils are loams, which are combinations of clay, silt, sand, and sometimes 
gravels.  Descriptors such as "Silt "Loam provide information on the most 
predominant soil size fraction.

Chad Freed, Ph.D.
Jamie Anderson, M.A.
Stephen Madigosky, Ed.D.
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Figure 21 - Drainage Classifications for the Watershed Soils

The watershed soils are predominantly classified as well-drained soils.
These are soils that will accept water and easily pass the water 
through the soils solid matrix.  It has implications for infiltration of 
precipitation during a storm event.
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Figure 22 - Watershed Stream Networks

The network of streams in the Chester Creek and Ridley Creek
watersheds can be classified as having a Rectangular pattern.
This can be interpreted as the bedrock fracturing patterns have
control on the direction of surfacce water flow patterns.
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The topography has a direct influence on the streamflow velocities and discharges.  

Steeper topographies allow for faster drainage from a rainstorm event and smaller time of 

concentrations and larger unit hydrographs.  The topography in the Chester and Ridley Creek 

watersheds varies from 561 feet (187 meters) at the head waters to zero at the outlet points with 

the Delaware River.  The topography for the two watersheds is shown in the Digital Elevation 

Model (DEM) in Figure 23.  This DEM was converted to a continuous surface using a Triangular 

Irregular Nework algorithm which is useful for hydrologic modeling (Figure 24). 

Using the method outlined in section 2.3 in a GIS, land cover and soil formation rasters 

were input into the same layer as features along with the DEM.  The DEM was smoothed and 

converted to a continuous surface to remove any hydrologic sinks.  Using specialized spatial 

analysis operations, the DEM was used to determine the flow directions for water that falls in 

each pixel (Figure 25).  This flow direction matrix across the land surface was used to represent 

areas of flow accumulation.  After reclassifying the flow accumulation raster, the resulting raster 

shows our synthetic flows accumulating in the channels that are represented by the Chester 

Creek and Ridley Creek line files from both PASDA and the NHD (Figure 26).  The soils were 

reclassified into their hydrologic groups (Figure 27) and joined with the land cover feature.  

These two attributes were used to then determine the curve number (CN) for each raster pixel 

(Figure 28).  Using a Type III synthetic rainfall of 3.25 inches in 24 hours total runoff for each 

pixel was then calculated in the field calculator and represented on Figure 29.  The conceptual 

model developed in the Aquaveo software package using HEC-RAS combined the flows from 

the GIS output with the estimated channel characteristics and larger storm events.  This defined 

the limits of the floodplains adjacent to Chester Creek (Figure 30). 

 

4.0 Conclusions  

The consequence of Chester’s long industrial history has left the city vulnerable to the 

accumulation of pollutants and contaminants that were largely unregulated for much of the time 

Chester prospered.  Industrial mills, foundries, smelting operations, casting and steel refinement, 

shipbuilding and electrical generation enterprises all played an important role in creating one of 

the most robust economic centers on the eastern seaboard of the United States. Now, the 

changing economic environment has left many areas of the city abandoned, in need of repair, as 
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Figure 23 - Digital Elevation Model for Chester Creek and 
Ridley Creek Watersheds

This is a Digital Elevation Model (DEM) with elevations 
represented in meters.  
Data is from the United States Geological Survey (USGS). 
Chester is located at the tailwaters, or lower elevation areas of both
Chester Creek and Ridley Creek watersheds.
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Figure 24 - Triangular Irregular Network Digital Elevation Model
Chester Creek, and Ridley Creek Watersheds

This is a Triangular Irregular Network (TIN) derived from the 
raster DEM in Figure 23.  The TIN takes a pixelated
raster DEM and converts it to a continuous surface to 
allow for surface water runoff.
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Figure 25 - Flow Direction Matrix

The flow direction assigns a direction code for surface water 
runoff in each pixel of the DEM.  It is based on the slope of the
eight pixels surrounding the analysis pixel and simulates
direction of runoff during a storm event from the landscape.
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Figure 26 - Flow Accumulation Raster

This is a flow accumulation raster.  The surface water from the flow
direction raster will run off of most pixels and accumulate in pixels 
of lower elevation.  The accumulation pixels on this raster match 
Chester Creek, Ridley Creek, and the East and West Branches of
Chester Creek.
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Figure 28 - Runoff Curve Numbers

The runoff curve numbers for the watershed represent the areas 
that easily contribute surface water runoff.  They are based 
on a combination of soil hydrologic group and land cover.  
Higher numbers represent higher runoff discharges.
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Figure 29 - Runoff Values for the Total Watershed Landscape

Discharges are calculated using the Soil Conservation Services
 Rational Method as outlined in the report.  Discharges are in 
units of cubic feet per day for a Type III Synthetic Rainfall 
of 3.24 inches in 24 hours.
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Figure 30

This map combines the results from a previous SLOSH model developed for PASeaGrant, 
a 2016 FEMA study for Chester Creek, and the HEC-RAS output for a flooding model from this study.
Potential Brownfield sites that are within the potential flood zones can be visualized.
Information on each Brownfield site can be found in Table 2 of the report.



 
 

open dumpsites, and fallow.  These spaces are in desperate need of redevelopment to create a 

healthier, more prosperous, and more sustainable environment.   A first step is to conduct 

research to determine the extent of contaminants present in the soil underlying Chester’s 

waterfront region.  This will allow for a more thorough evaluation of what areas need to be 

remediated and the potential costs.  A thorough evaluation of city’s air and groundwater 

conditions need to be undertaken.  In total, this information will provide much needed 

information that is necessary to effectively model how pollutants behave in this environment.  

The place to start is an assessment of the soil. 

Most of the soil underlying the riverfront area in Chester is designated as udorthents, a 

mixture of man-made gravelly materials.  These soils are found beneath the majority of 

brownfield sites we examined.  They drain very rapidly and because of their composition are not 

prone to puddling and water retention.  When minor storm events occur the top layers of soil are 

able to accommodate water efficiently.  When extreme storm events occur, water is temporarily 

retained within the soil profile which can then cause flooding and perpetuate soil erosion.  

Initially, since there is a limited amount of organic material present in these soils, many of the 

metals may pass through to lower levels of the soil profile.  If widespread erosion takes place 

many of the metals can be quickly mobilized and transported throughout the floodplain.  In 

general, the grain size of the matrix tends to increases the contaminant risk factor (CRF) in 

relation to soils rich in organic material or those with finer particles.  Since elements such as 

mercury bind tightly to larger matrix soils, we expect that there would be a goodly amount of Hg 

in the soil occupying the brownfield sites we tallied.  The fact that microorganisms are able to 

convert forms of mercury into methyl mercury means that much of the vegetation overlying 

these sites are likely to contain mercury.  This has implications for wildlife, albeit limited, that 

remains in the area.  Other metals such as cadmium are more soluble in water where the pH is 

decreased.  This also poses a threat to wildlife.   Cadmium is known to accumulate in vegetation 

on areas that have been impacted by industrialization.  The grasses that are currently growing on 

many of these brownfield sites in Chester are likely to have accumulated Cd along with other 

metals such as Pb, Cr, and Al in their tissues, including seeds, and this has implications for birds, 

rodents, and other forms of wildlife that frequent these areas.  There is a plethora of information 

that exists outlining the accumulation of metals by plants, birds, rodents, mammals (including 

humans) on areas that have been compromised by industrialization.  Since plants tend to 



 
 

sequester and compartmentalize metals in their tissues, they would be good indicators species to 

use as a litmus test as to the degree of contamination that exists on these brownfield sites.  Given 

the industrial nature and processes that existed in Chester, it is highly likely that an 

overabundance of metals exist on these sites and in the plants and animals that are found in 

association.   

 Also of concern are many of the other pollutant classes that most likely exist on these 

brownfield sites.  Those that are extremely persistent and closely linked to certain industries, 

such as PCBs, are likely to be detected in soils, vegetation, and possibly wildlife in the area.  

Others contaminants such as TPHs, BTEX, and PAHs may be more difficult to detect owing to 

their unique physical and chemical properties.  Many of these volatilize readily and are often 

difficult to detect because they readily transition between soil, water, and air. This is an 

important area of research that should be addressed in the near future.  Finally, the brownfield 

sites examined in this report need to be more thoroughly evaluated because of the changes that 

are likely to occur as a result of changing climatic conditions perpetuated by global warming.  

Chester can expect to see more flooding episodes and storm surges in the near future and this 

will impact the brownfield sites we examined. 

The hydrologic models used in the interpretation of potential flooding zones are the FEMA 

floodplain delineations available in 2016 from PASDA, and the category 4 hurricane storm surge 

from the PASeaGrant SLOSH model.  The FEMA model accounts for flows from Chester Creek, 

and the SLOSH model accounts for storm surges from the Delaware River.  Since the majority of 

the city is located in the Chester Creek and Delaware Direct Watersheds, these areas should be 

prioritized for flood protection.  In addition, a conceptual HEC-RAS model was developed to 

determine floodplains from storms greater than the engineering design storms such as a Type III 

storm.  These extended the floodplain in the city to the south, outside both the FEMA and 

SLOSH boundaries.   

 The hydrologic model that we used to determine the probability of flooding on 

brownfields in Chester indicate that several sites will flood in extreme storm events that meet or 

exceed 3.25 inches of rainfall over a 24 hour period.  Of the 31 sites designated brownfield sites, 

19 would be expected to flood under these conditions.  These sites, formerly occupied by: 

American Locomotive Co., Pennsylvania Industrial Chemical Corporation, Keystone Plaster, 

National Gypsum, Federal Steel Foundry, a number of auto/welding shops, scrap metal yards and 



 
 

filling stations, a lumber yards, Jen Industrial Campus, Scott Paper Co., Beacon Light and 

Power, Pennsylvania Shipbuilding Co., Chester Cotton and Spinning Mill, S.A. Crozer and Son 

Cotton Mill, Ewing-Thomas Converting Co., and Baldt Inc.,  are those which stand the greatest 

risk of being inundated according to our model (Figure 30).  Therefore, an assessment of these 

areas is of paramount importance to understanding the potential risk of pollutants that are likely 

to be release into the environment as a result of extreme storm events.  These areas should also 

be prioritized for economic development. 

 

5.0 Additional Research Indicated                                             

The work presented in this report is a starting point for other studies that should be 

conducted to assess the contaminant loads that exist within the city of Chester.  A more thorough 

examination of especially brownfield sites should be assessed to determine the composition, 

porosity, and geochemistry of the soils on a site-specific basis.  This will provide the basis for 

more accurate information about how specific pollutants and contaminants will react under 

current conditions after more than 100 years of industrialization.  In addition, site-specific 

aspects of groundwater flow and direction, flooding, infiltration rates, soil cation exchange 

capacity, soil acid/base dynamics, along with an exact assessment of contaminant loads and 

movement that exist in Chester is essential.  A complete assessment of the contaminants and 

their bioaccululation rates and how they become magnified needs to be addressed.  This will 

provide a more thorough explanation of how pollutants are currently being transported, 

accumulated, processed and partitioned through both the physical and biological systems.  All 

totaled, this will help produce a more accurate picture of the true conditions that exist in Chester 

while providing baseline data upon which to direct further research models and remediation 

processes if necessary.  

Further steps need to be taken to complete the model and are not included in this project.  

They include: 

 Choosing methods to determine sub basin hydrographs and the channel routing of flow. 

 Calibrate the model using historical rainfall and streamflow discharge data. 

 Complete model simulations on multiple rainfall events using the proper watershed 

conditions. 



 
 

 Complete a sensitivity analysis to determine the models reaction to changing input 

parameters. 

 Evaluate the effectiveness of the model to quantify the rainfall-runoff relationship. 

 Incorporate inland flow models on Chester and Ridley Creeks with SLOSH model results to 

develop a more certain floodplain analysis for Chester. 
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Appendix A – Grant Information 

a. Staff 

i. Number of individuals (8) 

Dr. Chad Freed, Professor Widener University 

Professor Jamie Anderson, Adjunct Professor Widener University 

Dr. Stephen Madigosky, Professor Widener University 

Taylor Brown, Undergraduate English and Environmental Studies 

Widener University 

Olivia Pfautz, Undergraduate Civil Engineering Widener University 

Nancy Platt, Environmental Science Alumni, Widener University 

Benjamin MacLuckie, Undergraduate Environmental Science, Widener 

University 

Meredith Madigosky, English and Creative Writing Alumni, Widener 

University 

 

ii. Number of full-time employees (as part of the grant) 

None 

 

iii. Number of full-time employees (as part of match) 

None 

b. Students Supported 

i. Number of Undergraduate Students (3) 

Taylor Brown, Undergraduate English and Environmental Studies 

Widener University 

Olivia Pfautz, Undergraduate Civil Engineering Widener University 

Benjamin MacLuckie, Undergraduate Environmental Science 

ii. Number of Graduate Students 

None 

iii. Number of Ph.D. Students 

None 

iv. Degrees Awarded (please indicate level) (2) 



 
 

Bachelors of Science in Environmental Science to Benjamin MacLuckie 

Bachelors of Civil Engineering to Olivia Pfautz 

 

c. Outreach/Extension 

i. Number of meetings, workshops, or conferences, and number of attendees 

Delaware River Urban Waters Federal Partnership Meeting – 2015 

(approximately 30 attendees). 

Chester City Planning Department Meeting – 2015, 2016 

Delaware County Planning Department Meeting – 2015 

 

 

ii. Number of public or professional presentations, and number of attendees 

Chester City Planning Commission and City Council – 2015 

(approximately 15 attendees from city government) 

Widener University Summer Research Symposium 

Widener University Student Projects Day – 2015, 2016 

Association of Engineering Geologists (AEG) Student Night 

Widener University High Impact Practices and Sustainability Meeting 

Villanova University Storm Water Symposium 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Appendix B – Impact Statements 

Impact Statement 1 

 
Title:  Educational and research opportunities to help the city of Chester. 
Recap:  This project has inspired further work in the city of Chester by Widener University and 
University of Pennsylvania students to calibrate the hydrologic model, assess land use and 
prioritize redevelopment through the Clinton Global Initiative, and assist in storm water 
management by identifying opportunities for green storm water infrastructure designs and 
installations. 
Relevance:  The city of Chester is a historically underfunded and underrepresented community 
in the state of Pennsylvania.  Its residents have a low socioeconomic status and the city 
government has a limited budget.  As such they cannot afford engineering and environmental 
studies to assist in economic development.  This also provides opportunities for students to get 
experiential learning through the universities service learning programs.  
Response:  This project and three other projects stimulated by these results will provide the city 
with information and services they cannot afford but can use to assist in economic 
redevelopment. 
Results:  The entities that care are the municipal officials that want to provide the underserved 
and underrepresented residents of Chester with economic redevelopment opportunities to 
stimulate job growth and higher incomes.  By increasing economic development residents 
become more invested in their communities and other social issues such as crime rates decrease 
and human health increases in terms of quality of life.  This also creates a higher tax base for 
reinvestment in the school district, providing Chester children with better opportunities for 
higher education. 
 
 
Impact Statement 2 

 

Title: Prioritizing Brownfield redevelopment to protect local waterways from potential pollution. 
Recap: Improved understanding of potential brownfield sites within the City of Chester in 
relation to flooding and storm surge from local waterways provides a framework for prioritizing 
redevelopment to reduce potential pollutants into these aquatic systems.  
Relevance: In recent decades many of industries have left the City leaving idled sites considered 
to be brownfields. Better understanding of potential brownfields, their geographic location, and 
the potential to leach contaminants through flooding are important in prioritizing redevelopment 
efforts within the City.  
Response: Historic maps and information provided by the City Planning Department were used 
to determine locations of potential brownfield sites within the City limits. Potential sites were 
corresponded to nearby parcels to get a better representation of the geographic range of each 
potential brownfield site. Field views were performed to determine the current use of sites. Those 
that were currently in use were removed from the final list of brownfield sites. Potential 
contaminants at each site were determined based on details of manufacturing that occurred at the 
site from the Sanborn Maps. Information on potential contaminants that might be present from 
each of these industrial uses was determined. Additionally, sites were geographically referenced 



 
 

to determine their potential to be impacted by flooding events. Sites found to be within areas of 
floodwaters are recommended to be prioritized for redevelopment potential. 
Results: Research findings will assist the City in better understanding the potential brownfield 
sites in Chester and how to prioritize redevelopment to protect and improve the water quality of 
local creeks.  

 

Impact Statement 3 
 

Title: An assessment of brownfield sites in the city of Chester was performed to evaluate how 
storm events may impact the mobility of suspect pollutants.  
 
Recap: Evaluating the potential contaminants on former industrial sites is a first step in 
understanding what actions should be taken to protect the health and welfare of all citizens and 
especially those who reside in areas that are prone to storm surges and flooding events. 
Relevance: The city of Chester was one of the most industrial cites in the nation for better than 
one hundred years.  The movement away from industrialization toward less profitable enterprises 
has helped to increase joblessness while additionally placing a real environmental burden on 
people who reside in the city.  What does this issue mean for the future of the city?   How are the 
people of Chester being impacted by these changes?   These questions are of paramount 
importance in moving the city toward a more stable and sustainable future.   
Response: Using a series of historical databases to gather information about the types of 
contaminants released from industrial processes/sites across the nation, we were able to 
characterize the potential contaminants that may exist in Chester, PA.  We also looked at the 
types of businesses that currently operate in the city and determined that several of these 
continue to release pollutants that impact the local environment.    
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