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ABSTRACT 

 

Lake Tuscaloosa and the North River of Tuscaloosa, Alabama are on the Environmental 

Protection Agency’s (EPA) 303 (d) list.  The EPA’s 303 (d) list is used to identify waterbodies 

that do not meet federal standards originally set by the Clean Water Act (CWA) of 1972.  Lake 

Tuscaloosa and the North River are listed four times, three times for mercury and once for 

nutrient siltation (habitat alteration) on Alabama’s 2010 303 (d) list.  Studies have identified E. 

coli and sedimentation as issues affecting the water quality of the North River Watershed.  The 

goal of this research was two-fold: 1. Investigate the importance and effectiveness of the 303 (d) 

list as a tool to improve water quality, and 2. Examine what plans have been developed and are 

being developed to improve the water quality of Lake Tuscaloosa and the North River to remove 

them from the 303 (d) list.  These goals were achieved by examining the policies surrounding the 

issue; evaluating the current plans and studies that have identified factors involved with the water 

quality of Lake Tuscaloosa and the North River; conducting a Z score analysis of sampled data 

over the past thirteen years; conducting a land use comparison of the North River Watershed 

from 2000 and 2011; and identifying the stakeholders involved with the 303 (d) process in 

Alabama.  The results of these analyses revealed that, for the chemicals tested, water quality was 

stable throughout the time span of sampling for all variables except aluminum, chloride, and 

sodium, all of which increased over time.  These increases corresponded with a decline of 1.07% 

in forested land use and an increase in cropland and pasture land use of 0.73% from 2000 to 

2011.  It was also discovered that re-testing for mercury had not occurred, which will make it 

difficult to decide if delisting would be appropriate.  Overall, this research demonstrated a need 
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for stronger regulations within the 303 (d) list and identified factors such as the permitting 

process, as criterion that need to be added to the 303 (d) to improve its effectiveness.     
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INTRODUCTION 

 

The Clean Water Act (CWA) of 1972 gave the Environmental Protection Agency (EPA) 

the ability to regulate waterbodies not meeting the standards set by the National Pollutant 

Discharge Elimination System (NPDES) permit program.  The CWA along with the NPDES, 

were enacted to create a national standard for water quality.  According to Water Permitting 101, 

written by the EPA, only a third of US water was safe for fishing or swimming 25 years ago 

(Water Permitting 101, 2012). Within the CWA are amendments that assist the EPA in enforcing 

the national water quality standard.  The 303 (d) list is one of these amendments.  It requires a 

state to improve certain impaired waterbodies, which are identified every two years by each 

individual state.  Having a waterbody listed on the 303 (d) list indicates that the waterbody is 

impaired and the state is required to improve its water quality to maintain the national water 

quality standard.   

Lake Tuscaloosa and the North River of Tuscaloosa, Alabama are two waterbodies listed 

on Alabama’s 2010 303 (d) list.  The North River has been placed on the EPA’s subtitle 303 (d) 

list four times in 2010 and Lake Tuscaloosa is listed along with it in two of the four listings 

(ADEM, 2011).  Alabama is required to develop a total maximum daily load (TMDL) plan that 

will help improve the water quality of Lake Tuscaloosa and the North River within eight to 

thirteen years of the listing. 

 There have been several studies and reports conducted on the water quality and wildlife 

of Lake Tuscaloosa and the North River.  O’Neil et al. (2010) discusses several studies 

conducted throughout Alabama by the Geological Survey of Alabama (GSA) demonstrating that 

deteriorating water quality is negatively affecting wildlife.  GSA, the Black Warrior Clean Water 
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Partnership (BWCWP), and Alfaqih (2008) conducted studies to identify possible factors 

involved with the potentially deteriorating water quality of Lake Tuscaloosa and the North River.  

Escherichia coli Bacteria (E. coli) and sedimentation are major problems that were identified by 

these studies that affect the water quality of the area (WASWCC, 2007; Alfaqih 2008; O’Neil et 

al., 2010; BWCWP, 2010).  Both of these issues may be related to the continuing urbanization of 

the area and land use changes that may be occurring within the North River Watershed.  The 

BWCWP was formed to help develop plans to improve the water quality of Lake Tuscaloosa and 

the North River.  Continual water sampling by the City of Tuscaloosa and TTL, Inc., a local 

consulting firm, has been completed monthly since 1998 in order to monitor the water quality 

and changes that may be occurring.  Samples are taken from thirty-two sites on the lake and 

tested for compliance with EPA primary and secondary drinking water regulations.  There are 

also educational programs organized by the Alabama Museum of Natural History and the 

BWCWP to educate citizens about the importance of maintaining clean water.  Several of these 

activities are made possible through funding and collaboration with the Alabama Department of 

Environmental Management (ADEM).  ADEM is responsible for achieving and maintaining the 

national standard for water quality in Alabama.   

These initiatives have taken place on a state and a local level in Tuscaloosa County to 

help improve awareness of the importance of water.  They have also been used to enhance the 

water quality of Lake Tuscaloosa and the North River to remove them from the 303 (d) list.  

Even with all these efforts, as of 2012, Lake Tuscaloosa and the North River remain on the 303 

(d) list.  The goal of this research is two-fold: 1. Investigate the importance and effectiveness of 

the 303 (d) list as a tool to improve water quality, and 2. Examine what plans have been 

developed and are being developed to improve the water quality of Lake Tuscaloosa and the 
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North River to remove them from the 303 (d) list.  To achieve these goals the following 

questions were investigated: 

1. What effects may population growth and land use change have on the water quality of 

Lake Tuscaloosa and the North River?   

 

2. Has the water quality of Lake Tuscaloosa and the North River improved since being 

listed on the 303 (d) list?   

 

3. What is the importance and effectiveness of the 303 (d) list as a tool to improve the 

water quality of listed waterbodies?   

 

4. What plans have been developed and what studies have been done to identify threats to   

     the water quality of Lake Tuscaloosa and the North River? 

 

 These research questions were evaluated by examining water quality in the context of the 

history and geography of Tuscaloosa; factors that affect water quality such as population growth 

and urban sprawl; and reviewing the stakeholders, policies, studies, and developed and 

developing plans surrounding the issue of improving the water quality of Lake Tuscaloosa and 

the North River.  Unique to this research was an analysis of the chemicals tested monthly for 

Lake Tuscaloosa using Z scores, and an analysis of land use change for the North River 

Watershed from 2000 to 2011.  Within the discussion section, key findings are reviewed and 

each of the four research questions are addressed.  The research concludes with a discussion of 

the effectiveness of the 303 (d) list and identifies aspects that would improve the 303 (d) process 

and the water quality of Lake Tuscaloosa and the North River.     
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GENERAL BACKGROUND 

 

History 

Tuscaloosa was established in 1819 and served as Alabama’s capital from 1826 to 1846.  

The Black Warrior River flows through Tuscaloosa and has served as the “lifeblood” of the area 

by providing a means of transportation.  It also serves as an integral part of the city’s economy.  

Historically, Tuscaloosa has been a transportation and manufacturing center of west Alabama 

with industries in coal, iron, and timber (Facts and History, 2006).  Stimulating and maintaining 

Tuscaloosa’s economy can be attributed to the US Army Corp of Engineers opening up a set of 

dams in the late 1890s that created a line to the gulf seaport of Mobile (Port Tuscaloosa, 2012).  

The commerce this project created supported the productivity of the region and assisted in 

maintaining a successful economy for the last 100 plus years (Facts and History, 2006).  The 

continual growth of The University of Alabama also assisted in the economic growth and 

remains an important source of revenue for the city.  The history of Tuscaloosa plays an 

important role in the community’s perception of Lake Tuscaloosa and the natural resources of 

the area.   

Throughout the history of the area, Lake Tuscaloosa and the North River have been 

perceived as a plentiful resource that provides economic opportunities.  The sustainability of the 

resource is a relatively new issue.  The history, which is a part of forming perceptions, will 

influence how the community will react to possible solutions to have Lake Tuscaloosa and the 

North River removed from the 303 (d) list.  The surrounding communities of the North River 

Watershed have experienced water as an economic advantage, but the sustainability of Lake 
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Tuscaloosa and the North River will have to be a part of their perception if the water quality is 

going to improve.   

 

Geography of Tuscaloosa 

The City of Tuscaloosa is a part of Tuscaloosa County in Alabama.  Tuscaloosa County 

is located in west central Alabama between the Appalachian Highlands and the Gulf Coastal 

Plain in an area known as the Fall Line Hills.  The population of the county was 194,656 as of 

the 2010 census, with a population density of 147 people per square mile (US Census Bureau, 

2012).  Development plans for Lake Tuscaloosa were made after the city determined that Lake 

Harris and Lake Nicol were unable to sustain water demands (Lake History, 2006).  Lake Harris 

was created in 1929 to hold 815 million gallons of water and Lake Nicol was created in 1954 to 

hold 3.3 billion gallons (Lakes History, 2006).  With the City of Tuscaloosa’s continued 

population and industrial growth, another reservoir was needed.  Lake Tuscaloosa was created in 

1971 by damming the North River and flooding 5,885 acres. The newly constructed Lake 

Tuscaloosa was designed to hold 40 billion gallons of water and sustain a daily withdrawal of 

about 200 million gallons per day (Lakes History, 2006).  It serves as the main source of 

drinking water for the community and is a popular location for recreational activities.   

The North River is approximately forty-five miles long and flows south into the Black Warrior 

River.  It not only serves as a recreational area, but it also has biophysical importance by being a 

part of the Mobile River Basin.  The basin has seventeen species of mussels recognized as 

endangered or threatened by the U.S. Fish and Wildlife Service (O’Neil et al., 2010, p. 3).  The 

location of Lake Tuscaloosa and the North River is shown in Illustration 1, along with the 

segments listed on the 303 (d) list.  The geology and geography of the watershed is a factor in its 
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waterbodies’ water quality (Puente, 1980).  A watershed is a drainage basin, an area of land 

where water drains both above and below ground and accumulates at a final location at the 

bottom of the basin; Lake Tuscaloosa serves as the final location for the North River Watershed 

(Vigil, 2003).  

Tuscaloosa County and Fayette County, north of Tuscaloosa County, rely on the North 

River Watershed and primarily Lake Tuscaloosa for their drinking water.  The North River 

Watershed is approximately 418 square miles and extends about forty miles north of Lake 

Tuscaloosa’s dam with a width of about fourteen miles (O’Neil et al., 2010).  The North River 

flows through two physiographic sections, the Cumberland Plateau and the East Gulf Coastal 

Plain.  The northern and eastern parts of the watershed drain in the Warrior Basin District 

(underlain by the Pottsville Formation of Pennsylvanian age) of the Cumberland Plateau while 

the western lake region drains in the Fall Line Hills District (underlain by the Coker Formation 

of Cretaceous age) of the East Gulf Coastal Plain.  The Warrior Basin is a broad, dissected 

plateau about eighty miles wide that consists of primarily sandstone, shale, and mineable coal 

(O’Neil et al., 2010). 

The Cumberland Plateau stretches across eastern Tennessee from Alabama and north to 

Kentucky.  The plateau on average is about a thousand feet above the Tennessee River Valley.  It 

consists of sandstone and shale, and is characterized by deep steep-sided valleys.  Pottsville 

Formation of the Pennsylvanian age is a bedrock with fine to coarse grained sandstone formed 

about 300 million years ago (USGS, 2012).  Pottsville Formation is also associated with 

limestone, siltstone, and shale, and is known as a major ridge former.  The East Gulf Coastal 

Plain extends from Florida to Louisiana and then through Mississippi and Alabama to the 

southern tip of Illinois.  Topographically the region is known for being flat to rolling and is 
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dominated by pine.  Coker Formation of the Cretaceous age, is a soil made up primarily of sand 

that began forming about 150 million years ago (USGS, 2012).  It is known as a somewhat very 

deep soil that drains poorly.  Separating these two regions are the Fall Line Hills, which are 

characterized by rounded hills cut by valleys and represent the boundary between the East Gulf 

Coastal Plain and the Cumberland Plateau.  Other predominate soil types for Fayette and 

Tuscaloosa are Ruston-Cuthbert-Shubuta, Montevallo-Enders-Townley, Montevallo-Nauvoo, 

Smithdale-Luverne, Smithdale-Palmerdale-Pikeville, and Bama-Smithdale-Shatta (USGS, 2012).  

These soils are ranked from slight to severe for erosion hazards, with Palmerdale and Montevallo 

being severe.  Erosion causes sedimentation and is a threat to wildlife and water quality (O’Neil 

et al., 2010).  The geology and geography of the North River Watershed influence water qualities 

of waterbodies within the watershed, such as Lake Tuscaloosa and the North River. 
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(Reprinted from BWCWP, 2010) 

Illustration 1 

Illustration 1 is from the North River 

Watershed Management Plan 2010 and 

gives an overview of the North River 

Watershed and the segments listed on the 

303 (d) list.  
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Water Treatment 

The City of Tuscaloosa has two water treatment plants that serve the community, the Ed 

Love Water Treatment Plant and the Jerry Plott Water Treatment Plant.  The Ed Love Water 

Treatment Plant is a conventional water treatment plant that utilizes coagulation and filtration 

(Water Treatment, 2006).  Conventional water treatment plants are considered to be reliable and 

cost-effective at treating water (Water Treatment Process, 2011). 

The Ed Love Water Treatment Plant can treat 45.7 million gallons of water a day and was 

thought to be capable of sustaining the city’s water demands for fifteen years (Water Treatment, 

2006).  The facility was originally built in 1976 and then expanded in 1995.  Even with the 

expansion, it could not sustain the growing demand.  The solution was to build the Jerry Plott 

Water Treatment Plant, which was completed in 2008.  It has the capacity to treat 14 million 

gallons of water a day and was built with expansion in mind.  The plant fulfills the increasing 

demand for water and also provides security to the community in case of an emergency situation 

(Water Treatment, 2006).  

The Jerry Plott Water Treatment Plant uses a membrane filtration system to treat the 

water.  Instead of sand filtration, the plant uses plastic fiber membrane filters.  The process 

involves technologies with the ability to remove smaller particles from the water (Water 

Treatment, 2006).  The Jerry Plott Water Treatment Plant has the ability to be monitored by 

fewer people and also quickly correct problems, such as chemical values exceeding critical 

values or other deficiencies within the treatment process.  Both plants have similar processes for 

treating the water and each contribute to providing drinking water to over 200,000 citizens 

(Annual Water Quality Report, 2009).  The water treatment process illustrates what is involved 
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with supplying drinking water to the citizens of Tuscaloosa, a process that may be affected with 

deteriorating water quality.   

 

Importance of Water 

Water covers 70% of the Earth’s surface and only 1% is easily accessible.  Water takes 

many forms and consists of many features, 96.5% oceans, seas, and bays; 1.7% ice caps, 

glaciers, and permanent snow; 1.7% is ground water; 0.013% is lakes; 0.001% is in the 

atmosphere; and 0.0002% is in rivers (Shiklomanov, 1993).  Fresh water is critical to several 

global challenges from health, malnutrition, and poverty to sustainable natural resource 

management (Rijaberman, 2006).   

Water scarcity, defined as water demand exceeding supply, may be localized or more 

geographically widespread depending on the situation.  The primary cause of water scarcity is 

poor management of water resources; this does not downplay the importance of climatic, 

geological, and hydrological factors (Rees, 1982).  Global climate change will have an effect on 

the availability of water and will increase the difficulty of managing water properly (McDonald 

et al., 2011).  Future estimates of water use have some researchers predicting “water wars” in 

areas where water is scarcer, intensifying the need for proper resource management (Smithies, 

2011).   

Currently, Alabama, Georgia, and Florida are having a “water war” over water resources 

from the Coosa-Tallapoosa and Apalachicola-Chattahoochee-Flint river basins (Appel, 2007; 

Scott, 2012).  The conflict is over the water resources that a reservoir built by Georgia, to 

provide water for Atlanta’s growing population, takes away from Alabama’s and Florida’s water 

needs (Scott, 2012).  Alabama relies on the water for recreational and hydroelectric uses.  Florida 
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relies on the water for recreation and maintaining the environment of Apalachicola Bay.  The bay 

is a productive and fertile marine estuary environment that supports one of the largest oyster 

harvests in the country.  Georgia relies on the water for municipal water supply and agricultural 

irrigation (Appel, 2007).  The controversy has created an economic burden for Georgia citizens 

who have already built the reservoir, but are still waiting to use the resource (Scott, 2012).  

Litigation over the issue has been ongoing for decades and it is known as the most famous water 

dispute in US history (Scott, 2012).  Although the “water war” does not affect the North River 

Watershed directly, the conflict demonstrates the importance and scarcity of water in the 

Southeast and Alabama.  Many researchers have concluded that in the next several decades up to 

two-thirds of the world population will be affected by water scarcity (Shiklomanov, 1991; 

Raskin et al., 1997; Seckler et al., 1998; Alcamo et al., 1997; Alcamo et al., 2000; Vorosmarty et 

al., 2000; Wallace, 2000; Wallace and Gregory, 2002).  The US has a population of around 300 

million people (US Census Bureau, 2011).  Each US citizen is estimated to use 1,366 (105 of this 

is for domestic use) gallons of water per person per day (USGS, 2005).  The increasing 

likelihood of water scarcities underscores the need for a greater awareness about water resources.  

Moreover, it emphasizes the importance of having a national water quality standard and 

maintaining that standard through legislative actions, as the 303 (d) list mandates.  The 

communities of the North River Watershed need to be aware of water’s importance and its 

scarcity.  Furthermore, proper resource management practices need to be emphasized. 
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IDENTIFIED FACTORS THAT AFFECT WATER QUALITY 

 

Population Growth 

 Population growth is a stressor on public health and contributes to climate change 

(Howat, 2011), which influences water resources through an increase in intensity and frequency 

of drought, hurricanes, floods, and wildfires (Whiteley, 2008).  To better understand what may 

be influencing the water quality of Lake Tuscaloosa and the North River, it is important to know 

the demographics of the area and any trends that may impact water quality.  Below is a graph 

that illustrates the population of Tuscaloosa since 1880 (Figure 1).  Until the 1970s, the City of 

Tuscaloosa had experienced several periods of dramatic population growth.  In 1970, there was a 

3.8% growth in population, the only decade that experienced less than a 20% growth.  After two 

decades of a population around 75,000 and population growth below 4% (1990, 3.4% and 2000, 

0.2%), the city recorded over 90,000 residents, over a 16% increase for 2010 (US Census 

Bureau, 2011).  During this same time, Alabama experienced a 7.5% increase and the US 

experienced a 9.7% increase (US Census Bureau, 2011).   
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Figure 1 

 

 

Considering what was going on in the US and Alabama during this same time frame will 

provide an interesting perspective.  By examining Figure 1, a linear increase in the overall 

population occurring over the last 50 to 60 years in Tuscaloosa can be identified.  During that 

time, population of rural and farm residences in the US experienced a low rate of change while 

the urban population increased drastically.  The urban population surpassed 300 million and 

continues to grow, meanwhile the rural population (including farm and non-farm) has not 

surpassed 60 million and has remained relatively stable since the 1940s (Figure 2).  The 

proportion of urban to rural population has many implications for water quality, which will be 

examined in the discussion section.   
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Figure 1 shows the 

population trends for the city 

of Tuscaloosa in the last 130 

years and the dramatic 

increase from 2000 to 2010. 
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Figure 2 

 

Figure 2 illustrates the total 

population of the US along 

with the population numbers 

for both rural and urban 

residents across the country.   

(Reprinted from ADHC, 2007) 
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Figure 3 

 

 

Tuscaloosa’s and Alabama’s population growth patterns are similar to those of the US.  

For example, after 1950 in Alabama the proportion of urban and rural population switched as it 

did in the US, with urban becoming the majority (Figure 3).  In the year 2000, Tuscaloosa 

County had over 70% of its population classified as urban (US Census Bureau, 2011), 

demonstrating that the change in Tuscaloosa was more dramatic and the amount of urban 

population was increasing.  

Examining Tuscaloosa County from 2000 to 2010 reveals an increase in urban areas that 

can be visually seen around the City of Tuscaloosa (Illustration 2).  This indicates that 

urbanization occurred and may be associated with urban sprawl.  Further analysis of urban 
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sprawl could not be done because urban and rural population information had not been released 

at the time of publication from the 2010 census.  From these maps, it is evident that changes in 

population density is increasing and is expanding further outward from the City of Tuscaloosa.   

With the increase in population, Tuscaloosa County and the City of Tuscaloosa have 

experienced urban sprawl. The need for master plans is an issue for many communities 

surrounding the City of Tuscaloosa, such as Holt and Alberta, because of urban sprawl (Lucinda, 

2006; Holt, 2011).  There has also been policy discussion within the city regarding occupational 

taxation.  Because of urban sprawl, people working in the city do not always live in the city, 

which limits the city’s ability to maintain infrastructure and other services without appropriate 

funds that come from taxation (County, 2011).  Sprawl in the area is unregulated and 

underscores the need for regulation to guarantee the appropriate use of the area’s resources, 

including financial and environmental.  The rural and previously undeveloped areas are where 

sprawl is most prevalent in the City of Tuscaloosa and Tuscaloosa County (Reeves, 2001).  

Development plans for both the City of Tuscaloosa and the County account for these concerns 

(Taylor, 2004).  For the City of Tuscaloosa, new urbanism and multi-use building are used to 

develop a more attractive downtown living (Taylor, 2004).  This strategy is associated with smart 

growth and is seen as way to combat urban sprawl.  The population of the area is increasing 

rapidly.  This growth is identified as contributing to urban sprawl, the impacts of which will be 

an issue for the surrounding communities.   
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Illustration 2 

 

 

Data Source: United States Census 2000 

Data Source: United States Census 2010 

The maps in Illustration 2 

shows the increase in 

population and the outward 

movement of the population, 

known as urban sprawl 
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Urban sprawl is known for having a negative impact on both water and air quality, 

through both point and nonpoint source pollutants (Squires, 2002).  Point source pollutants enter 

the environment through pipes, sewers, or ditches from specific sites such as factories (Raven, 

2010).  An example of a point source pollutant is a waste pipe at a mining area emptying into a 

waterway.  Nonpoint source pollutants enter the environment through large areas rather than at a 

single point (Raven, 2010).  An example of a nonpoint source pollutant would be fertilizer runoff 

from farmland.  Point source pollutants, to a large extent, have been or can be controlled, but 

nonpoint source pollutants are a greater threat than ever before (Brown and Froemke, 2012; 

Glicksman and Batzel, 2010; Squires, 2002).  Urbanized areas are prominent sources of nonpoint 

source pollution.  An assessment of 15,000 watersheds of the US by Brown and Froemke (2012) 

demonstrated that nonpoint source pollution is a current problem and an important issue for the 

management of resources in the US.  Housing density, road density, cultivation, livestock 

grazing, animal feeding, and atmospheric deposition have been identified as the biggest stressors 

to water quality (Brown and Froemke, 2012).  Four out of the six stressors identified can be 

associated with urban sprawl.  Through the development process, construction and industrial 

land use creates pollutants.  These pollutants strain watersheds and hinder water-quality, 

exposing another environmental impact of urban sprawl (Squires, 2002).  Nonpoint source 

pollutants from farm fields, lawns, roads, parking lots, and construction sites account for 40% of 

the nation’s water pollution in surveyed waterways (Squires, 2002).  Once again, the pattern of 

development only increases the negative effects created through urban sprawl and produce an 

environment conducive to polluting water.  E. coli and sedimentation, problems already 

identified within the watershed, may be associated with these patterns of development (land use 

changes) and the affiliated negative effects.  As this section has identified, population growth and 
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urban sprawl are issues affecting the City of Tuscaloosa (Reeves, 2001; Taylor, 2004; Lucinda, 

2006; County, 2011; Holt, 2011; US Census Bureau, 2011).  It will be important for plans 

designed to improve the water-quality of Lake Tuscaloosa and the North River to address these 

issues. 

 

Governing Policies 

Twenty-five years ago, only a third of US water was safe for fishing or swimming, wetland 

losses were estimated at 460,000 acres annually, agricultural runoff resulted in the erosion of 2.25 

billion tons of soil and the deposition of large amounts of phosphorus and nitrogen into many waters, 

and sewage treatment plants served only eight-five million people (Water Permitting 101, 2012, p. 

1).  The combined efforts of federal, state, tribal, and local governments and communities over the 

last twenty-five years to implement public health and pollution control programs has made it possible 

to change the quality of water.  Today, two-thirds of the nation's surveyed waters are safe for fishing 

and swimming. Wetland losses are estimated at 70,000 to 90,000 acres annually (Water Permitting 

101, 2012. p. 1).  The amount of soil lost due to agricultural runoff has been reduced by one billion 

tons annually, and phosphorus and nitrogen levels in water sources have decreased.  This change has 

all occurred while the number of people served by modern wastewater treatment facilities has more 

than doubled to 173 million people (Water Permitting 101, 2012, p. 1). 

To appropriately assess the effectiveness of the 303 (d) list, it is important to understand 

the policies involved.  The 303 (d) list is a part of the Clean Water Act (CWA), which was 

originally created in 1972 and modified in 1977.  The goal of the CWA is to maintain a national 

standard of water quality.  The CWA, along with several other legislative measures such as the 

Water quality Act of 1965, Federal Water Pollution Control Act of 1972, Clean Water Act of 

1972, and Water Quality Act of 1987 (US EPA, 2012), were created to protect US water 
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resources.  There are two approaches to the CWA for protecting and restoring waterbodies.  One 

approach is technology-based, where EPA promulgates effluent guidelines that rely on 

technologies available to remove pollutants from waste streams.  This approach is done in 

accordance with the NPDES permit limits.  The second approach is water quality based and is 

designed to achieve the desired uses of water.  The 303 (d) program is defined under Title III of 

the CWA and is titled the Water Quality Standards and Implementation Plans and serves at the 

core of the water quality based approach linking the water quality goals to NPDES permit limits 

(US EPA, 2012). 

 

Illustration 3 

 

Water quality-Based Approach of the Clean Water Act 

 

 

Illustration 3 shows the Water quality-Based Approach of the CWA and 

highlights the 303 (d) list’s role in the process 

(Reprinted from Overview, 2012) 
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The Water quality-Based Approach is a process that includes the 303 (d) program 

(Illustration 3).  NPDES permits and licenses were created out of the Federal Water Pollution 

Control Act (FWPCA) Amendments of 1972 and are used to attain water quality goals.  The 

permits are used to control the amount of pollutants discharged from facilities at any point source 

into the waters of the US.  A permit provides two levels of control: technology-based limits 

(based on the ability of dischargers in the same industrial category to treat wastewater) and water 

quality-based limits (if technology-based limits are not sufficient to provide protection of the 

water body) (Water Permitting 101, 2012).   

As of September 2009, there were 122 active NPDES permits within the North River 

Watershed (Illustration 4).  The majority of the permits were issued for stormwater runoff related 

to construction of residential or commercial properties, or road building.  The second largest 

category of permits was issued to natural gas production (BWCWP, 2010).  As of April 2012, 

there were 104 active permits and not one was for Concentrated Animal Feeding Operations 

(CAFO) (ADEM, 2012).  Thus, these chicken farms, which were identified as a main contributor 

to E. coli within the watershed, are under 125,000 chickens per farm—the requirement for 

applying for a CAFO permit (Alfaqih, 2008).  Chicken farms along with other land use factors 

are identified in several studies to contribute to poor water quality (Vorosmarty et al., 2000; 

O’Neil et al., 2006; Alfaqih, 2008; O’Neil et al., 2010; Macedonio et al., 2012).  An awareness 

of the activities occurring within the North River Watershed, such as the amount of chicken 

farms, will be vital for identifying how to improve the water quality of Lake Tuscaloosa and the 

North River.   
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Illustration 4 shows the 

location of NPDES 

permit sites within the 

North River Watershed 

(Reprinted from BWCWP, 2012) 

Illustration 4 
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A TMDL is required to be submitted to the EPA for impaired waterbodies.  ADEM is in 

the process of developing a TMDL for Lake Tuscaloosa and the North River.  It is important to 

note that a TMDL is a calculation of the maximum amount of a pollutant that a waterbody can 

receive and still safely meet water quality standards.  Also included in TMDLs are ways to lower 

possible factors involved in impairing the waters and identifying what may have caused the 

problems (US EPA, 2012).  All states in the US are required: (1) Identify all the waters where 

required pollution controls are unsatisfactory; (2) Attain or maintain applicable water quality 

standards; and (3) Establish priorities for correcting the issues by developing appropriate TMDLs 

based on the severity of the pollution and the sensitivity of the uses to be made of the waters.  A 

state has to provide a long-term plan for completing TMDLs within eight to thirteen years from 

being listed (US EPA, 2012). 

All TDMLs include the following elements: (1) Identification of waterbody pollutant(s) 

of concern, pollutant source(s), and priority rank; (2) Applicable water quality standards and 

numeric water quality target; (3) Loading capacity; (4) Load allocations and waste load 

allocations; (5) Margin of safety; (6) Consideration of seasonal variation; (7) Reasonable 

assurance for point source and nonpoint source pollutants; (8) Monitoring plan to track TMDL 

effectiveness; (9) Implementation plan; and (10) Public participation.  The EPA is then required 

to review and approve or disapprove of the TMDL plan within thirty days.  If EPA disapproves a 

state’s TMDL, the EPA has thirty days to establish an appropriate TMDL (US EPA, 2011).   

States are required to develop a list of waters that will not meet water quality standards 

for a particular pollutant even after a technology-based permit is in place.  TMDL analysis is 

often the trigger for determining the source(s) of pollutants.  Enforcement of implementing a 

TMDL once analysis has been completed cannot be done by the EPA.  If more stringent permit 
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limits are required for point source pollutants in the TMDL, they must be implemented at the 

time of renewal.  When nonpoint source pollutants are a major cause of impairment, states can 

apply for EPA funded grants, called Section 319 grants.  The grants give states an opportunity to 

fund state programs and projects for nonpoint source assessment and control (US EPA, 2011).  

To develop an appropriate TMDL for Lake Tuscaloosa and the North River the policies and 

processes identified are crucial for their successful removal from the 303 (d) list.  The State of 

Alabama has the role of deciding if the TMDLs are appropriate, and then initiating the delisting 

process.  An evaluation of the situation along with studies completed within the North River 

Watershed will be important in developing an appropriate TMDL for the area.  The following 

section discusses studies that have identified factors impacting the water quality of Lake 

Tuscaloosa and the North River.   

 

Impacts on the water quality of Lake Tuscaloosa and the North River   

 Many departments within Alabama along with Tuscaloosa County and the City of 

Tuscaloosa are concerned about Lake Tuscaloosa and the North River being placed on the EPA’s 

303 (d) list.  Studies and reports pertaining to recognizing and developing a proper water 

management plan have been done.  In 1999, ADEM found non-point source impairment 

potential for the lower-North River sub-watershed.  At Binion Creek, Carroll Creek, and Cripple 

Creek it was indicated that cattle production, silviculture, and roadside erosion were prevalent 

throughout the areas creating the potential for water quality problems (BWCWP, 2010).  These 

areas were rated low for possible impairment, but the lower North River was given a first priority 

because of crop and roadside erosion; excessive sediment from roads and urban development; 

overgrazed pastures; and inadequate management of animal wastes and access of livestock to 
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streams (BWCWP, 2010).  The study demonstrated how one area of a watershed can be 

considered a priority and a high risk for impairment, while another is not a concern for potential 

impairment.  The study also illustrates how many different elements can cause a potential 

impairment and also the need for improvement along the North River (BWCWP, 2010). 

Committees have been assembled to identify factors involved with the water quality 

problem as well.  In 2007, Watershed Assessment Soil & Water Conservation Committee 

(WASWCC), identified stressors for the North River Watershed (Table 1).  

 

Table 1 

Stressors for the North River Watershed 

Animals/Plants  Livestock are overgrazing pastures 

 Livestock commonly have access to streams 

 Livestock water is not adequate for proper pasture rotation 
 

Water quality and Quantity  Excessive sediment from cropland 

 Excessive sediment from roads/road banks 

 Excessive sediment from urban development 

 Nutrients in surface waters 

 Bacteria and other organisms in surface waters 
 

Other Resource Concerns  Recycling is not aggressively conducted 

 Unauthorized dumping in streams 

 Unauthorized dumping in turnouts 
 

                     

 

    

Data Source: WASWCC, 2007 
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The BWCWP also developed and identified factors possibly affecting water quality.  

Along with these factors, they identified goal objectives and an analysis of what needs to be done 

within their North River Watershed Management Plan 2010 (Table 2).  The objectives were to: 

(1) Reduce sediment contributions from unpaved roads, urban runoff, unstable streambanks and 

agricultural areas; (2) Reduce nutrient contributions from agricultural runoff and failing septic 

systems; and (3) Provide watershed and nonpoint source education (BWCWP, 2010).  Both 

committees identified important considerations for the development of an appropriate TDML.  

Further discussion of these findings will take place within the discussion section of this paper.   
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Table 2 

Strategies for Watershed Improvement 

Goal Objective Task 

Provide watershed and 
nonpoint source education 

Provide education to residents regarding residential nonpoint source runoff and its effects 
on water quality 

- Newspaper inserts 
- Cooperate and support existing stormwater program to distribute watershed 

 
Provide education to students regarding residential nonpoint source runoff and its effects 
on water quality 

- Engage the University of Alabama Museum of Natural History's Field Science 
Watershed Education Program to engage students. 

- Provide education opportunities for students and community members regarding 
soil and water conservation. (EX: EnviroScape, AWW Testing) 

- Support the City of Tuscaloosa's efforts to host a water festival for Lake Tuscaloosa 
 
Provide education to local decision makers regarding land use planning and its role in water 
quality. 

- Utilize the expertise of local organizations to develop workshops. 
- Provide support for NEMO presentations within the Watershed 

Reduce Sedimentation 

 Engage County Health Departments to identify illegal dumpsites in the area 

 Utilize local groups (Ex: Boy Scout, University Clubs) to clean up illegal dumpsites 

 Continue to support and expand the Lake Tuscaloosa clean up 

 Utilize the Assign-A-Highway program to reduce roadside litter and create 
awareness 

 Install trash booms where necessary and economically feasible 

Reduce Contributions of 
bacterial sources 

 Engage USDA/NRCS to work with local landowners to install BMPs to reduce 
nonpoint source pollution from agricultural sources 

 Engage County Health Departments and County Sewer Systems to identify and 
correct sanitary sewer over flows 

 Utilize satellite imagery from the City of Tuscaloosa to detect and correct nutrient 
contributions 

 Engage local Health Departments to identify and remediate failing septic systems 
that may contribute to nutrient nonpoint source runoff 

Develop strong stakeholder 
group 

 Develop stakeholder group to communicate and coordinate watershed efforts 

 Hire a watershed coordinator to coordinate watershed efforts 

 Prioritize sub-watersheds to focus efforts for restoration and water quality 
improvement.  Sub watersheds may be chosen on the basis of ecological 
importance, TMDL implementation, availability of sustentative data and potential 
opportunity for restoration  

 Develop sub-watershed management plans to direct programs and resources for 
watershed improvement  

Continue and expand 
current monitoring to 
provide a complete 
understanding of stressors 
within the watershed 

 Create monitoring committee to interpret current monitoring information and 
direct future monitoring goals 

 Perform nutrient survey to identify contributions 

(BWCWP, 2010) 
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Another study created by GSA took 422 samples (223 during high flows and 199 during 

low flows), which indicated that bacteria associated with storm water runoff during high stream 

flow periods was the source of high concentrations of bacteria (coliform and Escherichia coli 

Bacteria) (O’Neil et al., 2006).  During high stream flows, approximately 30.5% of the samples 

collected and analyzed for E. coli had less than 200 colony forming units (cfu) and 69.5% were 

greater than or equal to 200 cfu (O’Neil et al., 2006).  During low flows, approximately 71% of 

the samples were less than 200 cfu and 29% were greater than or equal to 200 cfu (O’Neil et al., 

2006).  The study then stratified the E. coli and total coliforms into smaller watersheds and 

discovered that even at low flow periods E. coli bacteria contamination may also occur (O’Neil 

et al., 2006).  E. coli is an identified factor for many communities water quality problems 

(Cheung et al., 1990; SMBRP, 1998; Alabama DEM, 2002; Pachepsky et al., 2006; Alfaqih, 

2008; Keller and Cavallaro, 2008), because there is a correlation between E. coli and several 

health risks such as gastrointestinal infections, skin irritation, and respiratory problems (Cheung 

et al., 1990).  O’Neil et al. (2006) identified that E. coli is a concern for the water quality of the 

North River Watershed, and thus, correcting this problem should be a concern addressed by a 

water management plan for the surrounding communities. 

In 2008, Alfaqih completed a study aimed at understanding the distribution of the 

concentration of Coliform and E. coli Bacteria to explore the potential sources of the 

contamination in the North River Watershed.  Alfaqih (2008) conducted tests to create models to 

analyze influences on the presence of bacteria in the North River Watershed.  He concluded that 

unrestricted access of large animals to stream channels and poor handling of poultry waste were 

significant contributors of E. coli bacteria to the North River and that E. coli concentrations 

increased substantially in subwatersheds as the number of chicken houses increased.  The models 
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demonstrated that if 50% of waste from unrestricted pasture inputs and chicken houses were 

controlled, then about 38% of the rain events would produce E. coli concentrations in Lake 

Tuscaloosa exceeding 200 cfu (Alfaqih, 2008).  If all sources of manure from pastures and 

chicken houses were controlled, then this is reduced to only 10% of the rain events.  Controls for 

large animal access are fencing of pasture and/or creation of a dense riparian buffer to control 

animal access.  Controls for concentrated manure include incineration, burial, waste storage 

structures, composting, and filter strips.  Composting was determined to be the most viable 

option after applying a decision analysis model (Alfaqih, 2008).  Within his research, reasons for 

system failure were identified (Table 3).  Alfaqih (2008) demonstrated that the identified factors 

such as pasteurized land, chicken farms, septic tanks, and sedimentation are issues for the water 

quality of the watershed and also identified what would be the result if these were controlled.  

Further discussion of Alfaqih (2008) findings will be covered later in this paper.  

Table 3 

Reasons for System Failure 

 Poor Community involvement 

 Financial and economic issues 

 Lack of resources (material, machinery, manpower) for operation and maintenance  

 Lack of education about water and sanitary issues 

 Social and cultural issues 

 Lack of professional and skilled individuals 

 Poor enforcement of laws and regulations 

 Inadequate or non-existing policies 

 Balancing between developing new systems and maintaining old ones 

 Unavailability of supporting infrastructure 

 Lack of data and information to support decisions 
 

Data source: Alfaqih, 2008 
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 There are several factors that were involved with achieving the goals of this research.  

Knowing the effects of population growth, the governing policies surrounding the 303 (d) list, 

and impacts on the water quality of Lake Tuscaloosa and the North River were important in 

determining the efficiency and importance of the 303 (d) list.  An interesting fact discovered in 

reviewing this information was that mercury had only been tested for once, and that test was the 

initial one that led to the listings.   It was also discovered that land use change analysis for the 

North River Watershed, which may be associated with the E. coli and sedimentation (identified 

problems for the watershed), had not been conducted.   More information was needed to properly 

evaluate the effectiveness, and to determine if water quality had improved since Lake Tuscaloosa 

and the North River were listed.  To accomplish this, previous and current levels of Lake 

Tuscaloosa’s water quality were evaluated; an analysis of land use change over time for the 

North River Watershed was conducted; and the process involved with having an impaired 

waterbody delisted in Alabama was examined.   
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METHODOLOGY 

 

Previous studies on the effects of water quality and factors that may contribute to the 

water quality of Lake Tuscaloosa and the North River (Alfaqih, 2008; BWCWP, 2010; O’Neil et 

al., 2006; O’Neil et al., 2010) have not examined the effectiveness of the 303 (d) list or plans to 

remove Lake Tuscaloosa and the North River from the 303 (d) list.  To properly assess these 

issues a multi-disciplinary approach using geography and planning was needed.  Geography is a 

multi-disciplinary science that involves examining the spatial relationship between phenomena, 

including human phenomena.  Geography is also identified as the primary discipline that is 

concerned with the identification, analysis, and interpretation of spatial distributions of 

phenomena and their areal associations as they occur on the Earth’s surface (Haring, 1992).  The 

basis of planning involves the setting of goals, and the use of policies elaborated to implement 

them (Cullingworth et al., 2003).  This research combined the fields of both geography and 

planning to achieve its goals.   

 

Research Questions 

 There are four main questions this research explored.  The first question was what effects 

may population growth and land use change have on the water quality of Lake Tuscaloosa and 

the North River?  The second question was has the water quality of Lake Tuscaloosa and the 

North River improved since being listed on the 303 (d) list?  The third question was what is the 

importance and effectiveness of the 303 (d) list as a tool to improve the water quality of listed 

waterbodies?  Lastly, the fourth question was what plans have been developed and what studies 

have been done to identify threats to the water quality of Lake Tuscaloosa and the North River? 
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Research Methods 

To examine the four questions posed and achieve the goals of this research, studies and 

plans developed to improve the water quality of Lake Tuscaloosa and the North River were 

evaluated (discussed in the previous sections).  A main aspect of this research was to perform 

analyses identifying how water quality has changed since Lake Tuscaloosa and the North River 

were listed.  Therefore, it is important to know the chemicals present in the area’s water and how 

they might have changed over time.  If these chemicals have changed, how much change has 

occurred? 

Within the National Primary Drinking Water Regulations (NPDWR), the chemicals are 

broken into two categories, primary and secondary.  NPDWR or primary standards are legally 

enforceable standards that apply to public water systems.  Primary standards protect public 

health by limiting the levels of contaminants in drinking water (US EPA, 2011).  National 

Secondary Drinking Water Regulations are non-enforceable guidelines regarding contaminants 

that may cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects (such as 

taste, odor, or color) in drinking water.  EPA recommends secondary standards to water systems 

but does not require systems to comply (US EPA, 2009).    

In this research, an assessment of current water quality and trends in water quality of 

Lake Tuscaloosa and the North River was completed.  Sampling data collected by the City of 

Tuscaloosa’s Lakes Division and TTL, Inc. from 1998 to 2010 were used to investigate the water 

quality during this time.  The data were collected monthly and included samples of the 

following: chloride, nitrate, nitrite, sulfate, calcium hardness, total hardness, total aluminum, 

total calcium, total magnesium, total silica, total sodium, total organic carbon (TOC), total 

phosphorous, biochemical oxygen demand (BOD), and E. coli.  Samples for mercury in Lake 
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Tuscaloosa and the North River are not collected by the City of Tuscaloosa’s Lakes Division and 

TTL, Inc., or by any other agency.  The concentrations for the samples were reported in mg/L.  

There were over 70,000 samples taken over the thirteen year time span and the values of each 

sample were recorded in excel spread sheets for each chemical tested.  These data were used to 

identify any trends that may be occurring within the sampled chemicals over the past thirteen 

years.   

Statistical analysis was completed by examining the data to determine if increasing or 

decreasing trends in measured values were occurring.  To examine the existence of trends within 

Lake Tuscaloosa, Z scores were determined for each chemical and for each date samples were 

collected.  A Z score is a value calculated from the average of all the samples taken and 

represents the difference of that particular sample from the average of all the samples.  Thus, the 

Z scores provided a means of identifying deviations from the average to detect potential trends 

occurring within Lake Tuscaloosa.  For each date of samples, each chemical’s average from all 

thirty-two sites was calculated.  Then using SPSS 19, the Z scores were calculated.  These values 

were then exported into Microsoft Excel to create graphs that illustrated the trends.  Prior to this 

study, no analysis had been done to identify trends of these water quality samples.   

After this evaluation, further evaluation was done by averaging the Z scores of all the 

chemicals for each sampling date.  This approach created a master index, which illustrated the 

water quality of Lake Tuscaloosa as a whole.  These values were also exported to Microsoft 

Excel to create a graph illustrating the overall trends of Lake Tuscaloosa (Figure 5).  Several 

studies (Lettenmaier, 1976; Hirsch et al., 1982; Hipel and McLeod, 1994; Abaurrea et al., 2011; 

Brown and Froemke, 2012) have used various types of statistical methods to identify and analyze 

changes in water quality.  Z score analysis was chosen as a means for evaluating the 
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effectiveness of the 303 (d) list by examining changes in water quality before and after the 

listings.  The TMDL has not been implemented, but an awareness of the problem should have an 

effect and this evaluation helped determine what the current water quality was and what trends 

were occurring.   

Another aspect of this research that aided in evaluating the effectiveness of the 303 (d) 

list was the analysis conducted on the land use change within the North River Watershed.  A 

change in land use may be associated with deteriorating water quality, especially sedimentation.  

An analysis of change in land use does not exist for this area.  A method of analysis for 

determining land use change is comparing satellite images over a period of time using 

classification (Yang, 2002; Liao et al., 2008).  Images for the land use change analysis were 

acquired from Landsat 5 TM (Thematic Mapper) from the USGS website, GloVis.  GloVis is an 

online search and order tool for free satellite data.  Landsat TM is a technologically advanced 

sensor integrating multiple radiometric and spectral satellite that can acquire data in seven bands 

of the spectrum—visible spectrum (blue, green, red), near-IR, mid-IR, and thermal.  It has a 

spatial ground resolution of 30x30 m, a commonly used resolution for classification (Lillesand, 

et al., 2004).   

ERDAS Imagine was used to process the digital images.  The two Landsat 5 TM images 

(path: 21 and row: 37) were acquired on July 16, 2000 (ID: LT50210372000198AAA02) and 

June 13, 2011 (ID: LT50210372011164EDC00).  A technique called supervised classification 

was used to classify the land use of the area for each image.  This method is well established for 

understanding the evolution and expansion of urban areas over time (Liu and Zhou, 2005; Liao et 

al., 2008; Wei et al., 2011).  The land use classifications used were forested, developed, cropland 

and pasture, and water.  The classifications provide the area for each land use within the images.  
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The information derived from this analysis illustrated the amount of urban growth that had 

occurred in the area over almost an eleven year span.  If urban growth has occurred, it may 

reflect an increase in pollutants being added to the watershed, particularly E. coli. 

The images used were selected for their clear visibility, minimal cloud cover, and lack of 

other obstructions such as smoke.  These images were also chosen because they are of the same 

season (summer).  Other analyzed images of the area from different months and years had severe 

cloud cover, or missing data.  The images selected were the best available that were in the same 

season.  Images with the same anniversary dates, dates over time which correspond with season, 

are preferred for analysis (Jensen, 2007).   

State and local departments were also contacted to get a better idea of what policies, 

programs, testing, studies, etc. had been done regarding Lake Tuscaloosa and the North River.  

These departments included the Fayette County Engineers and Commission departments; 

Tuscaloosa County Planning and Engineering departments; City of Tuscaloosa Planning and 

Engineers, and the Lakes Division departments; ADEM Permits and Services, Archives, and 

Engineering departments; and the GSA were also contacted.  These were not formal interviews, 

but were used to gather information about what is being done in the area to improve the water 

quality of Lake Tuscaloosa and the North River.  This information could not be gathered from 

previous studies and reports done on the area.   

An analysis was then performed on studies of, and plans for, Lake Tuscaloosa and the 

North River; governing policies; population growth of the area; and the results of the statistical 

analysis and remote image analysis to assess the efficiency of the 303 (d) list.  If water quality 

and land use had changed since Lake Tuscaloosa and the North River were listed on the 303 (d) 

list, these findings would assist in determining the efficiency of the 303 (d) list.  The findings 
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provided an opportunity to analyze the trends being experienced and if the activities occurring 

have had an effect on the water quality of the area.  They also confirmed possible factors 

involved in the water quality degradation that have been explored previously, such as concerns 

about sedimentation and E. coli.    
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RESULTS 

 

Statistical Analysis  

Most of the chemicals that were sampled monthly exhibited variability and remained 

below their critical values during the thirteen year time span.  Aluminum also showed variability 

in its samples, but some exceeded its critical value.  The chemicals were examined by graphing 

the calculated Z scores (Figure 4).  All of the chemicals tested except for nitrate, nitrite, and 

sulfate are under the NPDWR secondary regulations.  E. coli is not identified by the NPDWR, 

but is an established threat to water quality and public health.  The results of the E. coli analysis 

follow the results of the sampled chemicals. 

 Most of the fluctuations occurred within two Z score values of the average.  Aluminum, 

chloride, and sodium are chemicals that experienced more extreme variability by exceeding Z 

score values greater than three.  Aluminum tended to have a seasonal increase during the winter 

months, particularly February, the intensity of which is increasing over time.  Chloride and 

sodium demonstrated several increases in Z score values in more recent years.  All three of these 

chemicals are classified under the NPDWR secondary regulations, meaning they pose a cosmetic 

or aesthetic threat.  Furthermore, none of these chemicals, except for aluminum, surpassed the 

critical values set by the EPA.  However, studies have found health problems such as 

neurological disorders to be associated with the presence of aluminum in drinking water (Percy 

et al., 2011; Wang et al., 2011).  Aluminum has a critical value of 0.2 mg/L, the average sample 

at each site was more than the critical value (ranging from <0.05 to 5.53 mg/L).  Depending on 

future trends, this may become an issue for the community.  However, it has not been identified 

as an issue by any study conducted in the area.  Chloride and sodium are not near their critical 
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values, but like aluminum, the trend is increasing and Z score values more than doubled over the 

study period.  
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Figure 4                   Z Score Graphs of Monthly Tested Chemicals 
 

 

  
 

   
 

  
               

              Data Source: City of Tuscaloosa 

 
Figure 4: The line graphs shown here and on the following pages illustrate the recorded Z score values from 

1998 to 2010 for total aluminum, BOD, calcium, chloride, total hardness, magnesium, nitrate, nitrite, total 

phosphorous, silica, total sodium, sulfate, total calcium, and TOC.   
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Data Source: City of Tuscaloosa 
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 The Master Index (Figure 5) shows the Z scores of all the chemicals together and 

provides an overall assessment of the water quality of Lake Tuscaloosa.  The results showed 

fluctuations in the overall water quality, but they were not dramatic and none of the Z score 

values were greater than +/- one.  These results indicated that during the past thirteen years, the 

water quality had been consistent for the chemicals sampled.  Because aluminum is the only 

chemical with samples exceeding its critical value, these results indicated a low level of concern. 

 

Figure 5 

              

 

Figure 5: Illustrates the overall trends experienced by Lake Tuscaloosa from 1998 to 2010 using the Z 

score averages of each chemical tested 

 

 

Data source: City of Tuscaloosa                 
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As previously stated, E. coli is not identified by the NPDWR, but is an identified water 

quality and health concern.  Samples for it were collected at the same time as the other chemicals 

and the values were measured in cfu.  Samples for E. coli were collected every other month in 

2005, and every month after 2005.  The Z scores were within +/- one of the average in most 

months, but there were several months in which the Z scores deviated dramatically from the 

average (Figure 6).  This demonstrates that there are periods of time when there is little variation 

in E. coli levels, but these periods were punctuated by short-term dramatic increases in E. coli. 

This temporal pattern is explained by the large fluctuations in cfu values over time.  For 

example, a particular site could range from 3 cfu in one month to over 1,500 cfu in the next. To 

further examine the E. coli situation of Lake Tuscaloosa, a table illustrating the amount of 

samples exceeding 200 cfu for each year was created (Table 4).  The table demonstrated that for 

each year several samples collected exceeded the critical value of 200 cfu.  There were over 

2,000 E. coli samples taken from 2005 to 2010.  Therefore, samples exceeding 200 cfu may be 

considered irregular.  However, the fact that E. coli samples exceed 200 cfu is a concern.  

Moreover, the last two years that samples were collected the amount of samples exceeding 200 

cfu were the greatest recorded.  These results confirm other studies (O’Neil et al., 2006; Alfaqih, 

2008) findings that identify E. coli as an issue of concern for the water quality of Lake 

Tuscaloosa and the North River.  It is important to keep in mind that these samples were 

collected within Lake Tuscaloosa and the sites do not include the North River or other 

tributaries.  The results indicated that a problem may exist with E. coli contamination and that 

the problem may be getting worse.   
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Figure 6  

 

 
                          

 Figure 6: Illustrates the Z score values of E. coli from 2005 to 2010  

 

 

 

 

  

Data source: City of Tuscaloosa 
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Table 4 

E. coli Samples Exceeding 200 cfu 

Year Number of Samples  

2005 24* 

2006 25 

2007 2 

2008 13 

2009 38 

2010 29 

*2005 samples were only taken every other month 

          

 

The Z score analyses illustrated trends occurring within Lake Tuscaloosa’s water quality.  

Aluminum, chloride, and sodium were all identified as increasing during the thirteen years of 

sampling.  The overall water quality of the lake appeared to be stable without any dramatic 

increases during this same time period.  E. coli demonstrated no clear trends over the years, but 

under further examination reasons for concern were confirmed.  The amount of 200 cfu samples 

collected is increasing, but considering the number of times samples have been collected, the 

significance is difficult to determine.  The City of Tuscaloosa needs to keep sampling the lake 

and compiling data.  The more data available, the greater the probability of correctly interpreting 

the trends found with aluminum, chloride, sodium, and E. coli.  Analyses of mercury and 

Data source: City of Tuscaloosa 
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siltation, the reasons for the listings, were not done because testing for them is not a part of the 

data collecting protocol. 

 

Remote Image Analysis 

 As demonstrated in other studies, population growth contributes to land use change, and 

has been linked to deteriorating water quality (Squires, 2002; Bruegmann, 2005; Howat, 2011; 

Brown and Froemke, 2012).  An accurate assessment of land use change over time is important 

in developing plans to improve water quality.  For this research project, an analysis of land use 

change from 2000 to 2011 of the North River Watershed was conducted (Illustration 5 and 6).   
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Illustration 5 

 

Illustration 5:  The satellite images above from Landsat 5 show a true representation of the North River Watershed 

in 2000 and 2011 before classification was used 
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Illustration 6 

 

Illustration 6:  These are the same satellite images from Landsat 5 shown in Illustration 5, but after supervised 

classification was performed on each to better evaluate the land use changes occurring in the North River Watershed 

from 2000 to 2011.  Green represents forested, red represents developed, orange represents cropland and pasture, 

and blue represents water.     
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 The supervised classification of the Landsat 5 satellite images revealed the land use for 

2000 was 78.82% forested, 16.45% developed, 2.22% cropland and pasture, and 2.51% water.  

For 2011 forested accounted for 77.75% of the land use, developed 16.14%, cropland and 

pasture 2.95%, and water was 3.16%.  Thus, forested decreased 1.07% developed decreased 

0.31%, cropland and pasture increased 0.73% and water increased 0.7%—Table 5 compares 

2000 and 2011.  These changes indicated that there had been a decrease in forested and 

developed land use; and cropland and pasture land use had increased.   

 

Table 5 

North River Watershed Land Use Change Comparison  

 2000 2011 Difference +/- 

Forested 78.82 77.75 -1.07 

Developed 16.45 16.14 -0.31 

Cropland and Pasture 2.22 2.95 0.73 

Water 2.51 3.16 0.7 
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303 (d) process of improving impaired waterbodies 

 The purpose of contacting state and local departments was to get a clear picture of the 

process involved with improving the water quality of impaired waterbodies in Alabama.  The 

governing policies were identified previously, but details about the process for Alabama will 

differ from other states.  The departments contacted include the Fayette County Engineers and 

Commission departments; Tuscaloosa County Planning and Engineering departments; City of 

Tuscaloosa Planning and Engineers, and the Lakes Division departments; ADEM Permits and 

Services, Archives, and Engineering departments; and the GSA.  Contacting these departments 

made the process clearer and also helped identify the stakeholders involved.  It also provided 

information about their roles with the 303 (d) list.  The 303 (d) list is a complex policy involving 

many state agencies and departments; to assist in the understanding of the process a flow chart 

was created (Illustration 7). 
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Illustration 7       303 (d) List Stakeholder Flow Chart 

 
 

Illustration 7: Shows the stakeholders involved with the 303 (d) list and the process involved with getting a 

waterbody delisted.  

 

The 303 (d) list begins with the EPA and the national water quality standards identified in 

the CWA—previously discussed.  The EPA then gives each state the responsibility of identifying 

impaired waterbodies; for Alabama, ADEM has this responsibility.  ADEM develops standards 

for water quality using the CWA as a guideline.  In Alabama, the 303 (d) list is compiled 
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biannually and a Surface Water Quality Monitoring Plan is developed each year to best allocate 

their resources (Wilkins, 2012).  Given the time and money involved with sampling, Alabama 

uses a five year basin rotation approach to identify whether or not waterbodies meet quality 

standards.  If they do not, they are placed on the 303 (d) list and follow up testing is then 

completed.  After more testing is completed, it is then determined to delist the waterbody, 

perform a TMDL, or request additional sampling (Wilkins, 2012).  Once the TMDL is developed 

and implemented, follow-up sampling is then conducted to document improvements. 

There are several steps involved with developing the TMDL and several stakeholders 

involved in the process to assist ADEM.  Several governing bodies and agencies are involved in 

the process: City of Tuscaloosa, Tuscaloosa County, Fayette County, GSA, USGS, USDA, 

BWCWP, and the Alabama Museum of Natural History.  These stakeholders help by assisting in 

studies and developing reports regarding the issues with the impaired waterbodies—Lake 

Tuscaloosa and the North River.  Along with helping identify problems, they also help develop 

solutions.  Education has been identified as an objective to help improve the water quality of 

Lake Tuscaloosa and the North River.  BWCWP puts on various workshops to help community 

members learn about ways to improve the water quality of the area, such as rain barrel building 

workshops (Wallace-Pitts, 2012).  The Alabama Museum of Natural History helps educate the 

community through programs like “Growing Up Wild Wednesdays” and putting together 

exhibits on water quality and issues related to Lake Tuscaloosa and the North River (Espy-

Brown, 2011).  Governing bodies also have an active role, such as the City of Tuscaloosa putting 

on the Watershed Festival.   

The governing bodies also play an important role on the next phase of the process that 

includes issuing permits and developing policies to improve water quality.  ADEM uses NPDES 
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permits and also develops TMDLs to regulate and maintain water quality standards.  Local 

governments also issue permits for construction activities.  Unfortunately, a total number of 

permits issued are not recorded by any governing body, but best management practices (BMP) 

are required to be issued a permit.  Policies are another aspect of assisting in improving the water 

quality of impaired waters.  The City of Tuscaloosa issued an ordinance requiring all 

homeowners to register their septic tanks and have them serviced every three years (Taylor, 

2009).  ADEM’s main policy is developing TMDLs for impaired waters, along with education 

and outreach (Wilkins, 2012).  Once the TMDL is developed, it is then sent to the EPA for 

review.  Upon approval, the waterbody will be delisted.  

The most important stakeholder in this entire process is the community.  The community 

is defined by the businesses, industries, and people that share a common culture and history.  

They are involved with all other stakeholders, from enjoying the environment ADEM protects to 

their involvement with the education and outreach programs created by the Alabama Museum of 

Natural History.  If the water quality does not improve, the cost of access will increase and 

scarcity may become an issue.  Without the community, the waterbodies will not improve, and a 

community cannot exist without access to clean drinking water.  If a community’s water quality 

continues to deteriorate, the community will no longer be able to rely on the impaired waterbody.    

The 303 (d) list involves many stakeholders and the process of having waterbodies delisted is 

complex.  By contacting the various departments and agencies involved with the 303 (d) list, the 

process and stakeholders involved were able to be identified.  Having a clear picture of the 303 

(d) list process and identifying the stakeholders involved, information that was not previously 

available, helped evaluate the effectiveness of the 303 (d) list as a tool to improve water quality.  
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DISCUSSION 

 

Sedimentation and E. coli are identified issues affecting the water quality of Lake 

Tuscaloosa and the North River, but are not the only factors that are a concern for improving 

their water quality.  Having an awareness of other issues such as population growth, land use 

change, trends in water quality, and the governing policies involved with the 303 (d) list are 

important in properly assessing where the water quality is and how to improve it.  This research 

conducted a water quality analysis identifying trends in sampled chemicals, a land use analysis 

from 2000 to 2011 of the North River Watershed, and identified the process involved with 

having an impaired waterbody delisted from the 303 (d) list in Alabama.  These analyses had not 

been done, and combined with previous studies completed on the water quality of the North 

River Watershed, the questions posed by this research were answered.     

 

What effects may population growth and land use change have on the water quality of Lake 

Tuscaloosa and the North River? 

Population is always a concern when analyzing a proper water management plan 

(Bruegmann, 2005; Howat, 2011).  The population of Tuscaloosa County and the City of 

Tuscaloosa is projected to continue increasing and this will strain the natural resources of the 

area (Reeves, 2001; Taylor, 2004; County, 2011).  This population growth means that the 

demand for water and the pollutants being added in the water will also increase.  As we saw with 

the results of this research the land use of the North River Watershed is still mostly forested, but 

the population is mostly urban for the county.  Urbanization of the area will increase the amount 

of pollutants being added to the watershed (Morris, 2005; Keller and Cavallaro, 2008; Brown 
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and Froemke, 2012).  The total population numbers and the demographics of an area (derived 

from rural and urban population analysis) are important, but so is investigating the land use of an 

area.  Studies have shown land use change, such as forested to agricultural land use, has a 

negative effect on water quality (Bhattarai et al., 2008; Holroyd, 2008, Shahraki et al., 2011).   

With the continuing population growth and urbanization of the area, water quality will be 

affected.   

This research showed that land use change is occurring within the watershed.  In the 

eleven year time span of the satellite images, forested land use decreased 1.07%, developed land 

use decreased 0.31%, and cropland and pasture land use increased 0.73%.   There is not a 

universal measure for an acceptable percent change in land use.  Each area will have different 

ecological characteristics.  Access of livestock to water ways and the chicken farms of the area 

are identified factors of the poor water quality in the North River Watershed.  If this land use 

change continues, it may have a more drastic effect.   

Studies have demonstrated that using a modeling system is an option for analyzing the 

effects land use change will have on water quality, and may inform development of an 

appropriate plan for an area (Schneider et al., 2003; Holroyd, 2008).  Spreadsheet Tool for 

Estimating Pollutant Load (STEPL) is currently being used in combination with ADEM’s 

monitoring stations to monitor the changes occurring in the North River Watershed.  These tools 

are being used in an effort to compile a dataset.  However, they are not used to assess what land 

use changes are occurring and what effects the changes will have.  Using a modeling system 

such as BASINS or SWAT would be useful in the development of Lake Tuscaloosa and the 

North River TMDLs because population growth and land use change will need to be accounted 
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for in plans to improve the water quality of Lake Tuscaloosa and the North River.  These 

modeling systems could assist in that process.  

The change in land use of the area indicates that the increase in population is creating 

more of a water demand issue, rather than the population encroaching on the surrounding 

environment and deteriorating water resources.  Bhattarai et al. (2008) found that water quality in 

a watershed is affected directly by vegetative cover, agricultural, and other land management 

practices through their effects on nutrient runoff and sediment loading.  Changing from forest to 

agricultural land or from wetlands to pasture land had great impacts on water quality, including 

the quantity of surface flow, nutrient runoff and sediment loadings.  In Bhattarai et al. (2008), the 

study analyzed various models including BASINS and SWAT to examine the effects of land use 

change on water quality and the economy for the community.  The type of land use was shown to 

have a direct relationship to water quality by affecting the type of nutrient runoff and sediment 

loading (Bhattarai et al., 2008).   

If the population of the areas surrounding Lake Tuscaloosa and the North River continue 

to increase, land use change will occur and sedimentation, which is already the priority in plans 

to improve the water quality (WASWCC, 2007; Alfaqih 2008; O’Neil et al., 2010; BWCWP, 

2010), likely will become more severe.  Both population growth and land use change are 

occurring in the North River Watershed, although the specific amount they may contribute to the 

poor water quality can not be determined, but they have been identified as having negative 

effects on water quality.  If there fails to be proper management of population growth and land 

use, the water quality may not improve, but decline.  
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Has the water quality of Lake Tuscaloosa and the North River improved since being listed on the 

303 (d) list?   

In evaluating if the water quality has improved since the 303 (d) listing, this research 

uncovered that tests for habitat alternation and mercury were not conducted.  In fact, the only 

mercury test that has taken place was the initial test that led to the 303 (d) listing. Mercury and 

siltation infractions are why the waterbodies were listed on the 303 (d) list, and thus should be a 

major concern when evaluating whether or not water quality has improved.    The data that were 

available for analysis were chemical samples collected by the City of Tuscaloosa and TTL, Inc.  

The Z score analysis of these demonstrated that, on the whole, the water quality of Lake 

Tuscaloosa is stable, but aluminum, chloride, and sodium experienced increasing trends in their 

sampled values.  These increases were not considered a threat as of 2012 because they are all 

secondary regulations.  However, they have the potential to become an issue in the future.  Also, 

E. coli was shown to have a consistent average over time, but the number of samples ≥200 cfu 

are increasing, indicating E. coli may be getting worse in Lake Tuscaloosa.  Furthermore, this 

research found the 303 (d) list lacked sufficient permitting regulations for properly monitoring 

possible water quality factors, such as small chicken farms.  Without the ability to accurately 

assess activities within the watershed or directly evaluate the infractions for which the 

waterbodies were listed, it is difficult to determine possible factors affecting the water quality 

and whether water quality is improving.   

L.S. Alfaqih’s and GSA’s research identifies E. coli as a problem for the watershed, 

along with reasons that may be causing the problem.  The number of samples over the critical 

value of 200 cfu for E. coli has increased, with 32 samples over the critical value in 2009.  The 

correlation found between E. coli and health risks such as gastrointestinal infections, skin 
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irritation, and respiratory problems in Cheung et al. (1990) is a concern when one of the main 

uses of Lake Tuscaloosa and the North River is recreational.  The presence of E. coli puts over 

100,000 people at risk for E. coli exposure and the illnesses associated with it.  The increase in 

the number of samples exceeding 200 cfu indicates that this is not only a problem, but also one 

that may be getting worse.  

Septic tanks are identified stressors of the watershed and contribute to the presence of E. 

coli (Alfaqih, 2008; BWCWP, 2010).  The City of Tuscaloosa enacted an ordinance to help 

combat this issue, demonstrating the city’s desire to help improve the water quality of Lake 

Tuscaloosa and the North River.  In 2004, the ordinance was issued requiring homeowners 

within the basin of Lake Tuscaloosa, Lake Harris, and Lake Nicol to register their septic tanks 

and have them serviced every three years (Taylor, 2009).  The communities complied with the 

city’s ordinance for the most part.  As of 2007, only 70 out of 2,971 septic tank owners had not 

registered (Morton, 2007, p.2), and by 2008, there was only one person who had not registered 

(Taylor, 2008).  That one individual felt the city did not have the right to enforce the law, 

because they did not live within the city limits.  The individual took their objection to court, 

eventually losing their case (Taylor, 2009).  Although there was some resistance by a few, the 

majority of people complied, and the ordinance is an example of the willingness of the 

surrounding communities to cooperate in efforts to improve the water quality of the area.   

Factors involved with the water quality of Lake Tuscaloosa and the North River have 

been identified in previous studies (Slack, 1987; O’Neil et al., 2006; Alfaqih, 2008; BWCWP, 

2010; O’Neil et al., 2010), but further research is needed to know other possible reasons for the 

changes occurring in the water quality.  It is imperative that a water management plan includes a 

means for controlling these factors.  These controls have been identified as: installing BMPs to 
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reduce nonpoint source pollution, identify sanitary overflows, identify failing septic tanks, 

stronger regulations for chicken farms and feedlot operations, and manure management 

(BWCWP, 2010; L.S. Alfaqih, 2008).    

These are solutions being developed in cooperation with the local farmers and 

communities, but the process is difficult because of a distrust in government and the cost of 

developing appropriate BMPs (Wallace-Pitts, 2012).  What makes it more difficult to monitor is 

the permitting process.  By talking to Fayette County, Tuscaloosa County, City of Tuscaloosa, 

and ADEM officials, the types of permits and the process involved was examined.  No permits 

are required for farms with under 125,000 chickens and the counties and local cities do not 

require further permits for farming activities.  All animal feeding operations (AFO), which 

includes all activities involving animals, require a waste management plan.  The only permits 

with up-to-date information on the total amounts issued and how many have been issued are 

NPDES permits.  Construction permits and building permits are issued, but as soon as the project 

is completed, the permits are archived.  The construction and building permits are required to 

have BMPs in place.  ADEM, Fayette County, Tuscaloosa County, and the City of Tuscaloosa 

do not keep track of the total number of permits issued for any activity.  This information would 

be valuable for evaluating possible causes of a decrease or increase in water quality or chemical 

values that are regularly sampled.   ADEM is currently focusing on building a dataset to identify 

issues in the watershed to form plans for the waterbodies to meet quality standards (Wilkins, 

2012).  Tracking the total number of permits issued and the activities occurring in the watershed 

would be useful information for this process.  

The USGS is in the process of analyzing the current status of sedimentation in the area.  

A dataset is being compiled by ADEM using monitoring stations within the North River 
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Watershed and macroinvertabrate data gathered by GSA (Wilkins, 2012).  NPDES permitting 

requirements and nonpoint source reduction efforts (through community education and outreach) 

are also occurring.  The dataset and information gathered through these activities will then be 

used to identify problem areas and potential sources of pollution, which will then be used to form 

proper TMDLs (Wilkins, 2012).   

Currently, the overall water quality of the lake is stable for the chemicals tested (with the 

possible exception of E. coli), but the two reasons for the listing, mercury and siltation, are not 

being tested.  This lack of testing is a major concern and illustrates an area of the 303 (d) list that 

needs improvement.  Once plans are complete and able to be implemented, changes will need to 

be analyzed in some capacity similar to what this research has done to identify if water quality 

has improved.  It is crucial that tests for mercury begin; how else can Lake Tuscaloosa’s and the 

North River’s progress be evaluated?  This is a flaw within the evaluation of the 303 (d) list that 

needs to be addressed.   

 

What is the importance and effectiveness of the 303 (d) list as a tool to improve the water quality 

of listed waterbodies? 

This research discovered that there are both negatives and positives about the 303 (d) list.  

The main positive of the 303 (d) list is that it was initiated to help enforce a national standard for 

water quality.  The importance cannot be underestimated because water is one of our most 

important resources and climate change will have an effect on its availability (McDonald et al., 

2011).  The 303 (d) has helped to increase assessments of long-term water quality trends and it is 

also a subject of growing interest (Abaurrea et al., 2011).  The 303 (d) could be considered 

effective also by the fact that only a third of US water was safe for fishing or swimming twenty-
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five years ago.  Today, two-thirds is safe for fishing or swimming (Water Permitting 101, 2012, 

p. 1).    

There are also negatives associated with the 303 (d) as well.  The 303 (d) list was 

established to help develop proper management.  The CWA addresses point and nonpoint source 

pollutants, but it only provided mandatory federal regulation for point source pollutants 

(Glicksman and Batzel, 2010).  Keller and Cavallaro (2008) did a study reviewing almost 50 

TMDLs across the nation and found that there is no defined frequency of monitoring or 

assessment criteria.  They also found that the criteria are too broad (Keller and Cavallaro, 2008).  

Local officials see the 303 (d) list as an important tool in improving water quality in Alabama 

and  a way of identifying problems and then developing appropriate plans to solve them 

(Sanderford, 2011; Wilkins, 2012).  Although local officials see the 303 (d) list as a positive, the 

fact that mercury is not tested and they lack an appropriate permitting process to monitor the 

activities within the watershed, confirms Keller and Cavallaro (2008) findings.   

In developing a TMDL, states must evaluate all existing and readily available 

information in creating their 303 (d) list.  For most states, because of a lack of resources, water 

quality agencies are able to monitor only a small percentage of their waters on a regular basis to 

detect water quality problems.  States who are in this type of situation often use data collected 

from outside organizations and the public to compile their lists—ADEM uses a five-year basin 

rotation (US EPA, 2011).  Some question the justification of leaving the process to the states 

because the process of developing a list and TMDL is extremely costly (Keller and Cavallaro, 

2008).   As a result listings have been based on insufficient data, and several TMDLs lacked 

adequate implementation plans to achieve water quality goals (Keller and Cavallaro, 2008).   
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To combat this, there are 319 grants that EPA has made available for improving water 

quality.  The 319 grant was established to help develop appropriate plans for states needing more 

resources.  The WASWCC found that over 93,000 tons of sediment erosion was occurring each 

year (WASWCC, 2007).  To monitor this problem and improve the water quality, installing 

BMPs to monitor sedimentation was needed for implementing the TMDL (WASWCC, 2007).  

The 319 grant was established by the EPA to enable communities to improve nonpoint source 

pollution identified as contributing to an impaired waterbody.  For Lake Tuscaloosa and the 

North River, the North River Watershed Management Plan identified sedimentation as the 

number one priority in their 319 grant request (Wallace-Pitts, 2012).  The 319 grant was needed 

to reduce sediment and nutrient contribution in the North River Watershed while improving 

habitat and to meet or exceed state water quality standards.  The 319 grant serves as an example 

of the 303 (d) list’s effectiveness, by demonstrating the importance of developing an appropriate 

TMDL and the EPA’s willingness to support communities who need help by providing 

assistance.    

Having regulations that enforce a national standard of water quality is important and the 

CWA along with the 303 (d) list has helped initiate this process, the progress of which is 

illustrated by the water quality improving nationwide.  However, this research and others such as 

Keller and Cavallaro (2008), have demonstrated that more research is needed on the 303 (d) and 

its effectiveness in general.  For example, Lake Tuscaloosa and the North River are listed on 

Alabama’s 303 (d) list for mercury and habitat alteration.  The monthly sampling does not test 

for mercury and it was only identified in one test.  Is this, then, an effective means for listing 

Lake Tuscaloosa and the North River?  A specific regulation or criterion within the CWA or 303 

(d) requiring states to test for the specific infractions of the waterbodies is essential.  There have 
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been waterbodies successfully removed from the 303 (d) list, but are only measured on their 

ability to develop a TMDL that is approved first by their state, which sets the criteria, and then 

by the EPA.  Where are the measures of progress and evaluations of water quality data?  This 

evaluation is not something that should be left up to each individual state because of the 

complexity and cost.  The EPA regulations should be included within the 303 (d) section that 

dictate the standard of acceptable water quality.  More research on the progress of delisted 

waterbodies needs to take place and more criteria for secondary regulations are needed.  The 

improvements experienced nationwide since the enactment of the CWA and 303 (d) is a 

testament to their effectiveness, but there are changes this research elucidates and that others feel 

need to be made.   

 

What plans have been developed and what studies have been done to identify threats to the water 

quality of Lake Tuscaloosa and the North River? 

The North River is listed four times on the 2010 303 (d) list for Alabama.  Lake 

Tuscaloosa and the North River are listed together two out of the four times.  Three of the 

listings were for mercury, which was first cited in 2010, and the other for nutrients siltation 

(habitat alteration) in 1998.  The 303 (d) listings of Lake Tuscaloosa and the North River are a 

concern for ADEM and the surrounding communities.  Knowing how the 303 (d) list is used and 

how ADEM and the surrounding communities are planning on having Lake Tuscaloosa and the 

North River delisted was the driving force behind this project.   

In 2010, GSA identified seven areas in the North River Watershed with the highest 

potential for nonpoint source pollution: Clear Creek, North River near New Lexington, Upper 

Cripple Creek, North River north of Samantha, Upper Binion Creek, Upper Turkey Creek, and 
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Lower Carroll Creek (BWCWP, 2010).  Potential high risk areas are important to identify to 

focus efforts on proactively improving water quality.  An emphasis placed on the seven 

identified high risk areas would be important for a TMDL.  At the time of publication, ADEM 

was in the process of evaluating the sites to include appropriate measures within the TMDL 

(Wallace-Pitts, 2012).  As mentioned earlier, previous studies have identified E. coli and 

sedimentation as problems within the watershed (O’Neil et al., 2006; WASWCC, 2007; Alfaqih, 

2008; O’Neil et al., 2010; BWCWP, 2010) and ADEM is using this information to develop a 

dataset and an appropriate TMDL.  

The TMDL for Lake Tuscaloosa and the North River is still being developed, but some 

aspects of achieving its goals are already in place.  One factor identified within the studies to 

help improve water quality of these waterbodies was education.  The Alabama Museum of 

Natural History is making an effort to educate children of the community on the importance of 

their interaction with the environment.  Their efforts are supplemented by ADEM stipends used 

to help with their outreach and education initiatives.  These initiatives are a part of their plans to 

improve impaired waterbodies to meet ADEM’s water quality criteria.  These efforts are 

accomplished by expeditions, introducing the children to scientific research by learning about the 

history of the environment and the role they play in its future.  The museum also has a “Growing 

Up Wild Wednesdays,” which introduces younger children to outdoor activities and fun 

adventure projects.  It is also common for the museum to have outdoor exhibits about water 

quality during tailgates for The University of Alabama fall football games (Espy-Brown, 2011).   

The City of Tuscaloosa is also taking an educational approach toward improving the 

water quality, along with continuing to monitor the chemicals in the lake.  The city is educating 

the community about the watershed through its annual “Lake Tuscaloosa Watershed Festival” 
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that takes place in the beginning of May.  At the festival, presentations are given by various 

departments, businesses, and agencies of the community about the importance of the lake.  There 

are also educational programs geared toward children about how the watershed works and the 

importance of recycling.  The festival is for two days with these educational activities taking 

place on the first day, and a lake clean-up on the second.  At last year’s lake clean-up a total of 

12,000 pounds of waste—over 50,000 since the initiative was started—was diverted from the 

waterways (Lakes Division, 2006).  The Lakes Division and the City of Tuscaloosa understand 

the importance of improving water quality and are making efforts to get the community involved 

in the process while continuing to monitor the status.  

 This research illustrated factors identified as impacting Lake Tuscaloosa and the North 

River water quality.  It also identified aspects that could help in developing an appropriate 

TMDL.   The City of Tuscaloosa’s and the state’s efforts to have Lake Tuscaloosa and the North 

River removed from the EPA’s 303 (d) list included educating the public about the watershed 

and nonpoint source pollution, reducing sedimentation and bacterial sources, and continuing to 

monitor the situation (Sanderford, 2012: Wilkins, 2012).  The specifics of how these objectives 

are going to be achieved are still being developed, but it is evident through the monthly sampling 

and education programs (organized by the Alabama Museum of Natural History, the City of 

Tuscaloosa, and the BWCWP) that efforts are already in place to have Lake Tuscaloosa and the 

North River delisted.    
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CONCLUSION 

 

The goals of this research were to investigate the importance and effectiveness of the 303 

(d) list as a tool to improve water quality, and examine what plans have been developed and are 

developing to improve the water quality of Lake Tuscaloosa and the North River.  This research 

discovered that comparisons of past and present water quality criteria are lacking.  The Z score 

analysis used in this research or some other form of statistical analysis should be incorporated 

within the TMDLs for Lake Tuscaloosa and the North River to measure progress.  It was also 

found that on a whole, the water quality of Lake Tuscaloosa is stable for the chemicals measured, 

but aluminum, chloride, and sodium experienced increasing trends.  Aluminum’s presence in 

drinking water is associated with health problems such as neurological disorders (Percy et al., 

2011; Wang et al., 2011).  E. coli is also increasing with the occurrence of recorded 200 cfu or 

greater samples increasing during the study period, and has been identified by several studies as 

being a problem and the health risks are well known.  It was also discovered that there is no 

stipulation about how to evaluate the progress TMDLs have had on the water quality of impaired 

waterbodies.  The fact that mercury has only been tested once for Lake Tuscaloosa and the North 

River is a major concern, and criteria requiring testing for the infractions causing the listing need 

to be incorporated into the 303 (d).  This research recommends both, an evaluation of past and 

present water quality, and an evaluation of the past and present levels for the specific infractions 

(mercury and siltation). 

The studies completed on the area also did not compare land use changes, which is a 

valid concern for water quality (Squires, 2002; Bruegmann, 2005; Howat, 2011; Brown and 

Froemke, 2012).  The growing population and increasing water demand will continue to be 
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factors in plans for the area, and has the potential to escalate the severity of the water quality 

issues.  There needs to be stronger regulations and a permitting process for activities within the 

watershed.  E. coli and sedimentation are issues in the deteriorating water quality, but how can 

factors, such as land use change, population growth, chicken farms, and animal access to 

waterways, be monitored if there is no regulation, emphasis, or enforcement?  There needs to be 

an active plan for the land use of the watershed.  Keeping better records of what occurs in the 

watershed, along with stronger regulations for controlling the activities, will help improve the 

water quality of Lake Tuscaloosa and the North River.   

It is a difficult task to regulate watersheds and there have not been many studies done on 

successful 303 (d) delisting or the 303 (d) list itself.  The studies that have been done, including 

this one, recommend a more defined process and stronger regulations to further improve the 

impaired waterbodies.  Overall, the 303 (d) list can be considered an important and successful 

tool for the simple fact that it creates an awareness and sets in action a process for monitoring 

water quality for communities in the US.  The communities themselves, including those of Lake 

Tuscaloosa and the North River, will have to take a proactive role to combat the water quality 

issue before it intensifies.  However, there are major concerns that need to be addressed in 

Alabama and the U.S.A. regarding the process set in place to improve water quality.  Right now, 

a problem has been identified; the outcome, as it is for so many natural resource issues, will be 

determined with time.   
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