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ABSTRACT 

Beaver Creek, located in North Knox County, Tennessee, is on the Tennessee 303(d) list 

as an impaired stream that fails to meet its designated uses. Phosphorus (P) is one of the 

major pollutants of the stream. High P levels within surface water can lead to water 

quality problems including low dissolved oxygen, overgrowth of algae, and 

eutrophication. Two sources, pasture grazing areas and major municipal point sources, 

have been identified as important contributors of P to Beaver Creek.  The objective of 

this study was to analyze the total P and Mehlich III extractable P concentrations of 

sediments in Beaver Creek and determine if a P signal could be identified in sediments 

collected along two stream reaches, less than 1500 m long, adjacent to a cattle farm and a 

wastewater treatment plant (WWTP).  Eight sites were sampled within Beaver Creek, 

divided between two locations.  At each sample location, four sample sites were selected.  

One site, the “control” was upstream of the P input. One, the “source,” was immediately 

downstream of the P input.  Two additional sites, one within 200 m and the second within 

400 m downstream of the source, were selected at each location.  Nine sediment samples 

were collected at each sample site.  Sediments were analyzed for total P (SW-3050B) and 

Mehlich III extractable P.  ANOVA was run between the sites at each location and t-tests 

were completed to look for significant differences and a downstream signal.  At the cattle 

farm, P concentrations of sediments at the downstream 2 site were significantly higher 

than sediment P concentrations at the three other sites.  However, unexpectedly high 

results from the control sample site, combined with unexpectedly low results from the 

source sample site made it difficult to assess whether the cattle farm was affecting 
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sediment P in Beaver Creek.  At the WWTP, the sediment P near the outfall was 

significantly higher than sediment P at the control.  Sediments at the downstream 1 site 

had significantly higher P concentrations than sediments at the other three sites, 

indicating that the WWTP may be affecting sediment P in Beaver Creek.  This study 

supports the hypothesis that increased P concentrations could be attributable to P inputs 

from a WWTP.  However, further study is needed about the effects that pastures have on 

sediment P concentrations within Beaver Creek. 
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Chapter 1  
Introduction 

Water is essential for all life on Earth.  However, usable water for humans, plants, and 

animals is generally only available as fresh surface or ground water. Most of Earth’s water is 

unavailable for human and animal use because it is in oceans or locked in glaciers and ice caps.  

The imbalance of available fresh drinking water, with such a small fraction of water in lakes, 

rivers, streams, estuaries, and groundwater, leaves these fresh surface water resources vulnerable 

to overuse and pollution.  

The quality of fresh water is important because it is used for human consumption, 

recreation, fishing, agriculture, and commercial industry.  Since the 1940s, global annual water 

usage has rapidly increased (Biswas, 1997).  This global increase is a result of large increases in 

water usage per capita, combined with population increases.  As a result of these combined 

increases, the amount of water available per capita within individual nations is projected to 

dramatically decrease over the next 40 years (Biswas, 1997).  Additionally, population 

movement to arid climates found in Arizona and Nevada has placed increased pressure for water 

availability and high quality water on already diminished water resources.   

Water availability and water quality are linked because increased contamination of water 

reduces its availability, while also increasing the costs for water treatment. In many cases, certain 

water contaminants cannot be easily removed or water decontamination would become too costly 

for communities.  Therefore, maintaining high quality water or improving water quality within 

local watersheds has become recognized as one of the most effective measures for maintaining or 

increasing water supplies. 
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 Chemical properties of water also make fresh water supplies vulnerable to degradation. 

The H2O molecule is polar, having a slight positive charge on the hydrogen side and a slight 

negative charge on the oxygen side. This property allows water to dissolve and mobilize 

pollutants, transfer those pollutants to a nearby waterway, and transport them downstream to 

larger water bodies, where water quality problems can become exacerbated. When precipitation 

falls on the land surface within a watershed, it can transport pollutants and degrade the receiving 

waters.   Sediment, chemicals, and pathogens can be transported by water and can impact water 

quality directly or indirectly, causing degradation, loss of fish and animal habitat, and increased 

costs and effort to make water potable for human consumption.  Water quality problems 

associated with chemical interactions include nutrient enrichment, oxygen-consuming wastes, 

inorganic chemicals, organic chemicals, sediments, infectious agents, radioactive substances, and 

thermal energy (Pierzynski et al., 2000).    

One of the most prevalent water quality problems is nutrient enrichment.  Nutrient 

enrichment of waterways causes long-term water quality and water usage problems (Carpenter et 

al., 1998; Bricker et al., 2008).  These problems include the formation of toxic algal blooms, 

decrease of dissolved oxygen in water, fish kills, and loss of aquatic biodiversity, including 

decreases in aquatic plant and animal species.  In 1990, eutrophication, a result of nutrient 

enrichment, was considered to be the most common surface water impairment in the nation (US 

EPA 1990).  In 1996, eutrophication was cited as the reason for water quality impairment in 

approximately 50% of lakes and over 60% of impaired river reaches (US EPA, 1996).   

Eutrophication is generally defined as an increase in the nutrient levels of water that 

increases growth of algae and macrophytes and decreases water quality (Young et al., 1999; 

Pierzynski et al., 2000).  As watersheds are transformed by humans from a natural state into 
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agricultural or urban uses, nutrients can become mobilized and readily enter the waterways, 

causing nutrient enrichment at the source and downstream (Becher et al., 2000).  Increased 

nutrient levels in water often stimulate algal growth, resulting in large plumes that can choke 

waterways, degrade water quality, and produce foul orders and unpalatable water.  In extreme 

cases, eutrophic waters can cause fish kills as a result of decreased dissolved oxygen levels.   

While nutrient enrichment involves both nitrogen and phosphorus (P), lake-based studies 

of the effects of manipulating the nitrogen/phosphorus ratio have shown P controls to have the 

greater impact on algal production (Schindler, 1977; Schindler et al., 2008).  Models by Prairie et 

al. (1989) also have found a positive relationship between total P and chlorophyll a in lakes and 

have supported Schindler’s findings.  Therefore, today, most of the work controlling nutrient 

enrichment of waterways focuses on limiting P. 

 

Phosphorus in the Environment 

Two main forms of P exist in the environment: organic P and inorganic P.  Each of these 

forms of P can exist in two phases, soluble and particulate.  Organic P is bound in organic matter 

such as grasses, algae, or higher plants and animals and is comprised from both living and dead 

plant and animal matter. In waterbodies, organic particulate P can include algae, fish, and benthic 

macroinvertebrates. Soluble organic P can include dissolved organic P that originates in animal 

excrement. Human and animal wastes “represent a transformation of biologically accumulated P 

from food crops to potentially recyclable organic matter” (Pierzynski et al., 2005).  As microbes 

break down organic P, soluble organic P is released and over time can be converted into stable 

forms of inorganic P.   
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Soluble inorganic P exists in two orthophosphate forms, H2PO4- and  HPO4
2-, known as 

soluble reactive phosphorus, and can become available through desorption, dissolution, and 

extraction processes.  These processes dissociate the chemical bonds that hold the phosphate 

anions to the soil matrix and make the phosphate anion available for plant uptake.  If the 

phosphate anion is transported to a waterway, it will be available for algal uptake.  Consequently, 

any land area that contributes large amounts of orthophosphates can be facilitating nutrient 

enrichment and excessive algal growth in the waterway.   

Particulate P represents organic P and orthophosphates that are tightly bound to sediment 

or organic particles. It includes all of the solid phosphate forms, phosphates adsorbed to clay 

minerals, and organic phosphates.  Particulate P may be suspended in the water column or may 

be settled to the bottom of a lake or waterway.  Particulate P enters a waterbody through 

overland erosion or through the erosion of streambanks and has been estimated to make up as 

much as 75-90% of all P that is moving from the land (Sharpley and Halvorson, 1994).  Since 

less energy is required to move smaller particles from land, clays and organic matter are more 

readily moved from the land to waterways. The greater surface area of smaller particles provides 

increased sites for phosphate adsorption.  A portion of particulate P is bioavailable and 

particulate P can actually represent a more long-term P source in aquatic systems because P 

cycling can continue to occur depending on environmental conditions in an aquatic system.  

Consequently, particulate phosphates can transform into soluble phosphates and be released from 

benthic sediments into the water column (Haggard et al., 2005). 

Bioavailable P is generally considered to be the fraction of total P that is available for 

algal uptake (Zhou, 2001; Banom and Sarkar, 2004). Identifying bioavailable P is important 

because excessive algal growth has been connected to eutrophication and hypoxia in creeks, 
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streams and rivers, which is directly related to bioavailable P.  Recent research focusing on 

bioavailable sediment P is limited, and researchers have not identified a singular extraction 

process as the best process to identify and quantify bioavailable P (Zhou, 2001; Branom and 

Sarkar, 2004; Hoffman et al., 2009). 

 

Phosphorus Movement and Interaction in Water 

Phosphorus is introduced into water bodies from natural and anthropogenic sources. 

Naturally, P is found in watersheds containing igneous or sedimentary phosphate rocks (Stewart 

et al., 2005).  As those rocks weather, the phosphates can enter the soil matrix or attach to water 

molecules and enter the waterway.   Generally, the natural mechanisms of phosphorus cycling do 

not yield a substantial imbalance or net increase of phosphorus levels within waterways.  

Therefore, aquatic nutrient imbalances do not become a concern until anthropogenic landuse 

changes occur. 

When humans enter a watershed, their activities facilitate a net increase of phosphates 

entering the waterways (Caraco, 1993).  For example, sediment cores from the Great Lakes  

show evidence of phosphorus increases due to anthropogenic activities as early as the 1800s 

(Schelske et al., 1983). Today, the major anthropogenic activities that have been identified for 

contributing P to waterways include animal agriculture (Simon et al, 2005; James et al., 2007), 

crop agriculture (Sharpley et al.,1992; Sharpley et al., 1994), suburban/urban landuse (Nungesser 

and Franz, 1997), and municipal wastewater treatment plants (WWTPs) (Haggard et al., 2001; 

Marti et al., 2004).   

Phosphorus can be introduced into a waterway through two avenues, point source inputs 

and non-point source inputs.  Point sources are generally defined as those that directly discharge 
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to a stream.  Wastewater treatment plants are generally considered to be the main potential point 

sources because they process water that contains human waste and household chemicals, such as 

soaps and detergents, which often contain phosphates, and the treated effluent is released to a 

waterbody.   Non-point sources of P are located across the spectrum of landuse and may not 

directly release pollutants to streams.  Two types of landuses, animal agriculture and crop 

agriculture, have traditionally been considered the major contributors of non-point source P.  

Past research of P inputs to aquatic systems has focused separately on P inputs from 

WWTPs and P inputs from agricultural sources.  Haggard et al. (2001) studied the effect of 

WWTP effluent on downstream water and sediments in the receiving stream.  The researchers 

found that a large portion of the effluent moved through the receiving stream and reached the 

confluence and downstream lake.  They hypothesized that P was not retained by in-stream 

sediments due to the long net nutrient uptake length required to retain the nutrients released by 

the WWTP.   

Bowes et al. (2005) analyzed the impact of the E.U. regulations in reducing overall P 

loads and investigated whether tighter controls on all European wastewater treatment plants 

could reduce P loads.  Through modeling and sampling, it was determined that controlling only 

the major wastewater treatment plants would decrease overall dissolved P load by 52%.  The 

model was re-run to test a scenario in which all wastewater treatment plants had P reductions of 

80%.  In this scenario, P concentrations were found to be highly reduced throughout the channel, 

not just below the points of the major wastewater treatment plants. 

Simon et al. (2005) completed a comparative study between two coastal Virginia 

watersheds that were geologically and geographically similar.  The main difference between the 

watersheds was that the Pocomoke River watershed contained large areas of intensive agriculture 
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(broiler chickens) while the Popes Creek watershed did not have any intensive agricultural 

practices.  As a result of the intensive production of broiler chickens, land managers in the 

Pocomoke River watershed used large amounts of chicken litter as fertilizer on the land.  In 

contrast, the Popes Creek watershed did not have such fertilizer inputs. The researchers found 

concentrations of total P from sediments in Pocomoke River to be approximately twice those 

from Popes Creek.  

These research projects demonstrate that individual P inputs can profoundly impact water 

quality.  However, many streams that are considered impaired due to nutrient enrichment have 

both agricultural activities and WWTPs contributing P to the receiving water.  With various 

nutrient contributing activities within a watershed, it could be helpful to differentiate the P inputs 

because, as nutrient regulations are reformed and Total Maximum Daily Loads (TMDLs) are 

developed, remediation activities should match the inputs.  Additionally, local changes in 

landuse may shift nutrient inputs.  Therefore, identifying and quantifying P levels at different 

input points could be helpful to future analysis and remediation efforts. 

 

Mass Balance of Phosphorus in Water 

In both aquatic and terrestrial systems, P naturally shifts in a dynamic equilibrium.  

“The total quantity of P in a lake or other surface water body will be controlled by the 

balance between the inputs from external sources (agriculture, runoff, and point-sources) and the 

outputs as water drains from the lake via rivers, streams, or other water courses” (Pierzynski et 

al., 2005). Golterman (2004) presented the aquatic ecosystem mass balance of P with the 

following equation, 

Pin = Δ sed + Pout + Δ (o-P)w, 
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where “Pin = P entering the lake (g m-2 y-1); Pout = P leaving the lake (g m-2 y-1); Δ sed = P 

entering the sediment (g m-2 y-1); Δ (o-P)w = increase in P concentration in water depth (g m-2 y-

1)” (Golterman, 2004).  

Researchers studying P concentrations of sediments and overlying water in lakes and 

marshes have found sediment P to strongly correlate with aqueous P, indicating the amount of P 

sorbed to fine sediments increases as a function of increased P concentration in water (Qiu and 

McComb, 2000; Haggard et al., 2005).  Shifts in aquatic ecosystem P are caused by chemical or 

physical changes within the system.  For example, P adsorbed to sediments may become 

available when soluble P is depleted, when Fe in sediments is reduced under anoxic conditions, 

or when external or internal environmental conditions cause turbulence and resuspension of 

sediments (Pierzynski et al., 2005).  Also, increased pH can result in decreased P sorption to 

sediments and an increased soluble P concentration because “functional groups on the surface of 

clays and metal oxides become deprotanted, thus the colloidal surface becomes more negatively 

charge” (Pierzynski, et al., 2005).   

Two equations, the Frendulich Equation and the Langmuir Equation, quantify P sorption 

and desorption processes from soils and sediments to solution.  A third way to describe P 

equilibrium is the EPC0 (Equilibrium Phosphate Concentration at zero sorption).  This is defined 

as the inorganic orthophosphate concentration that causes no adsorption or release when 

sediment is suspended in inorganic orthophosphate solutions (Golterman, 2004).  The values 

derived from the EPC0 describe the potential of a soil or sediment to release P from the sediment 

or adsorb P to the sediment when in contact with water flowing waters.  “Soils or sediments with 

high EPC0 values that interact with low P waters will desorb P; conversely, if  values are low 

soils or sediments will sorb P, reducing the P concentration of runoff or streamflow and 
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decreasing the potential for eutrophication” (Pierzynski, et al., 2005).  EPC0 supports the idea that 

P will reach an equilibrium between the sediments and overlying water. 

 

Nutrient Research in East Tennessee 

Limited research has been conducted in East Tennessee to analyze the impact of 

phosphorus on streams and rivers (Mulholland et al., 1985; Johnson and Treece, 1998; Hampson 

et al., 2000).   While Hampson et al. (2000) focused on watersheds with multiple nutrient inputs, 

such as agriculture and WWTPs, their work encompassed a very large geographic area from 

upper East Tennessee to Chattanooga and from the Cumberland Plateau to Asheville, NC.   

Although their research is helpful for understanding and describing regional processes, it does 

not allow for analysis of local agricultural or WWTP inputs.  Therefore, this thesis research, on a 

smaller geographic area within a sub-basin of their larger study area will further contribute to the 

broader knowledge of nutrient inputs in East Tennessee.  

 

Research Objective 

 The purpose of this research is to analyze channel sediments and determine if P 

concentrations of the sediments change after exposure to higher levels of P from inputs from a 

cattle farm or from a wastewater treatment plant (WWTP).  This research was developed to study 

the impact of two P inputs by collecting benthic sediment samples from the channel of Beaver 

Creek, located in Knox County, Tennessee.  The channel sediments were obtained from 

immediately upstream of, at, and immediately downstream from the cattle farm and the 

wastewater treatment plant in order to evaluate changes in P concentrations of the sediments 

before and after exposure to the P sources.   
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While aquatic dissolved P concentration is generally considered an important standard 

when evaluating water quality and is the standard by which Beaver Creek is judged to be nutrient 

enriched (TDEC, 2006a),  dissolved P data ignore other potentially plant-available forms of 

phosphorus that are found within benthic sediments of streams, lakes, and other water bodies.  

Due to the need to control aquatic dissolved P levels and nutrient enrichment, past work on 

Beaver Creek has focused on the dissolved P (TDEC, 2006a), with no known research found on 

the P levels of sediments within the Beaver Creek channel.  Additionally, past research has not 

specifically examined the impact of an individual source of P on the creek.  Therefore, this 

research will obtain new information about P levels in steam sediments that has been previously 

unavailable for Beaver Creek while contributing to a growing body of work regarding P and 

aquatic sediments. 

   

Research Questions and Hypotheses 

Two questions were proposed for this research: 

1. Can a total P signal from a cattle farm and a WWTP be identified in the streambed 

sediments at and below an input point?  I hypothesized that a signal would be found 

at and downstream from the input point.  The signal would be identified by 

significantly increased P levels when compared with the sediments found upstream of 

the cattle farm and the WWTP.   

2. Would the sediments at and below the P sources, the cattle farm and the wastewater 

treatment plant, have elevated Mehlich III extractable P concentrations?  I 

hypothesized that the sediments at and downstream of the input point would have 

Mehlich III extractable P.   
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Organization of Thesis 

 This thesis is organized into five chapters.  Chapter 1, “Introduction” has provided a 

general review of literature pertaining to P and water quality issues and presented the research 

objective.  Chapter 2, “Study Area,” provides an overview of Beaver Creek Watershed, its 

geography, environmental concerns, and specific issues related to the presence of P within the 

watershed.  The chapter also introduces the reader to the specific study locations, the cattle farm 

and the WWTP, and provides the reader with geographic information, surrounding landuse and 

historical information specific to each study location.  Chapter 3, “Study Design and Methods” is 

divided into three parts.  Part one describes the study design with definitions useful for 

understanding the sampling protocol that was developed and implemented to collect sediment 

samples from the field. Part two, the lab methods section, discusses the preliminary processing of 

the samples and the chemical analyses completed to obtain the P data.   Part three, statistical 

analysis, describes the statistical processes that were taken to answer the research questions.  

Chapter 4, “Results,” provides the results of the statistical analyses and answers the research 

questions.  Chapter 5, “Discussion and Conclusions” evaluates the hypotheses, data, and results, 

and discusses the conclusions of the thesis.   
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Chapter 2  
Study Area 

 
Beaver Creek Watershed (Figure 2.1) (HUC TN-06010207-011) is located in north Knox 

County near Knoxville, Tennessee.  It is nested in the 1,631 km2 Lower Clinch River Watershed.  

The watershed is approximately 40 km long, 5.6 km wide, and approximately 224 km2 in 

drainage area.  Copper Ridge to the northwest and Black Oak Ridge to the southeast mark the 

watershed boundaries.  Beaver Ridge, a third ridge found within the watershed, parallels the 

south bank of Beaver Creek and is intersected by several tributaries (Knox County, 2006). 

Most of the headwaters of Beaver Creek form in the northeast portion of the watershed.  

The main channel of Beaver Creek begins in northeast Knox County and runs approximately 71 

km to the confluence with the Clinch River in southwest Knox County (Parish, 2002; Knox 

County, 2009). Over the length of its run, Beaver Creek descends approximately 85 m, resulting 

in a gradient of only 0.013% (Knox County, 2003).  The low gradient of Beaver Creek, 

combined with high flows, causes the slow movement of peak flows through the system and 

subsequent flooding on a regular basis (Parish, 2002). 

Cox Creek, Willow Fork Creek, Hines Branch, Knob Fork Creek, Grassy Creek, Meadow 

Creek, and Plumb Creek are the seven major tributaries of Beaver Creek.  Many of these sub-

watersheds contain a mixture of agricultural land and single-family residential land (Knox 

County, 2003).  Most of the development in these sub-watersheds has occurred lower in the 

watershed, putting increased pollution and development pressures closer to the main channel of 

Beaver Creek.  With the exception of Hines Branch, much of the outlying sub-watershed areas 

are composed of rural residential or agricultural landuses.  Therefore, the potential source areas 

for water quality impairment are dispersed (Knox County, 2003). 
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Legend 

 

 

Figure 2.1. Map of watersheds in Knox County, TN.  Beaver Creek Watershed is outlined 
in blue and identified with an arrow (KGIS, 2011). 

 

 
 
 

Beaver Creek 
Watershed 

Knox County, 
Tennessee
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Physiographic Setting  

Beaver Creek watershed falls within the Ridge and Valley Physiographic Province 

(Region 67f) of East Tennessee.  The Ridge and Valley Province is characterized as a low-lying 

area situated between the Appalachian Mountains to the east and the Cumberland Plateau to the 

west (Griffith et al., 1998).  A broad floodplain and characteristic rolling hills of the region are 

found within the watershed (Knox County, 2006).  Typically, this area has white oak, bottomland 

oak, and sycamore-ash-elm riparian forests with grasslands and cedar pine glades interspersed on 

the landscape (Griffith et al., 1998).  The geologic material of the watershed mainly consists of 

limestone, dolomite, sandstone and shale, with siltstone, chert, mudstone, and marble also being 

found within the ecoregion (Griffith et al., 1998).  Figure 2.2 is a map of the physiographic 

regions of Tennessee and region 67f, the Ridge and Valley Physiographic Province, is identified 

on it.   
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Figure 2.2. Map of physiographic regions of Tennessee. Region 67f, is identified with an arrow, and designates the region 
locating the Beaver Creek Watershed (Griffith et al., 1998). 

 

Region 67f 
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Beaver Creek Landuse 

Beaver Creek Watershed is considered a rapidly urbanizing watershed.  In 2006, 

approximately 75,000 residents were estimated to live within the watershed. By 2030, the 

watershed population is projected to be 45% greater with approximately 108,000 residents (Knox 

County, 2006). In 2004, landuse composition of Beaver Creek Watershed consisted of an even 

percentage of residential and forested land with a slightly smaller area dedicated to agriculture 

(Figure 2.3).  The landuse composition of the Beaver Creek Watershed is expected to 

dramatically change over the next 20 years due to development and an increase in the residential 

population.  Knox County (2009) has estimated residential landuse to increase to 56% of the total 

watershed area.  Meanwhile, agricultural landuse is expected to decrease to approximately 13% 

of the watershed area.  Forested land is also projected to decrease to approximately 21% of total 

landuse area by 2030. 

Dramatic population increases, combined with the conversion of agricultural and forested 

lands to residential landuse, will facilitate an increase of impervious surfaces throughout Beaver 

Creek watershed in the future. As a result, more water will come in contact with roads, roofs, and 

sidewalks, which often have contaminants on the surfaces. Additionally, increased impervious 

area will change the natural flow of stormwater causing water to reach streams faster.  In 2006, 

the total impervious area of the watershed was calculated at approximately 8.7%.  By 2030, 

impervious surfaces are projected to increase to approximately 11.8%, representing a 36% 

increase of impervious area (Knox County 2006; Knox County, 2009). 
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Figure 2.3. Pie chart of 2004 landuse composition of Beaver Creek Watershed (Knox 
County, 2006). 

 
 
Environmental Concerns of Beaver Creek 

Many environmental concerns have been documented as impacting Beaver Creek (Knox 

County, 2003; Knox County, 2006; TDEC 2006b; Knox County, 2009).  Over the last decade, 

the water quality in Beaver Creek has been considered poor.  As a result of the degraded quality 

of the creek, private citizens and water quality specialists have worked together to assess the 

status of the creek and to proactively address some of the water quality issues.  The most 

pressing concern is Beaver Creek’s presence on the Tennessee Department of Environment and 

Conservation’s (TDEC) 303(d) list as a category 5 stream (TDEC, 2006a).  
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Beaver Creek’s water quality is assessed every five years as part of TDEC’s monitoring 

program required under the clean water act.  Section 303(d) of the clean water act requires states 

to list surface waterbodies “for which technology-based limits alone do not ensure attainment of 

water quality standards” (USEPA, 1999).  The Tennessee 303(d) list released by TDEC is a 

compiled list of all Tennessee surface water bodies that are “water quality limited” (TDEC, 

2008).  Waterbodies that are designated as “water quality limited” fail to meet one or more water 

quality standards.  These waterbodies are considered pollution impaired and do not meet at least 

one of their designated uses, generally being that they are fishable and swimmable.   

Part of the process for monitoring water quality and identifying impaired streams in 

Tennessee, includes categorizing each waterbody into one of five categories.  A category 1 

designation means that waterbody meets all designated uses.  Category 2 means the waterbody 

meets some designated uses but not enough data is available to determine if all uses are being 

met.  Category 3 means not enough data exist to determine if any designated uses are being met.  

Category 4 addresses the context to which specialized studies called total maximum daily loads 

(TMDL)s have been completed.  Category 5 means that one or more designated uses for the 

waterbody are not being met and TMDL is required to be completed for each of the listed 

pollutants impacting the stream water quality (TDEC, 2008). 

Beaver Creek’s presence on the 303(d) list and its classification as a “category 5 stream” 

mean that water quality is not satisfactory for one or more designated uses of the creek and a 

TMDL must be established for each of the listed pollutants of the creek (Knox County, 2003).  A 

TMDL is defined as “the sum of the individual wasteload allocations for point sources and load 

allocations for non point sources and natural background” (USEPA, 1999).  The USEPA (1999) 

has established a generic TMDL equation, 
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TMDL = LC = ∑WLA + ∑LA + MOS,  

where LC is the loading capacity or the greatest loading a waterbody can receive without 

violating water quality standards;  WLA is the wasteload allocation (the portion of the TMDL 

allocated to existing and future point sources);  LA is the load allocation, or the portion of the 

TMDL allocated to existing or future nonpoint sources and the natural background; and  MOS, 

the margin of safety,  accounts for uncertainty about the relationship between pollutant loads and 

receiving water quality (USEPA, 1999). 

The TMDL process focuses on the entire watershed rather than individual point sources 

alone, such as WWTPs.  Each TMDL targets one specific pollutant for a specific watershed.  

Currently, two TMDLs exist for Beaver Creek Watershed.  One TMDL addresses pathogens and 

the second TMDL addresses siltation and habitat alteration (TDEC, 2005; TDEC, 2006). 

Currently, a nutrient loading TMDL does not exist for Beaver Creek Watershed.  Table 2-1 is an 

excerpt from the 2006 303(d) list which identifies Beaver Creek as a “water quality limited” 

waterbody.  The table identifies the creek, length of impairment, the cause of impairment, 

pollutant sources, and the priority for establishing TMDLs (TDEC, 2006a). Since phosphorus 

and nitrogen have been identified as pollutants of Beaver Creek, a nutrient TMDL is required to 

be established. 
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Table 2-1. Excerpt of Tennessee 303(d) list featuring Beaver Creek (TDEC, 2006a). 

 

 

 

 

 

 

 

Water-
body ID 

Impacted 
Waterbody 

County Kilometers 
Impaired 

CAUSE /TMDL 
Priority 

Pollutant 
Source 

Comments 

 
TN06010
207011 – 
1000  

 
BEAVER  
CREEK  

 
Knox  

 
36.21 

 
Phosphorus               
Nitrates                     
Escherichia coli        
Low dissolved       
     oxygen 
Loss of biological 
     integrity due to  
     siltation     
Physical  
     substrate          
     habitat    
     alterations      

 
Major 
Municipal 
Point Source  
 
Pasture 
Grazing  
 
Discharges 
from MS4 
Area  

 
Stream is 
Category 5. 
Impaired, but 
EPA has 
approved a 
pathogen TMDL 
that addresses 
some of the 
known 
pollutants.  

 
TN06010
207011 – 
2000  

 
BEAVER  
CREEK  

 
Knox  

 
22.05 

 
Escherichia coli  
Loss of biological   
     integrity due    
     to siltation           
Physical substrate   
     habitat        
     alterations      

 
Pasture 
Grazing  
 
Discharges 
from MS4 
Area  

 
EPA has 
approved a 
pathogen TMDL 
that addresses 
some of the 
known 
pollutants. 

 
TN06010
20701 
1 – 3000  

 
BEAVER  
CREEK  

 
Knox  

 
12.07 

 
Escherichia coli  
Loss of biological  
     integrity due to  
     siltation   
Physical substrate  
    habitat  
    alterations  

 
Pasture 
Grazing  
 
Discharges 
from MS4 
Area  

 
EPA has 
approved a 
pathogen TMDL 
that addresses 
some of the 
known 
pollutants. 
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Residential and Agricultural Activity in Beaver Creek Watershed 

Residential and agricultural landuse are inextricably connected to the current and future 

landuse composition of the watershed, in addition to the current and future condition of Beaver 

Creek. In 2006, residential and agricultural landuse together comprised 56% of the landuse in the 

watershed.  While residential landuse has surpassed agricultural landuse within the watershed, 

both serve as large potential contributors of sediment, nutrients, and other pollutants currently 

being targeted for stricter controls to improve water quality within Beaver Creek. 

  One major challenge facing an area of increasing residential population is to address the 

water and wastewater needs.  In 2006, it was estimated that the Beaver Creek Watershed had 

approximately 74,400 people living within the watershed boundaries (Knox County, 2006).  

Approximately 33,328 people in the Beaver Creek Watershed had septic systems in 2005, 

leaving approximately 41,000 residents of Beaver Creek Watershed connected to sewer lines to 

process their wastewater (TDEC, 2006b). 

Two wastewater treatment plants are permitted to discharge processed wastewater to 

Beaver Creek. The plant located at stream mile 10.0 is permitted to process up to 4.0 million 

gallons (15,168 m3) per day (TDEC, 2003a).  The plant located at stream mile 23.5 is permitted 

to process up to 9.0 million gallons (34,104 m3) per day (TDEC, 2003b).  Recent studies of the 

watershed have cited these plants as major contributors of nutrients, including P, to the creek 

(TDEC, 2006b; Knox County, 2009).  While these WWTPs are required to treat for pathogens 

and are included in the pathogen TMDL, Tennessee state law does not require WWTPs to 

provide treatment for reducing P loads.  In their 2003 permits, which were active during the data 

collection for this study, the plants were only required to report orthophosphate and total P from 

a composite sample of effluent once per quarter.   
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 As residential landuse has increased throughout the watershed, agricultural landuse has 

decreased.  However, animal agriculture continues to be a predominant activity, with 

approximately 3,120 livestock animals estimated to live within the Beaver Creek Watershed 

(TDEC, 2006b). The livestock distribution of the watershed is estimated to comprise 2100 beef 

cattle, 150 milk cows, 145 hogs, 110 sheep, and 615 horses (TDEC, 2006b).  All of the livestock 

animals were dispersed throughout the watershed and no permits have been issued for Confined 

Animal Feeding Operations within Beaver Creek Watershed (TDEC, 2006b). 

Animal agriculture presents specific water quality problems, including the release of 

untreated animal waste to the creek.  Untreated animal waste is released to the creek through two 

processes: 1) allowing animals to have direct access to the creek and 2) erosion processes that 

move waste from the land to the water.  Although education programs and cost-sharing programs 

have begun to assist some farmers in transitioning to a system that keeps their animals from 

having direct access to Beaver Creek, some landowners have not transitioned to a new process of 

watering for their farm and, therefore, their animals continue to directly access the creek, 

potentially contributing to higher P levels in Beaver Creek. 

 

Study Locations 

 The landuse composition of Beaver Creek Watershed presents an interesting opportunity 

to study how a cattle farm and a WWTP affect sediment P concentrations in Beaver Creek.  For 

this research, two sampling locations, a cattle farm and a WWTP, were utilized to study the 

immediate and short-distance effects of a P source on streambed sediments (Figure 2.4). 
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Legend 

 

 

Figure 2.4.  Map of north Knox County, TN designating the cattle farm and the WWTP 
sampling locations. Sampling locations are marked with an X (KGIS, 2011). 
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Location 1: Cattle Farm 

A family-run cattle farm, located directly adjacent to Beaver Creek near stream km 33, 

was utilized for this study.  At the time of sampling, approximately 40 head of cattle grazed on 

125,775 m2 of land (KGIS, 2010). During pre-sampling surveys, cattle were observed accessing 

the creek from the southwest border of the property.  Conversations with the watershed 

coordinator indicated that the property owner had allowed his cattle to access the creek for 

watering and cooling for decades and planned to continue this method of watering his cattle.  As 

a result, the activity on the farm had been maintained in a similar manner for decades and the 

cattle were allowed to have regular and unimpeded access to the creek. 

Different landuses with minimal P inputs exist around the cattle farm. Upstream from the 

farm is public property where a high school, a public park, and a rarely utilized field of public 

land exist.  Downstream from the farm is rural residential property and quasi public property 

belonging to a church.  On the opposite side of the creek is a right-of-way with electrical 

transmission lines, office space, and industrial property.  Rural residential property interspersed 

with single-family residential property is across the creek from the church. Figure 2.5 maps the 

cattle farm.  

The long-term stability of this farm and the surrounding property provided a good 

opportunity to study the P impacts from the cattle while minimizing the potential effects of 

different landuses occurring around the farm. The cattle accessed the creek in several places 

along the property boundary and grazed on land directly adjacent to the creek.  There was not 

any crop agriculture on the property so the majority of P input would be expected to have come 

from the cattle living there.      
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Legend 

 

 

Figure 2.5. Map of the cattle farm sampling location in North Knox County, Tennessee 
(KGIS, 2011). 
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Location 2: Wastewater Treatment Plant 

 The WWTP (Figure 2.6) utilized for this study is located near stream km 37 and is 

situated approximately 2.4 km southeast of the cattle farm. In distance on Beaver Creek, the 

WWTP is located 4.0 stream km downstream from the cattle farm. The plant sits on 

approximately 169,000 m2 of land.  During the sampling period, the plant was permitted to treat 

up to 9 million gallons (34,104 m3) per day of wastewater and had no requirements for treating P 

discharge.  

Single family residential areas and rural residential areas are found immediately upstream 

from the WWTP.  Below the WWTP are large tracts of rural residential property interspersed 

with open land identified by KGIS (2011) as agricultural, forested, or vacant.  Directly across 

Beaver Creek from the WWTP is a large tract of open land.  It is identified as agricultural land.  

While sampling at the WWTP, a cow was observed grazing on the land across from the WWTP.  

However, the banks appeared too steep for cattle access and no signs of cattle access such as 

hoof prints or impacted banks from cattle were observed during sampling at the WWTP.  

This WWTP has been treating wastewater for the local residential and commercial 

community for decades, and the surrounding landuse has remained stable.  The stability of the 

area surrounding the WWTP and the long-term stability of the WWTP made it a potentially good 

site for this study.   

 
 



 

 27

 
 

Legend 

 

 

 

Figure 2.6.  Map of the WWTP sampling location in Knox County, Tennessee (KGIS, 
2010). 
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Chapter 3  
Study Design and Methods 

Study Design 

  The study design for this research was developed to analyze total P and Mehlich III 

extractable P concentrations in the sediments above and below a P input to Beaver Creek from a 

cattle farm and a WWTP.  Samples were collected upstream of the cattle farm and upstream of 

the WWTP, at the cattle farm and WWTP, and downstream from the cattle farm and WWTP to 

analyze the immediate and short-distance sediment P impact of the cattle farm and the WWTP.  

The following definitions were developed to describe the sample design: 

1. Sample Location: Two locations, the cattle farm or the WWTP, used for this study. 
 

2. Sample Site:   Any one of the four places at a sample location: 
 

- Control 
- Source 
- Downstream 1   
- Downstream 2   

 
3. Sample Transect:   A line across the creek perpendicular to the stream flow.  It  

is established at a sample site. 
 

4. Sample Point: A point along the sample transect where the sediment is  
collected from the stream.   

 
 At each sample location, four sample sites were identified: control, source, downstream 1 

and downstream 2.  At each sample site, three sample transects, 3 m apart, were established 

across the creek and were identified as A, the most upstream transect, B, the middle transect, and 

C, the most downstream transect.   Sample points were identified along each transect at 25%, 

50%, and 75 % of the distance between the banks, and sediment samples were collected from 

each sample point.  Nine samples were thus collected from each of the sample sites, totaling 36 

samples from each sampling location.  Figure 3.1 illustrates the sampling plan for this project. 
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Figure 3.1. Sampling design plan.  Sample transects A, B, and C are separated by 3 meters.  
Sample points 1, 2, and 3 represent 25%, 50% and 75% distances, respectively, between 
the creek banks. The control sample site is above the P input, the source sample site is 
immediately downstream from the P input, the downstream 1 and downstream 2 sample 
sites are the most downstream sites sampled. 
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The field design and sampling protocol developed for this research was modified and 

combined from two standard sampling designs, the standard grid method and the modified grid 

method for sampling near a point source (Mudroch and MacKnight, 1994; Mudroch and Azcue, 

1995). The sampling design required identifying P input points at the cattle farm and at the 

WWTP.  The sample sites, control, source, downstream 1, and downstream 2, were designated 

after identifying the P input at each sample location.  

At the cattle farm, the P input point was identified from field observations.  There were 

several places along the stream bank where cattle had accessed the stream, and numerous hoof 

prints remained visible.   To account for the approximately 700 m distance adjacent to Beaver 

Creek where cattle were accessing the stream, the P input point was designated at the most 

downstream cattle access point.  The WWTP had one outfall, located at the northeast corner of 

the property, and the P input for the WWTP was identified as the outfall.   

 

Sample Site Overview 

Four sample sites at each location were selected to collect data about the immediate 

impact and short-distance impact of the P input. The “control” sample site was located upstream 

of the P input at the cattle farm and at the WWTP and was expected to best represent the 

background sediment P concentrations.  At the cattle farm, the control sample site was situated 

above the most upstream cattle access point in the pasture and upstream of the farm property.  

The control for the WWTP was located upstream of the wastewater outfall.  

The “source” sample site was located immediately below the identified P sources at the 

cattle farm and the WWTP. I expected the sediment P concentrations at the source sample site to 

be the highest when compared to the other three sample sites.   At the cattle farm, three cattle 
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access points were visible along the streambank. The source sample site at the cattle farm was 

situated approximately 700 m downstream from the control sample site.  The most downstream 

cattle access point was designated to represent the “source” because it could include the potential 

upstream impacts from cattle accessing Beaver Creek.  At the WWTP, the source was designated 

at the outfall and the sample site was located immediately downstream of the plant outfall and 

approximately 35 m downstream from the control sample site.  Near the WWTP outfall, Beaver 

Creek was heavily incised and the water was moving through the channel at a high velocity. 

The “downstream 1” sample site was located between the source and downstream 2.  

While distance was one factor in choosing the downstream 1 sample site, field conditions and 

stream conditions were also taken into account. The downstream 1 sample site was generally 

identified as the most downstream point where field and stream conditions remained comparable 

to the conditions at the source sample site.  I expected that sediment P concentrations at the 

downstream 1 sample sites would be lower than those from source site, but elevated when 

compared to the control site and the downstream 2 site.   

At the cattle farm, the downstream 1 sample site was situated approximately 150 m 

below the source sample site.  This site was selected because it was directly upstream from an 

ephemeral stream and immediately upstream of identifiable changes in the landscape and in 

Beaver Creek.   From the source sample site to the downstream 1 site, the banks were elevated, 

there was a steep slope from the top of the streambank down to the water in Beaver Creek, and a 

layer of fine sediments approximately 15 cm thick covered the streambed.  Also, Beaver Creek 

was narrower between the source and downstream 1 sample sites than below the downstream 1 

sample site.  The “downstream 1” sample site at the WWTP was located immediately upstream 

of a sharp bend in Beaver Creek and approximately 200 m downstream of the source sample site.  
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The “downstream 2” sample site was located below the downstream 1 sample site. It was 

selected based on visible changes in field conditions and changes in conditions of Beaver Creek 

when compared to the downstream 1 and source sample sites. Due to distance from the source 

and changes in field and creek conditions, I expected the sediment P concentration of the 

downstream 2 sample site to be similar to the sediment P concentration of the control sample 

site. 

 The “downstream 2” sample site at the farm was located approximately 260 m from the 

downstream 1 sample site and was situated downstream from the cattle farm property.   Below 

the downstream 1 sample site, at the cattle farm, the pasture land became flatter with lower 

stream banks that gently sloped to Beaver Creek.  The creek became broader and had a deeper 

layer of fine sediment, approximately 35 cm thick, covering the streambed.   

The “downstream 2” sample site at the WWTP was selected based on field and stream 

conditions and because it was the sample site where WWTP personnel were required to collect 

grab samples for required water quality analysis.  The downstream 2 sample site was located 

approximately 170 m downstream of the downstream 1 sample site and was situated downstream 

of the sharp bend in the stream and immediately upstream of an entering tributary.   

Each sample site is described, GPS coordinates are identified, and the segment length 

between each sample site is given for the cattle farm (Table 3-1) and WWTP (Table 3-2).  The 

sample sites, control, source, downstream 1, and downstream 2 are mapped for the cattle farm 

(Figure 3.2) and WWTP (Figure 3.9).  Figures 3.3 – 3.8 depict the cattle farm and cattle access 

points to Beaver Creek.  
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Table 3-1. Sample site descriptions, GPS coordinates, stream widths, sample dates, and 
segment distances at the cattle farm. 

Sample  Description 
GPS 

Coordinate 

Stream 
Width 

(meters) 
Sample 

Date  

Approximate 
Segment 
Distance 
(meters) 

Control 

 
Located upstream 
of fence separating 
the cattle pasture 
from the adjacent 
property and 
upstream of 
visually 
identifiable cattle 
access points to the 
stream.   

N 36° 01.544’ 
W 84° 01.854’ 13.2 m 08/24/07 0 m 

Source 

 
Located at the 
most downstream 
visually 
identifiable point 
of stream access 
for the cattle. 

N 36°01.337’ 
W 84°02.039’ 6.0 m 10/26/07 700 m 

Downstream 1 

 
Located 
downstream of 
lowest visually 
identifiable cattle 
input point in the 
lower pasture and 
upstream of a 
small ephemeral 
stream that enters 
Beaver Creek.   

N 36°01.326’ 
W 84°02.147’ 6.7 m 10/26/07 150 m 

Downstream 2 

Located past the 
downstream 
property boundary 
of the farm.   

N 36°01.267’ 
W 84°02.312’ 9.7 m 10/26/07 250 m 

Total     1100 m 
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Legend 

 

 

Figure 3.2. Map of the cattle farm sampling sites: control, source, downstream 1, and 
downstream 2, designated with an X, located within Beaver Creek Watershed in north 
Knox County, Tennessee (KGIS, 2011). 
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Figure 3.3.  Photo of the cattle farm pasture near the farm sampling site in Beaver Creek 
Watershed, Knox County, Tennessee. 

 

 

Figure 3.4.  Photo of Beaver Creek upstream of the cattle farm, Knox County, Tennessee. 
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Figure 3.5.  Photo of first cattle access area from the farm to Beaver Creek. 

 
 

 

Figure 3.6.  Photo of second cattle access area from the farm to Beaver Creek. 

  



 

 37

 

Figure 3.7.  Photo of third cattle access area from the farm to Beaver Creek. 

 
 

 

Figure 3.8.  Photo of Beaver Creek downstream from cattle farm. 
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Table 3-2. Sample site descriptions, GPS coordinates, stream widths, sample dates, and 
segment distances at the WWTP. 

 
 
 
 

Sample 
Location 

Sample Site 
Description 

GPS 
Coordinates 

Stream 
Width 

(meters) 
Sample 

Date 

Approximate 
Segment  
Distance 
(meters) 

Control 

 
Located 
upstream of 
WWTP Outfall 

 
N 36° 00.723 
W 84° 03.5940 7.3 m 9/7/07 0 m 

Source 

 
Located 
immediately 
downstream of 
outfall where 
fine sediments 
were available 
to sample.   
 
Outfall is sited 
at stream mile 
23.5. 

N 36° 00.723      
W 84° 03.614 9.5 m 9/13/07 35 m 

Downstream 1 

 
Located 
downstream of 
the source and 
just before a 
major bend in 
the stream. 

N 36° 00.669        
W 84° 03.7428 11 m 9/7/07 200 m 

Downstream 2 

 
Located 
downstream of 
the source and 
after a major 
bend in the 
stream. 

N 36° 00.594        
W 84° 03.76 9.2 m 9/13/07 175 m 

Total     410 m 
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Legend 

 

 

Figure 3.9.  Map of sampling sites; control, source, downstream 1, and downstream 2, 
designated with an X, at the WWTP located within Beaver Creek Watershed in north 
Knox County, Tennessee (KGIS, 2011). 

 
 
 
 

 



 

 40

Field Methods 

At the cattle farm, the control site was sampled on August 24, 2007 and the source, 

downstream 1, and downstream 2 sample sites were sampled on October 26, 2007.  At the 

WWTP, the control and downstream 1 sites were sampled on September 7, 2007, and the source 

and downstream 2 sites were sampled on September 13, 2007.   

The following protocol was followed at each sample site to ensure a standard process for 

sample collection. When the sample site was identified in the field, a measuring tape was 

stretched across the stream, and the width of the stream channel was measured and recorded. 

This provided the middle transect from which, two additional transects were identified 3 m 

above and 3 m below the base transect.  The most upstream transect was identified as transect A, 

the middle as transect B, and the most downstream as transect C.  Three sampling points were 

identified along each transect at 25%, 50%, and 75 % of the distance between the stream banks.   

A field assistant and I waded into the water to the first sample point on transect C.  I 

collected samples using the LaMotte dredge.  For each collection attempt, the dredge was 

lowered to the surface of the streambed and the top 5 cm of sediment was collected. The dredge 

was closed and brought up to the water surface. At the water surface, the sediment was placed 

into a 1 qt Ziploc® bag.  The bag was marked with a code identifying the location, sample site, 

transect, and point from where the sample collected.  The bag was sealed and placed on ice to be 

returned to the lab.  Transects were sampled in an upstream movement in order to minimize the 

chance that sediments from one transect would become mixed with sediments on other transects.  

After sampling along transect C, I moved 3 m upstream to transect B and collected three samples 

along the transect at 25%, 50% and 75% distances between the banks. Then, I moved upstream 

and sampled the site along transect A.  Figures 3.10 and 3.11 depict the sampling process.   
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Figure 3.10.  Photo of in stream sampling near the streambank at the cattle farm sampling 
site in Beaver Creek. 

 
 

 

Figure 3.11.  Photo of midstream sampling at the cattle farm sampling site in Beaver 
Creek. 
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Secondary Sampling Device 

During the downstream 2 and the source sampling at the WWTP, I encountered problems 

with operating the LaMotte dredge.  The sediments at these sample sites contained rocks and 

sticks that caused the dredge to fail to completely close, resulting in the loss of most of the 

sediment sample collected.  To solve the sediment collection problems, a second sediment 

dredge was developed in the field.   

The improvised sampling dredge consisted of a 1-gallon plastic container taped to a pole.  

The top half of the container was cut off and discarded.  The bottom half of the container served 

as the sediment collection device. Small holes were cut in the bottom of the plastic container to 

allow water to drain from it while the sediment remained in the bottom.   

The improvised dredge worked well for collecting sediment, especially in places where 

debris and rocks made it difficult to utilize the LaMotte dredge.  When using the improvised 

dredge, I was careful to only take sediment from the top of the stream bed in order to maintain 

sampling continuity of the top 5 cm. Ultimately, I believe I was more effective in collecting 

sediment from the top 5 cm of the streambed using the improvised dredge because I usually only 

had to make one grab attempt per sample.  Regardless of which sampler was used, I maintained 

the sampling protocol and design throughout the sampling process. 

 
Lab Methods 

 The samples were returned to the Environmental Dynamics lab in the Burchfiel 

Geography Building. Fine sediments remained suspended within stream water in the bags when 

they were returned to the lab. To allow the sediments to settle, the bags were set up for 24-48 
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hours.  Once the stream water became clear and there were no visible sediments suspended in the 

water column, the overlying water was drained from the bags.    

 Two different methods were attempted to drain water from the bags.  The first method 

was to open the bag at the top and slowly tip it sideways to let out the water.  However, tipping 

the bag over caused fine sediments to become agitated and re-suspended in the water column 

resulting in a substantial loss of sediment when the water was drained from the top.  The second 

method was to drain the water from the sample bag keeping the bag upright, cutting a small hole 

in the bottom corner of the bag, and allowing the water to drain slowly out of the bottom of the 

bag.  Since the finest sediments were located near the top and since this required less agitation of 

the sediment within the bag, the second method proved to be more efficient in retaining 

sediments.   

 After releasing the stream water, the sample bags were completely cut open and laid out 

on the lab table for the sediments to air dry for approximately one week.  After the sediments 

were air dried, they were put into a new Ziploc® bag.  The bags were labeled with the field 

identification code, sealed, and held in a box for preparation for chemical analysis. 

 
Lab Analyses 

 To prepare samples for analysis, each dried sample was crushed with a mortar and pestle 

and the crushed sample was sieved through a 2μm sieve.  All particles 2 μm or smaller were 

saved in the Ziploc® bag.   

 On March 11, 2008, 72 samples were delivered to A & L Analytical Laboratories in 

Memphis, TN.  The samples were chemically analyzed on March, 14, 2008 for total P.  On 

March 25, 2008 the samples were chemically analyzed for Mehlich III extractable P.   



 

 44

 Total P was extracted by the EPA method SW 3050B (USEPA, 1996a).  USEPA (1996a) 

describes this method as “an acid digestion that will dissolve almost all elements that could 

become ‘environmentally available.’”  The method requires digesting, 1 g (dry weight) of sample 

with repeated additions of nitric acid and hydrogen peroxide. The resulting digestate solution is 

reduced in volume while heating and then brought to a final volume of 100 mL.   

 To prepare the digestate solution for ICP analysis, hydrochloric acid is added and it is 

refluxed.  The digestate is then covered with a watch glass or vapor recovery device.  The sample 

is placed on a heating source and refluxed at 95°C for 15 minutes.  After the reflux, the sample is 

filtered through Whatman No. 41 filter paper, collected in a 100-mL volumetric flask, and the 

flask is filled to volume and ready for analysis by ICP-AES. 

 
Mehlich III P –Extraction Procedure 

 Samples were analyzed for Mehlich III extractable P.  Mehlich III extracting solution is 

0.2 M acetic acid (CH3COOH) + 0.25 M ammonium nitrate (NH4NO3) + 0.015 M ammonium 

fluoride (NH4F) + 0.13 M nitric acid (HNO3) + 0.001 M EDTA (Soil and Plant Analysis 

Council, Inc., 2000).   To complete the extraction process, 3 g of soil are mixed with 30 mL of 

Mehlich III extracting solution.  The sample is shaken on a shaker for 5 minutes at 120 

oscillations per minute.  The sample is then filtered through No. 42 Whatman filter paper and 

collected (Carter, 1993).   

 
Indutively Coupled Plasma – Analysis  

Both the total P and Mehlich III extractable P extracts were analyzed by ICP-AES 

according to the procedures outlined in EPA method 6010B (USEPA, 1996b).  The results for 

each sample in mg/Kg were available on March 26, 2008. 
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Data Entry and Statistical Analysis 

 The data were compiled and entered into SPSS for statistical analysis.  Descriptive 

statistics were run for both total P and Mehlich III extractable P for both sampling locations to 

provide the maximum, minimum, range, mean, and standard deviation for the data sets.  The data 

were graphed as box plots and histograms to review their distribution.  The data were statistically 

analyzed by analysis of variance, one and two-tailed t-tests, and the Mann-Whitney non-

parametric test. 

 
Comparison of Total P and Mehlich III extractable P Within Sampling Locations 

The first research question was “could a total P signal from a wastewater treatment plant 

and a cattle farm be identified in the streambed sediments at and below a visually identifiable 

input point?” The second question was “would the sediments at and below the P sources at the 

cattle farm and the WWTP contain elevated Mehlich III extractable P?” To answer these 

questions, an Analysis of Variance (ANOVA), two-tailed t-test, Mann-Whitney test, and one-

tailed t-tests were completed.  The ANOVA was run between the sampling sites for total P and 

for Mehlich III extractable P at both the cattle farm and the WWTP.  The purpose of the 

ANOVA was to test whether there were significant differences occurred within the data between 

sampling sites at each sampling location.  For this test, the following hypotheses were developed: 

H0: All sampling site means are equal 

H1: The means of at least two groups are different. 
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Based on the ANOVA results, a series of t-tests with α = 0.05 were completed to 

determine which groups of sample sites were significantly different. In each t-test, the following 

hypotheses were used, and the null hypothesis was rejected only if p ≤ 0.05 

H0: The means of the sample sites are equal 

 H1: The means of the sample sites are unequal. 

 

Total P and Mehlich III extractable P sediment values from the following pairs of sites at the 

cattle farm and the WWTP were compared using the t-test:  

 Control : Source 
 Control : Downstream 1 
 Control : Downstream 2 
 Source : Downstream 1 
 Source : Downstream 2 
 Downstream 1 : Downstream 2. 

 

Before reviewing the t-test results in SPSS, the two samples were analyzed to determine 

if the variances could be considered equal by reviewing the results of the Levene’s test.  The 

Levene’s test provided a p-value for each set of sample sites being tested.  If the Levene’s test p-

value was p ≤ 0.05, the t-test was completed assuming unequal variances.  If the Levene’s test p-

value was p > 0.05, equal variances were assumed for the t-test  

 The Mann-Whitney test was performed on all sets of data that were tested with the two-

tailed t-test.  This non-parametric test was utilized because of the small data sets, the occurrence 

of some outlying variables, and the presence of non-normal data within the sub datasets.  The 

Mann-Whitney test was run as a check to the t-test results to determine if there were major 

differences in results between the Mann-Whitney results and the t-tests results.  The following 
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hypotheses were tested with the Mann-Whitney test statistic, and the null hypothesis was rejected 

only if the p ≤ 0.05.   

 H0: The data from the two sample sites have the same distributions 

 H1: The data from the two sample sites do not have the same distributions. 

One-tailed t-tests were performed to determine if sites downstream contained a 

significantly greater sediment P concentration than those upstream. P concentrations from one 

site will be considered to be significantly greater to another site with p ≤ 0.05.  

 Source : Control 
 Downstream 1: Control 
 Downstream 2: Control  
 Downstream 1 : Source 
 Downstream 2 : Source 
 Downstream 1 :  Downstream 2 

 
(The first site = sample site A, the second site = sample site B) 

 For the one-tailed t-tests, the following hypotheses were proposed and the null hypothesis was 

rejected only if the p ≤ 0.05. 

 H0: the mean of sample site A ≤ the mean of sample site B 

 H1: the mean of sample site A > the mean of sample site B 
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Chapter 4  
Results 

 
The objective of this research was to analyze the spatial distribution of phosphorus in the 

stream bed sediments in Beaver Creek to determine if there was a significant impact from a P-

contributing source to the P loads of the bed sediments.  In addition, the research was also 

designed to test whether significant differences existed in P in fine bed sediments between 

locations containing a cattle farm and a WWTP.  Data tables below provide total P and Mehlich 

III extractable P concentrations of sediments collected from Beaver Creek at the cattle farm and 

the WWTP (Table 4-1, Table 4-2) (Table 4-3, Table 4-4). 

 

Table 4-1. Total P results by sample site at the cattle farm (mg P /kg sediment) 

Control 25% 50% 75% 
Transect A 628 576 554 
Transect B 765 497 533 
Transect C 644 510 554 

 
Source 25% 50% 75% 
Transect A 467 478 533 
Transect B 500 518 553 
Transect C 457 431 636 

 
Downstream-1 25% 50% 75% 
Transect A 696 639 500 
Transect B 541 535 610 
Transect C 544 587 490 

 
Downstream-2 25% 50% 75% 
Transect A 581 639 668 
Transect B 552 644 686 
Transect C 693 687 626 
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Table 4-2. Mehlich III extractable P results by sample site from the cattle farm (mg P/kg 
sediment). 

Control 25% 50% 75% 
Transect A 18 19 18 
Transect B 14 19 18 
Transect C 15 17 20 

  
Source 25% 50% 75% 
Transect A 19 12 15 
Transect B 17 17 15 
Transect C 17 16 13 

  
Downstream-1 25% 50% 75% 
Transect A 18 13 16 
Transect B 15 17 16 
Transect C 17 15 15 

  
Downstream-2 25% 50% 75% 
Transect A 17 29 34 
Transect B 17 26 25 
Transect C 17 17 22 

 

Table 4-3. Total P results by sample site at the WWTP (mg P/kg sediment). 

Control 25% 50% 75% 
Transect A 455 530 424 
Transect B 557 445 441 
Transect C 462 528 485 

  
Source 25% 50% 75% 
Transect A 652 687 575 
Transect B 718 696 604 
Transect C 623 620 627 

  
Downstream-1 25% 50% 75% 
Transect A 758 879 971 
Transect B 808 756 778 
Transect C 736 733 793 

  
Downstream-2 25% 50% 75% 
Transect A 854 535 578 
Transect B 1000 796 474 
Transect C 513 605 635 
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Table 4-4. Mehlich III extractable P results by sample site from the WWTP (mg P/kg 
sediment). 

Control 25% 50% 75% 
Transect A 21 22 30 
Transect B 34 22 21 
Transect C 18 18 20 
 
Source 25% 50% 75% 
Transect A 85 95 101 
Transect B 76 79 109 
Transect C 81 93 111 
 
Downstream-1 25% 50% 75% 
Transect A 116 105 103 
Transect B 112 117 117 
Transect C 115 120 127 
 
Downstream-2 25% 50% 75% 
Transect A 102 84 93 
Transect B 78 69 99 
Transect C 119 84 88 

 
 
Descriptive Statistics 

Cattle Farm 

Descriptive statistics at the cattle farm for total P (Table 4-5) and Mehlich III extractable 

P (Table 4-6) provide the minimum and maximum values, range, mean, and median for each 

sample site.  Total P at the farm ranged from 431 mg P/kg sediment to 765 mg P/kg.  The mean 

value for total P at the farm was 576 mg P/kg.   Total P mean values were lowest at the source 

sample site and highest at the downstream 2 sample site.  Mehlich III extractable P at the farm 

ranged from 12 mg P/ kg to 34 mg P/kg.  The overall Mehlich III extractable P mean value was 

18 mg P/kg.  Mehlich III extractable P mean values were lowest at the source site and the 

downstream 1 site and the highest values were found at the downstream 2 sample site. 
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Table 4-5. Descriptive Statistics for total P at the cattle farm (mg P/kg sediment) 

 N Min Max Range Mean Median 
Std. 

Deviation 

All Sites 36 431 765 334 576 554 80 

Control 9 497 765 268 584 554 81 

Source 9 431 636 205 508 500 62 

Downstream1 9 490 696 206 571 544 68 

Downstream 2 9 552 693 141 641 644 49 

Source + D1 + D2 27 431 696 265 573 553 80 

Control + D1 + D2 27 490 765 275 599 587 73 

 
 

Table 4-6. Descriptive statistics for Mehlich III extractable P at the cattle farm (mg P/kg 
sediment) 

 N Min Max Range Mean Median 
Std. 

Deviation 

All Sites 36 12 34 22 18 17 4 

Control 9 14 20 6 18 18 2 

Source 9 12 19 7 16 16 2 

Downstream 1 9 13 18 5 16 16 1 

Downstream 2 9 17 34 17 23 22 6 

Source + D1 + D2 27 12 34 22 18 17 5 

Control + D1 + D2 27 13 34 21 19 17 5 

 
 

The total P histogram of the cattle farm shows a broad distribution with a continuous data 

range from 400 mg P/Kg to approximately 700 mg P/kg (Figure 4.1).  Most total P values fall 

between 500 mg P/kg and 700 mg P/kg and one higher value is found at 750 mg P/kg.  The 

Mehlich III extractable P histogram shows a continuous distribution of data between 10 mg P/kg 

and 25 mg P/kg sediment followed by three discontinuous frequency classes at 25 mg P/kg, 30 

mg P/kg, and 35 mg P/kg (Figure 4.2).  
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Figure 4.1.  Histogram of total P data from all sample sites at the cattle farm (mg P/kg) 
(n=36). 
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Figure 4.2. Histogram of Mehlich III extractable P data from all sample sites at the cattle 
farm (mg P/kg) (n = 36). 
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Box plots for total P and Mehlich III extractable P were developed to display the 

distribution of the data values within each sampling site (Figure 4.3, Figure 4.4).  For the farm, 

the total P box plot shows the control site with the greatest range of total P concentration values 

in relation to the other three sites.   With one outlier excluded, the source site at the cattle farm 

had the lowest median and overall smallest range in total P values in comparison to the other 

three sites.  The control, downstream 1, and downstream 2 sites had a large overlap of total P 

values.   

The Mehlich III extractable P box plots show overlapping values with similar ranges at 

the control, source, and downstream 1 sites.  The downstream 2 site shows a broader range, with 

values that extend far beyond the maximum values of the other three sample sites.   The box 

plots for total P at the cattle farm and Mehlich III extractable P at the cattle farm follow similar 

trends, with the median of the control being slightly greater than the source and downstream 1 

sample site medians. 
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Figure 4.3. Box plots from the cattle farm of total P in bed sediments. Top line of the box is 
the 75th percentile, the bottom of the box is the 25th percentile, and the middle line is the 
median.  The whiskers represent the highest and lowest values that are not outliers.  (mg 
P/kg) (n=36) 

 Denotes an outlier, a value that is between 1.5 and 3 times the interquartile range, for the 18th 
value at the cattle farm (636 mg P/kg). 
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Figure 4.4. Box plots from the cattle farm of Mehlich III extractable P in bed sediments.  
Top line of the box is the 75th percentile, the bottom of the box is the 25th percentile, and the 
middle line is the median.  The whiskers represent the highest and lowest values that are 
not outliers (mg P/kg) (n=36). 
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Wastewater Treatment Plant  

  Total P values at the WWTP ranged from a minimum of 424 mg P/kg sediment to a 

maximum of 1000 mg P/kg sediment (Table 4-7). Overall mean total P at the WWTP was 648 

mg P/kg.  The control sample site had the lowest mean total P value, while the downstream 1 

sample site had the highest mean total P value.  Mehlich III extractable P values at the WWTP 

ranged from a minimum of 18 mg P/kg to a maximum of 127 mg P/kg (Table 4-8). The overall 

mean Mehlich III extractable P value was 80 mg P/kg.  The control had the lowest Mehlich III 

extractable P mean, while the downstream 1 had the highest Mehlich III extractable P mean 

value.  

The total P histogram from the WWTP shows a nearly even distribution between 400 mg 

P/kg and 800 mg P/kg, with a drop off in frequency as the values increased to 1000 mg P/kg  

(Figure 4.5).  The Mehlich III extractable P histogram shows two distinct groups of values at the 

WWTP   (Figure 4.6).  Values in the lower group are evenly distributed about 25 mg P/kg. 

Values of Mehlich III extractable P in the higher group are distributed about the 100 mg P/kg 

mark.  No values are seen at the 50 mg P/kg mark.   
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Table 4-7. Descriptive Statistics for total P at the WWTP (mg P/kg sediment). 

 N Min Max Range Mean Median 
Std. 

Deviation 

All sites 36 424 1000 576 648 625 152 

Control 9 424 557 133 480 462 47 

Source 9 575 718 143 644 627 47 

Downstream 1 9 733 971 238 801 778 78 

Downstream 2 9 474 1000 526 665 605 178 

Source + D1 + D2 27 474 1000 526 703 696 132 

 
 

Table 4-8. Descriptive Statistics for Mehlich III extractable P at the WWTP (mg P/kg 
sediment). 

 N Min Max Range Mean Median 
Std. 

Deviation 

All sites 36 18 127 109 80 90.5 36 

Control 9 18 34 16 22 21 5 

Source 9 76 111 35 92 93 13 

Down 1 9 103 127 24 114 116 7 

Down 2 9 69 119 50 90 88 15 

Source + D1 + D2 27 69 127 58 99 101 16 
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Figure 4.5. Histogram of total P data from the WWTP (mg P/kg) (n=36).  
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Figure 4.6.  Histogram of Mehlich III extractable P data from the WWTP (mg P/kg) 
(n=36). 
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Box plots for total P and Mehlich III extractable P were developed to display the 

distribution of the data values within each sampling site at the WWTP.   Total P box plots 

(Figure 4.7) for the WWTP show the control, source, and downstream 1 to have a similar range 

in values while the downstream 2 sample site has a much large value range.  There is a slight 

overlap in values between the control and source sample sites and the source and downstream 1 

sample sites.  Downstream 2 values heavily overlap with those of the other three sample sites.  

One outlier is identified on the box plots at the downstream 1 sample site. 

Mehlich III extractable P box plots (Figure 4.8) follow a similar trend to the total P box 

plots.  The smallest range in values is seen at the control sample site and the largest value range 

is seen at the downstream 2 sample site.  Three outliers are identified at the control and two 

outliers are identified at the downstream 1 sample site.  Two major differences between the total 

P and Mehlich III extractable P box plots are the control values for the Mehlich III P have no 

overlap with any of the other three sites and the downstream 2 sample site values more follow 

the source sample site values more closely than either the downstream 1 or control sample sites. 
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Figure 4.7. Box Plots from the WWTP of total P in bed sediments. Top line of the box is the 
75th percentile, the bottom of the box is the 25th percentile, and the middle line is the 
median.  The whiskers represent the highest and lowest values that are not outliers, values 
that are between 1.5 and 3 times the interquartile range (mg P/kg) (n=36). 

 Denotes an extreme outlier, a value that is more than 3 times the interquartile range, for the 
21st data point (971mg P/kg).     
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Figure 4.8. Box Plots from the WWTP of Mehlich III extractable P in bed sediments. Top 
line of the box is the 75th percentile, the bottom of the box is the 25th percentile, and the 
middle line is the median.  The whiskers represent the highest and lowest values that are 
not outliers, values that are between 1.5 and 3 times the interquartile range (mg P/kg) 
(n=36). 

 Denotes an outlier, a value that is between 1.5 and 3 times the interquartile range, for the 21st 
and 27th values at the WWTP (103 mg P/kg, 127 mg P/kg). 
 

 Denotes an extreme outlier, a value that is more than 3 times the interquartile range, for the 
3rd and 4th data points (30 mg P/kg, 34 mg P/kg).     
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Comparison of Total P and Mehlich III extractable P Within Sampling Locations 

  Three major questions were posed for hypothesis testing in this research.  The first 

question was: Can a total P signal from a cattle farm and a WWTP be identified in the streambed 

sediments at and below an input point?  To statistically analyze if a P signal was found in the 

sediments at and downstream of the input point, the following three analyses were performed:  

1. Analysis of Variance (ANOVA) at each sample location 

2. Two tailed t-tests between each sample site at each sample location 

3. One-tailed t-test comparing an upstream and downstream site 

 

 ANOVA – Within Sampling Locations 

Results of the four ANOVA tests showed significant differences in both total P and 

Mehlich III extractable P between sampling sites at both the cattle farm and the WWTP   At the 

cattle farm, differences between sample sites for total P were significant, p = 0.02, (Table 4-9) 

and differences between sample sites for Mehlich III extractable P were significant, p = 0.00 

(Table 4-10).  At the WWTP, differences between sample sites for total P were significant, p = 

0.00 (Table 4-11) and differences between sample sites for Mehlich III extractable P were 

significant, p = 0.00 (Table 4-12). 

 The ANOVA results support the hypothesis that P values at at least two sample sites at 

each sample location differ significantly and indicate that the P inputs from the cattle farm and 

the WWTP may be affecting sediment P in the streambed of Beaver Creek.  These results also 

support completing two-tailed t-tests between each of the sample sites to determine which 

sample sites have significant differences in sediment P concentrations. 
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Table 4-9. ANOVA for total P between sample sites at the cattle farm. 

Cattle Farm 
Total P Sum of Squares df Mean Square F Sig. 

Between Groups 81268 3 27089.407 6.105 .002* 

Within Groups 141992 32 4437.271   

Total 223260 35    

* denotes significance at p ≤0.05. 
 
 

Table 4-10. ANOVA for Mehlich III extractable P between sample sites at the cattle farm. 
 

Cattle Farm  
Mehlich III 

extractable P Sum of Squares df Mean Square F Sig. 

Between Groups 290 3 96.991 7.764 .000* 

Within Groups 399 32 12.493   

Total 690 35    

* denotes significance at p ≤0.05. 
 

Table 4-11. ANOVA for total P between sample sites at the WWTP. 

WWTP 
Total P Sum of Squares df Mean Square F Sig. 

Between Groups 466142 3 155380.991 14.739 .000* 

Within Groups 337345 32 10542.056   

Total 803488 35    

* denotes significance at p ≤0.05. 
 

Table 4-12. ANOVA for Mehlich III extractable P between sample sites at the WWTP. 

WWTP  
Mehlich III 

extractable P Sum of Squares df Mean Square F Sig. 

Between Groups 42539 3 14179.704 121.439 .000* 

Within Groups 3736 32 116.764   

Total 46275 35    

* denotes significance at p ≤0.05. 
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Levene’s Test for Equal Variance 

Prior to performing and analyzing results for the two sample t-test, the sample variances  

of the sites were analyzed by the Levene’s test to determine if they were equal.  In SPSS, the 

Levene’s test results are provided as part of the t-test.  If the Levene’s test p-value was p > 0.05, 

the sample sites were assumed to have equal variances.  If the Levene’s test p-value was p ≤ 0.05 

the sample sites were not assumed to have equal variances for the t-test analysis. 

 The results of the Levene’s test for sample sites at the farm showed no differences in 

variances between any of the sites for total P (Table 4-13), but, Mehlich III extractable P (Table 

4-14) at the downstream 2 sample site had a significantly different variance from the control, 

source, and downstream 1 sample sites.  The Levene’s test results for total P at the WWTP 

(Table 4-15) showed the variance of the downstream 2 sample site differed from those of the 

control, source, and downstream 1 sample sites.  For Mehlich III extractable P at the WWTP 

(Table 4-16), the control site variance differed from those of the source and downstream 2 

sample sites.  

 
 
Table 4-13. Levene’s test for equal variances total P results between sample sites at the cattle 
farm. 

Sample Sites F-Value Significance 
Control - Source 0.653 0.431 
Control - Downstream 1 0.161 0.693 
Control - Downstream 2 1.735 0.206 
Source - Downstream 1 0.263 0.615 
Source - Downstream 2 0.296 0.594 
Downstream 1 - Downstream 2 1.326 0.266 
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Table 4-14. Levene’s test for equal variances for Mehlich III extractable P between sample 
sites at the cattle farm. 

Sample Sites F-Value Significance 
Control - Source 0.159 0.695 
Control - Downstream 1 0.524 0.480 
Control - Downstream 2 11.972 0.003* 
Source - Downstream 1 1.303 0.270 
Source - Downstream 2 10.401 0.005* 
Downstream 1 – Downstream 2 15.142 0.001* 

* denotes unequal variances (p≤ 0.05) 

 
 
Table 4-15. Levene’s test for equal variances for total P results between sample sites at the 
WWTP 

Sample Sites F-Value Significance 
Control - Source 0.003 0.958 
Control - Downstream 1 0.905 0.355 
Control - Downstream 2 11.935 0.003* 
Source - Downstream 1 0.943 0.346 
Source - Downstream 2 11.962 0.003* 
Downstream 1 - Downstream 2 6.780 0.019* 

* denotes unequal variances (p≤ 0.05) 

 
 
Table 4-16. Levene’s test for equal variances for Mehlich III extractable P results between 
sample sites at the WWTP. 

Sample Sites F-Value Significance 
Control - Source 7.677 0.014* 
Control - Downstream 1 0.447 0.513 
Control - Downstream 2 5.257 0.036* 
Source - Downstream 1 4.139 0.059* 
Source - Downstream 2 0.023 0.881 
Downstream 1 – Downstream 2 3.161 0.094 

* denotes unequal variances (p≤ 0.05) 
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Comparison of Sampling Sites at the Cattle Farm  

The results of the two-tailed t-tests for Total P at the farm showed values at the 

downstream 2 sample site to significantly differ from both the source sample site values (p = 

0.00),  and the downstream 1 sample site values (p = 0.02) (Table 4-17).  The source sample site 

total P values also significantly differed from control sample site total P values (p = 0.04). The 

remaining pairs of total P t-tests-control and downstream 1, control and downstream 2, and 

source and downstream 1-had no significant differences.   

 Two-tailed t-test results for Mehlich III extractable P at the cattle farm showed the 

downstream 2 sample site values to significantly differ from the values at the control (p = 0.04), 

the source (p = 0.01), and the downstream 1 sample sites (p = 0.01) (Table 4-18).   The Mehlich 

III extractable P values at the control sample site also differed significantly from the downstream 

1 sample site (p = 0.04).  The two remaining pairs of Mehlich III extractable P t-tests from the 

cattle farm-the control and source, and the downstream 1 and source-did not significantly differ.  

The two-tailed t-test results at the cattle farm support the hypothesis that a P signal can be 

found in the sediments downstream of the cattle farm.  While the P values from control sample 

site did not prove to be the lowest, the source sample site values were the least and values 

became progressively higher at the downstream 1 and downstream 2 sample sites.   The 

difference of means between the source and downstream 2 sample site was significant for both 

the total P and Mehlich III extractable P analyses, indicating that sediment P values downstream 

from the cattle farm are being affected by P input at the farm.  However, the spike in P values 

seen at the downstream 2 sample site may not only be attributable to the cattle farm because an 

ephemeral stream converges with Beaver Creek between the downstream 1 and downstream 2 

sample sites and may be affecting sediment P at the downstream 2 site. 
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Table 4-17. Two-tailed t-test results for Total P between sample sites at the cattle farm 

Sample Sites (site 1 – site 2) 
Site 1 
mean 

Site 2 
mean t df Sig. (2-tailed) 

Control - Source 584 508 2.10 16 0.04* 
Control - Downstream 1 584 571 0.37 16 0.72 
Control - Downstream 2 584 641 -1.77 16 0.10 
Source - Downstream 1 508 571 -2.08 16 0.06 
Source - Downstream 2 508 641 5.09 16 0.00* 

Downstream 1 - Downstream 2 571 641 -2.53 16 0.02* 
* denotes significance at p ≤ 0.05. 

 
 

Table 4-18.  Two-tailed t-test results for Mehlich III extractable P between sample sites at 
the cattle farm. 

Sample Sites (site 1 – site 2) 
Site 1 
mean 

Site 2 
mean t df Sig. (2-tailed) 

Control - Source 17.56 15.67 1.94 16 0.07 
Control - Downstream 1 17.56 15.78 2.18 16 0.04* 
Control - Downstream 2 17.56 22.67 -2.34 9.53 0.04* 
Source - Downstream 1 15.67 15.78 -0.13 16 0.90 
Source - Downstream 2 15.67 22.67 3.17 9.91 0.01* 
Downstream 1 – Downstream 2 15.78 22.67 -3.21 8.89 0.01* 

* denotes significance at p ≤ 0.05. 
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Mann-Whitney Results 

The results of the Mann-Whitney non-parametric test generally supported the results of 

the two-tailed t-tests (Table 4-19, Table 4-20).  Two deviations between the results of the t-test 

and the results of the Mann Whitney test occurred at the cattle farm.  The total P t-test results 

between the source sample site and the downstream 1 sample site at the cattle farm did not show 

a significant difference.  However, the Mann-Whitney test showed the values of the source 

sample site of the cattle farm to significantly differ from the values of the downstream 1 sample 

site (p = 0.04).  The second deviation from t-test results, found in the Mehlich III extractable P 

values between the control and the downstream 2 sample sites at the cattle farm, showed the 

control site to significantly differ from the downstream 2 sampling site (p = 0.04).  Mann-

Whitney results showed the control and downstream 2 sample sites did not significantly differ (p 

= 0.22).   

 
 

 
 

Table 4-19.  Mann-Whitney results for total P between sampling sites at the cattle farm 

* denotes significance at p ≤ 0.05 
 
 
 
 

Cattle Farm Sample Sites 

Mann-
Whitney 

U Z 
Mann-Whitney 
Exact p-value 

Sig. (2-tailed) 
t-test 

Control – Source 15.50 -2.21 0.02* 0.04* 
Control - Downstream 1 37.00 -0.309 0.80 0.72 
Control - Downstream 2 19.50 -1.856 0.06 0.10 
Source - Downstream 1 17.50 -2.032 0.04* 0.06 
Source - Downstream 2 4.00 -3.223 0.00* 0.00* 
Downstream 1 - Downstream 2 16.50 -2.12 0.03* 0.02* 
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Table 4-20.  Mann-Whitney results for Mehlich III extractable P between sample sites at 
the cattle farm. 

* denotes significance at p ≤ 0.05 
 
 

 

Comparison of Sampling Sites at the Wastewater Treatment Plant 

Total P results of the two-tailed t-test at the WWTP show the control to significantly 

differ from the source (p = 0.00), downstream 1 (p = 0.00), and downstream 2 sampling sites (p 

= 0.02) (Table 4-21).  Additionally, the downstream 1 sample site was found to significantly 

differ from the source sample site (p = 0.00).  No significant difference in total P of channel bed 

sediments was shown between either the source and downstream 2 sample sites or the 

downstream 1 and downstream 2 sample sites.   

Mehlich III extractable P results of the two-tailed t-test at the WWTP show the control 

sampling site to significantly differ from the source (p = 0.00), downstream 1 (p = 0.00), and 

downstream 2, (p = 0.00) sampling sites (Table 4-22).  The downstream 1 sampling site differed 

significantly from the source sample site (p = 0.00), and the downstream 2 sampling site (p = 

0.00).   No significant difference in Mehlich III extractable P was shown between the source and 

downstream 2 sampling sites. 

   

Cattle Farm Sample Sites 

Mann -
Whitney 

U Z 
Mann- Whitney  

Exact p-value 
Sig. (2-tailed) t-

test 
Control – Source 19.50 -1.876 0.06 0.07 
Control - Downstream 1 18.00 -2.014 0.05* 0.04* 
Control - Downstream 2 26.00 -1.297 0.22 0.04* 
Source - Downstream 1 40.50 0.000 1.00 0.90 
Source - Downstream 2 10.00 -2.776 0.01* 0.01* 
Downstream 1 - Downstream 2 8.00 -2.931 0.00* 0.01* 
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Table 4-21. Two-tailed t-test results for total P between sample sites at the WWTP. 

* denotes significance at p ≤ 0.05 
 

 

Table 4-22. Two tailed t-test results for Mehlich III extractable P between sample sites at 
the WWTP. 

* denotes significance at p ≤ 0.05 

 

 

The results at the WWTP for both total P and Mehlich III extractable P support the 

hypothesis that a P signal exists in the sediments downstream from the control of the WWTP.  

The values of both forms of P are lowest at the control and highest at the downstream 1 sampling 

sites corresponding with the largest difference of means between the two sites.  The difference 

between the control and the three downstream sites supports the hypothesis that a sediment P 

signal exists.  The Mann-Whitney non-parametric test supports the results of the two tailed t-test 

for both total P and Mehlich III extractable P at the WWTP and no significant deviations were 

found between the t-test results and the Mann-Whitney results (Table 4-23, Table 4-24). 

 

Sample Sites 
(Site 1 – Site 2) 

Site 1 
mean 

Site 2 
mean t df Sig. (2-tailed) 

Control – Source 481 645 7.40 16 0.00* 
Control - Downstream 1 481 801 10.59 16 0.00* 
Control - Downstream 2 481 666 3.01 9.104 0.02* 
Source - Downstream 1 645 801 5.17 16 0.00* 
Source - Downstream 2 645 666 0.34 9.115 0.74 
Downstream 1 - Downstream 2 801 666 2.10 10.94 0.06 

Sample Sites 
(Site 1 – Site 2) 

Site 1 
mean 

Site 2 
mean t df Sig. (2-tailed) 

Control – Source 22.89 92.22 14.82 10.77 0.00* 
Control - Downstream 1 22.89 114.67 30.11 16.00 0.00* 
Control - Downstream 2 22.89 90.67 12.96 10.16 0.00* 
Source - Downstream 1 92.22 114.67 4.53 12.67 0.00* 
Source - Downstream 2 92.22 90.67 0.24 16 0.82 
Downstream 1 - Downstream 2 114.67 90.67 4.38 16 0.00* 
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Table 4-23.  Mann-Whitney results for total P between sample sites at the WWTP. 

WWTP Sample Sites 

Mann-
Whitney 

U Z 
Mann-Whitney 
Exact p-value 

Sig. (2-tailed) t-
test 

Control – Source 0.00 -3.576 0.00* 0.00* 
Control - Downstream 1 0.00 -3.576 0.00* 0.00* 
Control - Downstream 2 8.00 -2.87 0.03* 0.02* 
Source - Downstream 1 0.00 -3.576 0.00* 0.00* 
Source - Downstream 2 35.00 -0.486 0.67 0.74 
Downstream 1 - Downstream 2 22.00 -1.634 0.11 0.06 

* denotes significance at p ≤ 0.05 

 

Table 4-24.  Mann-Whitney results for Mehlich III extractable P between sample sites at 
the WWTP. 

WWTP Sample Sites 

Mann-
Whitney 

U Z 
Mann-Whitney 
Exact p-value 

Sig. (2-tailed) t-
test 

Control – Source 0.00 -3.582 0.00* 0.00* 
Control – Downstream 1 0.00 -3.584 0.00* 0.00* 
Control – Downstream 2 0.00 -3.584 0.00* 0.00* 
Source – Downstream 1 4.00 -3.225 0.00* 0.00* 
Source – Downstream 2 37.50 -0.265 0.80 0.82 
Downstream 1 – Downstream 2 7.00 -2.961 0.00* 0.00* 

* denotes significance at p ≤ 0.05 

Upstream Comparisons 

Cattle Farm  

One-tailed t-tests at the cattle farm tested downstream changes in total P concentration of 

the sediments (Table 4-25). The results showed sediments at the control sample site to have 

significantly greater values of P than those at the source sample site (p = 0.02).  Control sample 

site sediments did not differ significantly from those at the downstream 1 or downstream 2 

sample sites.  Sediments at the downstream 2 sample site were found to have significantly 

greater values of total P than sediments at the source (p = 0.00) and downstream 1 (p = 0.01) 

sample sites.   
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 At the cattle farm, one-tailed t-test results for Mehlich III extractable P showed the 

concentration in sediments at the control sample site did not differ significantly from those at the 

source sample site (p = 0.04) (Table 4-26).  Mehlich III extractable P values at the control were 

significantly higher than those at the downstream 1 sample site, (p = 0.02). Sediment Mehlich III 

extractable P values at the control were significantly lower than those at the downstream 2 

sample site, (p = 0.02).  The downstream 2 sample site was found to have significantly higher 

Mehlich III extractable P values than the control (p = 0.02), source (p = 0.01), and downstream 1 

sample sites (p = 0.01). 

 Both the total P and Mehlich III extractable P results reflect an increase in the sediment P 

concentrations downstream from the cattle farm, at the downstream 2 sampling site.  While the 

sediment P values at the source sampling site were lowest in comparison to the other three sites, 

the downstream 2 sampling site, which is immediately downstream from the farm, shows 

significantly higher values of P in sediments, indicating a P input is affecting sediment P at the 

downstream 2 sampling site.  Sediments at the downstream 2 sample at the cattle farm may not 

only be affected by the farm because an ephemeral stream enters Beaver Creek between the 

downstream 1 and downstream 2 sample sites, potentially contributing to significantly increased 

sediment P values at the downstream 2 site. 
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Table 4-25. One-tailed t-test results for total P between sample sites at the cattle farm. 

Sample Sites 
(Site 1 – Site 2) 

Site 1 
Value

Site 2 
Value t-stat 

one-tailed 
critical  
t-value Df 

p-value  
(one-tailed) 

Downstream 2 – Control  642 584 1.77 1.74 16 0.04* 
Downstream 2 – Source 641 508 5.091 1.75 16 0.00* 
Downstream 2 – Downstream 1 641 571 2.529 1.75 16 0.01* 
Downstream 1 – Control 571 584 .369 1.74 16 0.35 
Downstream 1 – Source 571 508 2.075 1.75 16 0.03* 
Control – Source 584 508 2.210 1.75 16 0.02* 

* denotes mean of sample A > the mean of sample B (significance at p ≤ 0.05) 

 

Table 4-26.  One-tailed t-test results for Mehlich III extractable P between sample sites at 
the cattle farm 

Sample Sites 
(Site 1 – Site 2) 

Site 1 
Value

Site 2 
Value t-stat 

one-tailed 
critical  
t-value Df 

p-value  
(one-tailed) 

Downstream 2 – Control  22.67 17.56 2.33 1.81 10 0.02* 
Downstream 2 – Source 22.67 15.67 22.67 1.81 16 0.01* 
Downstream 2 – Downstream 1 22.67 15.78 3.21 1.83 9 0.01* 
Downstream 1 – Control  15.78 17.56 2.18 1.74 16 0.02 
Downstream 1 – Source 15.78 15.67 0.13 1.75 16 0.45 
Control – Source 17.56 15.67 1.94 1.75 16 0.04* 

* denotes mean of sample A > the mean of sample B (significance at p ≤ 0.05) 
 
 
Wastewater Treatment Plant 

 One tailed t-tests at the WWTP tested downstream changes of total P and Mehlich III 

extractable P concentrations in the sediments. (Table 4-27, Table 4-28).  Results showed 

sediments at the source, downstream 1, and downstream 2 sampling sites to have significantly 

greater values of total P than the control sampling site, p = 0.00, p = 0.00, and p = 0.01, 

respectively.  Sediments at the downstream 1 sampling site were found to have significantly 

greater total P concentrations than those at the source sampling site (p = 0.00).  Total P in 

sediments at the source and downstream 2 sampling sites did not significantly differ.  
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Table 4-27. One tailed t-test results for total P between sites at the WWTP. 

Sample Sites 
(Sample 1 – Sample 2) 

Site 1 
Value

Site 2 
Value t-stat 

one-tailed 
critical t-

value Df 
p-value (one-

tailed) 
Downstream 2 - Control 666 481 3.010 1.83 9 0.01* 
Downstream 2 - Source 666 645 0.340 1.83 9 0.37 
Downstream 1 - Control 801 481 10.59 1.75 16 0.00* 
Downstream 1 - Source 801 645 5.17 1.75 16 0.00* 
Downstream 1 - Downstream 2 801 666 2.10 1.75 16 0.03* 
Source - Control 645 481 7.40 1.75 16 0.00* 
(Source, Downstream 1, and 
Downstream 2) - Control  481 7.497 1.69 34 0.00* 

* denotes mean of sample A > the mean of sample B (significance at p ≤ 0.05) 

 
Table 4-28.  One-tailed t-test results for Mehlich III extractable P between sites at the 
WWTP. 

Sample Sites 
(Site 1 – Site 2)  

Site 1 
Value 

Site 2 
Value t-stat 

one-tailed 
critical t-

value df 
p-value 

(one-tailed) 
Downstream 2 - Control 90.67 22.89 12.955 1.81 10 0.00* 
Downstream 2 - Source 90.67 92.22 0.238 1.75 16 0.41 
Downstream 1 - Control 114.67 22.89 30.111 1.75 16 0.00* 
Downstream 1 - Source 114.67 92.22 4.532 1.77 13 0.00* 
Downstream 1 - Downstream 2 114.67 90.67 4.380 1.75 16 0.00* 
Source – Control 92.22 22.89 14.827 1.80 11 0.00* 
(Source, Downstream 1, and 
Downstream 2) – Control   21.222 1.69 34 0.00 

*denotes mean of sample A > the mean of sample B (significance at p ≤ 0.05) 
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One-tailed t-test results for Mehlich III extractable P at the wastewater treatment plant 

followed a similar trend to total P results. Sediments at the source, downstream 1, and 

downstream 2 sampling sites were significantly greater than the sediments at the control 

sampling site, p = 0.00, p = 0.00, and p = 0.00, respectively.   Downstream 1 sampling site 

sediments had significantly greater values of Mehlich III extractable P than sediments at the 

source sampling site (p = 0.00).  Mehlich III extractable P values at the downstream 2 sample 

site and the source sample site did not differ significantly. 

The combined data from the source, downstream 1 and downstream 2 sample sites were 

tested against the control values to evaluate changes in sediment P downstream from the outfall.  

Sediment P concentrations from the combined sites were found to be significantly greater than 

the control for total P (p = 0.00) and Mehlich III extractable P, (p = 0.00). 

The results at the WWTP show a significant trend in sediment P at the source and 

downstream 1 sample sites when compared to the control, supporting the hypothesis that there is 

a sediment P signal in the sediments at and downstream from the WWTP. 
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Chapter 5  
Discussion 

 
Overview 

Beaver Creek in north Knox County, Tennessee, has been identified on the Tennessee 

303(d) list as a “category 5” stream, meaning that the creek is “water quality limited” and fails to 

meet one or more of its uses (TDEC, 2006a).  One of the pollutants listed for Beaver Creek on 

the 303(d) list is phosphorus.  This means a future detailed study of P loading and P inputs will 

have to be completed and a TMDL will have to be written to address and improve the P 

concentrations within Beaver Creek.  

Two pollutant sources listed by TDEC for contributing phosphorus to Beaver Creek are 

pasture grazing areas and major municipal point sources.  Since phosphorus levels in Beaver 

Creek have been shown to impair the water quality of the creek and, since two major activities 

within Beaver Creek Watershed, agriculture and wastewater processing, have been attributed to 

contributing to higher P levels within the creek, Beaver Creek appeared to be a good study 

location to research P near these landuses.   

Phosphate concentrations in water can fluctuate over a short period of time, requiring 

multiple sampling events to yield reliable data for analysis.  Conversely, Garnier et al. (1999) 

found sediments to retain P in reservoirs over a short period of time.  Additionally sediment P is 

recognized by the USEPA to be important in TMDL considerations (USEPA, 1999).  Therefore, 

in order to minimize the number of sampling events that would be required for studying aquatic 

P while also accessing samples potentially affected by these activities, sediment P concentrations 

were utilized.   
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This research proposed to answer two questions.  The first question was whether a signal 

could be identified by P concentration of fine channel-bed sediments from Beaver Creek at and 

downstream of a cattle farm and a WWTP.  The second question was whether elevated Mehlich 

III P concentrations would be found in the collected sediments.   Total P and Mehlich III P were 

extracted from fine sediments collected from the channel bed at the P source and at downstream 

sample sites at the cattle farm and the WWTP, and the P values were compared to P values from 

the upstream control. 

 

Discussion on the cattle farm 

When designing the sample plan, the “control” sediments were expected to represent the 

background P concentration, and to be used to compare to potentially affected sediments at the 

source and downstream sample sites. At the cattle farm, values of P in channel-bed sediments 

differed from the expected pattern.  Sediments at the “control” sampling site had the second 

highest mean P concentration, compared to the sediments from the other three sampling sites. 

Statistically, total P concentrations of sediments at the control site were significantly greater than 

concentrations at the source sample site and the control did not differ significantly from the 

downstream 1 and downstream 2 sample sites.  

Two factors may have influenced the P concentrations at the control.  First, the “control” 

sampling site, while being upstream of the farm and outside of the fenced-in pasture land for the 

cattle, may not have been far enough upstream to be removed from the effects of cattle activity.  

Although the streambanks at the control sample site were steep and did not appear to allow easy 

stream access for the cattle, it seems probable, with low flows and easily wadable conditions, the 
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cattle could have accessed Beaver Creek from the farm and waded upstream into the area 

sampled for the “control.”   

At the cattle farm, the total P data from the control site show that the highest value of 

each transect is located adjacent to the farm, on the right side of the stream. This pattern may 

reflect a tendency for the cattle to access the creek from the farm property and then move 

upstream, staying closer to the farm side of the creek.  

The second factor which may have contributed to elevated P concentrations at the control 

sample site, is the natural variability in the P concentrations of Beaver Creek sediments. Given 

the historical landuse of Beaver Creek Watershed, other past inputs including other livestock 

operations and leaking septic systems may have a current impact on sediment P at the control 

sample site.  Additionally, since the natural variability of Beaver Creek sediments is unknown, 

the sediment P concentration at the control site at the cattle farm may not be abnormal, despite 

nearby data from the source sample site showing the control to be elevated. 

 Although no clear explanation exists for the unexpected results in the P concentration of 

the sediments at the control sample site at the cattle farm, no other P input is known to cause an 

elevated concentration of total P in the sediments at the control sample site of the farm. A survey 

of the area as well as review of NPDES documents did not indicate that another contemporary P 

source should be expected to contribute more P to stream sediments than the cattle farm.  

The second unexpected result was found at the “source” sampling site at the farm.  The 

expected pattern was that the “source” sediments would reflect an increase in total P 

concentration when compared with sediments at the control.  However, at the farm, results 

showed the source sample site, approximately 700 m downstream from the control, to have the 

lowest total P values of the four sample sites.  
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The source sample site was directly adjacent to the pasture and immediately downstream 

of three identifiable cattle input points to the stream.  Since the project design treated multiple 

cattle access points as a single source, then the immediate sediment P changes affected by the 

cattle may have not been captured in the sampling process.  An upstream cattle access may have 

been more readily utilized by the cattle or the cattle may have accessed the stream but waded 

beyond the sampled area, affecting sediment P at other places along the stream reach.  

Alternately, background sediment P concentrations at this location may have been lower than the 

surrounding locations. 

Although the control and source sampling sites differed from the expected pattern, the 

results show significantly greater total P values at the downstream 1 sample site, 150 m 

downstream of the source.  Sediment P values significantly increased again at the downstream 2 

sample site, approximately 400 m downstream of the source, when compared to sediments at the 

source and downstream 1, indicating P inputs from the farm may be affecting sediment P in 

Beaver Creek.   

The spike in total P values at the downstream 2 sampling site may not be only attributable 

to the cattle farm because an ephemeral stream flows into Beaver Creek between the downstream 

1 and downstream 2 sample sites.  The stream appears to flow during and immediately after 

rainstorms, and it crosses at least four different land-use types: single family residential, 

commercial, wholesale, and agricultural lands.  Although the stream was not flowing on the days 

when the downstream samples were obtained at the farm, the stream cannot be ruled out as a 

contributor to the significantly greater P values at the downstream 2 sample site.   

 At the cattle farm, Mehlich III extractable P data followed a somewhat similar trend to 

total P.  Mehlich III extractable P concentration in sediments at the control sample site did not 
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differ from that of the source sample site and was significantly greater than that at the 

downstream 1 sample site.  Mehlich III extractable P concentration in sediments at the source 

was the lowest of all of the sample sites at the farm and, statistically, did not differ from 

concentrations found in sediments at the control and downstream 1 sample sites. The 

concentration of Mehlich III extractable P at the downstream 2 sample site was significantly 

greater than the concentrations at the other three sample sites. 

At the cattle farm, both the total P and Mehlich III extractable P results indicate that 

sediments at the downstream 2 sample site are being affected by a P input to the stream.  

However, sediment P concentration at the downstream 1 sample site is not significantly different 

from P concentrations at the source or control sample sites.  The source and downstream 1 

results do not conclusively indicate that the cattle farm, alone, is affecting sediment P values. 

The downstream 2 results, while significantly greater than those at the downstream 1 and source, 

do not provide a conclusive signal that the cattle farm, alone, is affecting sediment P in Beaver 

Creek.   

 

Discussion on the WWTP 

 The WWTP data generally followed the expected trend.  The control sample site had the 

lowest total P and Mehlich III extractable P sediment concentrations.  Sediment P concentration 

significantly increased at the source sample site, 35 m downstream from the control, and 

continued to increase at the downstream 1 sample site, approximately 200 m downstream from 

the source.  Sediment P values were the greatest at the downstream 1 sample site sediment P 

values, and, were significantly greater than all other sample sites along the reach.  Sediment P 

values declined at the downstream 2 sample site, approximately 375 m downstream from the 
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source, although, they were still significantly greater than control values and did not differ 

significantly from the source.    

The outfall was the single major P contributor identified in the field.  Although a large 

pasture exists across Beaver Creek from the WWTP, there did not appear to be any evidence that 

cattle or other livestock were accessing the creek.  But, given contemporary and historical 

landuse within the Beaver Creek Watershed, combined with natural variation in P values, the 

elevated P concentrations in the sediments may not be entirely attributable to the WWTP.   

The results from the WWTP support the hypothesis that a P signal could be found in the 

sediments at and downstream from the WWTP. Sediment concentrations increased significantly 

at the source site, just 35 m downstream from the control, and concentrations remained elevated 

throughout the study reach. Only the downstream 2 sample site, 375 m downstream from the 

control, showed a decline in sediment P.   

 

Research Conclusions 

 Pasture grazing has been identified as one of the major P contributors to Beaver Creek 

(TDEC, 2006; TDEC, 2008).  Sediment P concentrations approximately 400 m downstream from 

the most downstream cattle access were significantly greater than the P concentrations at the 

access point, but, the sediment P values may have been affected by a nearby tributary.  Overall, P 

concentrations of sediments from Beaver Creek near the cattle farm studied in this research do 

not clearly indicate that farm is having a significant affect on sediment P, at or up to 400 meters 

downstream in Beaver Creek.  

 Municipal point sources have also been identified as one of the major P contributors to 

Beaver Creek (TDEC, 2006; TDEC, 2008).  At the WWTP, sediment P concentrations increased 
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significantly from the control to the source and again, from the source to the downstream 1 

sample site. P concentrations began to decrease at the downstream 2 sample site, but, still 

remained significantly elevated over the control sample site.  The results of this study indicate 

that the WWTP may be having a significant effect on P concentrations in Beaver Creek 

sediments near the outfall and up to 375 m downstream from the outfall.   

 This study supports the hypothesis that increased P concentrations could be attributable to 

P inputs from a WWTP.  However, further study is needed about the effects that pastures have 

on sediment P concentrations within Beaver Creek. 

 

Future Research and Future Implications 

This research revealed issues inherent with sampling a non-point source input, such as the 

cattle farm.  The data from the cattle farm proved to not follow the expected trend.  However, 

moving too far away from the cattle farm to define a single “control” sampling site might have 

resulted in ambiguous and unreliable “control” sample data.  Rather than using a single “control” 

site against which source and downstream changes are tested, future researchers might study the 

broader variability of P in sediments across both the watershed and within the creek.  The data 

from such a study could be used as a basis to test specific locations or expected P inputs.   

Future research on stream affects from cattle farms or WWTPs may focus on a more 

direct connection between the source and the impact on water quality.  For example, cattle that 

have unimpeded access to a stream will most likely contribute high levels of fecal coliforms or 

E. coli to the water.  A future project may look at the source and downstream effects from a 

cattle farm in relation to changes in fecal coliform or E. coli levels.  It is also important to 

continue to research how agricultural areas affect P concentrations in streams and stream 
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sediments. While agricultural landuse is decreasing within the Beaver Creek Watershed, it will 

still remain an important part of the watershed composition.  Although a single farm may not 

show significant P input to Beaver Creek, collectively, agricultural land use may have an 

important effect on P levels within the creek.  Therefore, additional study on agricultural P inputs 

to Beaver Creek would be informative towards the broader research connecting phosphorus and 

agriculture while also being helpful for future planning to address reducing overall P loading 

within the creek. 

WWTPs continue to be an important issue within watersheds, and many water quality 

issues have been attributed to WWTPs.  WWTPs present an interesting opportunity to research 

how human ingested matter moves through the wastewater system and is discharged to surface 

waterbodies.  For example, one group of researchers is studying anti-biotic resistance of bacteria 

found within a wastewater treatment plant (Li et al., 2009).  Such research is important to public 

health and may also prove to reveal important environmental impacts.  Additionally, a similar 

study to this one on phosphorus could be developed to research the source and immediate 

downstream changes in concentrations of medications, caffeine, or estrogen levels, all which 

may be better fingerprinted to a WWTP. 

Future work researching phosphorus is probable.  Future P studies, especially in Beaver 

Creek, may include increased sampling sites, in stream, on the streambank, and within the 

watershed, to gain a better understanding of the natural variability of P within the sediments and 

soils of the study area.  Also, research quantifying other fractions of P, including algal available 

P, could be helpful in effectively reducing phosphate concentrations in water.  While much work 

has been done on lakes and reservoirs on P cycling, little work has been completed on P cycling 
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within moving water, such as Beaver Creek.  A P cycling study would be interesting to see if and 

how P sediment concentrations change throughout a year in Beaver Creek. 

Future research in Beaver Creek Watershed will likely need to address the effects of 

increasing residential development on water quality.  As Beaver Creek Watershed further 

develops, stream quality and nutrient levels will continue to be a major issue within the 

watershed.  One major P contributing source that was not analyzed in this research is the impact 

of residential areas on P concentration in the stream and in stream sediments.  Not only do large 

residential areas require increasing volumes of water and wastewater to be treated, but they may 

also contribute high volumes of P to nearby waterways due to activities such as lawn 

maintenance and the development of recreational areas, such as golf courses.  

Since the sample collection of this research, a WWTP within the Beaver Creek 

Watershed has expanded and upgraded its treatment process to accommodate the increased 

demand for water and wastewater within the watershed.  It will be interesting to see how, while 

working to reduce overall P concentrations in Beaver Creek, the long-term changes towards a 

more commercial and residential watershed, with increased wastewater processing, will impact 

the future stream quality of Beaver Creek.
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