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Urbanization	   causes	   various	   environmental	   issues	   including	   water	   pollution,	   air	  

pollution,	  and	  solid	  waste.	  Urbanization	  of	  watersheds	  has	  a	  profound	  influence	  on	  the	  quality	  

of	  stormwater	  runoff.	  The	  quality	  of	  stormwater	  runoff	  is	  highly	  associated	  with	  land	  use.	  This	  

study	  analyzed	  the	  exceedance	  frequency	  of	  stormwater	  quality	   in	  five	  watersheds	  of	  Denton	  

over	   eleven	   years	   and	   also	   analyzed	   the	   relationship	   between	   stormwater	   quality	   and	   land	  

use/cover	   of	   each	   watershed.	   The	   results	   showed	   that	   the	   most	   of	   the	   water	   quality	  

parameters	  that	  were	  examined	  in	  the	  Lower	  Pecan	  watershed	  exceeded	  their	  threshold	  most	  

frequently.	   The	   higher	   frequency	   of	   exceedance	   in	   this	   watershed	   can	   be	   attributed	   to	   the	  

wastewater	   treatment	   plant	   and	   landfill	   site.	   Total	   suspended	   solids	   and	   turbidity	   were	  

frequently	   exceeded	   in	  Hickory	   and	  Clear	   Creek	  watersheds.	   Conductivity	  was	   found	   to	  have	  

highest	   percentage	   of	   exceedance	   in	   Upper	   Pecan	   and	   Cooper	   watersheds.	   Thus,	   rural	  

watersheds	   were	   related	   with	   higher	   exceedance	   of	   TSS	   and	   turbidity	   whereas	   urban	  

watersheds	  were	  related	  with	  higher	  exceedance	  of	  conductivity.	  
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CHAPTER 1 

INTRODUCTION 

Urbanization causes various environmental issues including water pollution, air pollution, 

and solid waste. Urbanization of watersheds has a profound influence on the quality of 

stormwater runoff (Goonetilleke et al., 2004). Urban growth increases the impervious land area 

in a region, which decreases infiltration, increases runoff, and decreases the time lag between 

peak rainfall and runoff (Brezonik and Stadelman, 2002). During storm events, surface runoff 

picks up natural and man-made pollutants and ultimately deposits them into adjacent water 

sources, causing impairment to water quality.  

Non-point sources of pollution have been recognized since the early 1980s as a significant 

source of surface water contamination (Novotony and Olem, 1994). Heavy metals, sediments, 

nutrients, and pesticides are some of the major pollutant constituents often carried by 

stormwater runoff. These pollutants may affect humans, as stormwater runoff often contributes 

to lakes that supply drinking water. The effects of these pollutants can be detrimental to aquatic 

organisms as well. As a result, they may alter the characteristics of aquatic ecosystems. Thus, it 

is important to monitor the water quality of urban stormwater runoff.  

The quality of stormwater runoff is highly associated with land use. Land-use 

modifications associated with urbanization (such as the removal of vegetation, replacement of 

previously pervious areas with impervious surfaces, and drainage channel modification) 

invariably result in changes to the characteristics of the surface runoff (Goonetilleke et al., 2004). 

Consequently, the physical and chemical pollutants carried by stormwater runoff vary with 

different land use. 
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The city of Denton is rapidly growing and thus becoming a highly populous urban area. 

Land use/cover (LULC) has been changed due to urbanization, with significant increases in 

impervious surface. Consequently, the stormwater runoff quality has degraded. Therefore, it is 

essential to monitor stormwater runoff quality by examining the exceedance threshold of water 

quality parameters. 

The purpose of this study is to analyze how often urban stormwater runoff quality 

parameters exceed each detection limit over an 11-year period of time. Exceedance frequency 

analyses of different parameters for each sampling site can provide a better understanding of 

the trend of stormwater quality from 2001-2011 for the city of Denton. This study also analyzes 

the relationship between the stormwater quality and LULC over time, which determines if each 

pollutant pertains to a specific LULC type. It will help city planners and water resource managers 

to implement the best management practices.  

While previous studies have assessed stormwater quality in different places, they typically 

identify ranges or medians for specific pollutants. Therefore, categorizing different levels of data 

is necessary to examine the total percentage of observations that exceed the threshold over time. 

Few studies examine exceedance frequency, which is the objective of this study. In order to meet 

that objective, the study was mainly focused on answering the following research questions: 

1. What is the total percentage of sampling events that exceed the storm water quality 

thresholds among five sampling sites, within four watersheds (Hickory, Pecan, Cooper, 

and Clear), maintained by the city of Denton, Texas? 

2. Is there any relationship between stormwater quality and land use/land cover? 
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CHAPTER 2 

LITERATURE REVIEW 

 
2.1 Water Pollution 

Water pollution is the contamination of natural water bodies (e.g. lakes, rivers, oceans, 

aquifers and groundwater). Surface water can be contaminated when hazardous substances are 

discharged directly from an outfall pipe or channel or when they receive contaminated storm 

water runoff (U.S. EPA, 2015a). It may include organic, inorganic, radioactive or pathogenic 

microbial substances. It can be polluted by industrial and municipal discharges as well as 

alterations to the natural environment, which may cause runoff of pollutants.  

 

2.2 Stormwater Pollution 

Stormwater is the rainwater that hits the earth’s surface. The rain water runs off of the 

surface and reach to nearest waterways. Stormwater runoff picks up pollutants as it runs off 

impervious surfaces. The pollutants that can be carried by stormwater runoff include nutrient, 

sediment, heavy metals, oils/grease, pesticides, or pet waste/pathogens. These pollutants finally 

deposit into the nearest water sources and pollute the water. Thus, stormwater runoff has been 

identified as a significant source of pollution for many water bodies (Davis et al., 2000).  

 

2.3 Point Sources 

Identifying pollution sources is important to prevent degradation of water quality from 

storm water runoff. Major sources of water pollution can be categorized into point and non-point 

sources. Point sources are one specific source from where wastes are discharged directly into 
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water bodies. Point source pollution, as defined by the U.S. EPA, is, “any discernible, confined 

and discrete conveyance, such as pipe, ditch, channel, tunnel, conduit, discrete fissure, or 

container…from which pollutants are or may be discharged” (U.S. EPA, 2015b). Wastes from 

wastewater treatment plant and industrial factories are examples of point source pollution. Point 

sources are responsible for contributing heavy metals, nutrients, and other pollutants into water 

bodies, thereby degrading water quality. Since point sources are specific source of pollution, they 

can be regulated. 

 

2.4 Non-Point Sources 

Non-point sources (NPS) have more than one specific source. According to the EPA, non-

point source pollution is defined as any source of water pollution that does not meet the legal 

definition of a point source in section 502 (14) of the Clean Water Act. Non-point source pollution 

comes from many diffuse sources. So, it is difficult to characterize the pollutants coming from 

non-point sources compared to point sources. Non-point sources from agriculture and urban 

runoff are the leading source of impairment to the nation’s waters (U.S. EPA, 2000). Non-point 

sources now account for more than 50% of the pollution in our nation’s waters (Welsch, 1991). 

There are several non-point sources of nutrients in urban areas, mainly fertilizers in runoff from 

lawns, pet waste, failing septic systems, and atmospheric deposition from industry and 

automobile emissions (U.S. EPA, 2005). Heavy metals, sediment, and pesticides are also 

contributed by non-point sources. 
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2.5 Watershed Protection Program 

A watershed or a catchment is an area of land in which water flowing across the land 

surface drains into a particular stream or river and ultimately flows through a single point or 

outlet on that stream or river (Hornberger et al., 1998). Watersheds include a variety of natural 

resources that provide basic goods and services to society (Randhir et al, 2001). However the 

waters moving through watersheds have become increasingly degraded in many areas as a result 

of continued anthropogenic activity (Bank, unpublished). Therefore, watershed protection 

program is a need for a city to protect quality of water that drains through the city. 

Watershed Protection Program was initiated in January 2001 as a part of plan to reduce 

the overall pollutants within surface waters of Denton and to ensure compliance with the 

National Pollution Discharge Elimination System Storm Water Phase II rule (City of Denton, 2014). 

Cooper Creek, Hickory Creek, and Pecan Creek are the three main watersheds that contribute 

water through Denton. Permanent monitoring stations were established near the ends of the 

three major watersheds prior to the confluence of the watersheds with Lewisville Lake. These 

include a station above and below the Pecan Creek Water Reclamation Plant’s outfall. 

 

2.6 Regulations 

Quality of surface water has always been a concern because they have been used for 

drinking water sources and desired for recreational waters. However, one third of the nation’s 

waters are polluted from various sources, including contamination from runoff (U.S. EPA, 2004). 

In order to monitor the water conditions of the nation and implement a course of action, the 

Federal Water Pollution Control Act (also known as the Clean Water Act) was promulgated in 
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1972. In 1987, the Clean Water Act was amended to require EPA to establish a program to 

address stormwater discharges. In accordance to Title IV of the Clean Water Act, a system for 

permitting wastewater discharges was created called the National Pollutant Discharge 

Elimination System (NPDES). The NPDES program requires facilities to obtain a permit to 

discharge stormwater into the nation’s waterways; the permit is then divided into Phase I and 

Phase II requirements. Phase I and Phase II require permits for discharges associated with 

industrial activity and municipal separate stormwater systems (MS4s). The Phase I relies on 

NPDES permit coverage to address stormwater runoff from: (1) “medium” and “large” MS4s 

generally serving populations of 100,000 or greater, (2) construction activity disturbing five acres 

of land or greater, and (3) 10 categories of industrial activity. The Phase II program expands the 

Phase I program by requiring additional operators of MS4s in urbanized areas and operators of 

small construction sites, through the use of NPDES permits, control implement programs, and 

practices to control polluted stormwater runoff. 

 

2.7 Stormwater Constituents 

Though a large array of constituents can be found in stormwater, this study focuses on 

limited constituents that are known to pose greater risk to humans and aquatic life. Moreover, 

the selections of constituents were also based on the concerns of the city of Denton, as they are 

more concerned of these parameters. 

The nationwide urban runoff characteristics were first assessed by the United States 

Environmental Protection Agency under the Nationwide Urban Runoff Program (NURP) (U.S. EPA, 

1983).  They assessed several water quality parameters; and heavy metals, especially copper (Cu), 
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lead (Pb), and zinc (Zn), as the most prevalent priority pollutants found in urban runoff. Along 

with that, organic pollutants, bacteria, nutrients, dissolved oxygen (DO), and total suspended 

sediment (TSS) are other pollutants found in urban runoff.  

Several stormwater quality parameters can be analyzed to determine the quality of public 

water sources. This section describes the parameters that were analyzed for this thesis. These 

parameters include physical and chemical constituents of the stormwater samples that were 

analyzed for this study. 

 

2.7.1 pH 

pH is a negative logarithm of molar concentration of hydrogen ion. The equation to 

calculate pH is given below. 

pH = - log[H+] 

pH is used to determine the acidic or basic characteristics of a water body. pH can be 

measured in a scale of 0 – 14 with no units. pH of pure water is 7 or considered as neutral. A pH 

greater than 7 is more alkaline or basic and a pH less than 7 is more acidic. Growth and 

reproduction of freshwater aquatic species of fish are found to be ideal within a pH range of 6.5 

to 8.5; however they may thrive slightly outside this range as well (Wilber, 1969).  

 

2.7.2 Conductivity 

Conductivity describes the ability of an aqueous solution to carry an electric current 

(APHA et al., 1998). Conductivity is affected by presence of inorganic dissolve solids such as 

chlorides, nitrate, or sodium, magnesium and organic compounds like oil, phenol etc. Therefore, 

significant changes in conductivity can indicate that a discharge or some other source of pollution 
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has entered the water. In general, conductivity increases as the concentration of ions increases. 

Conductivity is also affected by the temperature: the warmer the water, higher the conductivity. 

For this reason, conductivity is reported as conductivity at 25°C (U.S. EPA, 2015c). The basic unit 

of measurement of conductivity is the mho or siemen and it is measured in micromhos per 

centimeter (µmhos/cm) or microSiemens per centimeter (µS/cm). 

 

2.7.3 Turbidity 

Turbidity is a measure of the transparency of water. Suspended materials such as soil 

washed from a construction site can increase the turbidity of the water, thereby reducing the 

transparency of light penetration through the water. Suspended materials include soil particles 

(clay, silt, and sand), algae, plankton, microbes, and other substances (U.S. EPA, 2014a). Major 

sources of turbidity include soil erosion, waste discharge, urban runoff, and excessive algal 

growth.  

High turbidity levels in surface waters have been linked to high percentages of impervious 

surfaces within a watershed caused by sediment loading from runoff and erosion (Mehaffey et 

al., 2005; Nelson and Booth, 2002). Regular monitoring of turbidity can help detect trends that 

might indicate increasing erosion in developing watersheds. The standard unit of turbidity is 

nephelometric turbidity unit (NTU). 

 

2.7.4 Total Dissolved Solids (TDS) 

Total dissolved solids (TDS) refer to an estimation of the total amount of dissolved 

inorganic salts and small amounts of organic matter present in solution in water. For the purpose 

of routine sampling, the total dissolved solids are those inorganic species that can pass through 
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a standard glass fiber filter. The principal constituents are usually calcium, magnesium, sodium, 

and potassium cations and carbonate, hydrogencarbonate, chloride, sulfate, and nitrate anions 

(WHO, 1996). Primary sources for TDS in receiving waters are agricultural and residential runoff, 

leaching of soil contamination and point source water pollution discharge from industrial or 

wastewater treatment plants. Although TDS is not generally considered as a primary pollutant, it 

is used as an indication of aesthetic characteristics of drinking water and as an indicator of the 

presence of a broad array of chemical contaminants. 

 

2.7.5 Total Suspended Solids (TSS) 

Total suspended solids (TSS) reflect organic or inorganic particles (such as soil) that are 

suspended in water and cannot pass through a standard glass fiber filter. Suspended solids are 

present in wastewater and industrial water. They are also present in non-point sources such as 

soil erosion from agricultural and construction sites. Higher concentration of suspended solids 

can serve as carriers of toxics, which readily cling to suspended particles (U.S. EPA, 2014b).  Unlike 

turbidity, suspended solids are measured as a weight percentage of water and, with further 

analysis, could be used to determine sediment loading in the watershed.  

 

2.7.6 Nitrate 

Nitrates are nitrogen-oxygen chemical units which combine with various organic and 

inorganic compounds. Nitrate originates from agricultural sources such as crop fertilizer, crop 

residue, animal waste, and mineralization of soil organic nitrogen (Hudak et al., 2002). Other 

sources of nitrate include septic systems, lawn fertilizer, discharges of nitrogen bearing effluent, 
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and atmospheric deposition. Nitrate is often the most commonly soluble in aquatic systems and 

urban runoff. Infants below six months who drink water containing higher concentration of 

nitrate can contract methemoglobinemia, commonly called blue baby syndrome. 

 

2.7.7 Total Phosphorus 

Total phosphorus is an essential nutrient for plants and animals. Sources of phosphorus 

include waste water treatment plants, runoff from fertilized lawns, and cropland, runoff from 

animal manure storage areas, disturbed land areas, drained wetlands, water treatment, 

decomposition of organic matter, and commercial cleaning preparations (U.S. EPA, 2014c). 

Waschbusch et al. (1999) conducted a study in two urban residential basin in Madison, Wisconsin 

and found lawns and streets to be the largest sources of total and dissolved phosphorus 

contributing approximately 80% of the phosphorus loading. Phosphorus accumulation in surface 

water may increase the potential for eutrophication (Smith et al., 1999), and thus cause 

impairment to water quality. 

 

2.7.8 Ammonia 

Ammonia is a common toxicant derived from wastes, fertilizers, and natural processes. 

Ammonia in fresh water usually exists in the ionic form (NH4+) and, to a lesser extent, as un-

dissociated NH4OH. It is an important source of nitrogen, which is needed by bacteria, algae, 

plants and animals of aquatic systems. However, un-dissociated NH4OH is highly toxic to many 

aquatic organisms, particularly fish. 
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2.7.9 Atrazine 

Atrazine, a triazine herbicide, is one of the most widely used pesticides in the United 

States. It has been found frequently in surface waters fed by both agricultural and urban 

stormwater runoff. This toxic chemical persists in the environment for long periods of time. Due 

to toxicity concerns, the use of atrazine was significantly restricted in 1993 (U.S. EPA, 2014d). 

Atrazine is used on crops such as sugarcane, corn, pineapples, sorghum, and macadamia nuts, 

and on evergreen tree farms and for evergreen forest growth (U.S. DHHS, 2003).  Atrazine is a 

relatively mobile herbicide that produces a reversible inhibition of photosynthesis (Solomon et 

al, 1996). Once atrazine is in the water, the relatively small hydrolysis and aqueous photolysis 

rates can result in an extended presence in stationary water (Solomon et al, 1996). National 

Water Quality Assessment (NAWQA) program reports that atrazine has been detected in about 

75% of urban streams throughout the U.S. (Hamilton, 2000). 

 

2.8 Sediment 

Sediment is the single most widespread pollutant affecting the water quality in rivers and 

streams (U.S.EPA 2000). Sedimentation is caused mainly by soil erosion; runoff carries sediment 

and finally deposits it into rivers, streams, lakes, and other water bodies eventually causing 

detrimental effects to aquatic life. Although the movement of sediment into water bodies is a 

natural process, its rate and severity can be amplified by land-disturbing construction activities 

(Wachal et al., 2009). Many studies have estimated sediment loading, highlighting the urgent 

need to analyze its effects and prevent it from accumulating in water bodies. Wolman and Schick 

(1967) quantified erosion rates from construction sites, which was 40,000 times greater than 
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undisturbed construction activities, and Willett (1980) quantified the total sediment reaching 

streams each year, approximately five billion tons. Wachal et al., (2009) studied sediment runoff 

from natural gas sites in Denton, Texas, estimating that annual sediment loading for one site was 

about 49 times higher than the typical level for undisturbed rangelands. These studies revealed 

that construction activities supply large amounts of sediment to local stream channels. 

 

2.9 Heavy Metals 

Heavy metals are of particular interest in stormwater runoff due to their toxicity and 

widespread occurrence, and the fact that they cannot be chemically transformed or destroyed 

(Davis et al., 2000). They accumulate in sediment, plants, and aquatic organisms, causing health 

issues and ecosystem habitat degradation (Sengupta, 2002). A number of investigators have 

found various levels of metals in runoff from urban areas and in highway runoff.  

Sansalone and Buchberger (1997) studied urban roadway storm water wash-off from a 

heavily traveled highway site, which showed that metal elements in lateral pavement sheet flow 

can be predominantly dissolved. They concluded that, of the predominantly dissolved elements, 

zinc (Zn), cadmium (Cd), and copper (Cu) exceeded surface water discharge concentration limits 

for the adjacent receiving waters. The largest metal loading was found for zinc at 0.646 kg/ha/yr 

(Davis et al., 2000). They examined building siding and roofs, automobile brakes, tires, and oil 

leakage, and concluded that wet and dry deposition are some of the major sources for heavy 

metals in storm water runoff. 
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2.9.1 Copper (Cu) 

Copper is a naturally occurring metal found in the earth’s crust. Copper is a micronutrient 

for both plants and animals at low concentration and is recognized as essential to virtually all 

plants and animals (Kapustka et al., 2004). However, it may become toxic to some forms of 

aquatic life at elevated concentrations. Copper in the aquatic environment is present in the form 

of inorganic and organic complexes. Copper is generally present in surface waters with cupric ion 

(Cu+2) as the primary form in natural surface waters. In freshwater system, naturally occurring 

concentrations of copper range from 0.2 µg/L to 30 µg/L (Bowen, 1985). 

 

2.9.2 Lead (Pb) 

Lead is also a naturally occurring metal found in small amounts in earth’s crust. It is one 

of the oldest and best-known toxic metals. Much of our exposure comes from human activities 

including the use of fossil fuels including past use of leaded gasoline, some types of industrial 

facilities, and past use of lead-based paint in homes (U.S. EPA, 2014e). Lead and lead compounds 

have been used in a wide variety of products such as ceramics, pipes and plumbing materials, 

solders, gasoline, batteries, and cosmetics. In an industrial level, mining, smelting, and refining 

activities have resulted in substantial increases in lead levels in the environment. Lead reaches 

water bodies either through urban runoff or discharges such as sewage treatment plants and 

industrial plants (Oram, 2015). The level considered protective for aquatic life at a hardness of 

100 mg/L is less than 0.003 mg/L. 
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2.9.3 Zinc (Zn) 

Zinc is an essential element in the diet. Zinc is found naturally in many rock-forming 

minerals. Because of its use in the vulcanization of rubber, it is generally found at higher levels 

near highways (Oram, 2015).  Industrial sources of toxic waste sites may cause the zinc amounts 

in drinking water to reach levels that can cause health problems. Criteria of zinc for aquatic life 

have been set at less than 0.106 mg/L based on hardness of 100 mg/L. 

2.10 Relationship between Water Quality and Land Use/Cover 

Land use/cover within a watershed is classified into several categories. Examples of a few 

land use classifications are urban, agricultural, rangeland, or industrial. Land use patterns 

significantly affect the distribution of contaminants in urban stormwater. So, it is important to 

see the relationship between land use/cover and quality of urban stormwater. Several studies 

have been conducted to find relationship between water quality and land use/cover.  

Banks et al.(2007) analyzed the water quality and land-use relationship among 

watersheds of Denton, Texas to examine effects of land-use changes on water quality. Using 

contingency statistical analysis, they concluded that increasing urban and agricultural land tends 

to negatively affect water quality. Such studies are very important for water resource managers 

to prioritize water quality issues within watersheds of interest.  

Lee and Stenstrom (2005) monitored several sites to determine if different land use/cover 

produced different stormwater quality. The land-use monitoring program was successful, 

showing the anticipated difference in water quality based on land use/cover. Impervious surfaces 

correlated very closely with increases in non-point (diffuse) sources of polluted runoff, which 

degraded the quality of aquatic resources (Arnold and Gibbons, 1996).  
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Basnyat et al. (1999) studied areas with different urban areas that contributed non-point 

source pollution to Weeks Bay, which eventually connects with the Gulf of Mexico. From this 

study they concluded that the water quality within the watershed was affected negatively due to 

urban land use activities. The study also revealed that residential land uses observed in this study 

produced the greatest amount of nitrate in runoff. 

Buck et al. (2003) studied areas in New Zealand, which were primarily used as agricultural 

lands for farming sheep and deer. Total nitrogen and nitrate were found to have a 99% statistical 

significance for the two study areas, as well as with turbidity and total phosphorus. 

Paule et al. (2014) studied stormwater quality in relation to land use and land cover 

development in Yongin, South Korea. Their result suggested that the concentration of most of 

the pollutants was found to be higher in Site 2 (mixed land use), which consisted of the discharge 

from Site 1 (construction sites) and surrounding urban areas. They concluded that rapid 

groundwork activities led to an increase in bare land use percentage and a decrease in built-up 

areas, which resulted in degradation of water quality in the study area. 

2.11 Other Factors Associated with Stormwater Quality 

Stormwater quality can be affected by numerous other variables. The climate of a region 

can have significant impact on the quality of stormwater runoff. Factors such as the length of dry 

periods between storm events, the average rainfall intensity, the storm duration, and the amount 

of snowmelt present can have significant impacts on the characteristics of runoff from an area. 

Stormwater runoff after longer dry periods can have higher concentration of various 

contaminants that were accumulated on the land surfaces. High intensity and long duration 
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rainfall can excavate deeper layers of soils and can generate significant loadings of suspended 

solids in stormwater runoff. Many specific geographic factors such as the soil types, slopes, and 

the amount of imperviousness of a watershed can also greatly affect the quality of stormwater 

runoff that is produced from an area. Runoffs from steeper slopes have greater chance to erode 

more sediments than gentle slopes causing more pollution to stormwater.  
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CHAPTER 3 

METHODOLOGY 

3.1 Study Area 

Denton is located in north-central Texas at a latitude of 33° 12’ 49.7” N and a longitude 

of 97° 09’ 3.44” W. According to the 2010 United States Census, Denton’s population was 

113,383, making it the 27th most populous city in Texas and the 11th largest city in the Dallas-Fort 

Worth metroplex. The total land area of the city is 87.952 square miles (227.79 square 

kilometers), whereas the total water area is 1.364 square miles (3.5327 square kilometers). The 

city lies in the northeast edge of the Bend Arch-Fort Worth Basin, which is characterized by flat 

terrain. Its elevation ranges from 500 to 900 feet (150 to 270 m). It receives approximately 37.3 

inches (96 cm) of rain per year. The rainfall mostly occurs during the spring months from April 

through May and the fall months of September through October.  

There are mainly three watersheds that drain through the city: Cooper Creek, Hickory Creek, and 

Pecan Creek. These watersheds contribute to drinking water sources for the city. These 

watersheds are located within the Elm Fork Trinity Sub-Basin residing in the Upper Trinity Basin. 

Also, Lake Lewisville is the main drinking water reservoir for several cities, including Denton, 

receiving water for numerous utility wastewater treatment plant effluent streams, recreational 

and ecological amenity with a total of 25 cities located in Lewisville Lake watershed (City of 

Denton, 2008). Clear Creek watershed receives only limited contributions from the city of 

Denton. Cooper watershed occupies highly-developed commercial and residential area, whereas 

Hickory Creek watershed is a predominantly agricultural area (Banks, unpublished). Pecan 

watershed includes the most urbanized sections of Denton. However, Clear Creek  
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Figure 1. 1 A map showing study area. 
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watershed has very little development and Clear Creek has been used as a reference stream for 

many of the research investigations that the city conducts. These watersheds are sub-divided 

into 80 sub-basins in order to monitor water quality. The 80 sub-basins are established and 

monitored by the city of Denton. 

 
3.2 Sampling Sites 

Five sampling stations were selected for this study to investigate the impacts of land 

use/cover on stormwater quality. Each sampling station represents a different watershed; 

stations are located along main branches of the drainage system, near its downstream outlet. 

These areas were chosen by the City of Denton to represent the integrated effects of variety of 

BMPs established within the respective watersheds.  

Upper Pecan Creek sampling station (Station 39) is located at latitude of 33.19772º N and 

longitude of -97.07629º W in Pecan Creek just above Mayhill Road (Figure 2.1 & 2.2). Upper Pecan 

watershed drains through an area of 13.78 sq. mi. The drainage area includes the significant 

urban land uses including some commercial and light industrial land uses, as well as portions of 

I-35, Texas Women’s University and the TWU golf course (City of Denton, n.d.).  

 

Figure 2. 1 Google Earth view of Upper 
Pecan sampling station. 

 

Figure 2. 2 Upper Pecan sampling station. 
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An additional sampling station, Lower Pecan Creek station (Station 10) was established in 

Pecan Creek below Mayhill Road in order to allow analysts to monitor differences in water quality 

of Pecan Creek both up-flow and down-flow of the wastewater treatment plant outfall (Figure 

3.1 & 3.2). This sampling station is located at latitude of 33.19366º N and -97.07085º W. The 

Lower Pecan watershed drains through an area of 0.49 sq. mi., which is a relatively very small 

drainage basin. The sampling station in Lower Pecan Creek receives discharge from Pecan Creek 

Water Reclamation Plant. In addition to that, the City-owned landfill is also located off Pecan 

Creek, just downstream from the wastewater treatment plant. Leachate from the landfill is 

collected and treated at wastewater treatment plant. However, at least one small intermittent 

creek drains the area surrounding the landfill into Pecan Creek (City of Denton, n.d.). The location 

of each monitoring station encompasses a reach of approximately 100 meters and is 

representative of the creek conditions near the end of each respective watershed. 

 

Figure 3. 1 Google Earth view of Lower 
Pecan sampling station. 

 

Figure 3. 2 Lower Pecan sampling station. 

 

The Cooper Creek station (Station 30) is located at latitude of 33.22857º N and longitude 

of -97.08309º W near the intersection of the creek and Mayhill road, near an existing City of 

Denton wastewater lift station (Figure 4.1 & 4.2). The Cooper Creek watershed drains through an 
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area of 6.66 sq. mi., which includes some of the highly urbanized areas of Denton. In fact urban 

land is the largest single land use covered by Cooper Creek watershed. 

 

Figure 4. 1 Google Earth view of Cooper 
sampling station. 

 

Figure 4. 2 Cooper sampling station. 

 

The Hickory Creek station (Station 19) is located at latitude of 33.13114º N and -97.10621º 

W near the Old Alton Crossing; near a City of Denton wastewater lift station (Figure 5.1 & 5.2). 

The Hickory Creek watershed drains through an area of 142.06 sq. mi. out of which only 53.98 

sq. mi drains through the City of Denton area. Although most parts of the Hickory Creek 

watershed are covered by agriculture and rangeland uses, few significant land uses covered 

rapidly urbanizing areas including portions of I-35, the University of North Texas and UNT golf 

course, some commercial property, and some of the neighborhoods of the city (City of Denton, 

n.d.).  
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Figure 5. 1 Google Earth view of Hickory 
sampling station. 

 

Figure 5. 2 Hickory sampling station. 

 

The Clear Creek station (Station 99) is located farther north of the City of Denton at 

latitude of 33.35842º N and -97.25078º W, near the intersection of the creek and FM 455, west 

of FM 2450 (Figure 6.1 & 6.2). The Clear Creek watershed drains through an area of 244.93 sq. 

mi. A very small portion of Clear Creek watershed drains through the area of City of Denton. Since 

the largest portion of Clear Creek watershed is covered by rangeland, this watershed has very 

little development. Therefore, the sampling station at this watershed has been selected as a 

reference point to compare water quality with other watersheds. 

 

Figure 6. 1 Google Earth view of Clear Creek 
sampling station. 

 

Figure 6. 2 Clear Creek sampling station. 
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3.3 Data Collection 

 Different types of data were analyzed in order to answer the research questions set for 

this study. These data were collected through different media. The data that were used for this 

study are analytical measurements of water sample, precipitation, digital elevation, and land 

use/cover. The details of each of these data are explained below. 

 

3.3.1 Water Samples 

As the objective is to analyze the exceedance frequency of water quality parameters, this 

study used an 11-year dataset of water samples. The water quality dataset was obtained from 

the City of Denton. This dataset was collected each month from January 2001 through December 

2011 during the normal flow at least 48 hours after storm event. Water samples were collected 

in 1-liter high-density polyethylene bottles. Conductivity, pH, turbidity, and total dissolved solids 

(TDS) were measured in the stream or measured in the lab as soon as samples were received. 

Pesticide samples were collected in the field using 20 ml borosilicate vials with Teflon septa. 

Samples for metals were transferred to separate containers. These 200 ml plastic containers 

were pre-acidified with nitric acid in a ratio of 1 milliliter concentrated nitric acid per 500 ml of 

sample. All the samples were preserved immediately after collection by placing the bottles on ice 

in an ice chest. Samples were maintained in the dark as much as possible to ensure no sunlight 

influence on results. 

Secondary (already collected) rather than primary (newly collected) data were used 

because of time and expense constraints, as well as proper quality control measures 

implemented by the city when collecting and chemically analyzing the samples. However, there 

https://www.ncdc.noaa.gov/cdo-web/
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are limitations to using secondary data (Sorensen et al., 1996). In this study, data selection, 

quality, and collection methods are not under my control. So, it is very difficult to evaluate data 

accuracy; however, the data were collected by professionals using proper procedures as noted 

above. Additionally, the data are well suited to the research questions addressed in this study. 

 

3.3.2 Precipitation Data 

Precipitation data were displayed as time series along with different water quality 

parameters. This would help to determine if precipitation affects pollutant concentration in 

stormwater runoff. Annual precipitation data from a station at the Denton Municipal Airport, 

from 2001 to 2011, was obtained from the National Climatic Data Center, NOAA website 

(https://www.ncdc.noaa.gov/cdo-web/). It was assumed for this study that amount of 

precipitation recorded on Denton Municipal Airport station was the same across all five 

watersheds of Denton because the watersheds are relatively small in size except for Clear Creek 

watershed. Because stormwater drains through a small portion of the Clear Creek watershed in 

the City of Denton, the same precipitation data from Denton Municipal Airport station applies to 

it. 

 

3.3.3 Digital Elevation Model (DEM) Data 

Digital Elevation Model (DEM) data were used to delineate watersheds. National 

Elevation Dataset (NED) is a raster product assembled by the US Geological Survey (USGS, 2014a). 

DEM of 1/3 arc-sec (approximately 10-m resolution) was downloaded from the National 

Elevation Dataset of US Geological Survey. 
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3.4 Watershed Delineation 

Five sampling stations are located across a range of land uses and at the lower stream of 

four different creeks before its confluence to Lake Lewisville. Therefore, five sub-watersheds of 

the study area were delineated based on each sampling site. ArcGIS (Environmental Systems 

Research Institute, Redlands, California) was used as a software tool to delineate the watershed 

for each sub-basin. 

The hydrology tool in the ArcGIS Spatial Analyst extension toolbox was used to delineate 

watersheds using DEM rasters with 10-meter resolution. Hydrology tools can be used to model 

the flow of water across a surface. The DEM raster with 10-meter resolution was then processed 

in the hydrology tool, allowing us to identify sinks, determine flow direction, and calculate flow 

accumulation. Five pour points were created at the output raster using coordinates of five 

sampling sites, and they were snapped to locations of higher accumulated flow. Pour point 

indicates the location from where water would flow out of the cell, which is also called drainage 

outlet. Five sub-watershed boundaries were then created based on those five snapped pour 

points (Figure 7.1).  
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Figure 7. 1 A map showing five watersheds in the City of Denton 

3.5 Land Use/Cover analysis 

The LULC data for 2001, 2006, and 2011 were calculated from 30-m resolution land cover 

data downloaded from National Land Cover Database (NLCD) created by Multi-Resolution Land 

Characteristics (MRLC) consortium, which is a group of federal agencies who coordinate and 

generate consistent and relevant land cover information at a national scale (USGS, 2014b). LULC 

data refers to information on current and historical land use activities, spatial and temporal land 

activities and changes to land uses during the course of a monitoring activity. The LULC data for 

three different years were particularly used because MRLC published land use data for these 



 27 

years, which lie within our study period and thus the relation between stormwater quality and 

LULC becomes reliable. 

The LULC data for 2001, 2006, and 2011 were clipped with a watershed boundary that 

was delineated as explained above in section 3.4. The clipped raster data represents only LULC 

of the study area. The 30-m resolution land cover data was converted into 10-m resolution. The 

land cover data downloaded from NLCD has categorized the land cover into 16 different 

categories. Therefore, a generalized land use classification (Anderson Level II Classification) was 

adopted, whereby multiple land uses were grouped into one generalized type of land use, 

resulting in seven main land use types. The reclassify tool in the Spatial Analyst toolbox was used 

to reclassify the NLCD land use classification into seven land use types, which are agricultural 

land, urban land, forestland, rangeland, wetland, water bodies, and bare land (Table 1 and Figure 

8.1). These categorizations were based upon total percentage of land cover type per total surface 

area of a specific sub-watershed.  

Table 1. Land use classification. 

S.N. Land use/cover class NLCD classification 

1 Water 11 

2 Urban 21, 22, 23, 24 

3 Agriculture 81, 82 

4 Rangeland 52. 71 

5 Forest 41, 42 

6 Wetland 90, 95 

7 Bareland 31 
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Figure 8. 1 Land use/cover of five watersheds of Denton for 2001, 2006, and 2011. 
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3.6 Threshold Determination 

Table 2. Water Quality Parameters Screening Criteria (source: City of Denton). 

Turbidity >22 NTU (14) 
PH 6.5-9.0 (10) 

Specific Conductance >650 umhos/cm (14) 

Total Dissolved Solids >500 mg/L (10) 

Nitrate >2.76mg/L (12) 
Atrazine (ELISA) >0.003 mg/L (12) 

Total Suspended Solids >21 mg/L (14) 

Ammonia >0.17 mg/L (12) 
Total Phosphorus streams >0.80 mg/L (12) 
Copper >0.0257 mg/L (8, 18) 
Lead >0.015 mg/L (8, 18) 
Zinc >0.2 mg/L (8, 18) 

 
Reference:         
(8) TCEQ Chapter 307 of Texas Surface Water Quality Standards - Aquatic Life Protection, effective 2010 Jun 30 (state 
programs only). 
(10) TCEQ Chapter 307 of Texas Surface Water Quality Standards, effective 2010 Jun 30, for Elm Fork of Trinity River 
below Ray Roberts Lake. 
(12) Guidance for Assessing Texas Surface and Finished Drinking Water Data, 2004, effective 2003 
Aug 15.   
(14) Based on 75th percentile of City of Denton Watershed Protection dry weather sampling data 
from 2001-2011.   
(18) Hardness value in formula = 188 mg/L, based on median City of Denton Watershed Protection dry weather sampling 
data from 2001-2011. 

 

The main purpose of this study was to determine the exceedance frequency of various 

water quality parameters in different sub-watersheds. Therefore, the threshold limit of each 

water quality parameter should be determined. The threshold limit for most of the water quality 

parameters were based on TCEQ Chapter 307 of Texas Surface Water Quality Standards (TCEQ, 

2010) and Guidance for Assessing and Finished Drinking Water Data (TCEQ, 2003). The threshold 

limit for Total Suspended Solids (TSS) was determined based on 75th percentile of the City of 

Denton Watershed Protection dry weather sampling data from 2001-2011. Since the toxicity of 
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metals are influenced by water hardness, the value of hardness is used to determine the criteria 

of metals. Therefore, hardness of 188 mg/L was used to calculate the threshold limit of heavy 

metals. The hardness value of 188 mg/L is based on median value of the City of Denton 

Watershed Protection dry weather sampling data from 2001-2011. The criterion for each water 

quality parameter is given in Table 2. 

 

3.7 Statistical Analyses 

 Statistical analyses were carried out to test the research hypotheses. Statistical analyses 

were conducted using statistical tools such as SPSS and Microsoft Excel. Exceedance frequencies 

were calculated using Microsoft Excel 2013. However, all other tests such as Correlation and 

Kruskal-Wallis tests were carried out using SPSS version 20. 

 

3.7.1 Exceedance Frequency 

Water quality parameters were assessed to calculate the exceedance frequency. All the 

data points of 12 different water quality parameters collected from 5 different sub-watersheds 

of the City of Denton were used to calculate the exceedance frequency.  

In order to calculate the exceedance frequency of each water quality parameter, data 

were put into Microsoft Excel 2013. The total number of observations for each water quality 

parameter were counted and put in a separate column in spreadsheet. This was done for all five 

sub-watersheds separately. Based on the threshold determined as explained above in section 

3.6, number of observations that exceeded the threshold were counted and put in a separate 

column. The percentage of exceedance was calculated by using the given formula: 
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Percentage of Exceedance = 𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 𝒐𝒐𝒐𝒐 𝑵𝑵𝒆𝒆𝒆𝒆𝑵𝑵𝑵𝑵𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝑵𝑵
𝑻𝑻𝒐𝒐𝑻𝑻𝒆𝒆𝑻𝑻 𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 𝒐𝒐𝒐𝒐 𝑶𝑶𝑵𝑵𝑶𝑶𝑵𝑵𝑵𝑵𝑶𝑶𝒆𝒆𝑻𝑻𝑶𝑶𝒐𝒐𝒆𝒆𝑶𝑶

 × 100 % 

The calculated value was put in a separate column in spreadsheet. 

 

3.7.2 Correlation 

Correlation analyses were also performed to determine if there is any relationship 

between each water quality parameter in SPSS 20. The correlation analyses between water 

quality parameters were performed for each of the five stations separately. 

 

3.7.2.1 Spearman’s Rank Correlation  

Because the water quality parameters do not distribute normally, the statistical analyses 

were confined to non-parametric test. Thus, Spearman’s rank correlation analyses were 

performed to identify the relationship between water quality parameters. 

Spearman’s rank correlations is a non-parametric statistic used to identify the strength of 

correlation between two variables. Spearman’s coefficient (rho) measures the strength and 

direction of a linear relationship between two variables. The coefficient varies from -1 to +1, -1 

being the weakest and +1 being the strongest association between two variables. A perfect 

positive correlation is +1 and a perfect negative correlation is -1. Positive or negative sign 

indicates the direction of a linear relationship. The significance level of this correlation was used 

at 95% confidence interval; that is p-value of 0.05. The significance level (also termed as p-value) 

is the probability of observing sample results (or more extreme) given that the null hypothesis is 

true. If the significance level is very small (p-value less than 0.05), the correlation is significant at 
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95% confidence interval, and the two variables are linearly correlated. Spearman’s rank 

correlations were performed using SPSS 20. 

 

3.7.3 Kruskal-Wallis H test 

Kruskal-Wallis H test was performed to investigate if the water quality parameters were 

significantly different from one watershed to another watershed. Kruskal-Wallis H test is a rank-

based non-parametric test that can be used to determine if there are significant differences 

between two or more groups of an independent variable on a continuous or ordinal dependent 

variable (Leard Statistics, 2013). It is considered the non-parametric alternative to the one-way 

ANOVA, and an extension of the Mann-Whitney U test to allow the comparison of more than two 

independent groups. The Kruskal-Wallis H tests were also performed using the SPSS 20. 

The Kruskal-Wallis H test for this test assumes a null hypothesis, which states that there 

is no difference between the water quality data within the five sub-watersheds of the City of 

Denton. The alternative hypothesis was tested at significance level (p-value) of 0.05 at confidence 

interval 95%. The alternative hypothesis states that there is significant difference between water 

quality data within five sub-watersheds. The Kruskal-Wallis test was conducted for year 2001 and 

2006. Because of the limited data points for many water quality parameters, this test for year 

2011 was not conducted. 

Kruskal-Wallis H test is an omnibus test statistic and cannot explain which specific groups 

of independent variables are statistically significantly different from each other; it only explains 

that at least two groups were different (Laerd Statistics, 2013). Since our study considered five 

independent groups, it is important to determine which two specific groups are statistically 
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significantly different, post hoc test was further carried. There is no post hoc option for Kruskal 

Wallis like in one-way ANOVA. Therefore, all pairwise options were selected in setting while doing 

independent sample tests, which resulted all the pairwise comparison of the independent 

groups. From this test, it was possible to determine which two specific independent groups were 

statistically significantly different. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter outlines the results obtained from statistical analysis in order to answer the 

research questions set in the beginning. It was followed by the discussion to interpret and justify 

the obtained results. Results of exceedance frequency of 12 water quality parameters in five 

different watersheds were laid out and discussed. Following that, results of Kruskal-Wallis 

analyses and its interpretations were discussed. It is important to note that this research has 

excluded the factors such as soil types, structure, slope, seasons that possibly might have 

influenced the results we obtained here. 

Water quality parameters from 2001 to 2011 were used to calculate the percentage of 

exceedance. This was done for all five sub-watersheds of the City of Denton separately.  

 

4.1 Exceedance Frequency - Lower Pecan Watershed 

Total number of observations with water quality parameters in Lower Pecan watershed 

and the number of observations that exceeded the thresholds is given in Table 3. In Lower Pecan 

watershed; total phosphorus, nitrate, and conductivity were found to be highly exceeded the 

Texas Surface Water criteria. The highest percentage exceedance in Lower Pecan watershed was 

for total phosphorus, which was 94.59%. It was followed by nitrate, which exceeded 93.93% of 

the total observations. The percentage exceedance for conductivity was 83.36%. Ammonia and 

total dissolved solids also significantly exceeded the threshold limits with percentage exceedance 

of 51.35% and 31.25% respectively. Copper and total suspended solids were found to be 

moderately exceeded the threshold limits with percentage exceedance of 12.16% and 8.21% 
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respectively. However, very few sampling data of turbidity, triazine, and lead exceeded their 

threshold limits. None of the sampling data for pH and zinc exceeded their thresholds.  

Table 3. Exceedance percentage of water quality parameters from Lower Pecan station. 

Water Quality    
Parameters 

No. of 
Obs. 

No. of 
Exceedance 

Percentage of 
Exceedance 

Minimum Maximum Median 

Conductivity 82 72 83.36 360 1269 731 
pH 81 0 0 6.78 8.23 7.37 
Turbidity 80 2 2.5 0 37 2.1 
TDS 80 25 31.25 200 4032 468 
TSS 73 6 8.21 1 160 4 
Nitrate 66 62 93.93 0.92 45.93 7.32 
Triazine 42 1 2.32 232.2 6632 657.6 
Ammonia 74 38 51.35 0.043 5.69 0.187 
T. Phosphorus 74 70 94.59 0.214 9.3 2.146 
Copper 74 9 12.16 0.0094 0.047 0.016 
Lead 74 2 2.7 5.00E-04 0.15 0.001 
Zinc 74 0 0 0..01 0.12 0.037 

   

Higher exceedance for most of the water quality parameter in Lower Pecan watershed is 

mainly due to the discharge from wastewater treatment plant. Because the sampling station for 

Lower Pecan watershed is located just below the wastewater treatment plant, the water quality 

of Lower Pecan is directly associated with the effluent from the treatment plant. In addition to 

that, higher exceedance of these water quality parameters are also linked to the runoff from the 

surrounding areas of landfill. The exceedance seems excessively higher for nutrients like 

phosphorus and nitrate. This is because wastewater contains nitrogen and phosphorus from 

human waste, food and certain soaps and detergents (U.S. EPA, 2015d). A wastewater treatment 

plant may completely or partially remove the contaminants from the wastewater. This result 

suggests the eutrophic condition in Lower Pecan Creek, which adversely affects the aquatic life.  
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Higher exceedance of conductivity can be caused by the high amount of nutrients like 

nitrate and total phosphorus. Negatively charged ions (anions) of nitrate and phosphorus 

increase the conductivity of water as these ions are easily dissociated in water. Higher 

exceedance of conductivity in Lower Pecan watershed indicates that the water may not be 

suitable for certain species of fish and macro-invertebrates (U.S. EPA 2015c).  

 

4.2 Exceedance Frequency – Hickory Watershed 

The percentage of exceedance for each water quality parameter of Hickory watershed is 

given in Table 4. Hickory watershed was found to have elevated turbidity and total suspended 

solids. 51.76% of total observations of turbidity and 42.85% of total observations of total 

suspended solids collected from 2001 to 2011 exceeded their threshold limits. Conductivity, 

copper, and ammonia were found to have moderate exceedance. Conductivity exceeded 15.11% 

of total observations whereas copper exceeded 10.8% of total observations. Ammonia exceeded 

7.79% of total sampled data in Hickory watershed. Very few sampled data points exceeded the 

threshold limits for triazine, lead, TDS, nitrate, and total phosphorus. pH and zinc were found to 

have not exceeded the threshold limits in Hickory watershed. 
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Table 4. Exceedance percentage of water quality parameters from Hickory station. 

Water Quality 
Parameters 

No. of 
Obs. 

No. of 
Exceedance 

Percentage 
of 
Exceedance 

Minimum Maximum Median 

Conductivity 86 13 15.11 205 1371 480.5 
pH 85 0 0 6.76 8.79 7.78 
Turbidity 85 44 51.76 0 181 24.1 
TDS 83 3 3.61 0.269 878 307 
TSS 77 33 42.85 4 260 16 
Nitrate 67 1 1.49 0.003 10.52 0.294 
Triazine 42 2 4.76 46 3665 788.6 
Ammonia 77 6 7.79 0.024 0.355 0.08 
T. Phosphorus 77 1 1.29 0.024 0.816 0.244 
Copper 77 8 10.38 0.000276 0.056 0.01 
Lead 77 3 3.89 6.05E-04 0.16 0.001 
Zinc 77 0 0 0.005 0.111 0.03 

 

Elevated turbidity and total suspended solids in Hickory watershed is mainly due to the 

land use type. Hickory watershed is predominantly agricultural land use. Agricultural activities 

such as ploughing field generally expose soils, which might be washed off in excess amount during 

storm event through runoff.  This might increase the suspended solids and turbidity in 

stormwater runoff. Exceedance for conductivity might be because of soluble salts of fertilizers 

that were used in the croplands.  

Moderate exceedance of copper in this watershed is most probably because of some of 

the urban land use such as I-35 highway and the university. Runoff from rooftops, parking lots, 

and highways, where brake pads contaminations are possible, might be the potential sources of 

copper. Exceedance percentages for nutrients were not significant except for ammonia. 

Exceedance for ammonia may be attributed to manure and fertilizers used in the cropland. 
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4.3 Exceedance Frequency – Cooper Watershed 

The percentage of exceedance for each water quality parameter of Cooper Watershed is 

given in Table 5. Conductivity, TDS, turbidity, and TSS were found to be elevated in Cooper 

watershed. Conductivity was found to have highest exceedance with 48.52% of the total 

observations. It was followed by TDS, which exceeded 36.36% of the total observations. Turbidity 

and TSS were found to have exceedance frequency of 22.72% and 21.66% of the total 

observations respectively. Ammonia, copper, and triazine were also found to have considerable 

exceedance value.  Nitrate exceeded its threshold limit with a very minimal exceedance value of 

1.88% of the total observations. pH, total phosphorus, and zinc did not exceed their threshold 

limits in Cooper watershed.  

Table 5. Exceedance percentage of water quality parameters from Cooper station. 

Water Quality 
Parameters 

No. of 
Obs. 

No. of 
Exceedance 

Percentage of 
Exceedance 

Minimum Maximum Median 

Conductivity 68 33 48.52 282.4 1180 615 
pH 66 0 0 5.54 8.93 7.705 
Turbidity 66 15 22.72 0 1073 11.5 
TDS 66 24 36.36 180.9 767 435.8 
TSS 60 13 21.66 4 266 8 
Nitrate 53 1 1.88 0.003 5 0.201 
Triazine 34 2 5.88 54.74 4163 741.1 
Ammonia 60 9 15 0.026 0.37 0.073 
T. Phosphorus 60 0 0 0.0152 0.499 0.212 
Copper 61 7 11.47 0.00146 0.039 0.01 
Lead 61 2 3.27 5.20E-04 0.03 0.001 
Zinc 61 0 0 0.001 0.112 0.03 

 

Since significant land uses of Cooper Creek watershed are urban land and agricultural 

land, elevated conductivity was anticipated. Fertilizers used in residential and agricultural land 

might be the reasons for elevated conductivity. Total dissolved solids were found higher which 
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also increased the conductivity. Because the conductivity is also affected by temperature, higher 

conductivity indicates the warmer water in the Cooper watershed. Elevated turbidity and TSS 

were most presumably because of construction activities as the urban land uses were increased 

during this period. Moderate exceedance of ammonia and triazine can be related to fertilizers 

and pesticides used in residential garden and agricultural land. 

4.4 Exceedance Frequency – Upper Pecan Watershed 

The percentage of exceedance for each water quality parameter of Upper Pecan 

watershed is given in Table 6. In Upper Pecan watershed, elevated level of conductivity and TDS 

were observed. Conductivity was found to have the highest percentage of exceedance. 50% of 

total observation of conductivity from Upper Pecan watershed exceeded its threshold limit. 

37.17% of total observations of TDS were found to have exceeded its threshold limit. Ammonia, 

TSS, turbidity, and copper were the next water quality parameters that exceeded their threshold 

limit in a considerable level in Upper Pecan watershed. Nitrate, lead, and total phosphorus were 

found to have lower percentage of exceedance. Total phosphorus has the lowest percentage of 

exceedance, which is 2.73% of total observations in Upper Pecan watershed. Like in other 

watersheds, pH and zinc did not exceed their threshold in this watershed also. 
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Table 6. Exceedance percentage of water quality parameters from Upper Pecan station.  

Water Quality 
Parameters 

No. of 
Obs. 

No. of 
Exceedance 

Percentage of 
Exceedance 

Minimum Maximum Median 

Conductivity 80 40 50 240 3127 659.5 
pH 79 0 0 6.72 8.42 7.69 
Turbidity 79 10 12.65 0 158.9 5.35 
TDS 78 29 37.17 140 2002 430 
TSS 72 10 13.88 5 288 10 
Nitrate 62 2 3.22 0 9.204 0.217 
Triazine 40 0 0 46 2946 353.2 
Ammonia 73 14 19.17 0.03 1.81 0.101 
T. Phosphorus 73 2 2.73 0.0263 1.62 0.286 
Copper 73 8 10.95 0.00207 0.051 0.01 
Lead 73 2 2.74 7.80E-04 0.03 0.001 
Zinc 73 0 0 0.001 0.142 0.03 

 

Higher exceedance of conductivity and TDS can be related to urban land, which is the 

dominant land use of this watershed. Higher dissolved solids resulted in higher conductivity. 

Lower exceedance of nitrate, total phosphorus, and triazine suggest that fewer fertilizers and 

pesticides were used in this watershed. This is supported by the result that this watershed was 

found to have a very small total area of agricultural land. 

 

4.5 Exceedance Frequency – Clear Watershed 

The percentage of exceedance for each water quality parameter of Clear Creek watershed 

is given in Table 7. Conductivity and TSS were found to have exceeded their threshold in Clear 

Creek watershed. 31.5% of total observations of conductivity and 23.52% of total observations 

of TSS exceeded their threshold limits. Turbidity, TDS, copper, and ammonia were also found to 

have exceeded their threshold limits in a considerable level. Turbidity exceeded 15.49% of total 

samples collected whereas TDS exceeded 12.5% of total samples collected. Copper and ammonia 
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exceeded their threshold limits with 10% and 7.24% of the total observations respectively. pH, 

triazine, and total phosphorus did not exceed their threshold limits. However, unlike other 

watersheds, zinc in Clear Creek watershed exceeded its threshold limit with 1.42% of the total 

observations.  

Table 7. Exceedance percentage of water quality parameters from Clear Creek station. 

Water Quality 
Parameters 

No. of 
Obs. 

No. of 
Exceedance 

Percentage of 
Exceedance 

Minimum Maximum Median 

Conductivity 73 23 31.5 267.8 1576 594 
pH 72 0 0 6.78 8.53 7.96 
Turbidity 71 11 15.49 0 429.3 5.65 
TDS 72 9 12.5 200 999 382 
TSS 68 16 23.52 4 200 10 
Nitrate 63 1 1.69 0.003 4.88 0.127 
Triazine 37 0 0 2.649 2949 54.89 
Ammonia 69 5 7.24 0.023 0.263 0.066 
T. Phosphorus 67 0 0 0.006 0.643 0.239 
Copper 70 7 10 0.001 0.073 0.01 
Lead 72 2 2.77 5.00E-04 0.03 0.001 
Zinc 70 1 1.42 0.001 0.326 0.03 

 

As compared to other watersheds, significantly higher exceedance frequencies were not 

observed in Clear Creek watershed because not many human activities were involved in this 

watershed. However, few parameters such as conductivity and TSS exceeded their threshold 

limits moderately. Since Clear Creek watershed is predominantly rangeland, TSS exceedance can 

be related to ranching activities, which expose soils that can be easily washed off during storm 

events. 
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4.6 Precipitation vs. Stormwater Quality 

Precipitation significantly affects the loading of contaminants into water bodies. 

Stormwater quality of different constituents may vary with variation of precipitation amount on 

specific watershed. The increased rainfall frequency and intensity produce more pollution and 

sediment due to increased surface water runoff and subsurface drainage (IPCC 2007). Therefore, 

precipitation data was analyzed and compared with stormwater quality using line graphs. 

  

Figure 9. 1 Annual total precipitation recorded in Denton Municipal Airport station. 

Figure 9.1 shows the annual median precipitation from 2001 to 2011 in the watersheds 

of Denton. The annual median precipitation from 2001 to 2011 was compared to annual median 

stormwater quality for different constituents on each watershed. Figure 10.1 shows the annual 

median stormwater quality for twelve parameters on Lower Pecan watershed from 2001 to 2011. 

Figure 9.1 and Figure 10.1 revealed correlations between precipitation and turbidity only in the 

Lower Pecan watershed. Turbidity was higher during higher precipitation. The other parameters 

did not show significant relation with precipitation. It is noted that quality of stormwater 

constituents in Lower Pecan watershed is mostly dependent on discharge from the wastewater 

treatment plant and landfill than any other factors. 
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Figure 10. 1 Line graphs representing median stormwater quality for Lower Pecan watershed. 
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Figure 11. 1 Line graphs representing median of  stormwater quality for Hickory watershed. 

 

Figure 11. 1 shows the annual median stormwater quality for twelve parameters in 

Hickory watershed from 2001 to 2011. Comparing Figure 9.1 and Figure 11.1 revealed that 

nutrients run off into receiving water bodies higher with higher precipitation. Nitrates in 

stormwater runoff were higher in years with higher precipitation. Ammonia and total phosphorus 

were found to be highest in years with highest precipitation. 
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Figure 12. 1 Line graphs representing median of stormwater quality for Cooper watershed. 

Similar result was found for Total Phosphorus and Triazine in Cooper Watershed where it 

was higher in years with higher precipitation (Figure 12.1). Triazine was higher with higher 

precipitation in U. Pecan Watershed (Figure 13.1). However, in Clear Watershed, Total 

Phosphorus was higher with higher precipitation (Figure 14.1). 
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Figure 13. 1 Line graphs representing median of stormwater quality for Upper Pecan 
watershed. 
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Figure 14. 1 Line graphs representing median of stormwater quality for Clear Creek watershed. 

 
However, from the spearman’s rank correlation between annual median precipitation 

and median stormwater quality, none of the water quality parameters were significantly 

correlated with precipitation at p ≤0.05. The spearman’s rank correlation between annual median 

precipitation and median stormwater quality are given in Table. 8 below. 
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Table 8. Correlation coefficient between annual median precipitation and median stormwater 
quality. 

Water Quality 
Parameters 

Correlation 
coefficient 
(Station 10) 

Correlation 
coefficient 
(Station 19) 

Correlation 
coefficient 
(Station 30) 

Correlation 
coefficient 
(Station 39) 

Correlation 
coefficient 
(Station 99) 

Conductivity -0.355 -0.4 -0.245 -0.2 -0.2 

pH -0.291 0.018 0.073 -0.036 0.533 

Turbidity 0.27 -0.036 -0.355 0.055 0.336 

TDS -0.555 -0.327 -0.036 -0.1 -0.036 

TSS -0.326 -0.073 0.165 -0.484 -0.127 

Nitrate -0.2 0.127 -0.333 0.127 -0.267 

Triazine 0.091 0.109 -0.067 0.006 0.418 

Ammonia 0.145 -0.318 -0.245 0.009 0.018 

T. Phosphorus -0.009 -0.036 -0.336 -0.336 -0.2 

Copper 0.205 0.258 0.258 0.258 0.258 

Lead 0.286 0.229 0.418 0.418 0.418 

Zinc -0.336 -0.43 -0.369 0.194 -0.196 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

  

A weekly precipitation before the sampling events were also analyzed to identify if any 

relationship exist between antecedence precipitation and stormwater quality for TSS and 

Ammonia in different watersheds of Denton. The selection of TSS and Ammonia for this test was 

based on their higher exceedance. The Spearman’s rank correlation between TSS and 

antecedence precipitation were conducted for Upper Pecan, Cooper, Hickory, and Clear Creek 

watershed. Significant correlation was observed in Hickory watershed only with a low correlation 

coefficient (0.241) (Table 9), which indicates that precipitation played a role in sediments loading 
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from Hickory watershed. The correlation between Ammonia and antecedence precipitation were 

conducted for Hickory and Upper Pecan watershed. Significant correlations were not observed. 

The correlation coefficients for each of these relationships are given in Table. 9. 

 

Table 9. Correlation between weekly antecedence precipitation and Stormwater quality 
constituents.  

 Correlation Coefficients 

WQ Parameters U. Pecan Cooper Hickory Clear Creek 

TSS 0.163 0.081 0.241* 0.186 

Ammonia 0.024  0.074  

* Correlation is significant at 0.05 level (2-tailed). 
 

4.7 Correlation Analyses 

Spearman’s Rank Correlation analyses were used to determine relationship between 

water quality parameters. Correlation analyses were performed for five watersheds of Denton. 

The data points used for these analyses included all the sampling data from 2001 to 2011 for 

each sampling station. The correlations were performed using SPSS, which provides Spearman’s 

rho. Spearman’s rho can tell us how strongly the two factors are correlated. A p-value of 0.05 

was used to determine significance for this research. The correlation coefficient tables for all five 

stations are given below (Table 10 – 14).  
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Table 10. Correlation coefficient between individual stormwater quality parameters in the 
Lower Pecan watershed. 

  Cond. pH Turb. TDS TSS 
Nitrat
e 

T. 
Phos. 

Amm
. 

Triazin
e Copper Lead 

Zin
c 

Cond. 1                       

pH -0.61 1                     

Turbidity -0.48 -0.055 1                   

TDS 0.821** -0.059 -0.07 1                 

TSS 0.056 0.151 -0.08 -0.061 1               

Nitrate 0.158 -0.106 0.074 0.194 0.1 1             

T. Phos. 0.134 -0.42** -0.08 0.029 -0.05 0.175 1           

Ammo. -0.01 -0.172 -0.11 0.055 -0.09 0.008 0.266* 1         

Triazine 0.038 0.214 0.105 0.139 -0.08 -0.181 -0.34 0.082 1       

Copper -0.262* 0.291* 0.044 -0.199 -0.02 0.057 -0.29* 0.177 0.314* 1     

Lead -0.288* 0.1 0.259* -0.419** 0.09 -0.028 -0.017 
-
0.037 -0.08 0.414** 1   

Zinc 0.084 -0.104 0.007 0.1 -0.04 0.123 -0.04 0.199 0.186 0.308** -0.015 1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
 
 
Table 11. Correlation coefficient between individual stormwater quality parameters in the 
Hickory watershed. 

  Cond. pH Turb. TDS 
 

TSS Nitrate T. Phos. Ammo. Tria. Copper Lead Zinc 

Cond. 1       
 

                

pH -0.153 1     
 

                

Turbidity -0.41** -0.127 1   
 

                

TDS 0.982** -0.187 -0.37** 1 
 

                

TSS -0.121 0.137 0.447** -0.082 
 

1               

Nitrate -0.262* 0.092 0.383** -0.26* 
 

0.296* 1             

T. Phos. 0.041 0.139 0.094 0.034 
 

0.04 0.152 1           

Ammonia -0.009 0.134 0.175 0.017 
 

0.236* 0.359** 0.088 1         

Triazine 0.13 -0.05 -0.04 0.115 
 

0.23 0.234 -0.059 0.435** 1       

Copper -0.334** 0.331** 0.118 -0.311** 
 

0.2 0.248* 0.227* 0.062 -0.01 1     

Lead -0.431** -0.031 0.334** -0.401** 
 

0.327** 0.399** 0.001 0.102 0.037 0.459** 1   

Zinc 0.007 0.134 0.057 0.01 
 

0.18 0.193 0.333** 0.279* -0.21 0.409** 0.15 1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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Table 12. Correlation coefficient between individual stormwater quality parameters in the 
Cooper watershed. 

  Cond. pH Turb. TDS TSS Nitrate 
T. 
Phos. Ammo. Tria. Copper Lead Zinc 

Cond. 1                       

pH -0.104 1                     

Turbidity -0.143 -0.11 1                   

TDS 0.995** -0.095 -0.117 1                 

TSS -0.042 -0.044 0.366** -0.029 1               

Nitrate -0.02 0.068 0.44** -0.029 0.34 1             

T. Phos. -0.293* 0.072 0.208 -0.284* 0.08 0.089 1           

Ammonia -0.226 0.016 0.024 -0.234 0.2 0.431** 0.145 1         

Triazine 0.333 -0.174 0.007 0.346* -0.22 0.033 -0.273 0.4328* 1       

Copper 0.09 0.361** -0.15 -0.095 0.25 0.028 0.07 -0.039 -0.367* 1     

Lead -0.103 0.035 0.183 -0.124 0.348** 0.31* -0.195 0.17 -0.23 0.363** 1   

Zinc 0.129 0.208 0.124 0.12 0.269* 0.281* -0.023 0.166 -0.07 0.328** 0.287* 1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

Table 13. Correlation coefficient between individual stormwater quality parameters in the 
Upper Pecan watershed. 

  Cond. pH Turb. TDS TSS Nitrate 
T. 
Phos. Ammo. Tria. Copper Lead Zinc 

Cond. 1                       

pH -0.083 1                     

Turbidity -0.316** -0.064 1                   

TDS 0.991** -0.077 -0.313 1                 

TSS -0.068 0.203 0.135 -0.044 1               

Nitrate -0.057 0.137 0.279* -0.064 0.266* 1             

T. Phos. -0.193 0.202 0.046 -0.213 0.05 0.025 1           

Ammonia -0.033 -0.06 0.061 -0.066 0.03 0.276* 0.036 1         

Triazine 0.116 -0.065 0.237 0.11 0.01 0.054 0.092 0.119 1       

Copper -0.179 0.341** -0.09 -0.193 0.12 0.21 0.145 0.125 0.015 1     

Lead -0.073 -0.042 0.286* -0.084 0.21 0.441** -0.002 0.21 0.118 0.397** 1   

Zinc -0.098 0.104 0.095 -0.122 0.23 0.225 0.278* 0.102 0.043 0.44** 0.331** 1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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Table 14. Correlation coefficient between individual stormwater quality parameters in the Clear 
Creek  watershed. 

  Cond. pH Turb. TDS TSS Nitrate 
T. 
Phos. Ammo. Tria. Copper Lead Zinc 

Cond. 1                       

pH -0.4** 1                     

Turbidity -0.439** 0.027 1                   

TDS 0.949** -0.356** -0.498 1                 

TSS -0.397** -0.119 0.408** -0.399** 1               

Nitrate -0.285* -0.019 0.448** -0.364** 0.419** 1             

T. Phos. -0.162 -0.054 0.121 -0.098 -0.03 0.172 1           

Ammonia -0.019 -0.105 0.059 -0.02 0.15 0.09 -0.007 1         

Triazine  -0.447** -0.006 0.492** -0.496** 0.426** 0.147 -0.27 0.34* 1       

Copper -0.264* 0.183 0.149 -0.235 0.17 0.188 0.012 0.363** 0.332 1     

Lead  0.008 -0.119 0.167 -0.045 0.21 0.377** -0.067 0.378** 0.358* 0.445** 1   

Zinc -0.185 -0.036 0.105 -0.175 0.17 0.258* 0.289* 0.378** 0.073 0.524** 0.299* 1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

 

Significant correlations were observed between conductivity and TDS in all five 

watersheds of Denton. Correlation coefficient was ranging from 0.821 to 0.995, which showed 

strong positive correlation between these two water quality parameters in the watersheds of 

Denton. As the total dissolved solids affect the amount of soluble ions in the water, this 

relationship was anticipated. However, they are not perfect, because some of the dissolved 

constituents in water, notably silica, are electrically neutral. 

 As expected, significant correlations were also observed between turbidity and TSS in 

most of the watersheds of Denton. These correlations were found to have moderate coefficients 

ranging from 0.366 to 0.447. Turbidity is often used to indicate changes in total suspended solids 

concentration in water. However, this result was not observed in both Upper and Lower Pecan 

watersheds. This result suggests that runoff from watersheds with dominant agricultural and 

rangeland areas get more TSS which increases the turbidity of water that is running off into the 
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adjacent creek. Conversely, watersheds with dominant urban land reduce the suspended solids 

in the urban runoff because increased amount of impervious surfaces decreased amount of 

exposed soils, and resulting decrease in erosion potential associated with urban land uses (Banks, 

et al, 2007). Turbidity in Lower Pecan Creek might be because of dissolved colored material that 

could be mixed up into wastewater. Significant correlations were also observed between 

turbidity and TDS, but these relationships were found to be negatively correlated. This indicates 

that turbidity of runoff water decreases with increasing amount of dissolved solids. These 

correlations were observed only in Hickory, Clear, and Upper Pecan watersheds.  

 Turbidity was also found to be significantly correlated with nitrate (0.448) and triazine 

(0.492). These positive correlations were observed in Clear Creek Watershed. This indicates that 

nitrogen-containing nutrients and herbicides are also contributing factors to affect the turbidity 

of water running off of the Clear Creek watershed. The nitrate accumulation in water cause algal 

blooms resulting in turbid water. In addition to that, nitrate and triazine are also significantly 

correlated with TSS, having coefficient 0.419 and 0.426 respectively. This observation also 

justified that nitrate and triazine affect the turbidity of runoff from the Clear Watershed. 

 A significant negative correlation between pH and total phosphorus (-0.420) was 

observed only in Lower Pecan Watershed. This result suggests that the total phosphorus in Lower 

Pecan watershed may be responsible for making its water more acidic.  

Many other significant correlations between water quality parameters were observed in 

different watersheds. TDS and lead (-0.419), and copper and lead (0.414) were significantly 

correlated in Lower Pecan watershed. But in Hickory Watershed, significant correlations were 

identified between conductivity and lead (-0.431), conductivity and turbidity (-0.410), TDS and 
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lead (-0.401), triazine and ammonia (0.435), and zinc and copper (0.409). Most significant 

correlations that were observed in Cooper watershed were between nitrate and turbidity (0.44), 

nitrate and ammonia (0.431), and triazine and ammonia (0.428). Nutrients can increase the algal 

growth, which reduces the clarity of stream water. This might be the reason that the correlations 

between nitrate and turbidity were observed. 

Two most significant correlations observed in Upper Pecan watershed were between 

nitrate and lead (0.441) and copper and zinc (0.44). Copper and zinc have some common sources 

such as rooftops, motor brake pads, and tires. Therefore, storm runoff from the highways and 

rooftops from Upper Pecan watershed could yield copper and zinc together.  But in Clear Creek 

watershed, several significant correlations were observed. Conductivity was significantly 

correlated with many other parameters like pH (-0.4), turbidity (-0.439), triazine (-0.447), and TSS 

(-0.397). All of these parameters were found to be negatively correlated with conductivity. This 

indicates that higher values of these water quality parameters may decrease the conductivity in 

runoff from Clear Creek watershed. Other significant correlations that were observed in Clear 

Creek watershed were between copper and lead (0.445), and copper and zinc (0.524). The 

correlations between metals might be attributed to the oil, brake pads, and tires that might be 

contaminated into the runoff from roads and highways. 

 

4.8 Land Use/Cover Analysis 

 Land Use/Cover data was analyzed to calculate the total percentage of different land 

use/cover in each watershed. This was done for years 2001, 2006, and 2011 using NLCD land 

cover data, and the following land use/cover classes were obtained: water, urban, agriculture, 
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forest, rangeland, wetland, and bareland. Table 15-19 show statistics of areas occupied by land 

use/cover classes and Figure 15.1 shows the maps created from land use/cover classes.  

      

Figure 15. 1 A map of land use/cover of watershed of Denton for different years. 

Based on the analyses of NLCD land cover data, the changes in the area of each watershed 

by each land use/cover type were obtained (Table 15-19). Figure 16 shows the percentage of 

weighted area change of each land use type from 2001 to 2011 for each watershed. Although 

huge changes were not observed, considerable changes were observed in the watersheds of 

Denton from 2001 to 2011. In Cooper watershed, there has been decrease in agricultural land, 

rangeland, and forest by 1.56%, 3.81%, and 0.69% respectively (Figure 16.1). The reduction of 

such lands can be attributed to urban settlement, which has increased by 6.05%.  Bareland has 



 59 

increased by 0.02%. However, no changes were observed in areas of water and wetland in Cooper 

watershed. 

Table 15. Land use/cover statistics for the year 2001, 2006, and 2011 for L. Pecan watershed.  

  2001   2006   2011     

Land use 
Area 
(sq. mi) Percentage Area(sq.mi) Percentage Area(sq.mi) Percentage 

Percent change 
from 2001 to 2011 

Water 0.015 
3.04878048

8 0.015 3.04878 0.015 3.04878 0 

Urban 0.132 
26.8292682

9 0.132 26.82927 0.132 26.82927 0 
Agriculture 0.166 33.7398374 0.166 33.73984 0.166 33.73984 0 
Rangeland 0.083 16.8699187 0.083 16.86992 0.083 16.86992 0 

Forest 0.096 
19.5121951

2 0.096 19.5122 0.096 19.5122 0 
Wetland 0 0 0 0 0 0 0 
Bareland 0 0 0 0 0 0 0 
  0.492   0.492   0.492     
 

Table 16. Land use/cover statistics for the year 2001, 2006, and 2011 for Hickory watershed. 

  2001   2006   2011     

Land use 
Area 
(sq. mi) Percentage Area(sq.mi) Percentage Area(sq.mi) Percentage 

Percent change 
from 2001 to 2011 

Water 0.587 0.413191145 0.588 0.413892 0.603 0.424454 0.01% 
Urban 17.414 12.25776933 18.661 13.13544 20.076 14.13156 1.87% 
Agriculture 50.019 35.20853131 50.112 35.27375 49.562 34.88685 -0.32% 
Rangeland 65.446 46.06764509 64.046 45.08186 63.222 44.50216 -1.57% 
Forest 8.371 5.892373209 8.27 5.821238 8.091 5.69528 -0.20% 
Wetland 0.107 0.075317636 0.122 0.085876 0.12 0.084468 0.01% 
Bareland 0.121 0.08517228 0.267 0.187941 0.391 0.275226 0.19% 
  142.065   142.065   142.065     
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Table 17. Land use/cover statistics for the year 2001, 2006, and 2011 for Cooper watershed. 

  2001   2006   2011     

Land use 
Area 
(sq.mi) Percentage Area(sq.mi) Percentage Area(sq.mi) Percentage 

Percent change 
from 2001 to 2011 

Water  0 0 0 0 0 0 0% 

Urban 4.103 61.56962785 4.455 66.84171 4.506 67.61705 6.05% 

Agriculture 0.623 9.348739496 0.53 7.951988 0.519 7.788115 -1.56% 

Rangeland 1.608 24.12965186 1.379 20.69017 1.354 20.31813 -3.81% 

Forest 0.325 4.87695078 0.294 4.411103 0.279 4.186675 -0.69% 

Wetland 0.002 0.030012005 0.002 0.030008 0.002 0.030012 0% 

Bareland 0.003 0.045018007 0.005 0.075019 0.004 0.060024 0.02% 

  6.664   6.664   6.664     
 

Table 18. Land use/cover statistics for the year 2001, 2006, and 2011 for U. Pecan watershed. 

  2001   2006   2011     

Land use 
Area 
(sq.mi.) Percentage Area(sq.mi) Percentage 

Area 
(sq.mi) Percentage 

Percent change from 
2001 to 2011 

Water 0.065 0.47145862 0.062 0.449764 0.071 0.514978 0.04% 
Urban 9.55 69.26815116 9.749 70.7218 10.044 72.85124 3.58% 
Agriculture 0.712 5.164285196 0.699 5.070729 0.672 4.874157 -0.29% 
Rangeland 2.467 17.89366795 2.297 16.66304 2.013 14.60071 -3.29% 
Forest 0.953 6.912308697 0.938 6.804498 0.868 6.295786 -0.62% 
Wetland 0.04 0.290128382 0.04 0.29017 0.039 0.282875 -0.80% 
Bareland 0 0 0 0 0.08 0.580257                               0.58% 
  13.787   13.785   13.787     
 

Table 19. Land use/cover statistics for the year 2001, 2006, and 2011 for Clear watershed. 

  2001   2006   2011     

Land use 
Area 
(sq.mile) Percentage 

Area 
(sq.mi) Percentage 

Area 
(sq.mi) Percentage 

Percent change 
from 2001 to 2011 

Water  1.695 0.692020332 1.696 0.692426 1.858 0.758566 0.07% 

Urban 10.336 4.219895074 10.365 4.231718 10.378 4.237025 0.02% 

Agriculture 31.352 12.80013065 31.352 12.80008 31.285 12.77272 -0.03% 

Rangeland 164.143 67.01492233 163.997 66.95504 163.6 66.79296 -0.22% 

Forest 37.178 15.17872089 37.162 15.17213 36.583 14.93574 -0.24% 

Wetland 0 0 0.004 0.001633 0.004 0.001633 0.00% 

Bareland 0.231 0.094310736 0.36 0.146977 1.228 0.501355 0.41% 

  244.936   244.936   244.936     
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Figure 16. 1 Cooper watershed. 

 

Figure 16. 2 U. Pecan watershed. 

 

Figure 16. 3 Hickory watershed. 

 

Figure 16. 4 Clear Creek watershed. 

Figure 26 Percentage of weighted area land use change (2001 to 2011). 

 

Results also showed that changes were observed in Upper Pecan watershed. Rangeland, 

forest, and agricultural land were decreased by 3.29%, 0.62%, and 0.29% respectively (Figure 

16.2). Also in this watershed, the reduction of these lands can be attributed to urban settlement 

because urban land has increased by 3.58%. Some of those lands might be converted into water 

area such as lakes, which was increased by 0.04%.  

 Urban land areas are rapidly growing in Hickory watershed. There has been an increase 

of 1.87% of urban area from 2001 to 2011 (Figure 16.3).  Wetland areas were increased by 0.01%. 
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But, rangeland, forest, and agricultural lands were decreased by 1.57%, 0.2%, and 0.32%.  

  Compared to other watersheds, very little changes were observed in Clear Creek 

watershed. Bareland was increased by 0.4%. Some of the changes were observed in water area, 

which was increased by 0.07% and urban area, which was increased by 0.02% (Figure 16.4). 

Changes were not observed for any land use/cover types in Lower Pecan watershed. 

The changes in land use/cover in watersheds of Denton may be linked to the changes in 

the quality of water chemistry used for this study. The turbidity and total suspended solids have 

increased during this study period in Cooper and Upper Pecan watersheds (Figure 12.1 and 13.1). 

This might be related to the construction activities as the urban land uses have increased by 

6.05% (Figure 16.1) in Cooper watershed and 3.58% (Figure 16.2) in Upper Pecan watershed. 

However, the increment of the total suspended solids in Clear Creek watershed can be directly 

associated with the bareland that has increased by 0.4% (Figure 16.4). 

 The nutrients like nitrate and total phosphorus have decreased substantially in both 

watersheds, which can be related to the reduction of agricultural, rangeland, and forest areas. 

As the nutrient-containing nitrate and phosphorus are widely used in agricultural land to increase 

crop yields, the reduction of such land might decrease nutrients in runoff. These nutrients along 

with ammonia were found to be decreased in Hickory and Clear Creek watershed also most 

probably because of reduction in rangeland in Hickory (Figure 16.3) and both rangeland and 

forest land in Clear Creek watersheds (Figure 16.4). 

The increase of the triazine in Cooper watershed can be related to the increase of urban 

land, as this pesticide can be widely used in the residential areas to control pests. However, 

triazine was found to be decreased in Upper Pecan and Hickory watersheds. This result can be 
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attributed to the reductions in agricultural land in these watersheds. 

Metals like copper and zinc have decreased over the study period in all of four watersheds 

except Lower Pecan. In this case, negative relations between changes in metals quality and 

changes in urban land were observed. Because the motor tires and brakes are the possible 

sources of metals like zinc and copper, possible reason for this result could be that the city 

residents might have replaced the old and bad conditioned-vehicles by new or well-maintained 

vehicles.    

 

4.9 Kruskal-Wallis H Test for 2001 

 A Kruskal-Wallis Test was conducted to determine if the stormwater quality parameters 

were significantly different among five watersheds. Twelve parameters were used for this test. 

Kruskal-Wallis Test was run for the year 2001 and 2006. Year 2011 was not selected because of 

very limited data points for many water quality parameters. The number of data points of each 

parameter that were used in this test for the year 2001 are given in Table 20.  
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Table 20. Number of Data points for the Kruskal-Wallis Test (2001). 

Parameters     Site     

  
Clear 
Creek 

Cooper 
Creek 

U. Pecan 
Creek L. Pecan Creek Hickory Creek 

Conductivity 10 11 12 12 12 
pH 10 10 11 11 11 
Turbidity 10 12 12 12 12 
TDS 10 10 11 11 11 
TSS 9 8 9 9 9 
Nitrate 9 7 9 9 9 
Triazine 6 5 5 6 6 
Ammonia 8 7 8 8 8 
T. Phosphorus 8 8 9 9 9 
Copper 9 8 9 9 9 
Lead  9 8 9 9 9 
Zinc 9 8 9 9 9 
 

The test revealed significant differences for many parameters. Seven parameters out of 

twelve varied by watersheds at p-values less than or equal to 0.05. The parameters were 

conductivity (H = 16.162, p = 0.003), pH (H = 24.698, p = 0.000), turbidity (H=30.785, p = 0.000), 

TDS (H=13.485, p = 0.009), nitrate (H = 23.831, p = 0.000), total phosphorus (H= 24.701, p = 

0.000), and zinc (H = 16.397, p = 0.003). The parameters that were not significantly different were 

total suspended solids, triazine, ammonia, copper, and lead. 

 A Pairwise comparison test was run to further evaluate pairwise differences among the 

five watersheds. The results of these tests indicated a significant difference between Hickory and 

Lower Pecan watersheds for both conductivity and TDS with H = 26.833, p = 0.001 and H = 22.455. 

p = 0.006 respectively.  
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treatment plant off to the Lower Pecan Creek. However, the significant difference for turbidity 

between Upper Pecan and Hickory watersheds can be linked to the dominant land use type they 

have. The dominant agricultural land uses contributed higher turbidity in Hickory watershed as 

compared to Upper Pecan watershed. 

 Kruskal-Wallis Test for 2006 

The number of data points of various water quality parameters that were used for the 

Kruskal-Wallis Test for the year 2006 are given in Table 21. Significant differences among 

watersheds were observed for a few water quality parameters. Those parameters were turbidity 

(H = 14.902, p = 0.005), nitrate (H = 16.12, p = 0.003), triazine (H = 17.028, p = 0.002), ammonia 

(H = 16.424, p = 0.003), and total phosphorus (H = 12.784, p = 0.012). Significant differences were 

not observed for other parameters such as conductivity, pH, TDS, TSS, copper, lead, and zinc. 

 

Table 21. Number of Data points for the Kruskal-Wallis Test (2006). 

Parameters     Site     

  Clear Creek 
Cooper 
Creek 

U. Pecan 
Creek L. Pecan Creek Hickory Creek 

Conductivity 5 6 7 9 7 
pH 5 6 7 9 7 
Turbidity 5 6 7 9 7 
TDS 5 6 7 9 7 
TSS 5 5 7 8 6 
Nitrate 4 5 5 7 6 
Triazine 3 4 5 6 4 
Ammonia 4 3 5 6 5 
T. Phosphorus 3 3 5 6 5 
Copper 3 3 4 5 4 
Lead  3 3 4 5 4 
Zinc 3 3 4 5 4 
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The pairwise comparison test was run to further determine pairwise differences among 

watersheds for individual water quality parameters. The pairwise comparison test for turbidity 

showed a significant difference between Lower Pecan and Cooper watersheds (H = 15.944, p = 

0.023), and Lower Pecan watershed and Hickory Creek watershed (H = -15.968, p = 0.014). 

The Pairwise comparison test for nitrate revealed a significant difference between Clear 

and L. Pecan watersheds (H = -16.875, p = 0.007), and Hickory and L. Pecan watersheds (H = 13.75, 

p = 0.018). 

For triazine, the pairwise comparison test indicated a significant difference between Clear 

Creek and Cooper watersheds (H = -14.75, p = 0.029), and Clear Creek and Hickory watersheds 

(H = -17.5, p = 0.004). 

The pairwise comparison test for ammonia revealed that significant differences were 

observed between Clear Creek and L. Pecan watersheds (H = -14.667, p = 0.008), and Hickory and 

Lower Pecan watersheds (H = 13.567, p = 0.01). 

Likewise, the pairwise comparison was also run for total phosphorus. Total phosphorus 

was found to be significantly different between Hickory and Lower Pecan watersheds only (H = 

12.2, p = 0.019). 

In 2006, most of the water quality parameters were also significantly different between 

Lower Pecan watershed and other watersheds, which are mostly attributed to the effluent 

discharges from the wastewater treatment plant off to the Lower Pecan Creek. However, Triazine 

showed significant differences between Clear Creek and Cooper watersheds, and Clear Creek and 

Hickory watersheds. Elevated triazine in Hickory and Cooper watersheds could be attributed to 

the agriculture and urban land uses where triazine could be applied as herbicides.  
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

The main purpose of this research was to analyze the exceedance frequency of 

stormwater quality in watersheds of Denton and relate it to land use/cover of each watershed. 

This would help to identify such watersheds, which need attention to protect them and assure 

water quality for drinking purpose as well as for aquatic life. 

This study analyzed the percentage exceedance of twelve water quality parameters from 

five watersheds of Denton over an 11-year time period from 2001 to 2011. The results showed 

that Lower Pecan watershed is the most problematic in terms of stormwater quality. Most of the 

water quality parameters that were analyzed in this watershed exceeded their criteria for surface 

water quality. Total Phosphorus, nitrate, and conductivity exceeded their threshold most 

frequently with percentage exceedance 98.59%, 93.93%, and 83.36%. Descriptive statistics of 

Lower Pecan watershed also revealed that median values of conductivity, nitrate, ammonia, and 

total phosphorus exceeded the threshold. Total suspended solid is the water quality parameter 

that is frequently exceeded in both Hickory and Clear Creek watersheds. However, in Upper 

Pecan and Cooper watersheds, conductivity has the highest percentage of exceedance. Thus, it 

can be concluded that rural watersheds have higher exceedance for total suspended solids and 

turbidity whereas urban watersheds have higher exceedance for conductivity. 

Land use/cover types for five watersheds were analyzed using GIS. From the analyses, it 

was observed that Hickory and Clear Creek watersheds were predominantly agricultural and 

rangeland respectively. However, Upper Pecan and Cooper watersheds were mostly covered by 

urban land uses. Lower Pecan watershed was found to have dominant urban and agricultural 
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land use. However, from the field visit, it was observed that the wastewater treatment plant and 

landfill site, which were the major contributors for the degradation of stormwater quality, are 

located in this watershed. 

Higher percentage exceedance of water quality parameter in Lower Pecan watershed 

indicates that the stormwater quality of this watershed is significantly degraded. The degradation 

of stormwater quality can be attributed to the discharge from the wastewater treatment plant 

and runoff from surrounding areas of landfill. However, higher percentage exceedance of total 

suspended solids in Hickory and Clear Creek watersheds can be attributed to the agricultural and 

ranching activities respectively. And, higher percentage exceedance of conductivity in Upper 

Pecan and Cooper watersheds can be attributed to all the dissolved solids running off the 

impervious surfaces. 

Strong positive correlation was observed between conductivity and TDS in all five 

watersheds. Other correlations varied with watersheds. There was a correlation between TSS and 

turbidity in most watersheds except Lower Pecan and Upper Pecan watersheds. Turbidity was 

correlated with nitrate and triazine in Clear Creek watershed.  

The Kruskal Wallis test showed that seven water quality parameters out of the twelve 

were significantly different from one watershed to another in 2001. However, significant 

differences were observed for only five water quality parameters in 2006. These changes were 

probably attributed to land use change in watersheds of Denton over that period of time. From 

the land use/cover analyses, it was evident that from 2001 to 2011, the urban land areas were 

increased in Hickory watershed (1.87%), Upper Pecan watershed (3.58%), and Cooper watershed 

(6.05%) by clearing off the agriculture, rangeland, and forest areas. Bareland uses were also 
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increased in these watersheds along with Clear Creek watershed. 

Thus, from the analysis of this study, Lower Pecan watershed has been found as the most 

critical watershed. This suggests that the City of Denton needs to prioritize this watershed to 

protect it. As the wastewater treatment plant and landfill site seem to be causing factors for 

higher percentage exceedance of the water parameters, stormwater quality from these land uses 

need to be monitored more frequently. Although the Hickory watershed is predominantly 

agricultural, the watershed has been rapidly developed with increasing impervious land surfaces. 

This changes resulted more pollutants loading into receiving stream of the Hickory watershed.  

The significance of this study is that the findings of this study would help prioritizing the 

critical watersheds that need immediate actions to protect them by implementing the best 

management practices. This study has identified the major stormwater constituents from each 

watershed causing impairment to water quality. Thus, it helps water resource managers to focus 

on elevated level stormwater constituents to reduce its level below threshold limit.  

As is the case with many researches, readers need to consider the presented result within 

the context of limitations. This research has gone through some of the limitations. One of the 

main limitations of this research was to use secondary data as the data selection, quality, and 

collection methods are not under my control. However, the qualities of these data were highly 

dependable as these data were collected by the City of Denton professionals.  

The limited data collected in some years was considered as another limitation of this 

research because few data points in some years have impacted on the quality of some of the 

findings. Specifically, while comparing annual median precipitation with water quality 

parameters in time line series, relationships that were observed are not fully reliable. 
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This research could be even better to analyze exceedance frequency and its relation to 

land use/cover if it was done for smaller sub-basins within watersheds. Finding relationship 

between water quality variables and smaller sub-basins would help to identify problems in small 

scale and thus help to solve it more effectively. This was not possible for this research because 

of lack of enough data for all the study years from each sub-basins even though eighty five sub-

basins were established by the City of Denton. That is why limiting sampling sites into five station 

only was also considered as one of the major limitation in this research.  

Therefore, in order to overcome such limitations, future researches can focus on smaller 

sub-basins and correlate specific land use types more accurately with stormwater quality. This 

would help the water resource managers, city planners, and policy makers to act and ensure for 

the watershed protection effectively. Other suggested future studies include:  

1. Study of seasonal exceedance frequency of stormwater quality in watersheds of Denton.

2. Analyses of first flush stormwater quality.

3. Evaluation of effects of storm intensity, duration, and discharge volume in pollutant

loading from the runoff.
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APPENDIX A 

ACRONYMS
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ACRONYMS 

BMP 

DEM 

DO 

EPA 

GIS 

LULC 

MRLC 

MS4 

NAWQA 

NED 

NLCD 

NOAA 

NPDES 

NPS 

NURP 

SPSS 

TCEQ 

TDS 

TSS 

USEPA 

Best management practices 

Digital elevation model 

Dissolved oxygen  

Environmental Protection Act 

Geographic information system 

Land use land cover 

Multi-resolution land characteristics 

Municipal Separate Stormwater System National 

Water Quality Assessment 

National Elevation Dataset 

National Land Cover Database 

National Oceanic and Atmospheric 

Administration National Pollution Discharge 

Elimination System Non-point source 

Nation Urban Runoff Program 

Statistical Package for Social Sciences 

Texas Commission on Environmental Quality 

Total dissolved solids 

Total suspended solids 

United States Environmental Protection Act 
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APPENDIX B  

KRUSKAL WALLIS H TEST- 2001 
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Kruskal-Wallis H Test - 2001 

1. Conductivity
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum 

Conductivity 57 541.2281 191.64765 205.00 1000.00 

Group 57 3.0877 1.40510 1.00 5.00 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Conductivity 

ClearCreek 10 27.30 

CooperCreek 11 30.45 

UPecanCk 12 31.00 

LPecanCk 12 41.46 

HickoryCreek 12 14.63 

Total 57 

Test Statisticsa,b 

Conductivity 

Chi-Square 16.163 

df 4 

Asymp. Sig. .003 

a. Kruskal Wallis Test

b. Grouping Variable: Group

2. pH
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum 

pH 53 7.7621 .31097 7.02 8.39 

Group 57 3.0877 1.40510 1.00 5.00 
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Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

pH 

Clear Wtshd 10 41.60 

Cooper Wtshd 10 26.30 

U.Pecan Wtshd 11 25.59 

L.Pecan Wtshd 11 9.64 

Hickory Wtshd 11 33.14 

Total 53 

Test Statisticsa,b 

pH 

Chi-Square 24.698 

df 4 

Asymp. Sig. .000 

a. Kruskal Wallis Test

b. Grouping Variable: Group

3. Turbidity
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum 

Turbidity 57 15.5344 27.01370 .93 181.00 

Group 57 3.0877 1.40510 1.00 5.00 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Turbidity 

Clear Wtshd 10 34.20 

Cooper Wtshd 11 35.41 

U.Pecan Wtshd 12 18.83 

L.Pecan Wtshd 12 12.50 

Hickory Wtshd 12 45.46 

Total 57 
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Test Statisticsa,b 

Turbidity 

Chi-Square 30.785 

df 4 

Asymp. Sig. .000 

a. Kruskal Wallis Test

b. Grouping Variable: Group

4. TDS
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum 

TDS 53 348.6792 107.23873 140.00 570.00 

Group 57 3.0877 1.40510 1.00 5.00 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

TDS 

Clear Wtshd 10 24.35 

Cooper Wtshd 10 31.50 

U.Pecan Wtshd 11 29.50 

L.Pecan Wtshd 11 36.14 

Hickory Wtshd 11 13.68 

Total 53 

Test Statisticsa,b 

TDS 

Chi-Square 13.485 

df 4 

Asymp. Sig. .009 

a. Kruskal Wallis Test

b. Grouping Variable: Group

5. TSS
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum Percentiles 

25th 50th (Median) 75th 

TSS 44 20.0909 16.53723 4.00 68.00 6.0000 15.0000 33.0000 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 
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Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

TSS 

Clear Wtshd 9 26.00 

Cooper Wtshd 8 23.06 

U.Pecan Wtshd 9 15.67 

L.Pecan Wtshd 9 16.67 

Hickory Wtshd 9 31.17 

Total 44 

Test Statisticsa,b 

TSS 

Chi-Square 9.307 

df 4 

Asymp. Sig. .054 

a. Kruskal Wallis Test

b. Grouping Variable:

Group 

6. Nitrate
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Nitrate 43 1.91849 3.330430 .020 14.298 .11400 .34300 1.69400 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Nitrate 

Clear Wtshd 9 11.78 

Cooper Wtshd 7 18.14 

U.Pecan Wtshd 9 18.50 

L.Pecan Wtshd 9 39.00 

Hickory Wtshd 9 21.72 

Total 43 
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Test Statisticsa,b 

Nitrate 

Chi-Square 23.831 

df 4 

Asymp. Sig. .000 

a. Kruskal Wallis Test

b. Grouping Variable:

Group 

7. Total Phosphorus
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

T.Phosphorus 43 .67458 1.088710 .038 4.297 .09000 .22400 .34000 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

T.Phosphorus 

Clear Wtshd 8 12.00 

Cooper Wtshd 8 15.44 

U.Pecan Wtshd 9 23.50 

L.Pecan Wtshd 9 39.00 

Hickory Wtshd 9 18.22 

Total 43 

Test Statisticsa,b 

T.Phosphorus 

Chi-Square 24.701 

df 4 

Asymp. Sig. .000 

a. Kruskal Wallis Test

b. Grouping Variable: Group
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8. Ammonia
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Ammonia 39 .15262 .112311 .040 .434 .06900 .10100 .23900 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Ammonia 

Clear Wtshd 8 15.44 

Cooper Wtshd 7 19.57 

U.Pecan Wtshd 8 18.50 

L.Pecan Wtshd 8 28.69 

Hickory Wtshd 8 17.75 

Total 39 

Test Statisticsa,b 

Ammonia 

Chi-Square 6.387 

df 4 

Asymp. Sig. .172 

a. Kruskal Wallis Test

b. Grouping Variable: Group

9. Triazine
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Triazine 28 .000722344 .0007785739 .0000460 .0036650 .000216500 .000489710 .000903250 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 
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Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Triazine 

Clear Wtshd 6 10.50 

Cooper Wtshd 5 16.60 

U.Pecan Wtshd 5 10.00 

L.Pecan Wtshd 6 16.50 

Hickory Wtshd 6 18.50 

Total 28 

Test Statisticsa,b 

Triazine 

Chi-Square 5.014 

df 4 

Asymp. Sig. .286 

a. Kruskal Wallis Test

b. Grouping Variable: Group

10. Copper
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Copper 44 .02580 .027203 .020 .200 .02000 .02000 .02000 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Copper 

Clear Wtshd 9 19.67 

Cooper Wtshd 8 23.50 

U.Pecan Wtshd 9 22.00 

L.Pecan Wtshd 9 22.39 

Hickory Wtshd 9 25.06 

Total 44 
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Test Statisticsa,b 

Copper 

Chi-Square 1.591 

df 4 

Asymp. Sig. .810 

a. Kruskal Wallis Test

b. Grouping Variable: Group

11. Lead
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Lead 44 .013480 .0331906 .0010 .1600 .001000 .001000 .003025 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Lead 

Clear Wtshd 9 17.89 

Cooper Wtshd 8 20.88 

U.Pecan Wtshd 9 17.89 

L.Pecan Wtshd 9 25.67 

Hickory Wtshd 9 30.00 

Total 44 

Test Statisticsa,b 

Lead 

Chi-Square 7.124 

df 4 

Asymp. Sig. .129 

a. Kruskal Wallis Test

b. Grouping Variable: Group
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12. Zinc
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Zinc 44 .03168 .005862 .030 .062 .03000 .03000 .03000 

Group 57 3.0877 1.40510 1.00 5.00 2.0000 3.0000 4.0000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Zinc 

Clear Wtshd 9 19.50 

Cooper Wtshd 8 22.56 

U.Pecan Wtshd 9 19.50 

L.Pecan Wtshd 9 31.44 

Hickory Wtshd 9 19.50 

Total 44 

Test Statisticsa,b 

Zinc 

Chi-Square 16.397 

df 4 

Asymp. Sig. .003 

a. Kruskal Wallis Test

b. Grouping Variable: Group
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KRUSKAL WALLIS H TEST- 2006 
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Kruskal-Wallis H Test - 2006 

1. Conductivity
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Conductivity 34 649.17647 205.649963 269.000 1105.000 467.75000 701.00000 792.75000 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Conductivity 

Clear_Wtshd 5 18.20 

Cooper_Wtshd 6 12.83 

UPecan_Wtshd 7 19.57 

LPecan_Wtshd 9 22.33 

Hickory_Watshd 7 12.71 

Total 34 

Test Statisticsa,b 

Conductivity 

Chi-Square 5.383 

df 4 

Asymp. Sig. .250 

a. Kruskal Wallis Test

b. Grouping Variable: Group

2. pH
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum Percentiles 

25th 50th (Median) 75th 

pH 34 7.50353 .370396 6.720 8.350 7.30250 7.53000 7.72500 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 
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Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

pH 

Clear_Wtshd 5 23.00 

Cooper_Wtshd 6 20.67 

UPecan_Wtshd 7 16.36 

LPecan_Wtshd 9 11.33 

Hickory_Watshd 7 19.93 

Total 34 

Test Statisticsa,b 

pH 

Chi-Square 6.093 

df 4 

Asymp. Sig. .192 

a. Kruskal Wallis Test

b. Grouping Variable: Group

3. Turbidity
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Turbidity 34 9.43235 11.536233 .000 47.900 2.10000 5.80000 11.72500 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Turbidity 

Clear_Wtshd 5 13.00 

Cooper_Wtshd 6 24.83 

UPecan_Wtshd 7 18.14 

LPecan_Wtshd 9 8.89 

Hickory_Watshd 7 24.86 

Total 34 
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Test Statisticsa,b 

Turbidity 

Chi-Square 14.902 

df 4 

Asymp. Sig. .005 

a. Kruskal Wallis Test

b. Grouping Variable: Group

4. TDS
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimu

m 

Maximum Percentiles 

25th 50th (Median) 75th 

TDS 34 424.58824 129.772789 192.000 722.000 303.50000 455.50000 514.25000 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

TDS 

Clear_Wtshd 5 19.60 

Cooper_Wtshd 6 12.25 

UPecan_Wtshd 7 19.29 

LPecan_Wtshd 9 22.28 

Hickory_Watshd 7 12.57 

Total 34 

Test Statisticsa,b 

TDS 

Chi-Square 5.902 

df 4 

Asymp. Sig. .207 

a. Kruskal Wallis Test

b. Grouping Variable: Group
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5. TSS
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles

25th 50th (Median) 75th 

TSS 31 21.35484 38.900341 .000 160.000 4.00000 7.00000 11.00000 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

TSS 

Clear_Wtshd 5 10.10 

Cooper_Wtshd 5 16.00 

UPecan_Wtshd 7 18.00 

LPecan_Wtshd 8 13.63 

Hickory_Watshd 6 21.75 

Total 31 

Test Statisticsa,b 

TSS 

Chi-Square 5.476 

df 4 

Asymp. Sig. .242 

a. Kruskal Wallis Test

b. Grouping Variable: Group

6. Nitrate
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Nitrate 27 3.84593 8.417985 .000 40.733 .05400 .26200 5.25800 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 
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Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Nitrate 

Clear_Wtshd 4 7.13 

Cooper_Wtshd 5 12.30 

UPecan_Wtshd 5 11.70 

LPecan_Wtshd 7 24.00 

Hickory_Watshd 6 10.25 

Total 27 

Test Statisticsa,b 

Nitrate 

Chi-Square 16.120 

df 4 

Asymp. Sig. .003 

a. Kruskal Wallis Test

b. Grouping Variable: Group

7. Total Phosphorus
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum Percentiles 

25th 50th (Median) 75th 

T.Phosphorus 22 1.66192 2.680037 .026 9.300 .24100 .38100 2.67500 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

T.Phosphorus 

Clear_Wtshd 3 8.83 

Cooper_Wtshd 3 9.00 

UPecan_Wtshd 5 9.20 

LPecan_Wtshd 6 19.50 

Hickory_Watshd 5 7.30 

Total 22 
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Test Statisticsa,b 

T.Phosphorus 

Chi-Square 12.784 

df 4 

Asymp. Sig. .012 

a. Kruskal Wallis Test

b. Grouping Variable: Group

8. Ammonia
Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Ammonia 23 .16949 .130868 .034 .526 .07400 .11400 .24900 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Ammonia 

Clear_Wtshd 4 5.50 

Cooper_Wtshd 3 9.67 

UPecan_Wtshd 5 14.20 

LPecan_Wtshd 6 20.17 

Hickory_Watshd 5 6.60 

Total 23 

Test Statisticsa,b 

Ammonia 

Chi-Square 16.424 

df 4 

Asymp. Sig. .003 

a. Kruskal Wallis Test

b. Grouping Variable: Group

9. Triazine
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Descriptive Statistics 

N Mean Std. Deviation Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Triazine 22 .0006637923 .00047018757 .00004600 .00160927 .0003005200 .0006094210 .0010795215 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Triazine 

Clear_Wtshd 3 2.00 

Cooper_Wtshd 4 16.75 

UPecan_Wtshd 5 7.60 

LPecan_Wtshd 6 10.67 

Hickory_Watshd 4 19.50 

Total 22 

Test Statisticsa,b 

Triazine 

Chi-Square 17.028 

df 4 

Asymp. Sig. .002 

a. Kruskal Wallis Test

b. Grouping Variable: Group

10. Copper
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Copper 19 .011526 .0032209 .0100 .0190 .010000 .010000 .011000 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 



91 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Copper 

Clear_Wtshd 3 7.50 

Cooper_Wtshd 3 7.50 

UPecan_Wtshd 4 10.25 

LPecan_Wtshd 5 12.90 

Hickory_Watshd 4 9.88 

Total 19 

Test Statisticsa,b 

Copper 

Chi-Square 4.203 

df 4 

Asymp. Sig. .379 

a. Kruskal Wallis Test

b. Grouping Variable: Group

11. Lead
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Lead 19 .001000 0E-7 .0010 .0010 .001000 .001000 .001000 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Lead 

Clear_Wtshd 3 10.00 

Cooper_Wtshd 3 10.00 

UPecan_Wtshd 4 10.00 

LPecan_Wtshd 5 10.00 

Hickory_Watshd 4 10.00 

Total 19 
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Test Statisticsa,b 

Lead 

Chi-Square .000 

df 4 

Asymp. Sig. 1.000 

a. Kruskal Wallis Test

b. Grouping Variable: Group

12. Zinc
Descriptive Statistics 

N Mean Std. 

Deviation 

Minimum Maximum Percentiles 

25th 50th (Median) 75th 

Zinc 19 .014526 .0105218 .0100 .0530 .010000 .010000 .012000 

Group 34 3.20588 1.365803 1.000 5.000 2.00000 3.00000 4.00000 

Kruskal-Wallis Test 
Ranks 

Group N Mean Rank 

Zinc 

Clear_Wtshd 3 7.00 

Cooper_Wtshd 3 7.00 

UPecan_Wtshd 4 8.88 

LPecan_Wtshd 5 14.90 

Hickory_Watshd 4 9.50 

Total 19 

Test Statisticsa,b 

Zinc 

Chi-Square 8.367 

df 4 

Asymp. Sig. .079 

a. Kruskal Wallis Test

b. Grouping Variable: Group
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