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Executive Summary
The Barr-Milton Watershed (BMW) has experienced alkaline conditions due to algal
blooms and eutrophication from excess phosphorus entering waterways from runoff. This project
addresses the potential role that residential lawns play in contributing phosphorus to the BMW
by comparing phosphorus levels from two neighborhoods in Denver: Park Hill and Stapleton.
Park Hill is an older neighborhood with a long-standing residential history, whereas Stapleton is
a recently developed neighborhood that underwent soil remediation prior to its residential
use. This study also provides an assessment of the residential knowledge about the use of
phosphorus fertilizers in their lawns through the use of an online survey.
Using the Virginia Tech Soil Lab methods, soil sampling was conducted in Stapleton and
Park Hill over four days in late March. A total of 30 homogenized soil samples were taken from
Park Hill and 31 samples were taken from Stapleton. Additionally, 20 soil samples were taken
from Barr Lake as background samples to provide fundamental levels of phosphorus in
undisturbed soils. Samples were transported to the UC Denver lab for analysis using procedures
outlined in Murphy and Riley (1962). Ultimately, through careful lab analysis, a concentration
curve was generated and used to compare absorbance levels of phosphorus samples from
different lawns to estimate phosphorus levels. These levels were compared, and Park Hill
showed the highest average phosphorus levels at 7.24 µg P/g soil, compared to Stapleton at 4.59
µg P/g soil. Park Hill showed significantly higher phosphorus than the background, and higher
phosphorus than Stapleton albeit not significantly.
An educational component was added to this project by distributing 50 educational cards
per study area. These cards contained information regarding the study and a link to the social
indicator survey. This survey took 5-10 min to complete. The findings of this study indicate that
there is no significant difference between Park Hill and Stapleton residents’ knowledge about the
use of phosphorus fertilizer. Of the 60 educational cards; 45% responded from Stapleton and
30% responded from Park Hill. Of the responses, 64% of Stapleton and 71% of Park Hill
residents use fertilizer on their lawn. Moreover, the knowledge about phosphorus fertilizer and
its application is lacking in these neighborhoods and could improve with educational efforts.
These educational results, in addition to the high levels of phosphorus found in lawns when
compared to background values indicate that residential phosphorus may play a role in
contributing to phosphorus levels in Barr Lake. The differences between phosphorus levels in
Stapleton and Park Hill were not statistically significant (p-value = 0.184), indicating that
residential phosphorus concentrations in both neighborhoods are relatively similar.
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Introduction
In 2012, eleven US states banned the use and sale of phosphorus fertilizers due to their
negative effects on water quality (Miller, 2012). These bans have proven successful, in some
cases reducing annual phosphorus inputs into watersheds by 28% (Lehman, Douglas, and
McDonald, 2009). These bans are effective in part due to educational efforts that raise public
awareness (Lehman, Douglas, and McDonald, 2009). One out of every two Colorado residents
lives within the watershed boundary and are directly impacted by the health of the watershed
(BMW, 2017). Currently, Colorado does not have a ban in place, and there are no regional
studies assessing the role that residential lawns have in contributing to problematic in-lake
phosphorus levels. Additionally, the amount of phosphorus in residential lawns from fertilizers
or other household activities, and the knowledge level that residents have regarding fertilizer use,
is unknown. This study aims to address these issues by evaluating residents and their lawns
within the Barr-Milton Watershed.
Nutrient pollution is an issue for the ecology and quality of lacustrine water systems. Barr
Lake is located northeast of Denver (Figure 1a, b). It has experienced alkaline conditions, algal
blooms, and ultimately eutrophication since the 1960s, due to excessive amounts of phosphorus
entering the lake through allochthonous inputs (Lundt, 2017). Chlorophyll levels in Barr Lake,
(Figure 1c), currently range from 20-120 µg/L. Chlorophyll is a direct measure of algal
abundance in lakes, and algae growth is directly related to phosphorus levels within a body of
water. To minimize nutrient pollution and eutrophication, the U.S. Environmental Protection
Agency recommended total phosphorus of <250mg/L in reservoirs (USEPA,1986). The
phosphorus concentration of Barr Lake ranges from 500-1500 µg/L (USEPA, 2005), and any
amount over 20 µg/L is considered adverse to water quality (Lundt, 2017).
Although the primary source of phosphorus inputs is agricultural runoff (Kleinman,
2011), other sources such as sewage treatment, factory operations, septic systems, and urban
storm water also contribute to the problem. There is a lack of research regarding the smaller
urban storm water subcomponent of residential lawn runoff in the Barr-Milton Watershed. It is
also unknown whether phosphorus inputs from residential lawns are significantly contributing to
high phosphorus levels in Barr Lake. Moreover, research indicates that public education may
assist efforts to reduce phosphorus in the watershed (Lehman, Bell, and McDonald, 2009). In
particular, education pertaining to the relationships between soil, fertilizer, and water quality
may help residents understand how the accumulation of phosphorus over time may negatively
impact the quality of water they rely upon for everyday use (Dodd et al., 2013).
Project Objectives
The objectives of this project are to: 1) assess and compare the soil phosphorus levels of
residential lawns from two neighborhoods in Denver, Park Hill and Stapleton; 2) estimate the
amount of phosphorus from residential lawns that may contribute to Barr Lake problems; and 3)
survey residents from the two neighborhoods in Denver to assess their knowledge with regard to
the use of phosphorus fertilizers.
Research Questions
 Is there a difference in residential phosphorus levels between the Stapleton and Park Hill
neighborhoods, both located in the watershed?
 What is the estimate of phosphorus in residential lawns within the Barr-Milton
Watershed?
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How knowledgeable are Denver residents about phosphorus fertilizers and the impact of
them to their water supply?

Hypotheses
 Stapleton lawns will have lower phosphorus levels than Park Hill lawns. As Stapleton
was being developed, environmental remediation efforts included removing contaminated
soil and replenishing the neighborhood with soil that met environmental standards
(Stapleton Denver, 2016a).
 The amount of residential phosphorus that may contribute to Barr Lake is between 6.93
and 57.44 kg per acre (Hiscock, Thourot, and Zhang, 2003). These estimates are based
off of research conducted in residential areas of Florida; there are currently no studies
from Colorado that assess levels of phosphorus in residential areas.
 Residents of old neighborhoods will be less knowledgeable about phosphorus in
fertilizers than residents in newer neighborhoods. Stapleton was built to follow “The
Green Book”, a foundational document containing the neighborhood’s vision to enhance
urban life and the environment (Stapleton Redevelopment Foundation, 1995); therefore,
residents have been exposed to and probably want to adhere to standards set to keep the
neighborhood “green”.
Site Description
The Barr-Milton Watershed (Figure 1b) is located on the Front Range of Colorado,
encompassing the Denver Metro area. The entire watershed covers 5,230 sq mi (13,500 sq km).
The Upper South Platte River and its tributaries provide water for two reservoirs, Barr Lake and
Milton Reservoir, each with the storage capacity of approximately 30,000 ac-ft. The watershed is
diverse in terms of land and water use, which include recreational activities in and around Barr
Lake (Lundt et al., 2008). The water has a high turnover rate, only staying in Barr Lake for eight
months before being pumped for agriculture and municipal uses (Lundt et al., 2008). The
watershed experiences high phosphorus levels that result in algae blooms and poor water quality,
specifically high pH (Lundt et al., 2008). The phosphorus levels have decreased from 3.4 to
0.25 mg/L since 1960, and BMW’s goal is to continue reduction to 0.1 mg/L total phosphorus or
less during the growing season. The pH is greater than 9 more than 15% of the time, which
violates EPA standards (Lundt, 2017).
The two neighborhoods being evaluated are Stapleton and Park Hill; both are located in
Northeast Denver, but were developed under very different circumstances. Plans for Park Hill
development began during the late 1800s, and the community continued to transform throughout
the 20th Century. Prior to residential land use, the neighborhood consisted of dairy farms and
brickyards, and by the 1930s it was considered a suburb (Denver Public Library,
2017). Residents have inhabited homes within the neighborhood consistently since the 1930s.
Stapleton soil was contaminated with non-friable asbestos, friable asbestos and jet fuel. Stapleton
was the former site of the Stapleton International Airport, and as the land was rezoned and
redeveloped as mixed-use residential throughout the 1990s, the site required environmental
remediation and cleanup efforts (Stapleton Denver, 2016). Residents began moving into homes
in Stapleton in 2004, the same year that the country’s first phosphorus fertilizer ban went into
effect in Minnesota.
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Figure 1. (a) Map of Colorado; (b) Site Map of the Barr-Milton Watershed;
(c) Aerial Image of Barr Lake; (d) Aerial Image of Milton Reservoir
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Figure 2. Site Map of Stapleton and Park Hill Neighborhoods.
Literature Review
Effects of Phosphorus on Water Quality and Barr Lake
Phosphorus is understood as the primary limiting nutrient in aquatic systems and
promotes algae growth. As a result of algal blooms in the Great Lakes in the early 1960s,
phosphorus was identified as a concern in wastewater effluent, and by the 1970s, detergent
manufacturers reduced the amount of phosphorus in their products (Maki, Porcella and Wendt,
1984). However, Maki et al. (1984) found that even with 50% phosphorus reductions into a
waterbody, water quality likely would remain in a stagnant, degraded state with eutrophication
underway.
While phosphorus in detergents is no longer a significant source of phosphorus in
wastewater effluent, lawn and garden fertilizers may be a significant contributing factor. Recent
analysis of phosphorus by Bo et al. (2012) indicated that the primary sources of nonpoint source
runoff for the nutrient are residential and crop lands due to the use of fertilizer. The cumulative
residential inputs of phosphorus in Lake Okeechobee, Florida were estimated at 151 t P/year in
2003 (Hiscock, Thourot and Zhang, 2003), an increase of 215% since 1991. Further supporting
the idea that fertilizers and surface runoff are important indicators of phosphorus loading,
Pfeiffer and Bennett (2011) identified that impervious surface cover, land use, and the cost spent
on fertilizer all related directly to phosphorus levels in water. Phosphorus is also found primarily
in stormflow, as opposed to baseflow, indicating that phosphorus in fertilizer is easily washed
from the soil in a storm event (Janke et al., 2014).
5

Impacts on water quality due varying levels of phosphorous were studied by Sun et al.
(2016). They fed different amounts of fish food to 120 juvenile crucian carp in polyurethane
enclosures. After 70 days of feeding different diets, phosphorus levels did not inhibit carp
growth, dissolved oxygen, or secchi depth. However, the average pH increased along with
soluble reactive phosphorus and total phosphorus concentrations. Later in the experiment,
enclosures with higher phosphorus input levels were dominated by cyanobacterial biomass,
while enclosures with less phosphorus inputs were dominated by edible algae. The composition
and density of zooplankton were also impacted by enhanced phosphorus levels. Sun et al. (2016)
suggested that through time, an increase in phosphorus would have significant impacts on the
trophic cascade within the waterbody. An increase in phosphorus that leads to an increase in pH
may cause heavy metals in an aqueous state, such as lead and selenium, to precipitate out (Chen
et al., 2017). Although this reduces the bioavailability of the metals temporarily, any shift in
environmental conditions that rapidly reduces the pH may result in an excessive amount of heavy
metals to become bioavailable again, resulting in severe health issues for aquatic life (Chen et al.,
2017). This would also drastically impact the microbial ecology of the water body in a negative
way.
Barr Lake already has significant water quality issues tied to phosphorus levels. The
Burlington Ditch inflow into Barr Lake was monitored from 2006 to 2012, and the results
showed that phosphorus inputs fluctuated seasonally, primarily due to an increase in runoff due
to snow melt, rain, or irrigation activity (ERD, 2014). Phosphorus levels are at their highest in
the winter months due to the aggregation of phosphorus loading throughout the spring and
summer months (ERD, 2014). On average, the pH of Barr Lake stays above 8.0 year-round,
reaching an annual high of approximately 8.4 in February (ERD, 2014). Additionally, alkalinity
and conductivity of the water remains high when phosphorus levels are highest (ERD,
2014). The data show that phosphorus levels are directly related to the water quality of Barr
Lake, and the Environmental Research & Design (2014) recommended treatment of phosphorus
inputs into Barr Lake to improve water quality.
Remediation of phosphorus in water
The movement of phosphorus from soil to surface water is one of the leading causes of
eutrophication in streams and lakes. To improve the water quality, the United States Golf
Association (2012) suggests a remediation strategy by using phosphorus absorbing materials
(PSMs), such as acid mining residuals that bind with the phosphorus and neutralize pH.
However, these methods also have environmental concerns associated with them, as metals do
not degrade through time. One study that focused on remediating phosphorus was executed
within the Platte River watershed in Michigan, including the Big Platte Lake. A model used to
estimate the total phosphorus load in Big Platte Lake found exceedances over the allowable
limits (Canale et al., 2010). Therefore, remediation techniques for the nonpoint source pollution
from surface water were used to reduce the excess phosphorus (Canale et al., 2010).
Application of phytoremediation technology to control eutrophication is another method
in remediating phosphorus. This technique involves using plants, such as lettuce, to remove
excess nutrients including nitrogen and phosphorus from water (Graetz, Stoffella and Yang,
2010). The United States Department of Agriculture (USDA) and the Environmental Protection
Agency (EPA) proposed three strategies to identify phosphorus levels within watersheds:
agronomic soil test phosphorus recommendations, environmental soil test phosphorus threshold,
and the phosphorus index. Of the three phosphorus-based approaches, the phosphorus index is
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most widely used in 47 States (Sharpley et al., 2003). Additionally, an efficient and economical
method for phosphorus removal is to address it in the wastewater treatment process, which will
become more common across the country in the coming years. At Barr Lake, lowering the
amount of elevated phosphorus was achieved through controlling algal growth by using
cyanobacteria to utilize the nutrients dissolved in the lake. To reduce phosphorus loads and bluegreen algal blooms, algaecide treatments are then used. Other ways to reduce the elevated pH is
by using aeration with direct addition of carbon dioxide (Willington, 2013).
Residential contribution to phosphorus levels
The phosphorus contribution from point sources such as urban runoff must be considered
in the planning of eutrophication control measures. The phosphorus transported by urban runoff
occurs in both soluble and insoluble forms; about 40% of phosphorus appears as particulate
phosphorus (Cowen and Lee, 1976). Particulate phosphorus is attached to or a component of
particulate matter and can often change forms in response to environmental conditions (MPCA,
2007). Particulate phosphorus is found in algae, waste solids or other organic matter. Many
studies have shown the accumulation of soil phosphorus raises the potential level of
eutrophication of adjacent surface water. Excessive soil phosphorus is measured by using the soil
phosphorus index. The Soil Phosphorus Index is a tool that assesses potential for phosphorus to
move from agriculture to surface water. The residential and recreational land use areas of a study
in North Carolina were associated with a low soil phosphorus index compared with agricultural
land use (Cahoon and Ensign, 2004). A study carried out in Dane County, Wisconsin examined
soil phosphorus concentration across an urban agricultural watershed, and comparing different
soil phosphorus gradients such a soil type, slope, topography, land use, land cover, and fertilizer
and manure use. The study found urban-rural gradients do not predict phosphorus concentration
in soil well, and soil phosphorus accumulation determines the amount of phosphorus runoff to
the aquatic ecosystem (Bennett, 2003).
Phosphorus aggregation in residential areas of Hangzhou City, China, resulted in
phosphorus runoff from soil and affected the quality of aquatic systems (Zhang and Ke, 2004). A
study carried out showed phosphorus as a remediation tool for contaminated soil. The
phosphorus influenced bioavailability of other metals such as lead, zinc, and cadmium into the
ground. Phosphorus bound to heavy metals reduces heavy metal bioavailability in the soil for
earthworms to uptake (Maenpaa, Kukkonen and Lydy, 2002). Therefore, phosphorus in soil may
reduce the ecological risk to earthworms exposed to heavy metal contaminated soil, due to the
formation of metal phosphate complexes (Maenpaa, Kukkonen and Lydy, 2002). In Nanjing,
China, a study investigated the influence of urban development on phosphorus accumulation in
urban and suburban soil. The results of the study confirmed that the urbanization process,
including population and level of urban infrastructure, significantly influenced phosphorus
accumulation and its distribution in the urban environment. The urbanization in Nanjing required
a more detailed assessment to avoid excess eutrophication caused by excess phosphorus released
from anthropogenic-derived phosphorus (Yuan et al., 2007).
Denver soils contain high bonding amounts of phosphorus to calcium (BMW, 2017).
Testing calcium-bound phosphorus requires the use of the Olsen (1954) extraction method and
measuring extracted phosphorus requires the Murphy and Riley (1962) method, which creates
reagents that react with phosphorus and can be measured with light wavelength. These methods
indicate the amount of available phosphorus in the soil from calcium-bound phosphorus.
Available phosphorus is essential to development and growth of plants. The measurement of
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available phosphorus can be compared to other data to see if there is any indication of over
fertilization with the nutrient phosphorus. Phosphorus is also time-dependent and it can be
difficult choosing the right time of the year for sampling and testing to see peak levels of
phosphorus fertilization applications. However, the data collected cannot transfer between soil
types and do not test well with natural ecosystems due to the little amount of phosphorus in the
soil already (Tiessen and Moir, 1993).
Banning Residential Phosphorus Fertilization
Phosphorus is essential for plant growth. However, high phosphorus levels in water
sources cause change in pH and can lead to excessive algae and aquatic weed growth. This leads
to harmful impacts on aquatic life and recreational purposes. Algae blooms can cause oxygen
levels to deplete, putting stress on aquatic life and increasing mortality rates (Swenson and
Cooper, 1999). Midwestern and eastern states have placed a ban on residential phosphorus
fertilizer use to reduce the effects on water quality. Agricultural and commercial uses are still
acceptable for phosphorus fertilizer application, but are likely the leading causes in high
phosphorus levels in water sources. Several states have conducted projects on phosphorus
nonpoint sources. In Michigan, the Huron River was tested for phosphorus levels and several
communities asked to not apply phosphorus fertilizer. Educational materials were also made
available to the communities regarding the use and issues around phosphorus. After a year of
monitoring, the river showed a significant reduction of 5 kg P/day (Lehman, Bell and McDonald,
2009). The education of communities on how phosphorus fertilizer is harmful to water quality
was very effective at reducing phosphorus in aquatic communities. Specifically, communities
were asked to be mindful of yard waste discharge into storm drains, to provide buffer strips of
vegetation along stream banks, and to exhibit more environmental awareness overall. In Twin
Cities, Minnesota, conservation efforts including reducing fertilizer use, efficient animal feeding
were implemented and residential sewage treatment helped decrease storage and input of
phosphorus into local watersheds (Schassler, Baker and Chester-Jones, 2007). Each state differs
in their phosphorus fertilizer use because of soil properties such as: texture, pore space,
mineralogy, color, density and aggregation. For example, the Midwest has high organic soil
content that allow for crops and grass to grow, but contain low phosphorus levels in the soil. The
low phosphorus resulted in the need to apply phosphorus leading to the decrease in water quality.
Best Management Practices
There are a variety of best management practices to reduce phosphorus loading in local
waterways. These practices are either behavioral changes or engineered systems that reduce
phosphorus. A major contributor to phosphorus loading is pet waste. One case study found that
84% of the phosphorus inputs came from pet waste (Fissore et al., 2012). Picking up waste
promptly is an effective best management practice for reducing phosphorus entering waterways.
The vegetation and landscape residents choose to adopt influences water quality. For example,
native plants are low maintenance and have deep roots, adapted to local soil conditions, and
therefore, require less fertilizer (Hipp, Alexander and Knowles, 1993).
Education and public involvement has proven to be a successful way to promote nonstructural best management practices and alter the behavior of residents. Research indicates that
public education may assist efforts to reduce phosphorus in the watershed (Lehman, Bell and
McDonald, 2009). Education pertaining to the relationships between soil, fertilizer, and water
quality may help residents understand how the accumulation of phosphorus over time may
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negatively impact the quality of water they rely on for everyday use (Dodd et al., 2013). Quick
tip guides or brochures are an effective way to spread information about phosphorus and other
nutrient loading in waterways. For example, The Minnesota Pollution Control Agency, has
created a quick guide to reduce nutrients in lakes and stream, and breaks 15 tips down into
residential, agricultural, and city. This short guide is easy to read, and contains valuable methods
to reduce resident, farmer, and city impact on water quality (MPCA, 2017).
Engineered systems are another way to reduce phosphorus loading by reducing
stormwater runoff. Porous pavements allow rain to filter through the pavement rather than
collecting nutrients with runoff. Bioretention media has been demonstrated to be effective at the
removal of phosphorus by as much as 70-85% (Davis et al., 2006). Bioswales, vegetative
buffers, and constructed wetlands are also viable options to remove pollutants. Bioswales are
depressions that collect storm water. They are comprised of vegetation that quickly remove
pollutants and excess nutrients from waterways. For example, tall fescue has a phosphorus
uptake of 24 pounds per acre (Jurries, 2003). These methods are potential solutions to reduce
phosphorus loading in streams and lakes, but public knowledge and perception contribute to the
adoption of these practices. An integrated approach to water management allows these projects
to overcome institutional discrepancies. The community and political support is strengthened by
sufficient funding for tangible benefits of these projects. Every location is different, and
approaches to implement these solutions may take a different pathway based on local
restrictions, concerns, and stakeholders (Roy et.al, 2008).
Methods
Field Methods:
Soil Sampling
Field soil sampling is based off the Virginia Tech Soil Lab techniques (Hunnings,
Donohue, and Heckendorn, 2009). Researchers collected soil samples in Stapleton and Park Hill
over four days in March 2017. Three soil core augers were used that were 5 cm in diameter and
123 cm tall. Time of sampling was between 11:00 am-5:00 pm each day to optimize homeowner
engagement and request permission to sample. Each home underwent the same procedures,
which were first to identify if samples would be taken from their front or backyard and what
constituted their lawn property if lawns were adjacent to other lawns. A field measuring tape
was used find the area of each lawn. The number of soil plugs per lawn ranged from 2-8,
depending on the lawn size, and each where taken 10 cm deep. Gloves were worn as not to
contaminate plugs and they were placed into labeled Ziplock bags for drying and storage. All soil
plugs taken from a single lawn were homogenized for a better representation of the lawn. Then,
each hole was refilled with soil from around the lawn or with soil brought by researchers. A total
of 30 samples were taken from Park Hill and 31 from Stapleton. Background samples provide
initial levels of phosphorus in undisturbed soils and a comparison for the residential soils. A total
of 20 samples were taken from Barr Lake at two different locations (10 from each). The sampled
background locations were relatively undisturbed, providing a good representation of unaltered
Denver-area soil. Bags were labeled using the same procedures from residential
sampling. Samples were transported to the UC Denver lab the same-day and left open to air dry
prior to further analysis.
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Lawn Selection
Residential streets in each neighborhood were randomly selected from a map by
researchers. Residences on selected streets received informational flyers to inform residents of
sampling 2-3 days prior to the commencement of the study. When sampling commenced,
researchers provided residents with educational cards containing information about phosphorus
and a link to the survey component of the study. After 30 residents from each neighborhood
agreed to participate in the soil sampling portion of the survey, researchers continued to
distribute cards to enhance the likelihood of survey participation.
Lab Analysis:
Available phosphorus is essential to the development and growth of plants, but excess
goes unused and creates negative effects on waterbodies. Available phosphorus was evaluated by
measuring inorganic phosphorus following two methods: alkaline extraction (Olsen et al. 1954)
which is separating phosphorus from calcium and sequential extraction which is measuring
phosphorus levels in soil (Murphy and Riley, 1962). Soil samples were air dried to room
temperature for 7-12 days. The samples were then sieved through a 2.0 mm screen, and weighed
to 1.0 ± 0.05 g and placed in labeled 50 mL centrifuge tubes. A solution of sodium bicarbonate
and sodium hydroxide was created to mix with the soil and to adjust the pH and separate
phosphorus from binding to calcium and aluminum. We assumed a 1:1 ratio of grams to milliliter
for easy conversion. Each sample received 45 g ± 0.05 of solution. Three blanks were also made
with just the sodium bicarbonate and sodium hydroxide solution. The soil and solution mixtures
were placed on a shaker sideways to mix the solution and soil. This occurred over a period of 14
hours for all samples. The shaken samples were then brought to a centrifuge where they were
spun for 10 minutes at 3000 rpm. Once removed from the centrifuge, the supernatant was
poured into a centrifuge tube. This extract contained inorganic phosphorus for measurement. The
soil residue left behind was disposed.
Following the Murphy and Riley (1962) procedure, the first step to quantifying the
extracted inorganic phosphorus was to create Reagents-A and -B. The reagents were necessary in
generating a color reaction with the phosphorus and were measured using a
spectrophotometer. To make Reagent-A, 2.7 g of ammonium molybdate, 0.9 g of antimony
potassium tartrate, and 5.4 g of ascorbic acid were measured and mixed with distilled water
separately. Two sets of the solutions were made as backup. Sulphuric acid solution was created
separately by mixing 50 ml of 90% sulfuric acid with 450 ml of water. The solution was mixed
slowly to avoid a strong reaction. One ml of sulfuric acid solution was then mixed with the
supernatant creating the Reagent-A mixture. The solutions were then left in the refrigerator to be
mixed with reagent-B. Reagent-B was created on the day of the spectrometer use due to a 12hour expiration window. First, a standard curve was created for use after each sample was tested.
The standard curve solutions consisted of 1, 0.7, 0.4, 0.2 and 0.1 mg/L concentration of 1 ml
potassium phosphate (KH2PO4) and 9 ml of the sodium bicarbonate mixture created for the three
blanks earlier. The next four concentrations were created from diluting the 1 mg/L concentration.
To calculate the amount of 1 mg/L concentration for each lower concentration we used the
equation C1V1=C2V2. The amount per concentration was as follows:
0.7 mg/L-mix 2.1 ml of 10 ml solution with 0.9 ml of sodium bicarbonate
0.4 mg/L-mix 1.2 ml of 10 ml solution with 1.8 ml of sodium bicarbonate
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0.2 mg/L-mix 0.6 ml of 10 ml solution with 2.4 ml of sodium bicarbonate
0.1 mg/L-mix 0.3 ml of 10 ml solution with 2.7 ml of sodium bicarbonate
The next step involved creating the color reagent to change the phosphorus blue. In a
labeled centrifuge tube, we pipette 10 ml of 4.78 N H2SO4 first, then added 5.4 ml of Molybdate
40 g/L, then added 1.8 ml of antimony 3 g/L, and finally added 10.8 ml of ascorbic acid 18 g/L.
The color of the mixture was a slight yellow. Before mixing the soil sample solutions the
standards and blanks were tested in the spectrophotometer. Small vials had 0.35 ml of the color
reagent mixed with 0.75 ml of standards and blanks. After mixing the color reagent and samples
they were mixed for 10 minutes. The spectrophotometer was set to run on standard use and on a
single wavelength at 882 using the absorbance mode. After 10 minutes, the blank samples were
run in the spectrophotometer and values recorded. The soil samples were mixed for 10 minutes
and the same procedure followed as with the blanks.
Survey and Education Methods:
The educational component of the project shared details about the study, provided
information about phosphorus and fertilizer, and collected social indicator data concerning
perceptions, behaviors, knowledge, and demographics of residents in Park Hill and Stapleton.
First, 150 door hangers (Appendix B, Figure 1) were printed, divided evenly, and placed on
randomly selected streets in the Park Hill and Stapleton neighborhoods one week prior to
sampling. Two to three days later, 120 educational note cards (Appendix B, Figure 2) were
divided evenly between neighborhoods and given to the residents that previously received the
door hangers. The note cards provided information to residents regarding phosphorus, fertilizer,
the study, and a link to a social indicator survey. The 20-question survey (Appendix B, Figure 3)
was designed to capture perceptions, behaviors, demographics, and knowledge of residents
concerning lawn care, phosphorus, and fertilizer. The survey was made anonymous, and the
address responses were not linked to any survey questions. The researchers did not go through
the International Review Board since the study was completed for a capstone course, and the
data will not be published. SurveyMonkey was used to create and distribute the survey to
residents of Park Hill and Stapleton. The survey concluded with an option to enter an email
address for a chance to win a gift card as a thank you and incentive for taking the survey.
Perceptions were evaluated based on questions related to agreement or disagreement statements
(5 = strongly agree, 1 = strongly disagree). Behaviors and knowledge were evaluated based on
yes or no questions. Demographic data included: age, years in residence, and highest level of
education. During sampling, residents were given reminder cards to take the survey if they had
not yet responded. Researchers will follow up with the sampling participants once the study is
published to the Barr-Milton Watershed website.
Data Analysis:
Data collected from the spectrophotometer had to be converted from absorbance (nm) to
microgram P/gram soil (µg P/g soil). To find the concentration of each sample a calibration
curve was created from the concentrations and blanks. The average of the three blanks was
subtracted from each concentration absorbance and then plotted in a graph (Figure 5). A
polynomial trend line was added to the figure with an intercept of 0.0. Then taking that
equation we determined each absorbance value as x and concentration as y in mg P/L. We
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determined total weight of phosphorus by dividing the concentration by 1000 to report in
milliliters. The concentration was multiplied by the weight of the 45 g ± 0.05 solution added to
the soil initially. The values were divided by the weight of the soil and multiplied by 1000 g to
determine µg P/g soil. SPSS was used to run an ANOVA single factor to find if there was
significant difference between the means. After analysis, the value of p was analyzed to see if <5
to be significant.
Survey data was analyzed by Survey Monkey. Analysis included descriptive statistics
(i.e. average) of all survey questions. An independent T-test was utilized to compare the means
to determine if variation occurred between groups.
Results and Discussion
Education:
The survey results suggested that the majority of Stapleton and Park Hill residents are not
knowledgeable about phosphorus fertilizer, but are aware that their practices impact local water
quality. Residents of older neighborhoods (Park Hill) were hypothesized to be less
knowledgeable about phosphorus in fertilizers than residents in newer neighborhoods
(Stapleton), and this proved to be insignificant. All p-values were greater than 0.05 for
knowledge related questions, indicating there is no statistical difference between Stapleton and
Park Hill. This may be due to the small sample size, or participation in the survey due to the
respondent’s current perceptions or behavior towards the survey topic. Of the 60 education cards
administered to each neighborhood, Stapleton had a response rate of 45% (number of
respondents: n=27) and Park Hill 30% (n=18). Consequently, of the residents that participated in
the lawn sampling, 87.1% of the Stapleton residents participated in the survey (n=31), and 56.7%
participated from Park Hill (n=30). The average age of respondents was 44 for Stapleton and 48
for Park Hill. A majority of the survey participants, 74% Stapleton and 63% Park Hill, completed
a postgraduate degree. It is possible the higher average education level of the participants skewed
the results.
Of the responses, 64% of Stapleton and 71% of Park Hill residents use fertilizer on their
lawn, but most do not know the ingredients of their fertilizer (Figure 4). The months that
residents fertilize varied greatly among both neighborhoods (Figure 5). Of those that fertilize,
65% of Stapleton and 46% of Park Hill residents do not sweep or remove excess fertilizer from
their sidewalk, driveway, or street after applying. Only 60% of Stapleton and 77% of Park Hill
residents check the weather before applying fertilizer (Figure 4). Of all the responses, only one
resident in Park Hill was aware that phosphorus fertilizer is banned in 11 U.S. states. These
findings indicate that the knowledge about phosphorus, fertilizer, and application is lacking in
these neighborhoods and could improve with education efforts.
Stapleton and Park Hill residents all “strongly agreed” or “agreed” that water quality is
important to them and the majority also recognized that what they do on their land makes a
difference to local water quality (Figure 3). Both Stapleton and Park Hill residents “strongly
agreed” and “agreed,” that they would be willing to change their practices to improve water
quality. Specifically, 88% of respondents would be willing to use a phosphorus free fertilizer if it
helped water quality downstream. These perceptions, along with the current behavior responses,
suggest a likelihood of positive behavioral changes with a successful community outreach
program regarding fertilizer and phosphorus.
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Phosphorus:
A concentration curve was developed to assess how much phosphorus was in soil
samples based off the absorbance levels obtained by the spectrophotometer (Figure 7). The
average residential phosphorus level of Park Hill is 7.24 µg P/g soil, which is significantly higher
than the average phosphorus levels of the background site at 0.45 µg P/g soil (p-value = 0.003)
(Figures 8, 9). The average phosphorus level in Stapleton is 4.59 µg P/g soil, which is not
significantly different from background levels (p-value = 0.065), but is still higher than the
background average by 4.14 µg P/g soil (Figure 8). These results indicate that residential
phosphorus may play a role in contributing to phosphorus levels in Barr Lake. Park Hill also had
the maximum phosphorus level of all the samples (54.95 µg P/g soil), which is consistent with
the first hypothesis that Stapleton would have lower phosphorus levels than Park Hill. This is
potentially due to the sustainability initiatives of the neighborhood and the soil remediation
efforts that occurred prior to development. Park Hill is an older neighborhood with a longer
residential history, which may contribute to the higher phosphorus levels found in
soil. However, the average phosphorus levels in Stapleton and in Park Hill differed by 2.65 µg
P/g soil, which was not statistically significant (p-value = 0.184), indicating that residential
phosphorus levels in both neighborhoods are relatively similar at the large, residential scale.
The average amount of phosphorus in kg/acre was extrapolated using the overall average
phosphorus level from both neighborhoods (5.91 µg P/g soil) and the average lawn size of
sampled lawns (706.73 ft ). By converting the lawn area to acreage, expanding the scale, and
assuming all residential conditions remain constant, the estimated the phosphorus levels would
be approximately 3.65 kg/g soil per acre , which is lower than anticipated based on data collected
in Florida. Hiscock, Thourot, and Zhang (2003) found that residential phosphorus levels in
Florida ranged between 6.93 and 57.44 kg per acre. Colorado residential phosphorus levels may
differ from those of Florida due to different vegetation, climate, soil type, and moisture levels. It
is possible that residents in Colorado rely on less fertilizer and grow less nutrient-dependent
plants in their yards. However, these results warrant further research into residential phosphorus
patterns throughout Colorado and how those patterns relate to different vegetation species.
2

Figure 3. Level of agreement to specific statements regarding water quality
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Figure 4. Fertilizer user knowledge and behavior

Figure 5. Months Participating Residents Apply Fertilizer.
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Figure 6. Fertilizer User Choice Ratings

Figure 7. Standard Concentration Curve for Phosphorus in Soil

Figure 8. Mean Phosphorus Absorbance and Concentration
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Figure 9. ANOVA Results
Conclusion
The survey study demonstrated that Stapleton and Park Hill residents care about water
quality and are aware their actions influence local waterbodies. Most participants would be
willing to change their lawn care behaviors if it improved water quality downstream and within
the BMW. Although there were no significant differences between the phosphorus levels in the
two neighborhoods, the results indicate that residential phosphorus levels are higher than
background levels and potentially contribute to excess phosphorus in Barr Lake. Despite the high
phosphorus levels above the background, the average residential phosphorus levels were less
than anticipated when compared to results of similar studies in Florida. This study indicates that
residential phosphorus is an area the BMW Association may want to target for educational
campaigns to help reduce phosphorus within the hydrologic system; however, residents are
already taking it upon themselves to use sustainable practices and are willing to reduce their
phosphorus contributions.
Future Work
The findings from this study suggest that the BMW community could benefit from an
outreach program that targets residential lawn care. Since the neighborhoods did not demonstrate
a significant difference among responses, it would be beneficial to distribute the survey in other
neighborhoods in the BMW to better examine resident knowledge about phosphorus and whether
that knowledge varies within the watershed. It is recommended to purchase the addresses of
residents within the BMW boundary, and use the Dillman, Smyth, and Christian (2014) Tailored
Design Method to increase survey response rate. This method contacts all survey recipients up to
five times (advance letter, first mailing of paper survey, a reminder postcard, second mailing of
paper survey, and third mailing of paper survey with a final notification postcard) and has the
option to complete the survey online (Gao et al., 2016). Based on the responses, an outreach
program could be developed to target specific knowledge gaps among residents regarding
phosphorus, fertilizer, and lawn care. A post-outreach efforts indicator survey is also
recommended to evaluate the success of the outreach program.
Future studies should address phosphorus from agriculture and other sources. Runoff
should be evaluated to determine the amount of phosphorus being held by the soil versus being
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washed away in overland flow. In lab analysis, acidic extraction could be used to evaluate
phosphorus bound to iron and aluminum. Looking further into total phosphorus in lawn soil is
important and combining organic phosphorus with inorganic phosphorus analysis would provide
a more comprehensive review of phosphorus levels in residential lawns.
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Appendix A

Figure 1. Raw Data for Soil Samples: Absorbance and Phosphorus Levels
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Appendix B

Figure 1. Door Hangers for Residents

Figure 2. Education Card for Stapleton and Park Hill
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Figure 3. Part of the Survey for Park Hill and Stapleton Residents
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