Influence of land cover on aqueous concentrations of dissolved inorganic nitrogen and
phosphorous in surface run off

By

Emily Hilburn

Submitted to the Graduate Faculty of
North Carolina State University
In partial fulfillment of the
Requirements for the Degree of
Master of Environmental Assessment

Raleigh, North Carolina

2017

Approved by advisory committee:
Waverly Kallestad, PhD, Chair

April 28, 2017

ABSTRACT
Hilburn, Emily. Masters of Environmental Assessment. Influence of land cover on aqueous
concentrations of dissolved inorganic nitrogen and phosphorous in surface run off

Maryland accounts for 6,212,480 acres of land area and 1,727,360 acres of water area
within the United States (Perlman, 2016). As such, 21% of the area in Maryland is occupied by
water (Perlman, 2016). Each body of water is critical in its environmental importance, including
supporting various species throughout their life cycles and maintaining the overall ecosystem
balance. The land cover (the physical characteristics of the land) in the areas surrounding the
water bodies influence each stream’s water quality, as well as the variation between each
stream’s nutrient concentrations (Bowden, 2015).
This study evaluates the relationship between nine years of nutrient concentration data
measured once a year in April at 60 sample sites throughout Maryland’s Delmarva Peninsula and
land cover and/or presence of poultry houses found in each sample sites sub-watershed. ArcMap
was used to identify the sample sites sub-watersheds in addition to identifying the poultry houses
and land cover types within each sites sub-watershed. The nutrient concentrations were provided
in Excel from the sampling entity, Maryland Coastal Bays.
The data analysis demonstrated that when watershed area, land cover data, and poultry
house data are overlaid, correlations are apparent and indicate that the concentration of dissolved
inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP) sampled in the subwatershed decreases when the number of poultry houses is nominal, watershed area is low to
medium sized, and the urban, agricultural, and forested land cover is low.
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Influence of land cover on aqueous concentrations of dissolved inorganic nitrogen and
phosphorous in surface run off
By: Emily Hilburn

1.0 Introduction
The United States is home to 3.5 million miles of rivers and streams and almost
2.3 billion acres of total land area (EPA, 2013). Maryland accounts for 6,212,480 acres of land
area and 1,727,360 acres of water area within the United States (Perlman, 2016). This means that
21% of the area in Maryland is occupied by water (Perlman, 2016). Each body of water is critical
in its environmental importance, including supporting various species throughout their lifecycles
and maintaining overall ecosystem balance.
One important function of each water body is to support the health and reproduction of
various fish, vegetation, and birds. In addition to animal and plant life, humans also need water
to sustain life. Both groundwater and surface water are critical for environmental health. This
review focuses on surface water. The most important function of surface water is that it can be
utilized as drinking water. This water can also be used on land to irrigate crops and to provide
water for livestock. Clean surface water is also essential for industrial processes, hydroelectric
power, and the shipping industry. Much of the United States tourism industry also relies on
pristine surface water conditions for aesthetic value. Without exceptional water quality, people
will not participate in recreational activities such as swimming, fishing, and boating, among
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others. Finally, clean surface water is also necessary to produce edible (and safe) seafood. For all
of these reasons, the water quality of surface waters is of the utmost concern.
Surface water quality depends on land cover, which influences the nature and type of
runoff that can be transported to nearby surface waters and result in contamination. Poultry
house operations can also greatly influence surface water quality. One region where this is
particularly relevant is the Delmarva (Delaware, Maryland, and Virginia) Peninsula on the
eastern coast of the United States. In 2003, the EPA Chesapeake Bay Program determined that
the Chesapeake Bay watershed contained 181,560,180 domestic fowl that produced 185,873,604
pounds of nitrogen and 51,780,397 pounds of phosphorus that year (Chesapeake Bay
Foundation, 2004). Agricultural land cover, prevalence of urban areas, and poultry operations are
significant drivers of increased nutrient loading. The research presented here examines how the
different land covers influence nutrient concentrations in surface waters. It is hypothesized that
sub-watersheds, which contain agricultural or urban land cover areas and high concentrations of
poultry houses, will exhibit the highest concentration of nutrients. In contrast, wetland areas that
do not contain poultry houses will produce the least amount of nutrients. Furthermore, it is
hypothesized that as the number of poultry houses increase, the concentration of nutrients will
also increase, regardless of land cover.

1.1 Historical Relevance and Water Quality Regulations
The concern for the United States’ water quality became evident in the 1940s. The rise of
water pollution was a result of limited awareness and minimal environmental regulations. The
types and amounts of contaminants that were being discharged into the waterways from
7

industrial activities were beginning to cause significant concern. One poignant event that
occurred on June 22, 1969 was the burning of the Cuyahoga River in Ohio (PBS, 2013). The
river had flames over five stories high due to combustion of the oil and chemicals that were
floating on the surface from chemical waste. In fact, from 1868 until 1969, the Cuyahoga River
caught fire thirteen times (Ohio History Central, 2016). During the same timeframe, stakeholders
were starting to recognize that sewage entering waterways was causing significant water quality
degradation, was a human health risk, and needed to be regulated. As a result, concerned
citizens, community activists, and early environmental leaders started to band together to
promote a common voice and to form groups and organizations whose goal was to protect the
environment. One consequence of this increased awareness of environmental pollution was that
laws were passed to regulate water quality and to ensure compliance with newly developed water
quality standards. The first of such laws created was the Federal Water Pollution Control Act of
1948, which was renamed the Federal Clean Water Act in 1972. Unfortunately, early regulations
were limited in scope and enforcement capabilities and focused on cleanup rather than source
control; later laws were stronger and more focused on source prevention.
The Clean Water Act’s goal is to prevent, reduce, and eliminate toxic substances in the
water (EPA, 1992). This law increased the government’s control in regulating and enforcing the
amount of pollutants that can be discharged into surface water as well as gave the government
the authority to create water quality standards. It also gave the Environmental Protection Agency
(EPA) the authority to regulate the water quality standards and ensure compliance with these
national standards. The National Pollution Discharge Elimination System (NPDES) permits were
created under this law to control and limit, when feasible, discharge from point sources. Another
law that helped shaped today’s water quality standards is the Safe Drinking Water Act (SDWA)
8

of 1974. This law included regulations that strive to ensure the protection of the public’s drinking
water sources by creating and monitoring water quality standards (PBS, 2013). The SDWA
provides primary and secondary drinking water regulations. The national primary drinking water
standards set maximum contaminant levels (MCLs) and maximum contaminant level goals
(MCLGs) for microorganisms, disinfectants, disinfections byproducts, inorganic chemicals (e.g.
nitrate and nitrite), organic chemicals, and radionuclides (EPA, 2016). The maximum
contaminant level for nitrate is 10 mg/l while the maximum contaminant level for nitrite is 1
mg/l. The national secondary drinking water standards are applied to 15 contaminants. These
standards protect against the aesthetic, technical, and cosmetic effects of the contaminants. There
are no primary or secondary drinking water standards relating to phosphorous.

1.2 Land Cover and Nutrient Concentrations
Land cover (the physical characteristics of the land) in the areas surrounding the water
bodies influence each stream’s water quality, as well as the variation between each stream’s
nutrient concentrations (Bowden, 2015). A study published by the Costal Education and
Research Foundation, estimated that 46% of all streams in Maryland are in poor health due to
nutrient pollution (Bruckler, 1997). Land surface areas can be either pervious or impervious.
Impervious surfaces are areas where water will flow off the land rather than percolate into the
soil (e.g., pavement). Pervious surface areas are areas that allow water to percolate through into
the soils (e.g., grass). Impervious surfaces are most commonly found in urban areas that include
land areas with harden surfaces such as sidewalks, rooftops, and roadways. Impervious surfaces
will more “directly affect water quality than do pervious areas, even if equivalent amounts of a
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pollutant are present” (Frankenberger, 1996). Urban areas account for 61 million acres (3
percent) of the total land cover in the United States (Nickerson, 2011). It is suggested, “water
quality deterioration begins when 10% to 20% of the sub-watershed area is impervious”
(Frankenberger 1996). The main method for nutrient transportation is surface run-off. Surface
run-off carries contaminants including nutrients to the water column, where they can have
negative impacts on water quality. Surface run-off occurs when water drains off land surface
areas and enters a water body. Nutrients are deposited on impervious surfaces through sources
like fertilizer and animal waste. When it rains, the nutrients are dissolved and transported by the
water and travel by curb and gutter and other stormwater conveyances to the storm sewers. Once
the nutrients enter, the storm sewer through run off, they will travel until they can exit at the
nearest water body.
However, pervious surface areas can also be sources of surface run-off. One way surface
run-off can occur is if the area becomes saturated. Once the area is saturated, water can no longer
enter the ground and will run-off into stormwater conveyances allowing for the transportation of
contaminants. Nutrient run-off can also occur from sediment that has not been stabilized. The
nutrients, especially phosphate, will sorb to sediment particulate and travel through stormwater
conveyances until they enter the nearest water body (Busman, 2002). Nutrients can also enter
surface water from leaks or discharges in septic tanks or sewage treatment plants.

1.3 Land Cover Classifications
Agriculture is one example of a land cover comprised of pervious surfaces that can
greatly influence water quality through surface run-off. The United States is composed of 408
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million acres of cropland (18 percent) and 614 million acres of grassland and pastures (27
percent) (Nickerson, 2011). In Maryland’s Coastal Bays, studies have shown that crop and
animal agriculture have resulted in anywhere from one-half to two thirds of total nutrient inputs
into the aquatic environment (O’Neil 2011). Nutrients such as nitrogen and phosphorous are
plentiful on farmland due to the use of fertilizer on the agricultural crops for increased crop
yields (O’Neil et al. 2011, Beckert, 2011). On Maryland’s Eastern Shore, it has been estimated
that, “farmers apply 228,000 tons of excess poultry manure a year on farm fields” (Wheelan,
2015). Farmers’ throughout the Eastern Shore apply more manure to farm fields than the soil
needs in order to dispose of the excess poultry litter the area’s hatchery operations produce.
Maryland’s regulations allow for farmers to use certain fields as,” dumping grounds for excess
manure, even if they are already loaded with phosphorus” (Environment Maryland, 2011).
Table 1. Six types of land cover and their impact on water quality.
Land Cover

Importance
Significant source of fertilizer/crop run off

Agriculture

Significant source of run off from animal
feeding operations (e.g., poultry houses)
Significant source of sediment run off
Buffer and catchment area
Traps nutrients

Wetlands

Uses the nitrogen cycle to release nitrogen as
N2
Filters water and nutrients; photosynthesis
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Reduce soil erosion

Provides a buffer
Forest

Filters water and nutrients; photosynthesis
Reduce soil erosion

Barren Land

Significant source of sediment run off
Conveyance of stormwater run off

Surface Water

Conveyance of sediment run off
Used as drinking water
Significant source of run off

Urban

Increased erosion and sedimentation
Altered water cycle

Wetlands are another example of land cover that can be found adjacent to streams. In the
United States, wetlands fall under “miscellaneous land cover”, which also includes tundra or
swamps. These miscellaneous land cover areas account for 197 million acres (9 percent) of the
total land cover areas within the United States (Nickerson, 2011). The vegetation and bacteria
present in wetlands reduce the amount of nutrients that enter adjoining streams and in turn utilize
the nutrients for energy. In order to reduce the nitrogen within the wetland, the plants and
bacteria must complete the nitrogen cycle. The bacteria within the wetland environment use the
processes of fixation, ammonification, nitrification, and denitrification to remove nitrogen from
the wetland (Osmund, 1995). When nitrogen enters a wetland, it will undergo fixation converting
gaseous nitrogen to ammonia or nitrate. Then during ammonification, the amino acids are broken
down resulting in ammonia. After ammonification, the ammonia is oxidized into nitrate and
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nitrite. This step is called nitrification and it creates energy for the bacteria to utilize for energy.
Finally, denitrification allows for the nitrates created in the last step to be reduced into gaseous
nitrogen. The other nutrient removed within wetlands is phosphorous. Phosphorus can only be
removed thorough physical and chemical processes (Kostel, 2016). Phosphorous that enters the
sub-watershed attached to sediment particles will settle in the wetland soil through
sedimentation. Phosphorous can also enter the sub-watershed as dissolved PO4. The dissolved
PO4 will then adsorb to aluminum oxides, iron oxides, and hydroxides found within the sediment
(Kostel, 2016). The phosphorous can then precipitate and form aluminum, iron, and calcium
phosphates (Kostel, 2016). Sediment accretion must continue within wetlands in order to remove
and store phosphorous.
Forested areas adjacent to water bodies are also important to consider when
understanding potential impacts to water quality. Forestland encompasses 671 million acres (30
percent) of the total land cover in the United States (Nickerson, 2011). This figure does not
include the 313 million acres (14 percent) of special uses areas such as parks and wildlife areas
that include forested areas. Forested areas are similar to wetlands in that they usually do not have
a great deal of surface run-off. Forests are pervious with vegetation to soak up the rainwater and
nutrients. The rainwater and nutrients will both be utilized for plant growth. However, surface
run-off can occur if the forest is disturbed by activities like fire or timber harvesting. These
activities, if conducted incorrectly, can reduce (or modify) surface cover, compact the soil, and
cause erosion.

1.4 Nutrients
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Nutrients are one of the most important water quality parameters that can be used
to determine stream health. Nutrients are necessary for plant growth of both terrestrial and
aquatic vegetation. They also are an important indicator of water quality because they control the
growth of plants. Nutrients can significantly modify other water quality parameters such as
dissolved oxygen and hardness. The correct balance of nutrients are necessary for water system
health, but when present in excess (i.e., typically associated with anthropogenic contributions),
they can create an imbalance in the water quality parameters. This imbalance then in turn can
result in harmful algal blooms (HABs) and fish kills, among other environmental problems.
Increased algal growth limits sunlight penetration to the benthic community (Perlman, 2015),
which can also adversely affect benthic and epibenthic organisms. If too many nutrients enter the
water column, plant growth can be overstimulated which can result in changes in water quality
parameters, such as increased turbidity and low dissolved oxygen. Plants will continue to grow
and utilize nutrients in the environment until one nutrient becomes limiting. If a limiting nutrient
is not present (in other words, nutrients necessary for production and survival are present in
excess), eutrophication of the aquatic environment can occur. Eutrophication is a natural process,
but typically occurs in a healthy system on a geologic time scale (i.e., hundreds to thousands of
years). However, when a system is impacted with anthropogenic nutrient pollution such that the
homeostasis has been disrupted and threshold and buffering capabilities have been surpassed,
and the adverse process will occur much faster. The excessive nutrients that enter the water
column and cause eutrophication can frequently be attributed to surface run off. It has been
estimated that eutrophication accounts for approximately 60 percent of impaired river area
(Carpenter, 1998).
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In coastal areas such as Worcester County, MD, the anthropogenic sources of nutrients
greatly affect water quality. Like many coastal areas, Worcester County is heavily populated.
The population bases within the County contribute nutrients to the watershed through urban runoff and from wastewater treatment plants (NOAA, 2009). Farming (i.e., via fertilizer run off) and
livestock operations (e.g., sewage effluent) such as poultry farms also contribute significant
nutrient influx. According to NOAA (2008), over 60 percent of the coastal rivers and bays in the
United States are moderately to severely affected by nutrient pollution.
The two nutrients that are most commonly tested to determine stream health are nitrogen
(measured as nitrate [NO3-], nitrite [NO2-], and ammonia [NH4]) and phosphorous (measured as
phosphate [PO43-]). The nitrogen concentrations for the 60 sub-watersheds within the Delmarva
Peninsula were measured as dissolved inorganic nitrogen (DIN) which is the sum of the
concentrations of NO3- and NH4 (CSIRO, 2003).
The three different categories of nitrate concentrations/ranges that are frequently reported within
a freshwater body are found in Table 2.
Table 2. Range of Nitrate in freshwater streams (Dennison, 2016).
Range of Nitrate

Concentration (mg NO2/L)

Unpolluted

Less than 0.25

Pollution from humans

Greater than 1

Pollution from anthropogenic sources

5 to 10

The second primary nutrient indicator used to determine water quality health is
phosphorous (PO43-), measured dissolved inorganic phosphorous (DIP). DIP is the concentration
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of dissolved inorganic phosphorous available for plant growth (CSIRO, 2003). Phosphates are
typically the most rate-limiting nutrient in fresh water environments. PO4 is used by aquatic
plants for growth and in their metabolic pathways (Jurtshuk, 1996). Unlike nitrogen,
phosphorous is not very soluble in water and is generally found bound to sediment and soil
particles (Busman, 2002). Phosphates also enter the water through the run off of fertilizer, waste,
detergent, disturbed land, and road salt. In Maryland, high levels of soil phosphorous are often
due specifically to the poultry litter used as fertilizer in row crops (Dennison, 2016). Detergents
that are found in sewage and drainage systems contain phosphorous that can enter the
environment through groundwater or surface run-off (Khan, 2005). It is important to note that
phosphates are not generally toxic to organisms unless they exist in very high concentrations
(Oram, 2014). In addition, an increase in nitrates can correlate with an increase in phosphates in
the aquatic environment (Lehigh Environmental Initiative, 2011). Currently, Maryland does not
have set nutrient criteria for total nitrate and total phosphorous (EPA, 2017). In comparison,
other 23 other states have at least some waters with total nitrogen and total phosphorous criteria
(EPA, 2016).

2.0 Methods
To analyze the data, land cover GIS data layers was created. The data layers
identify the different streams’ sub-watershed, as well as the land cover within the sub-watershed.
The data layers classify the land cover as urban, agricultural, water, barren land, wetland, or
forest. These data layers were used to determine if there is a correlation in streams’ nitrate and
phosphorous content and the surrounding land cover. The layers also assisted in determining if
streams with one predominate land cover have similar nitrogen and phosphorous levels.
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2.1 Compilation of County Land Cover GIS Data
Land cover GIS data was compiled for Worcester County, Maryland, Sussex County,
Delaware, and Accomack County, Virginia (Figure 1). This allows each sample point’s drainage
area and land cover to be mapped and calculated. All data were input into the Arc Map 10.3
software program (Environmental Systems Research Institute [ESRI], Redlands, CA). All the
counties original data layers were obtained from the Eastern Shore Regional GIS Cooperative
(ESRGC) and McCormick Taylor’s GIS Department. The data layers used for Worcester
County, Maryland include line_rivers_MD.shp, line_roads.shp,
Worcester_county_boundary.shp, stream_use.shp, watershed.shp, watershed_12dig.shp, and
wor_2010LULC.shp. The Worcester_county_boundary.shp layer was also included so that all
other Worcester County data layers can be clipped from the size of the state of Maryland to the
size of Worcester County. The data layers that included for Sussex County, Delaware are
2007_delaware_lulc.shp, Major_Rivers_and_Streams.shp, roads.shp, and
sussex_county_boundary.shp. The Sussex_county_boundary.shp layer was included so that all
other Sussex County data layers can be clipped from the size of the state of Delaware to the size
of Sussex County. Finally, the data layers that were included for Accomack County, Virginia are
secondary_2005_05_31.shp (roads), primary_2005_05_31.shp (roads), va_streams.shp,
va_acco_lulc, and acco_county_boundary.shp. The acco_county_boundary.shp layer was
included so that all other Accomack County data layers can be clipped from the size of the state
of Virginia to the size of Accomack County. The poultry_houses.shp layer displayed the location
of poultry houses along the Delmarva Peninsula and was clipped to each of the three
county_boundary.shp layers separately.
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Figure 1. Map of the Delmarva Peninsula.

Once the data layers were added to ArcMap, a define projections tool was used to
standardize the geographic coordinate system for the Worcester_county_boundary.shp layer, the
Acco_county_boundary.shp layer, and the Sussex_county_boundary.shp layer. The geographic
coordinate system was defined as NAD (North American Datum) 1983. Changing the
geographic coordinate system also standardized the units of measurement to meters instead of a
mix of meters and feet.

2.2 Delineation of Boundary Data Layers
Next, each data layer was clipped to the appropriate county_boundary_shp layer. Each
data layer was then renamed to reflect the county, purpose, and clipped status. For example, the
19

Major_Rivers_and_Streams.shp layer was renamed Delaware_rivers_clip_shp layer. After the
primary_2005_05_31.shp layer and secondary_2005_05_31.shp layer were clipped and renamed
Va_primary_roads_clip.shp and Va_secondary_roads_clip.shp, the two layers were merged to
become VA_roads.shp. In addition, the poultry_house.shp layer for each county was clipped and
renamed va_poultry_clip.shp, Worcester_poultry_clip.shp, and Delaware_poultry_clip.shp. The
three layers were then merged together to create one layer named poultry_houses_merge.shp.
The next step was to add the 60 nutrient sampling location points provided by Maryland
Coastal Bays as a data layer in Arc Map (ESRI, Redlands, CA). The layers were presented as
latitude and longitude measurements in an excel table. The 60 sample points were converted to
decimal degrees for importing into ArcMap. The sample points were then added by clicking file,
add data, then add x and y data. Next, graph was selected and x and y points was selected. The
coordinate system was changed to WGS (World Geodetic Survey) 1984. The table was added to
the layer column in ArcMap and the data was exported as a data layer. In order to export as a
data layer, the table was right clicked then the data key was pressed. The data layer was named
Sample_Points.shp.
Sample points attributes were then added into the attribute table. An attribute contains
“information about a geographic feature in a GIS (ESRI).” To create the attribute table, all
relevant data were copied to a new excel workbook. The workbook was joined and validated
allowing the attribute table to become attached to the sample_points.shp layer.

2.3 Standardization of Land Cover Attributes
After the attributes were added, the separate counties land cover attributes were
standardized. The land cover data for Accomack County, Virginia and Sussex County, Delaware
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were included to ensure accurate analysis if the sampling site’s sub-watersheds entered the
surrounding counties. Worcester County has 25 different land cover attributes while Virginia has
15 different land cover attributes. Delaware has 49 different land cover attributes. In order
standardized and consolidate the land cover categories for Worcester County, Sussex County,
and Accomack County, an excel sheet was used to facilitate the placement of each counties land
cover categories in one of six land cover categories. As previously defined, these categories are
water, wetland, agricultural field, urban, forest, and barren land. Once each counties attributes
were placed into a category, a query was used in ArcMap to combine the attributes of each
county into one of the six different land cover data layers. When the six categories for each
county were established, the next step was to merge the like categories. For example, the urban
data layer for Worcester County will be merged with the urban data layer for Sussex County and
Accomack County. The result was six land cover data layers that encompass the entire study
area.

2.4 Delineation of Sub-Watersheds
Sub-watersheds for each of the 60 sample sites were then delineated. The web program
Stream Stats (USGS) was used to delineate the sample sites. Stream Stats was utilizes GIS
information to determine a sample points drainage area. The first step in Stream Stats was to
provide the location of the sample site. The location of each sample site was provided in latitude
and longitude. The next step was to choose the state or region and zoom until the delineate tool
can be accessed. Once the delineate tool was accessed, a blue stream segment was chosen and
the corresponding basin was delineated. Finally, the basin was downloaded as a shapefile and
added as a data layer in ArcMap. Each sample site’s sub-watershed was delineated so that the

21

land cover data and poultry houses that are contained within the sub-watershed could be
identified. Delineating the sub-watersheds also ensured that each sample site’s drainage area was
included. Ultimately, using the sub-watershed boundaries allow for conclusions to be drawn
about the source of nutrients measured at each sample site based on land cover and poultry
houses the area contains.

2.5 Collection of Nutrient Data
Throughout the US, stream health is monitored through intensive sampling regimes with
defined water quality parameters. The state of Maryland (MD) has thousands of miles of
freshwater streams, rivers, etc. and has a long history of water quality monitoring. For example,
Maryland Coastal Bays (who kindly provided all the data for this analysis) have conducted the
sampling and monitoring of 60 streams in Worcester County, which lies within Maryland’s
coastal sub-watershed. Maryland Coastal Bays is a non-profit organization whose goal is to,
“protect and conserve the waters and surrounding sub-watershed of Maryland’s coastal bays to
enhance their ecological values and sustainable use for both present and future generations
(Maryland Coastal Bays Program, 2016).” For the past nine years, Maryland Coastal Bays has
compiled the water quality and nutrient data for the streams in Worcester County (“Figure 2”)
sampling each station once in the spring and once in the winter. Only the spring data, which was
collected in April, was available for analysis. The 60 sub-watersheds were delineated based on
the corresponding sample locations. Each sub-watershed’s land cover data and poultry house
distribution were obtained. In addition, Maryland Coastal Bays provided the average dissolved
inorganic nitrogen (DIN) and dissolved inorganic phosphorous (DIP) taken at each sampling
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point once a year. The DIN and DIP values from 2006 through 2015 were averaged together for
this study. Nutrient data was absent from two sampling locations, Lizard Hill 1 and Lizard Hill 2.

Figure 2. Map of the United States of America with the state of Maryland in red
(Theclipartwizard.com, 2010).

A sub-watershed differs from a sub-watershed in that they have, “a drainage area of two
to fifteen square miles with boundaries that include the land area draining to a point at or below a
confluence of two second order streams and almost always within the limits of a third order
stream (Schueler, 2000).” Sub-watersheds also may be strongly influenced by impervious
surface run-off. Therefore, land cover on a small sub-watershed would have important
implications in identifying specific areas for installation of best management practices and to
identify areas for remediation and restoration

3.0 Results
The 60 sub-watersheds delineated around sampling locations varied greatly in size and
shape (Figure 3). Each sub-watershed was shaped as an amorphous polygon. This distinction
23

indicates that the sub-watersheds had no set shape (i.e., amorphous) and that the map feature
represented the area at a given scale (i.e., polygon). The total area of the sub-watersheds varied
with the smallest sub-watershed, Stephen Decatur ditch, measuring only 200 m2 while the largest
sub-watershed, Swans Gut, measured 32,443,900 m2. The average area for the sub-watersheds
was 4,653,422 m2. The size of the sub-watershed has a negligible impact on the concentration of
nutrients that are measured. As these results demonstrate, the greatest impact to the concentration
of nutrients is the land cover within the sub-watersheds.
Figure 3. Visual reference to the sampling location and density of poultry houses pertaining
to each site’s sub-watershed.
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The land cover data within each sub-watershed’s boundary varied similarly to the size
and shape. The total sum of all land cover data captured within the sub-watershed boundaries is
3,433 polygons. Urban land cover was seen at the highest frequency within the sub-watersheds
(Table 3). Areas of urban land cover accounted for 46% of the land cover within the subwatersheds (Figure 4). The area that was counted with the lowest frequency within the subwatersheds (0.3% of total land cover polygons) was barren land (Figure 7). It was noted that
several land cover types could be displayed within one area along the Delmarva Peninsula. For
example, the barrier island visible in Figure 5, Figure 7, and Figure 8 displays urban, barren land,
and forest land cover area. This is possible because the barrier island shown in these figures
contains a National Park (forest), multiple beaches (barren land), and the urban tourist
destination of Ocean City (Appendix B).
Areas with predominantly urban land cover, predominately agricultural land cover, or a
mix of the two land cover types were expected have higher nutrient concentrations and therefore
impaired water quality when compared with other types of land cover and this was demonstrated
in the results. Similarly, urban areas were expected to have higher nutrient concentrations due to
the high amounts of impervious surface areas causing nutrient to be transported by surface run
off. Urban areas also have larger populations that increase the amounts of nutrients present in
wastewater. Nutrients are found within the fertilizers used for plant application and in the waste
produced from animal feedlots. Land cover areas that are predominately wetlands contained the
least amount of nutrients and therefore exhibited the best water quality (Table 2). Wetlands were
expected to have the lowest DIN concentration because of the various plants and bacteria that
remove or “fix” nitrogen. Wetlands were also expected to have the lowest DIP concentration
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because phosphorous sorbs to sediment particles and settles out of suspension effectively
removing DIP. The data demonstrated this was also the case.
Table 3. Total number of each type of land cover data.
Land Cover Type

Total Number

Total Percentage
(%)

Urban

1577

46

Agriculture

582

17

Forest

828

24

Water

45

1.3

Barren Land

11

0.3

Wetland

390

11.4
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Figure 4. Water land cover was observed throughout the Delmarva Peninsula. The areas
where the water land cover and sub-watersheds overlap are included in the land cover
analysis.
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Figure 5. Agricultural land cover was observed throughout the Delmarva Peninsula.
The areas where the agricultural land cover and sub-watersheds overlap are included in
the land cover analysis.
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Figure 6. Forest land cover was observed throughout the Delmarva Peninsula. The
areas where the forest land cover and sub-watersheds overlap are included in the land
cover analysis.
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Figure 7. Barren land cover was observed throughout the Delmarva Peninsula. The
areas where the barren land cover and sub-watersheds overlap are included in the land
cover analysis.
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Figure 8. Urban land cover was observed throughout the Delmarva Peninsula. The
areas where the urban land cover and sub-watersheds overlap are included in the land
cover analysis.
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Figure 9. Wetland land cover was observed throughout the Delmarva Peninsula.
The areas where the wetland land cover and sub-watersheds overlap are included in the
land cover analysis.
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The poultry house data layer has 1,094 poultry houses located throughout the Delmarva
Peninsula. The agricultural areas have the largest number of poultry houses with 768 (Table 4).
Urban land cover had the next greatest amount of poultry houses with 291. Forested land
contained 32 poultry houses while barren land had two poultry houses (Figure 6) and wetland
areas contained one poultry house (Figure 9). In areas designated as water land cover, we would
not expect to find any poultry houses (Figure 8). The assumption that there should be no poultry
houses in areas of water land cover holds true as none were found within the study areas,
allowing for a degree of quality control review of the data. Therefore, we can conclude that there
is no poultry house run off coming from water land cover areas.
Table 4. Concentration of poultry houses in comparison to land cover type.
Land Cover

Concentration of Poultry Houses (% of
total area)

Agriculture

768 (70%)

Urban

291 (27%)

Forest

32 (3%)

Barren Land

2

Wetland

1

Water

0

Initially, 233 poultry houses were completely contained with the 60 sub-watersheds.
However, it was determined that 53 of the poultry houses were counted in more than one subwatershed. The Bishopville Dam B-1 sub-watershed contained several smaller sub-watersheds
within its boundary. These sub-watersheds are Slab Branch, Carey Branch, Buntings Branch,
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Cemetery UN Tributary, Lizard Hill 1, Birch Branch, and Lizard Hill 2. Furthermore, the
boundaries for Lizard Hill1, Lizard Hill 2, and Birch Branch all overlap. The sub-watershed for
Middle Branch also contains the sub-watershed for the Showell property. Finally, the subwatershed for Swans Gut contained several smaller sub-watersheds. The smaller sub-watersheds
are Sand Branch, Bunn Ditch, Big Mill Pond, Little Mill Run, and Payne Ditch. The subwatershed boundaries for Little Mill Run and Payne ditch also overlap. After the 53 repetitive
poultry houses that were found within the sub-watersheds were eliminated, 180 poultry houses
remained. Out of the 60 sub-watersheds, 34 contained one or more poultry houses. The greatest
numbers of poultry houses were found within the Bishopville Dam B-1 sub-watershed, which
contained 38. Birch Branch had the second greatest number of poultry houses with 28. Twentysix sub-watersheds had no poultry houses present within their sub-watershed. As the
concentration of poultry houses within a sub-watershed increases, the nutrient concentrations
measured within the sub-watersheds are also expected to increase. In the 26 sub-watersheds that
contain no poultry houses, 10 of the sub-watersheds had DIN and DIP values below the 25th
percentile. Sub-watersheds that have land cover that is predominately urban and/or agricultural
and contain large amounts of poultry houses should have higher DIN and DIP concentrations
than any sub-watershed whose land cover patterns contain no poultry houses. The data
demonstrated that this was the case.
The highest concentration of DIN was measured at Back Creek at Caterpillar Lane,
sample location 5. This location had an average DIN concentration of 7.78274 mg/l. The lowest
DIN value was measured at Icehouse Branch, sample location 35. This location had an average
DIN concentration of 0.02991 mg/l. The highest concentration of DIP was measured at Marshall
Branch Unnamed Tributary (UT), sample location 34. This location had an average DIP
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concentration of 0.06882 mg/l. The lowest concentrations of DIP were measured at 0 mg/l at two
sample locations, South Point, which was located in a mix of urban and forest land cover and
Holland Creek UT, which is located in areas of agricultural land cover.
The median DIN and DIP concentrations were also compared with all streams within the
entire stream data set. If the median value for both DIN and DIP measured at the sample location
was above the 75th percentile, the stream measured more heavily impacted by nutrients (Table 5).
If the median value at the sample location was below the 25th percentile, the stream measure was
less impacted by nutrients.
Table 5. 25th and 75th percentile for nutrient concentrations in streams.
Nutrient

25th percentile value

75th percentile value

DIN

≤ 0.1918

≥ 2.055

DIP

≤ 0.01

≥ 0.03

DIN values above the 75th percentile were measured in 16 out of the 57 sample locations.
Likewise, DIN values below the 25th percentile were measure in 16 out of the 57 sample
locations. Only nine out of the 57 sample locations had DIP values above the 75th percentile
while 16 out of the 57 locations had values below the 25th percentile. Three sampling locations
were measured above the 75th percentile in both DIN and DIP concentrations. The locations
impacted by heavy concentrations of nutrients are Bunn Ditch, Riley Creek UT, and Robins
Creek UT, all three creeks located in Urban areas (Figure 10 and Table 6). Twelve sampling
locations were below the 25th percentile in both DIN and DIP concentrations (Figure 11 and
Table 7). Nineteen sampling locations had intermediate DIN and DIP values between the 25th
and 75th percentile, a subset of these values is shown in Figure 12 and Table 8.
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Figure 10. Sub-watersheds impacted by heavy nutrient concentrations
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Table 6. Nutrient Concentrations above the 75th percentile for DIN and DIP.
Sub-Watershed

DIN Concentration (mg/l)

DIP Concentration (mg/l)

5.45867

0.032825

Riley Creek

4.31662

0.0525

Robins Creek

4.03714

0.035

Bunn Ditch

Figure 12. Sub-watersheds impacted by low nutrient concentrations
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Table 7. Nutrient Concentrations below the 25th percentile for DIN and DIP.
Sample Site

DIN concentration (mg/L)

DIP concentration (mg/L)

Montego Bay Pond

0.03

0.004635

Roy Creek

0.18

0.01

Hancock Creek

0.04544

0.009455

Purnell Bay UT

0.05034

0.00005

Rowley Creek

0.07826

0.008685

Scarboro Creek at EAVaughn

0.04662

0.004

Tanhouse Creek

0.04044

0.00403

Jake Gut Tributary

0.06

0.000965

Holland Creek UT

0.0343

0

Icehouse Branch

0.02991

0.00713

South Point

0.07

0

Stephen Decatur Ditch

0.03696

0.01
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Figure 13. Sub-watersheds impacted by intermediate nutrient concentrations
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Table 8. Nutrient Concentrations between the 25th and 75th percentile for DIN and DIP.
Sub-watershed

DIN concentration (mg/l)

DIP concentration (mg/l)

Big Mill Pond

0.70473

0.0125

Payne Ditch

0.91654

0.017825

Kitts Branch

1.13708

0.011

Bishopville Dam

1.30494

0.0205

4.0 Discussion
The size of the sub-watershed does not seem to affect the concentration of DIN and DIP
measured at each sample point. The land cover type does appear to affect the concentrations of
DIN and DIP measured at the individual sample points. The Stephen Decatur ditch, located in a
wetland area had the smallest sub-watershed area measured at 200 m2. The concentration of DIN
and DIP measured within this sub-watershed was below the 25th percentile. The total
concentration of DIN was 0.03696 mg/l while the concentration of DIP was 0.01mg/l. The
second area with the smallest sub-watershed area was South Point whose sub-watershed
measured 93,100 m2 and was an even distribution of urban and forest land cover. South Point
also fell below the 25th percentile for DIN and DIP. The DIN measured 0.07 mg/l while DIP
measured 0 mg/l. However, the sub-watershed with the next smallest area of 94,100 m2
measured above the 75th percentile. Robins Creek tributary, whose watershed is made up of
entirely agriculture land cover, has a DIN concentration of 4.03714 mg/l while the DIP reading
measured 0.035 mg/l. The largest sub-watershed measuring 32,443,900 m2 belonged to Swan’s
Gut (Table 9). Swan’s Gut has a land cover mixture that is 27% urban, 14% agriculture, 41%
forest, 2% barren land, 0% water, and 16% wetland. Swan’s Gut has a DIN concentration of 1.28
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mg/l and a DIP concentration of 0.001 mg/l that falls below the 25th percentile. The second
largest sub-watershed area belongs to Bishopville Dam B-1 (Table 9). The Bishopville Dam B-1
also has a wide land cover distribution of 40% urban, 15% agriculture, 22% forest, and 23%
wetland. The percentage of barren land and water land cover is negligible. This sub-watershed is
more than 12,100,000 m2 larger than the third largest sub-watershed at 31,600,400 square feet.
The Bishopville Dam sub-watershed has a DIN value of 1.30494 mg/l and a DIP value of 0.0205
mg/l. Both values fall between the 25th to 75th percentile ranges.
Sub-watershed areas with predominantly urban land cover, agricultural land cover, or a
mix of the two land cover types were expected to have higher nutrient concentrations than any
other type of land cover. The sub-watershed with the greatest amount of urban land cover is the
Bishopville Dam B-1. One hundred and forty three urban land cover parcels were counted within
the sub-watershed. This area has median nutrient range with a DIN value of 1.30494 mg/l and a
DIP value of 0.0205 mg/l. Swan’s Gut has the next largest amount of land cover polygons with
137. Swan’s Gut has a DIN concentration of 1.28 mg/l and a DIP concentration of 0.001 mg/l
that falls below the 25th percentile. Five sub-watersheds did not have any urban land cover
polygons. These sub-watersheds are the Robins Creek Tributary, Holland Creek unnamed
tributary, Scarboro Creek at EAVaughn, Little Mill Creek, and Payne Ditch. Robins Creek has
DIN and DIP concentrations that fall above the 75th percentile. The DIN concentration with the
sub-watershed measured 4.03714 mg/l, the DIP concentration measured 0.035 mg /l. Hollands
Creek unnamed tributary, and Scarboro Creek EAVaughn had nutrient concentrations that
measured below the 25th percentile. The DIN concentration for Hollands Creek was 0.0343 mg/l
and the DIP concentration was 0 mg/l. The DIN concentration for Scarboro Creek measured
0.04662 mg/l and the DIP concentration measured 0.004mg/l. Little Mill Creek had a DIN value
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of 2.90231 mg/l that falls above the 75th percentile. The DIP value for Little Mill Creek and the
nutrient concentration for Payne Ditch fall between the 25th and the 75th percentile.

Table 9. Land cover concentration, DIN, and DIP concentrations between Bishopville Dam and
Swan’s Gut.
Sub-

[DIN]

[DIP]

Urban

Agriculture

Forest

Water

Barren

Wetland

watershed

(mg/L)

(mg/L)

(%)

(%)

(%)

(%)

Land

(%)

(%)
Swan’s Gut

1.28

0.001

27

14

41

0

2

16

Bishopville

1.30494

0.0205

40

15

22

0

0

23

Dam

The Stephen Decatur ditch is the only sub-watershed that does not contain any
agricultural land cover. Both the DIN value of 0.03696 mg/l and the DIP value of 0.01 mg/l fall
below the 25th percentile. The sub-watershed with the most agricultural land cover is Swan’s Gut
with 71 polygons. Swan’s Gut has a DIN concentration of 1.28 mg/l and a DIP concentration of
0.001 mg/l that falls below the 25th percentile. The Bishopville Dam sub-watershed has 54
agricultural land cover polygons, a DIN value of 1.30494 mg/l, and a DIP value of 0.0205 mg/l.
Both values fall between the 25th to 75th percentile ranges.
The Stephen Decatur ditch sub-watershed and the Robins Creek sub-watershed do not
contain any areas with forest land cover. At the sample location for Stephen Decatur ditch, the
DIN value was measured at a concentration of 0.03696 mg/l and the DIP value was0.01 mg/l;
both values are below the 25th percentile. Robins Creek has DIN and DIP concentrations that fall
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above the 75th percentile. The DIN concentration with the sub-watershed measured 4.03714
mg/l; the DIP concentration measured 0.035 mg /l. The sub-watershed with the greatest amount
of forest land cover was found within the Swan’s Gut sub-watershed. Swan’s Gut contains 209
forest land cover polygons. Swan’s Gut has a DIN concentration of 1.28 mg/l and a DIP
concentration of 0.001 mg/l that falls below the 25th percentile.
Water land cover was counted in 15 of the 60 sub-watersheds. The sub-watershed with
the greatest amount of water land cover was Swan’s Gut with 12 water polygons. The next
greatest was Montego Bay with eight water polygons. Both of these sub-watersheds have
nutrient concentrations that fell below the 25th percentile. Barren land cover was found in nine
out of the 60 sub-watersheds. The areas with the largest barren land were the Newport Creek and
Manklin Creek unnamed tributary. Each sub-watershed had two areas of barren land cover. Both
areas had nutrient concentrations between the 25th percentile and the 75th percentile. Finally, 15
out of the 60 sub-watersheds had wetland land cover. The largest concentration of sub-watershed
land cover was present within the Montego Bay inlet. The Montgeo Bay inlet contains 95 land
cover polygons. The DIN and DIP nutrient concentrations are both below the 25th percentile. In
fact, the only DIN values that were above the 75th percentile were measured at Drum Creek and
Turville Creek. Turville Creek had a DIN concentration of 2.15908 mg/l while Drum Creek
measured 2.7034 mg/l. Likewise, the only DIP value within a wetland land cover area that
measured above the 75th percentile was 0.035 m/l found at Bunting’s Branch.
The third factor that influenced the DIN and DIP nutrient concentrations measured at the
sample sites was frequency of poultry houses present throughout a sub-watershed. Delmarva’s
Eastern Shore produced 565 million chickens in 2013 (Maryland Reporter, 2015). Because each
poultry house averages 20,000 chickens, approximately 2,800 poultry houses are found within
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Delmarva. Sub-watersheds that contain higher numbers of poultry houses were expected to have
increased DIN and DIP concentrations present. Likewise, sub-watersheds that do not contain
poultry houses should have low DIN and DIP concentrations. Twenty-six sub-watersheds do not
contain any poultry houses. Ten of these watersheds have DIN and DIP values below the 25th
percentile while only one sub-watershed, Robins Creek, was found to have values over the 75th
percentile, ostensibly nitrogen and phosphorus concentrations from other sources (e.g., urban
contributions, etc.). Six sub-watersheds have DIN values over the 75th percentile while the DIP
values fall below the 75th percentile. Three sub-watersheds contain DIP values over the 75th
percentile and DIN values that fall below the 75th percentile. Five sub-watersheds have values
that are above the 25th percentile but below the 75th percentile. Finally, one sub-watershed that
does not contain any poultry houses, Scarboro Creek at Public Landing, is found to have a DIN
concentration below the 25th percentile and a DIP value between the 25th and 75th percentile.
Therefore, only one sub-watershed that does not poultry houses, is shown to be heavily impacted
by nutrients while ten are shown to be minimally impacted by nutrients (the remainder falling
between the 25th and 75th% DIN and DIP concentration values [Table10]). This is expected based
on the known contributions of nitrogen and phosphorus concentrations from poultry litter/waste
run off (Chesapeake Bay Program, 2012). Empirical data from the literature corroborate these
results. For example, a study conducted by O’Neil et al. (2011) within the Maryland Coastal Bay
sub-watershed indicated that cropland had the highest export of nitrogen while an area with a
non-operational poultry hatchery and a modified channel had the highest export of phosphorous
(Beckert, 2011). This particular poultry hatchery was closed in 2006, however phosphorous
accumulated over the hatchery’s lifetime and continued to impact surface waters through
erosional events over time. Phosphorous was transported from the site attached to sediment
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particles that dislodged from the conveyance channel during erosive events. Operational poultry
houses within the same region have also been shown to have high phosphorous exports
(Wheelan, 2015). Surface run-off from farmland is also greatly increased because of the loose
soil, use of irrigation, and manipulated landscape. The manipulation of the landscape (e.g.
anthropogenic or natural) in agricultural areas also allows nutrients to run-off of the agricultural
areas more quickly than in other pervious land cover areas. Agricultural fields are designed to
drain excess water away from the crops and into nearby ditches and streams to support the
growth and cultivation of commodity crops. When the water drains from the fields, it can remove
the excess nitrogen and phosphorous found in the applied fertilizers. The farm fields that apply
manure have three times more phosphorous run-off than fields without manure accounting for 41
percent of phosphorous polluting the Chesapeake Bay from Maryland (Wheelan, 2015,
Environment Maryland, 2011). Another reason for the area’s phosphorous run off is that farmers
apply manure based on their field’s nitrogen requirements without any concern for phosphorous.
However, if the manure satisfies the nitrogen requirements, the phosphorous is over-applied
(Environment Maryland, 2011). When farm fields are saturated with phosphorous and the crops
have taken in what they need, the remaining phosphorus is generally transported via run-off.
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Table 10. Sub-watersheds that correspond with specific nutrient range concentrations.
Nutrient Range

Sub-Watershed
Montego Bay inlet
Holland Creek Unnamed Tributary
South Point
Roy Creek

DIN and DIP below the 25th percentile

S. Decatur ditch
Rowley Creek
Hancock Creek
Scarboro Creek @ EAVaughn
Jake Gut Tributary
Icehouse Branch

DIN and DIP above the 75th percentile

Robin Creek
Bottle Branch
Marshall Ditch

DIN over the 75th percentile, DIP below the

Drum Creek

75th percentile

Turville Creek
Sheephouse Tributary
Little Mill Creek

DIN below the 75th percentile, DIP over the

Waterworks Creek

75th percentile

Robins Creek
Marshall Creek

DIN and DIP between the 25th and 75th

Crippen Branch

percentile

Kitts Branch
Hudson Branch
Scarboro at Route 12
Pikes Creek Unnamed Tributary 1

DIN below the 25th percentile, DIP between

Scarboro Creek at Public Landing

the 25th and 75th percentile
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Poultry houses were present in the 34 remaining sub-watersheds. However, poultry
houses in 12 of the sub-watersheds were included twice within the data. The poultry houses were
included once in a smaller sub-watershed and then again in the larger sub-watershed that
completely contained the smaller sub-watershed within its boundary. Therefore, the 12 poultry
houses that were counted more than once were omitted from the data set. The remaining 22 subwatersheds ranged in poultry house concentration from one house to 38 houses. Manklin Creek,
Tanhouse Creek unnamed tributary one, and Pikes Creek #2 all contained one poultry house.
Tanhouse Creek has nutrient concentrations that both fell below the 25th percentile while
Manklin Creek and Pikes Creek #2 had DIN and DIP values close to the 25th percentile. The subwatersheds that contained the most poultry houses are Bishopville Dam with 38 houses and
Birch Branch with 28 houses. Both sub-watersheds were not quite above the 75th percentile
nutrient concentration however, it is worth noting that they both had high DIN and DIP values.
The DIN value for Birch Branch is 1.22 mg/l while Bishopville Dam is 1.30494 mg/l. The DIP
concentration at Birch Branch is 0.02 mg/l and the concentration at Bishopville Dam is 0.0205
mg/l.

5.0 Data Limitations
Although conclusions can be drawn about nutrient concentrations, land cover
type, and poultry houses, further research is needed for a more definitive correlation. One noted
deficiency to obtaining a more definitive correlation is lack of comprehensive data. In this study,
completed nutrient data was not available for two sites. Nutrient data for the sites Lizard Hill 1
and Lizard Hill 2 were not provided. Without having a completed nutrient data set, it is difficult
to make definitive conclusions about nutrient concentrations related to land cover and poultry
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houses. The nutrient data set provided is an average of nine years of data, collected every year in
April from 2006 to 2015. However, data was collected twice a year, once in the spring and once
in the fall, and as such, additional data points from fall for each of these nine years could be
added, (these data were not provided as part of the data package for this study). Further research
is needed to determine if the same conclusions drawn from the spring dataset can be drawn from
the fall data set. In addition, the nutrient data set provided contained an average DIN and DIP
concentration. Future research should determine if alternative nutrient values or the addition of
other water quality parameters could provide greater correlations between nutrient concentrations
and land cover or poultry house concentrations. For example, values for total nitrogen, nitrate,
ammonia, and nitrite could be provided for nitrogen while total phosphorous and orthophosphate
can be analyzed for phosphorous. In addition, water quality parameters such as temperature,
alkalinity, pH, turbidity, dissolved oxygen, could be included for analysis of a more complete
data set. In addition, rainfall data could be included to conclude if run off during the time the
sample was taken was likely. A rain event before or during a sample grab will increase the
nutrient concentrations within the sample due to run off. Likewise, a lack of rain should decrease
the nutrient concentrations within the sample. This is because run off will not occur without a
rain event to transport the nutrients.
Additional information could also be included within the land cover data set. This study
was not able to accurately determine the size of the each land cover type within each subwatershed because ArcMap cannot determine the total size of each land cover type within the
boundaries of each sub-watershed. In future research, the total size of each specific land cover
type should be determined. This information will give a more accurate representation of how
each land cover type affects the sub-watershed and nutrients that were sampled within the sub-
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watershed. Furthermore, the land cover data were taken from three separate counties that are
located in different states. The land cover shapefiles were not standardized between the states.
For example, the definition of land cover type was different between the states.
Improvements could also be made with the poultry house data set. The poultry house
shapefile did not include facts that could have an impact in data analysis such as the size of the
poultry farms, the poultry houses proximity to a water conveyance (stream or ditch), the species
of poultry present, or how many poultry were present at each location. Further research could
also include free-range poultry in addition to poultry that are housed. Data should also be
included about where the poultry manure is stored and disposed. If the manure is applied to
agriculture fields, the amount and time of year of the application, and weather conditions should
also be included. Finally, further research could look at the concentration of feed lot operations
or other livestock species to determine if an increase or decrease in nutrient concentrations seen
in sub-watersheds that contain other species of animals or a mixture of different animal species.

6.0 Conclusions
The sub-watersheds within the study area along the Delmarva Peninsula contain a wide
variety of land cover patterns and a vast number of poultry houses. The land cover throughout
the Delmarva Peninsula have an effect on the areas sub-watershed’s nutrient concentration.
Nonpoint source pollution from urban and agricultural land cover influence the nitrogen and
phosphorus concentrations, in particular. Urban and industrial areas have high impervious
surface areas and increased sewage effluent. Agricultural areas can have large amounts of animal
feeding operations that produce large amounts of manure. They also utilize large amounts of
fertilizers for crop production. As was demonstrated in this study, the sub-watersheds that
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contained multiple areas of agricultural and urban areas resulted in high corresponding
concentrations of DIN and DIP relative to wetland land cover areas.
Generally, sub-watersheds containing high areas of wetland land cover are associated
with healthy aquatic environments. The microbes, soils, and biota in the wetlands can cycle
nutrients like carbon, DIN, and DIP. When nutrients are cycled, they are not transported into
larger aquatic bodies within the sub-watershed. Therefore, the sub-watersheds that contain more
wetland land cover should contain low concentrations of DIN and DIP.
In the sub-watersheds with high concentrations of poultry houses regardless of land
cover, high concentrations of nutrients should also be found. The results show that the subwatersheds are more likely to have low concentrations of DIN and DIP if there are low
concentrations of poultry houses. However, the results do not show that high concentrations of
poultry houses will necessarily always correlate with high concentrations of DIN and DIP.
The types of land cover and the concentration of poultry houses found within the subwatersheds may not individually demonstrate specific nutrient trends. However, when watershed
area, land cover data, and poultry house data are overlaid, the concentration relationships are
apparent and indicate that the concentration of DIN and DIP sampled in the sub-watershed
decreases when the number of poultry houses is nominal, watershed area is low to medium sized,
and the urban, agricultural, and forested land cover is low. The only exception was seen with the
DIN concentration in relation to land cover in the Montego Bay Watershed. Montego Bay has no
poultry houses present but does have high urban, agriculture, and forest land cover areas. Ninetyfour urban areas, fifteen agricultural areas, and thirty-nine forested areas are present in the subwatershed. One explanation for the low DIN concentration found within the sub-watershed are
the ninety-five wetland areas found within Montego Bay.
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In conclusion, the sub-watersheds along Delmarva have a wide variety of land cover
pattern, size, and density of poultry houses. When each of these three factors are combined, a
correlation can be seen relating to DIN and DIP concentration: the sub-watersheds that have
relatively high nutrient concentrations (and subsequently potential for impaired water quality and
ecosystem health) contain large urban or agricultural land cover types and a dense population of
poultry houses. Consequently, the less impaired sub-watersheds are smaller in area with
predominately wetland land cover and minimal poultry houses. Additional data such as empirical
measurement of other water quality parameters could further augment this study and help
measure metrics for overall ecosystem health.
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Appendix A- Project Map for the Delmarva Peninsula
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Appendix B- Project Area including sub-watersheds, poultry houses, and land cover types.
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Appendix C-Sub-watersheds, Poultry Houses, and Sampling Locations
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Appendix D- Urban Land Cover throughout the Delmarva Peninsula– Purple colorations
indicate urban land cover areas.
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Appendix E- Agriculture Land Cover throughout the Delmarva Peninsula– Lime green
colorations indicate agriculture land cover areas.
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Appendix F- Forest Land Cover throughout the Delmarva Peninsula–
Forest green colorations indicate forest land cover areas.
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Agriculture G- Water Land Cover throughout the Delmarva Peninsula– Blue colorations
indicate water land cover areas.
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Appendix H- Barren Land Cover throughout the Delmarva Peninsula– Light brown
colorations indicates barren land cover areas.
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Appendix I- Wetland Land Cover throughout the Delmarva Peninsula– Red colorations
indicate wetland land cover areas.
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