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ABSTRACT
Little information is available on stormwater runoff loadings from urbanized coastal
watersheds in the northern Gulf of Mexico. Stormwater discharges from pristine or
least (Heron), moderately (Cumbest), and heavily (Chico) urbanized watersheds in
Mississippi, were monitored from June 2010 to July 2011 to quantify loadings of
nutrients and sediments. There was zero and one discharging pipe available for
effective sampling in the Heron and Cumbest watersheds, respectively. The Chico
watershed had 83 discharging pipes, and was divided into 5 sections for sampling
based on pipe location, size, and accessibility. Annual loads (kg·ha-1·yr-1) of total
suspended solids (Chico large = 322.71, medium = 137.72, and small = 1.38,
Cumbest = 0.04 x 10-1) were extremely high from both large and medium pipes at the
heavily urbanized watershed. Nutrient loads followed the similar trend (e.g., NO3loading large = 16.04, medium = 4.31, small = 0.05, Cumbest = 0.02 x 10-2). Results
of this study suggest that watershed urbanization increased solid and nutrient loads to
adjacent surface waters. These results may be helpful for TMDLs development for
urbanized coastal watersheds.
INTRODUCTION
Surface water quality is negatively impacted by urban development and
stormwater runoff (Gilbert and Clausen 2006). About 50% of the U.S. population is
living in or near coastal areas (Scavia et al. 2002). As coastal areas are further
developed to support human populations and their associated socio-economic
requirements, the conservation and protection of coastal ecosystems, which provide
diverse biology and services valuable to humans, becomes more challenging.
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Increased nutrient and suspended solids inputs, habitat degradation, and overexploitation of living natural resources have negative impacts on adjacent aquatic
ecosystems.
Anthropogenic activities and urban expansion are causes of diffuse and direct
pollution sources (Pitt et al. 1995; Chen et al. 2009). These sources include driveway
runoff, lawn runoff, combined sewer outflows, and separated sewer outflows that are
well known for their untreated nutrient and suspended solids, which are deposited
into surface waters during storm events (Barrett et al. 1998; Lee and Bang 2000;
Gilbert and Clausen 2006).
Stormwater pollution is a significant problem affecting conservation of coastal
ecosystems (Davis et al. 2001). Increased discharge of urban stormwater into aquatic
ecosystems has been directly linked to increases in nutrients (nitrogen and
phosphorus) and total suspended solids (Lee et al. 2007). Increases of impervious
surfaces associated with urban development have been linked to unnatural increases
of TSS in adjacent surface waters (Lewis 1996). Nutrient constituents from runoff are
often responsible for eutrophic conditions to surface waters. Human-induced
mechanisms of water and nutrient transport are suspect for the degradation of surface
waters adjacent to metropolitan areas (Carpenter et al. 1998; Handler et al. 2006).
These mechanisms exacerbate problematic areas in urban watersheds because they
increase surface overland discharge, and stormwater pipes frequently bypass natural
buffering mechanisms such as riparian zones (Barrett et al. 1998; Lee et al. 2007).
Both nitrogen (N) and phosphorous (P) are responsible for algal and aquatic plant
proliferation, which negatively impact natural ecosystem processes when they are
unregulated.
There is little information in effects of coastal urban development on stormwater
runoff loadings in northern gulf coast of Mississippi. By monitoring storm runoff pipe
discharges during storm events, the current study assessed loadings of TSS and
nutrients that discharged into Mississippi coastal bayous under a gradient of
watershed urban development. Our specific questions include: what are the storm
runoff loadings of nutrients and sediments into coastal bayous? And are these
loadings increased with watershed urbanization?

METHODS
Study Area
Grand Bay National Estuary Research Reserve (GBNERR) is a marine protected
area located on the Mississippi coast in the North Central Gulf of Mexico (Figure 1).
The estuary is very productive and encompasses roughly 72.80 km2. Of that area,
51.80 km2 is the core area (e.g., tidal wetlands composed of oyster reefs, shallow
open water, seagrass beds, sandy beaches and shell middens) that are important
habitats for healthy functioning ecosystems (Peterson et al. 2007). The remaining
21.00 km2 is comprised of a buffer zone of tidal marsh, scrub shrub, and various types
of pine forest that add additional protection to the core area (Peterson et al. 2007).
The open water estuarine areas support large, productive patches of submerged
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aquatic vegetation, primarily widgeon grass Ruppia maritima and smaller patches of
shoal grass Halodule wrightii (Peterson et al. 2007).
There were three bayous of interest in this region – Bayou Heron, Bayou Cumbest,
and Bayou Chico. Bayou Heron and the Bayou Cumbest are located within the
GBNERR whereas Bayou Chico is located on the western side adjacent to the
GBNERR (Figure 1). These bayous represent a gradient of human development for
bayous in the region. Bayou Heron is considered as a least-urbanized bayou and is
located on the northeastern end of the GBNERR. This bayou has a large watershed
area (i.e., 1,817.00 ha) that contains 17 buildings (i.e., 0.01 buildings/ha) and water
depths ranging from 0.20-1.40 meters (Figure 1). There was no urban development in
Bayou Heron despite that it was frequently used by recreational anglers from a boat
launch at the north end of the bayou. Bayou Cumbest is a meandering deltaic channel
of tidal watercourses with a smaller watershed area (i.e., 476.23 ha) than Bayou
Heron. Water depths ranged from 0.90-2.00 meters and high-point bars supported
forest and shrub vegetation throughout. This watershed contained 81 buildings and
was characteristic of an intermediate level of watershed development (i.e., 0.17
buildings/ha). Bayou Chico is the smallest watershed (i.e., 230.86 ha) and is located
in a highly developed urban area. This bayou is southwest of Bayou Cumbest and
exhibited water depths that ranged from 0.10-1.50 meters (Figure 1). This area is
home to roughly 30,000 residents within and surrounding the watershed (i.e., 1,432
buildings within the watershed). This bayou also suffered great damage from the
Hurricane Katrina. Following Katrina, this area has been completely rebuilt and
typified high levels of urban development for this study (i.e., 6.20 buildings/ha).
For future purposes within this document, heavily-urbanized will refer to only
Bayou Chico, moderately-urbanized will refer to only Bayou Cumbest, and leasturbanized will refer to only Bayou Heron.
Experimental design and data collection
Stormwater runoff monitoring was conducted from June 2010 through July 2011
in the above-mentioned bayous. Bayou Heron was characterized as the leasturbanized watershed and had only two pipes that could be sampled. Throughout the
monitoring period, no sample was collected in this bayou due to lack of discharge.
Bayou Cumbest had only one pipe that could be effectively sampled throughout the
study period. Bayou Chico had an abundance of stormwater drainage pipes in both
number and size distribution. The total numbers of pipes in Bayou Chico were as
follows: 16 large (53.60-182.90-cm diameter), 16 medium (29.50-53.30-cm
diameter), and 51 small (2.50-29.20-cm diameter). In order to collect representative
data, Bayou Chico was divided into five sections. The average shoreline distance (i.e.,
perimeter of the section) among sections at the Bayou Chico was 418.38 ± 117.91 m.
Each section had large, medium, and small pipe representation except for section four
(i.e., two large pipes) and five (i.e., one large and one medium pipe). Subsets of pipes
in each section were chosen randomly within the constraints of accessibility in
regards to tidal fluctuations (i.e., avoided areas with submerged pipes), landowner
permission, and physical access (i.e., some areas were inaccessible) in order to obtain
an accurate characterization of the watershed. This strategy was employed to provide
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practical sampling in accordance with available personal (i.e., assistance was limited
outside of standard working hours), time (i.e., rain events were inconsistent and
unpredictable) and equipment restrictions (i.e., limited truck and boat access during
2010). Rain events at specific sections were determined by real-time Doppler radar.
Once it was determined where and when the rain would likely occur, we traveled
to the desired section (i.e., random selections were employed when available, but
were limited by the variability of rain events). Once on site, subjective rainfall
intensity was determined as heavy (> 7.62 cm), medium (between 2.54 and 7.62 cm),
light (< 2.54 cm), or post rain. Pipe discharge (L/s) was measured using either a
bucket or discharge-meter. The bucket method was performed by using an 18.90-L
bucket pre-marked with 1-L intervals. The bucket was then plunged under the pipe
and a stopwatch was engaged simultaneously until the water reached any of the premarked liter intervals. The number of liters caught was then divided by the time in
order to calculate pipe discharge as L/s. This method was used when pipes were
emergent from the water column. The discharge meter method was used when pipes
were partially or fully submerged in the water column (i.e., water level rise due to
increased pipe discharge). The meter was attached to a 1.8-m wooden dowel rod and
plunged into flowing discharge. The velocity (cm/s) was determined using standard
conversions for the meter (Model 203R mechanical discharge meter, General
Oceanics, Miami, FL). Cross-sectional areas of the pipes were recorded (cm2) and
multiplied by velocity measurements (cm/s) to achieve a volumetric discharge
(cm3/s), which were then converted into units of L/s. In addition to discharge, water
samples also were taken from these pipes. In each of the sections, discharge
measurements and sample collections were made at the largest pipes first followed by
smaller pipes. Intensive discharge measurements and sample collections were done
every 6-7 min in the first hour (i.e., 6-7 min at the large, 6-7 min at the medium, 6-7
min at the small, a total of 20 min for one run, then repeat for three runs). After the
first hour, discharge monitoring continued every 6-7 min at each pipe, however, water
samples were taken at every 20-min interval (i.e., 0-20 min: large pipe discharge and
water sample, medium pipe discharge only, and small pipe discharge only; 20-40
min: medium pipe discharge and water sample, small pipe discharge only, and large
pipe discharge only; 40-60 min: small pipe discharge and water sample, large pipe
discharge only, and medium pipe discharge only). This rotating sampling scheme
allowed us to maintain accurate hydrographs while still collecting discrete samples at
desired intervals. This process was repeated until discharge at all pipes ceased.
Samples were kept on ice and transported back to the lab for processing. Once back in
the lab, samples were filtered for particulate N, carbon, and TSS using muffled glass
fiber filters and filtrate was collected for analyzing DIN species and phosphate (PO43) using standard methods (APHA 2005).
Data analysis
Event mean concentrations (EMCs) were calculated in order to examine trends in
stormwater constituent (TSS, particulate N, particulate carbon, PO43-,DIN, and DON)
loadings. EMCs were calculated as
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n

n

i =1

i =1

EMC = ∑ (Qi * C i ) / ∑ Qi
where Qi were the discrete discharge measurements for period i and Ci is the
corresponding discrete constituent concentration during period i. Values for EMCs
were then multiplied by the average values of all the discrete discharge measurements
(Qavg) during specific rain events to calculate loadings. These loading values (kg/min)
were then divided by watershed area (ha) to calculate event loadings (kg·ha-1·min-1).
The event loading (kg·ha-1·min-1) was then multiplied by discharge duration (min) to
calculate total event load (kg/ha). These event loads were then separated by pipe size
and location, and summed by month of events to calculate monthly loading rates
(kg·ha-1·month-1). Annual loading rates (kg·ha-1·yr-1) were estimated (i.e., not all
months equally represented) by summing monthly loads over the monitoring year.

RESULTS
Rain intensity
The monitoring period spanned a total of 426 days (15 June 2010 through 17 July
2011). During the monitoring period, there were 120 rain events; however, no eventbased sample was available to collect in Bayou Heron. Event-based rain sampling
was completed for 24 of the 45 events at Bayou Chico. The Chico events were
characterized as: one violent, seven heavy, two medium and five light events; the
remaining nine rain events ceased before our arrival and were not classified. Also,
four of the 108 events at Bayou Cumbest were captured (some events overlapped
locations) (Grigas 2012). The Bayou Cumbest events were classified as: zero violent,
zero heavy, three medium, and one light event; the last rain event ceased before our
arrival and was not classified). These classifications were based on the national
meteorological library and archives Fact Sheet No. 3 (2007). The inability to sample
all rain events was due to personnel shortages during events that occurred on
weekends or during late evening and early mornings (2200 h through 0500 h).
Annual loadings
Stormwater pipes were present in all bayous (Figure 1). However, Bayou Heron
did not exhibit any discharge during the sampling period, and thus, there were no
loadings calculated for this bayou. Bayou Chico had three size categories of pipes
(large, medium, and small) whereas Bayou Cumbest had only a single medium pipe
(Cumbest) that was sampled during the monitoring period. Annual loadings for TSS
increased as the pipe size increased (large = 322.70, medium = 137.72, and small =
1.38, Cumbest = 0.04 x 10-1 kg·ha-1·yr-1) (Figure 2a).
Particulate N annual loadings exhibited the same trend on a reduced scale (large =
1.50, medium = 1.12, small = 0.14 x 10-1, Cumbest = 0.01 x 10-2 kg·ha-1·yr-1) (Figure
2b). Annual mean loading for particulate carbon followed a similar trend (Figure 3a).
Annual particulate carbon loadings for the large and medium pipes (20.88 and 12.63
kg·ha-1·yr-1, respectively) were much higher than for small pipes and the Cumbest
pipe (0.11 and 0.01 x 10-1 kg·ha-1·yr-1, respectively).
Loadings of PO43- exhibited larger annual loads for large pipes (9.40 kg·ha-1·yr-1)
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than medium (1.84 kg·ha-1·yr-1), small (0.04 kg·ha-1·yr-1) and the Cumbest pipe (0.02
x 10-2 kg·ha-1·yr-1) (Figure 3b). Contributions of annual NO2- loadings were much
lower overall than previous constituents (Figure 4a). Nitrite loadings decreased with
decreasing pipe size (large =0.17, medium =0.05, small =0.01 x 10-1, and Cumbest
=0.01 x 10-3 kg·ha-1·yr-1). Nitrate loadings were characteristic of elevated values for
the large pipe and decreased as pipe size decreased within the bayou (Figure 4b).
Bayou Cumbest exhibited the lowest NO3- loading over the annual period (Figure 4b).
Large pipes contributed 16.04 kg·ha-1·yr-1 of NO3-, which was almost four times
larger than that contributed by medium pipes (4.31 kg·ha-1·yr-1). Small pipes (0.46 x
10-1 kg·ha-1·yr-1) and the Cumbest pipe exhibited the lowest loading rates (0.02 x 10-2
kg·ha-1·yr-1).
Ammonium loading on the annual scale followed the same patterns as all other
previous constituents with respect to pipe size (Figure 5a). Large pipes contributed
the highest loadings to the Bayou Chico (1.15 kg·ha-1·yr-1) followed by medium pipes
(0.35 kg·ha-1·yr-1) and finally small pipes (0.08 x 10-1 kg·ha-1·yr-1). Annual NH4+
loading at Bayou Cumbest (0.02 x 10-3 kg·ha-1·yr-1) was, again, much smaller than
any pipe category found at Bayou Chico. Dissolved inorganic nitrogen (DIN), a
conglomerate of the previously mentioned dissolved N species, also exhibited trends
where annual load increased with pipe size (Figure 5b). Large pipes contributed the
most DIN (20.94 kg·ha-1·yr-1) followed by medium pipes (6.35 kg·ha-1·yr-1) then by
the small pipes at bayou Chico (0.11 kg·ha-1·yr-1) and finally the Cumbest pipe (0.04 x
10-2 kg·ha-1·yr-1). Dissolved organic nitrogen loadings exhibited the same pattern as
all previous constituents (Figure 6). Annual DON loading was highest for large pipes
at (34.29 kg·ha-1·yr-1). Medium pipe loadings were substantially smaller than that of
the large pipes (8.87 kg·ha-1·yr-1). The annual loads from the small pipes and the
Cumbest pipe were extremely small relative to the other pipes (0.16 and 0.03 x 10-1
kg·ha-1·yr-1, respectively) (Figure 6). Annual loading for each constituent of concern,
when pooled by bayou (i.e., all pipes by bayou) where around three orders of
magnitude greater for Bayou Chico than for Bayou Cumbest.

DISCUSSION
In this study, we found urban watersheds had greater pipe densities than the other
systems. Because densities of pipes were greater, increased stormwater runoff
loadings of nutrients and sediments were present. Because pipes were
disproportionately represented, the results of loadings should be viewed with caution.
Also, because pipe sizes were disproportionate, it is important to note that larger pipe
sizes discharged greater amounts of constituents when compared with medium and
small pipes. This conclusion has implications for management when constructing new
watershed development. With smaller constituent discharges from smaller pipe sizes,
city, county, and state engineers should attempt to use smaller stormwater pipes over
larger areas in order to provide sufficient drainage of streets as well as limit direct
discharge to adjacent surface waters. The least-urbanized Bayou Heron lacked any
discharge throughout the study period, which prevented us from comparing all three
bayous together by statistical inference. However, the lack of stormwater pipe
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discharge allowed us to treat Bayou Heron as a “zero stormwater” embayment.
Rain intensity and duration
Rain intensity was highly variable due to the sporadic nature of weather patterns in
the northern gulf coast of Mississippi. Rainfall intensity and duration were two major
driving forces behind discharge rate and duration. Rain events during the spring and
summer months (April-August) tend to be comprised mainly of fast- moving, highintensity thunderstorms that form and dissipate quickly where as fall and winter
precipitation events are long-duration out chronic events that exhibit relatively lowintensities (Lehrter and Cebrian 2010; field observations from the current study;
Grigas 2012). The summer months in the Gulf of Mexico are often the beginning of
hurricane season (NOAA National Hurricane Center). Residual precipitation from
tropical depressions, storms, and hurricanes during these periods can greatly influence
rain-event frequency, intensity, and duration, which in turn drive, stormwater
discharges into the coastal bayous. Further information on rainfall frequency and
duration can be found in Ferrell (2001). During the monitoring period, precipitation
was variable and stormwater loadings to the adjacent water bodies reflected this
variability.
Discharge and TSS, particulate nitrogen, and particulate carbon loading
Rainfall over areas with larger drainage basins (i.e., large pipes) typically resulted
in increased discharges compared with rainfall over areas with smaller drainage
basins (i.e., medium and small), and discharge was largely dependent on rain intensity
and duration (i.e. subjective observation). Medium and small pipes discharge rates
were variable with respect to rain intensity and duration. Increases in TSS loadings
were related to pipe size (i.e., graphs from results). Higher loadings for all pipes
coupled with greater amounts of impervious surfaces (i.e., Chico = 86.00% and
Cumbest = 1.50 %) may have caused elevated TSS (i.e., especially in Bayou Chico).
In addition, greater building and road densities in the heavily-urbanized watershed
likely also contributed to larger TSS inputs from stormwater pipes at the heavilyurbanized watershed. Although not measured directly, increased build-up of solids
(e.g., sediments, lawn/leaf litter, and other un-dissolvable materials) remaining in
pipes from previous discharge events also may have increased loadings of suspended
solids into both Bayous Chico and Cumbest. Precipitation duration and discharge
intensity were likely factors that generated increases in constituent discharge (Barrett
el al. 1998). Although TSS loadings were elevated for larger pipes at the heavilyurbanized watershed in this study, we may have underestimated total annual loads
due to improper capture of the “first flush” phenomena. For example, the initial
period of stormwater runoff (i.e., first 20% of runoff volume) is when nutrients,
suspended solids, and other pollutants are the greatest. During the first flush, large
quantities of harmful particles (e.g., sediments, metals, and microbes) are expelled
into receiving waters. Using the relationship (differences) in the cumulative mass
curve and the cumulative runoff volume curve, Lee et al. (2002) expressed that
maximum differences of chemical oxygen demand and suspended solids between two
experimental watersheds were 0.14/ 0.11 and 0.29/ 0.29 (dimensionless cumulative

356

World Environmental and Water Resources Congress 2013: Showcasing the Future © ASCE 2013

mass/dimensionless cumulative volume) for larger watersheds and smaller watersheds
respectively. This finding suggests that first flush is more intense for smaller
watersheds at the same rain intensity (Lee et al. 2002). Using the flush coefficient
method, the results suggest that chemical oxygen demand and suspended solids have
35-80% and 30-90% range of mass transported in the first 50% of volume
respectively (Lee et al. 2002). Lee et al. (2002) suggested that first flush was often the
period when most constituents were discharged. In this study, we might have missed
some of the first flush events (i.e., 10-15%) due to our lack of automated equipment,
and the specificity of our sample design. Results from our study may have been
different had we sampled all flush events. The annual loading rates may have been
underestimated in our study (i.e., 15-25%).
The dominance of artificial shorelines (i.e., bulkheads and cement barriers) in our
study watersheds (especially in Bayou Chico) might have reduced the erosion and
transport of fine materials from the channel banks, thereby limiting overall TSS
loadings. Another possible explanation underestimated TSS loads was observed by Li
et al. (2005). They reported that more than 97% of the particles in urban runoff were
less than 30 µm in diameter. They further observed that particle concentration and
size generally decreased rapidly as the storm progressed, and increases in particle
number occurred after rapid increases in rainfall or runoff. This was accompanied by
increases in turbidity and TSS concentration (Li et al. 2005). The findings of Li et al.
(2005) varied from ours with respect to periodically missing the first flush
phenomena.
Discharge and dissolved inorganic and organic nutrient species
Nutrient runoff was contributed to the highly urbanized embayment from
increased transport assisted by various watershed transport mechanisms (e.g., %
impervious surface, road density, and building density). These land-uses are typical of
the urban setting and are often largely responsible for elevated concentrations of
nutrients during discharge events. Runoff from streets and other pavement types can
cause chemical transformations of nutrient species before they are deposited to
surface waters, which might have accounted for variations in N species deposition.
Sansalone and Buchberger (1997) suggested that pH and average pavement residence
(i.e., the time water remains on pavements before discharging to waterways) time
were largely responsible for chemical transformations of runoff constituents.
Components of runoff (in their case, metals) were transported to receiving waters in
dissolved forms. Because we did not directly measure runoff pH or antecedent dry
periods between rain events, this is speculative. Furthermore, Barrett et al. (1998)
found that water quality from runoff results suggested that all variables were found in
greater concentrations at highly commercial/industrial/heavy traffic areas than
residential areas (Barrett et al. 1998); however, they did not compare their results to
low and moderately impacted watersheds. Barrett et al. (1998) suggested that
increases in impervious surface area were suspect as the culprit for increased nutrient
loading during wet weather from developed areas, which was consistent with our
findings. Most nutrients are carried from impervious areas to receiving waters during
periods of wet weather through both stormwater drainage and overland runoff. In our
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study, we found that annual pollutant loads were high for all variables in areas
comprised of mixed commercial and residential land-use when compared to the
moderately developed bayou. These findings were consistent with what other
researchers have found (Barrett et al. 1998). The highest nutrient loadings during
runoff events occurred at the heavily-urbanized system, but it is important to note that
the size, type, and number of drainage systems might have affected the amount and
quality of runoff during wet weather periods.
Large annual loads of phosphorus were most likely attributed to the same
mechanisms as described previously for the transport of dissolved nutrient species.
Paul and Meyer (2001) found that phosphorous from increased street litter was a
major constituent within runoff to receiving waters (i.e., stormwater runoff from both
overland processes and discharge pipes). They also suggested that P contributions
from urban catchments have been associated with wastewater and septic systems and
can be consistent throughout the year (Paul and Meyer 2001). The likely explanation
is that the heavily-urbanized bayou was characteristic of numerous land-use
mechanisms that typically increase the transport of surface materials to surface
waters. Increased phosphorus also might have been contributed by lawn fertilizers
and pet wastes. Berndtssen et al. (2009) found that P, which contributes largely to
urban runoff, originated mostly from the release of nutrients from composted
material. Because we have no direct measure of animal waste, gardens, or lawn
fertilization processes within our watersheds, these sources of P contribution cannot
be confirmed; however, it is not an unlikely component of increased phosphorus at
the heavily-urbanized watershed.
Nitrogen contributions to urban waterways share similar mechanisms of transport
with phosphorus; however, N species have large impacts on coastal water bodies
because they are often readily available for uptake and assimilation by aquatic
organisms and are the limiting nutrients in coastal systems (Seitzinger et al. 2002;
Taylor et al. 2005). Nitrogen is often very soluble in aquatic systems and urban runoff
in particular (Oms et al. 2000; Galloway et al. 2003). Elevated loadings of N species
are not necessarily an indicator of urban development; however, urban dominated
landscapes often exhibit large numbers of stormwater control structures (i.e.,
including pipes). Because the moderately-urbanized watershed in this study only had
one discharging pipe, and the least-urbanized watershed was absent of discharging
pipes, it was not surprising to have elevated nutrient (nitrogen and phosphorous) from
the multitude of pipes located at the Bayou Chico.
Because rainfall and associated discharge was highly variable during our study,
loadings of TSS, particulate N, particulate carbon, and dissolved nutrient species
exhibited unpredictable fluctuations throughout the annual period. Changing seasons
and associated precipitation affected constituent loadings at our studied watersheds.
Although not measured in this study, antecedent dry periods may have also
contributed to variability in TSS, particulate N, particulate carbon, and nutrient
loadings, especially with respect to large pipe discharge in the highly urbanized
bayou. In urbanized areas, impervious surfaces (i.e., sidewalks, roads, parking lots,
etc.) are dominant landscape types, and increased dry periods between rain events
allow potentially harmful pollutants (i.e., sediments, metals, nutrients, etc.) to build
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on the surface until a rain event flushes these constituents into receiving waters (Wu
et al. 1998). Because of the role that antecedent dry periods play, future work will be
needed to assess the variability in constituent loadings based on pipe size, rain
intensity, frequency, duration, and the role that antecedent dry periods play on
variables that impact our studied watersheds.

REFERENCES
APHA (American Public Health Association), American Water Works Association,
and Water Environment Federation. (2005). Standard methods for the
examination of water and wastewater, 21st edition. APHA, Washington, D.C.
Barrett, M.E., Irish Jr., L. B., Malina Jr., J. F., and Charbeneau, R. J. (1998).
“Characterization of highway runoff in Austin, Tx, area.” Journal of
Environmental Engineering, 124, 131-137.
Berndtssen, J.C., Bengtsson, L., and Jinno, K. (2009). “Runoff water quality from
intensive and extensive vegetated roofs.” Ecological Engineering, 35, 369380.
Carpenter, S.R., Caraco, N.F., Correll, D.L., Howarth, R.W., Sharpley, A.N., Smith,
V.H. (1998). “Nonpoint pollution of surface waters with phosphorus and
nitrogen.” Ecological Applications, 8, 559-568.
Chen, Y., Viadero Jr., R.C., Wei, X., Fortney, R., Hedrick, L.B., Welsh, S.A.,
Anderson, J.T., and Lin, L.S. (2009). “Effects of highway construction on
stream water quality and macroinvertebrate condition in a Mid-Atlantic
highlands watershed, USA.” Journal of Environmental Quality, 38, 16721682.
Davis, P.A., Shokouhian, M., and Shubei, N. (2001). “Loading estimates of lead,
copper, cadmium and zinc in urban runoff from specific sources.”
Chemosphere, 44, 997-1009.
Ferrell, L.O. (2001). “Roadway design manual.” Mississippi Department of
Transportation. www.http://sp.gomdot.com/Roadway%20Design/Pages/
home.aspx (April 2012).
Galloway J.N., Aber, J.D., Erisman, J.W., Seitzinger, S.P., Howarth, R.H., Cowling,
E.B., and Cosby, B.J. (2003). “The nitrogen cascade.” BioScience, 53, 341356.
Gilbert, J.K., and Clausen, J.C. (2006). “Stormwater runoff quality and quantity from
asphalt, paver, and crushed stone driveways in Connecticut.” Water Research,
40, 826-832.
Grigas, D.R. (2012). “Modeling nutrient flux and aquatic ecosystem response to
watershed development in Mississippi coastal bayous.” M.S. Thesis,
University of Arkansas at Pine Bluff, AR.
Handler, N.B., Paytan, A., Higgins, C.P., Luthy, R.G., and Boehm, A.B. (2006).
“Human development is linked to multiple water body impairments along the
California coast.” Estuaries and Coasts, 29, 860-870.
Lee, J.H. and Bang, K.W. (2000). “Characterization of urban stormwater runoff.”
Water Research, 34, 1773-1780.

359

World Environmental and Water Resources Congress 2013: Showcasing the Future © ASCE 2013

Lee, J.H., Bang, K.W., Ketchum, L.H., Choe, J.S., and Yu, M.J. (2002). “First flush
analysis of urban storm runoff.” The Science of the Total Environment, 293,
163-175.
Lee, J.H., Swamikannu, X., Radulescu, D., Kim, S.J., Stenstrom, M.K. (2007).
“Design of storm water monitoring programs.” Water Research, 41, 41864196.
Lehrter, J.C., and Cebrian, J. (2010). “Uncertainty propagation in an ecosystem
nutrient budget.” Ecological Applications, 20, 508-524
Lewis, J. (1996). “Turbidity-controlled suspended sediment sampling for runoff-event
load estimation.” Water Resources Research, 32, 2299-2310.
Li, Y., Lau, S.L., Kayhanian, M., and Stenstrom, M.K. (2005). “Particle size
distribution in highway runoff.” Journal of Environmental Engineering, 131,
1267-1276.
Oms, M.T., Cerda, A., and Cerda, T. (2000). “Analysis of nitrates and nitrites.” Pages
201-222 in L.M.L Nollet, editor. Handbook of Water Analysis. Marcel
Dekker, New York.
Paul, M.J., and Meyer, J.L. (2001). “Streams in the urban landscape.” Annual Review
of Ecology and Systematics, 32, 333-365.
Peterson, M.S., Waggy, G.L., and Woodrey, M.S. editors. (2007). Grand Bay
National Estuarine Research Reserve: An Ecological Characterization. Grand
Bay National Estuarine Research Reserve, Moss Point, Mississippi.
Pitt, R., Field, R., Lalor, M., and Brown, M. (1995). “Urban stormwater toxic
pollutants: assessment, sources, and treat-ability.” Water Environment
Research, 67, 260-275.
Sansalone, J.J., and Buchberger, S.G. (1997). “Partitioning and first flush of metals in
urban road-way storm water.” Journal of Environmental Engineering, 123,
134-143.
Scavia, D., Field, J.C., Boesch, D.F., Buddemeier, R.W., Burkett, V., Cayan, D.R.,
Fogarty, M., Harwell, M.A., Howarth, R.W., Mason, C., Reed, D.J., Royer,
T.C., Sallenger, A.H., and Titus, J.G. (2002). “Climate change impacts on
U.S. coastal and marine ecosystems.” Estuaries, 25, 149-164.
Seitzinger, S.P., Sanders, R.W., and Styles, R. (2002). “Bioavailability of DON from
natural and anthropogenic sources to estuarine plankton.” Limnology and
Oceanography, 47, 353-366.
Taylor, G.D., Flether, T.D., Wong, T.H.F., Breen, P.F., Duncan, H.P. (2005).
“Nitrogen composition in urban runoff-implications for stormwater
management.” Water Research, 39, 1982-1989.
Wu, S.J., Allan, C.J., Saunders, W.L., and Evett, J.B. (1998). “Characterization and
pollutant loading estimation for highway runoff.” Journal of Environmental
Engineering, 124, 584-592.

360

World Environmental and Water Resources Congress 2013: Showcasing the Future © ASCE 2013

Figures

Figure 1. Stormwater drainage pipe locations of the three studied bayous under
varying degrees of watershed urban development. Inset (top left) is enlarged picture
of the heavily-urbanized system, Bayou Chico, with pipe discharge section locations
within boxes. Pipe sizes are labeled. Legend (bottom left) provides keys to pipe
diameter, watershed boundaries (watershed) and the Grand Bay National Estuarine
Research Reserve boundaries (Grand Bay NERR). Inset (bottom right) is the scaled
out coastal map to provide a better understanding of the overall study location.
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Figure 2. (a) Total suspended solids (TSS) and (b) particulate nitrogen annual loading
by pipe size and bayou (kg·ha-1·yr-1). Chico Lg is Bayou Chico large pipe(s), Chico
Md is Bayou Chico medium pipe(s), Chico Sm is Bayou Chico small pipe(s), and
Cumbest Md is Bayou Cumbest medium pipe. Bayou Heron is not listed because no
discharge was recorded throughout the monitoring period.
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Figure 3. (a) Particulate carbon and (b) phosphate annual loading by pipe size and
bayou (kg·ha-1·yr-1). Chico Lg is Bayou Chico large pipe(s), Chico Md is Bayou
Chico medium pipe(s), Chico Sm is Bayou Chico small pipe(s), and Cumbest Md is
Bayou Cumbest medium pipe. Bayou Heron is not listed because no discharge was
recorded throughout the monitoring period.
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Figure 4. (a) Nitrite and (b) nitrate annual loading by pipe size and bayou (kg·ha-1·yr). Chico Lg is Bayou Chico large pipe(s), Chico Md is Bayou Chico medium pipe(s),
Chico Sm is Bayou Chico small pipe(s), and Cumbest Md is Bayou Cumbest medium
pipe. Bayou Heron is not listed because no discharge was recorded throughout the
monitoring period.
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Figure 5. (a) Ammonium and (b) dissolved inorganic nitrogen (DIN) annual loading
by pipe size and bayou (kg·ha-1·yr-1). Chico Lg is Bayou Chico large pipe(s), Chico
Md is Bayou Chico medium pipe(s), Chico Sm is Bayou Chico small pipe(s), and
Cumbest Md is Bayou Cumbest medium pipe. Bayou Heron is not listed because no
discharge was recorded throughout the monitoring period.
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Figure 6. Dissolved organic nitrogen (DON) loading by size and bayou (kg·ha-1·yr-1).
Chico Lg is Bayou Chico large pipe(s), Chico Md is Bayou Chico medium pipe(s),
Chico Sm is Bayou Chico small pipe(s), and Cumbest Md is Bayou Cumbest medium
pipe. Bayou Heron is not listed because no discharge was recorded throughout the
monitoring period.
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