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ABSTRACT 

Small urban headwaters are ideal for simultaneously studying development’s 

effects on stream ecosystems and the stability of these streams.   This study focuses on 

nitrate, nitrite, ammonium and total dissolved nitrogen data collected from three small 

urban streams in Greenville, South Carolina.  Data from summer 2005 and 2006 and fall 

2006 are used to explore both spatial and temporal trends in the context of natural and 

anthropogenic controls.  Spatial differences between adjacent streams BY18 and S2 

imply different nitrogen sources and sinks within between neighboring catchments, and 

the streams appear to be temporally stable.  They exhibit small increases in ammonium 

and decreased nitrate in the fall, indicating seasonal variability.  An inventory of tributary 

chemistry shows that small point sources can alter the chemistry of small urban streams. 
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INTRODUCTION 

Nitrogen factors into the biological processes of every living organism, and can 

be a limiting factor in activities like plant growth (Carpenter et al., 1998), microbial 

metabolism, and rates of decomposition of organic matter (Hobbie and Vitousek, 2000; 

Vitousek, 2001).  Because they can receive, transform and transport nitrogen, streams are 

a useful tool for studying the nitrogen cycle.   

Different environmental influences can lead to spatial variation in stream nitrogen 

chemistry.  Different parts of the stream ecosystem act as sources and sinks for nitrogen.  

Biomass and groundwater are suspected to store large amounts of nitrate in ecosystems.  

Some nitrogen can be released into the atmosphere in diatomic form after microbial 

denitrification (Hedin et al., 1998) which act mainly at the soil-stream interface (Hedin 

1998).   

Dry deposition via small particles and wet deposition via precipitation are natural 

mechanisms for nitrogen deposition (Lovett and Lindberg, 1986), and even nitrogen-

bearing rock can be a source (Holloway and Dahlgren, 2002), but anthropogenic nitrogen 

from urban areas has begun to factor significantly into environmental health (Carpenter et 

al., 1998; Lovett et al., 2000).  Atmospheric deposition is acknowledged to significantly 

contribute to water nitrogen budgets (Boyer et al., 2002)  Atmospheric deposition has 

increased with industrialization thanks to the burning of fossil fuels (Jordan and Weller, 

1996; Jaworski et al., 1997; Boyer et al., 2002) and ammonium is associated with waste 

and livestock emissions.  Furthermore, the levels of different nitrogen species observed 

within a system operate as indicators for microbial activity, consumption safety, and 

nitrogen influx, which bears implications for sewage management, vegetation and acid 
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precipitation (Chiwa et al., 2003).  When nitrogen availability exceeds the uptake 

capabilities of site vegetation and soil microorganisms in undisturbed ecosystems, the 

sites are said to be saturated with nitrogen.  The EPA drinking water nitrate limit is 10 

mg/L N. 

Increased nitrogen deposition can also result in nutritional imbalances and loss of 

diversity (Bashkin et al., 2002).  Anthropogenic inputs of nitrogen can therefore 

exacerbate water quality problems caused by excess nitrogen in stream systems.  

Significant anthropogenic nitrogen pollution is caused by vehicle emissions (Matsumoto 

et al., 2006), over-fertilizing of crops or lawns (Carpenter et al., 1998), and contamination 

by human and animal waste (Kendall, 1998).  It is estimated that over 50% of input of the 

two most limiting nutrients, nitrogen and phosphorus, into urban streams is from point 

sources.  However, nonpoint sources contribute a significant amount of nitrogen as well 

(Newman, 1995). 

Because organisms living in the riparian zone can tolerate a range of 

environmental conditions, gradual spatial variations in nitrogen chemistry suggest that 

dominant controls comprise mostly biological processes and hydrologic controls (Laws, 

2003).  Conversely, changes that occur over a short distance imply a nearby point source 

or sink.  A stream can exhibit temporal variation as well, showing season-dependent 

behavior (Donohue 2005) which has implications for watershed management.  In an 

urbanized surface water system like the Brushy Creek watershed, nitrogen chemistry 

demonstrates the effect development can have on stream systems, and these streams’ role 

in the local nitrogen cycle.  The nature of chemical differences over space and time give 

indications of controlling factors of nitrogen chemistry in urban streams. 

2



   

The River Basins Research Initiative (RBRI) is a nationally-funded, 

interdisciplinary REU summer program. For the past several years, research has focused 

on spatial variations in local stream chemistry near Paris Mountain.  Research in the 

summer of 2005 revealed a continuous decline in streamwater nitrate concentration 

moving away from an urban headwater at stream BY18 (18) in the Brushy Creek 

watershed.  Beginning near the headwater, nitrate levels decreased steadily over a 2km 

segment of the stream.  The urban headwater nitrate concentration was observed to be 

213.45 umol/L (1mg N ≈ 71.43 umol). Further down the watershed another stream, BY15 

(15), receives water from 18.  This stream had lower nitrate levels—88.40 umol/L—

1550m from the 18 headwater. 

 RBRI’s main goal for 2006 was to determine whether this data trend could be 

reproduced by resampling at BY18 and other sites in the Brushy Creek watershed.  If the 

tendency were exhibited by other streams, it would have implications for characterizing 

the denitrification potential in urban streams and characterization of the area’s nitrogen 

cycle.  If spatial nitrate trends were exhibited at BY18 only, it would at least suggest the 

presence of unvarying environmental factors at the site.  

In July 2006, 240m of BY18 was sampled between 18-3 (379m from headwater) 

and the Columbia Farms chicken processing plant (139m from headwater).  150m of S2 

was sampled between S2 (the Galphin Drive bridge, 188.5m from headwater) and S2A 

(38.5m from headwater).  582 m of stream 15 was sampled also. 

The data used by the RBRI program has been collected almost entirely in summer 

months, mainly in July.  While sampling sites in multiple years during the same season 

provides continuity when studying chemical changes from year to year, it can only 
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examine temporal trends on a year scale.  In late November I returned to resample BY18 

and S2 in order to determine whether the streams also exhibit seasonal fluctuation.  I 

sampled the BY18 stream reach intensively between (from 579m to 139m from the 

headwater) in addition to the S2 bridge. 

 

SETTING 

Geologic Setting 

The study area lies is in the southwest corner of the Taylor’s quadrangle in 

Greenville, South Carolina (Fig. 1).  The city of Greenville (established in 1869) is 

currently undergoing rapid development and steady population growth.  The area 

upstream of BY18 and S2  has developed in a mosaic of residential, commercial and 

industrial establishments (Fig. 2). 

The three streams, elevated at approximately 1000 feet, are tributaries of Brushy 

Creek, a tributary watershed in the 1893km2 Enoree River basin.  The Enoree is a sixth-

order basin that drains into the Lower Broad River basin, which in turn drains into the 

Santee River basin.  The area is characterized by saprolite and high-grade metamorphic 

Paleozoic rock. 

BY18 and S2 are developed headwaters that flow together to form BY15.  The 

area is characterized by large amounts of impervious surface cover, being near several 

major roads and commercial areas.  During storms events water runs off the road surface 

directly into the stream. 
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Figure 1. 
Topographic map of study area. S2 and BY18 cross 
Galphin Drive. Below their confluence near Hampton 
High School is BY15.
Adapted from US Geological Survey.

S2

15

18
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Figure 2.
2005-2006 study site.  
Sites sampled in July 2005 and 2006 are marked for 
reference.  The division on the left marks the bound-
ary between the Enoree and Saluda basins (the 
study site is in the Enoree basin).
Adapted from GoogleEarth.

6



   

Field Site 

The 18 sample reach begins at the bridge crossing with Galphin Drive.  The right 

bank has a trailer park and the area is mainly residential, especially in the lower reaches 

of the stream (Fig. 2).  The left bank is mainly used for commerce and industry, with a 

farmer’s market, chicken processing plant, and paved storage lots for truck trailers.  At 

18-3, slope failure and falling trees were observed at the fringe of a residential 

community.  The residential lots in the upper reaches, near Columbia Farms, support 

trees that are at least 30 years old.  The stream has three visible surface point sources: 18-

5, 18-SP9 and 18-SPC 2.  Located 261m from the headwater, 18-5 is a site of effluent 

from Columbia Farms.  There is no natural streambed—only a large, rebar-lined channel 

leading into BY18.  The flow of this point source has always been observed to be low but 

steady.  Upstream of 18-5 is 18-SP9, a small, clear tributary that enters the stream from 

the right bank.  18-SP9 contains moderate amounts of household debris.  18-SPC2 is a 

left bank tributary coming from the direction of Columbia Farms, but it has a natural 

streambed. 

In addition to its three tributaries, BY18 may also receive input from 

groundwater. Total stream discharge, however, is low. While the site shows signs of deep 

incision and bank undercutting, the water level at 18 was noted to be “low” when samples 

were taken. The streams in this area have always been characterized by RBRI as small, 

urban streams. 

Like 18, the S2 sample reach begins with a bridge crossing at Galphin Drive.  

Construction of residential developments is occurring in the lower reaches of S2, with 

total removal of vegetation on the lot adjacent to the stream’s right bank (Fig. 2).  In the 
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middle of the stream segment, a broken pipe was discovered in July.  The pipe’s 

discharge was variable, but flow continued for the entire length of time observed.  This 

site is called 15 trib 1.  The upper reaches of S2, while not sampled, were explored.  The 

visible portion of S2 terminates at its intersection with Rutherford Road where it flows 

out of a small pipe built into a hillslope.  The top of the hillslope is paved over and 

accessible from Rutherford. 

 The sample reach 15 begins at site 15, behind a fire station on the north side of 

Wade Hampton Boulevard.  The reach extends north, ending in a fork—the confluence of 

S2 and 18.  Stream 15 has one tributary, 15 trib 1, which joins from the left bank. 

 

METHODS 

Field Methods 

Starting at the most downstream point of a reach (usually marked by a bridge), 

field teams hiked up the stream and took samples at 50-200m intervals.  In streams 

sampled by RBRI 2005, intervals were usually determined by 2005 sample sites (Fig. 2).  

In addition to a turbidity sample, a 500mL water sample was taken for chemical analysis.  

Dissolved oxygen, pH, conductivity and temperature were recorded at each sample site.  

An exception to this was made when discharge was too low to use the probes.  All 

samples were kept on ice until they were filtered.  Blank samples were taken by filling a 

sample bottle with DI water, taking it in the field, and analyzing it along with the day’s 

samples. 
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Laboratory Methods 

Samples were processed using same-day 0.45 µm filtering.  DOC and ICP 

samples were preserved with nitric acid, and TDN samples were preserved using sulfuric 

acid.  Microbiological data was also taken.  Water samples were measured for total 

dissolved nitrogen (TDN) using the O.I. Analytical Flow System IV Autoanalyzer.  

Dissolved organic carbon (DOC) was measured using the Tekmar-Dohrman Phoenix 

8000 Total Organic Carbon Analyzer. Concentrations of Na, K, Ca, Mg, Si, Zn, Mn, Al, 

Fe were determined using the Perkin-Elmer Elan 6100 ICP/MS and F, Cl, NO2, Br, 

H2PO4, NO3, SO4 concentrations were determined with the Dionex 120 Ion 

Chromatograph. Ammonium content of samples was found using the Turner Designs 

AU-10 Fluorometer.  Alkalinity data was obtained through Gran titrations of each 

sample.  Sample bottles were reused—bottles were cleaned using the Labconco Water 

Polishing System. 

 

Potential Sources 

I also tested potential sources of nitrate in Brushy Creek watershed. Cursory 

research suggested that asphalt contains small amounts of nitrogen, possibly due to 

antistripping agents.  Research at Central Arizona-Phoenix yielded results that suggested 

that liquid runoff from asphalt parking lots is high in nitrogen and yield increases with 

age of the asphalt (Hope, 1999).  Asphalt from a freshly-paved parking lot was ground up 

to between 0.5 and 2.0Ф and placed in a buffered solution (acetate buffer, pH 4.4).  The 

pH of this solution was meant to emulate the effects of acid rain.  Blank analysis of the 

buffer solution had revealed no background levels of nitrogen species.  The particles were 
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kept suspended on a stir plate for 6 days; the solution was then filtered to 0.45μm and 

analyzed according to the protocol used for stream chemistry samples.  IC analysis did 

not show NO3 or NH4 leaching into the solution (Fig. 3a).  Total dissolved nitrogen 

content also did not change.  Although the chemical nature of construction materials 

changes from site to site, this experiment yielded no positive evidence that asphalt is a 

source of nitrogen in the Brushy Creek area. 
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Figure 3a. IC analysis of filtered acetate buffer (pH 4.4) and ground asphalt (0.5-2.0 Ф). 
Collected July 2007 from Greenville Publix parking lot, Poinsett Hwy. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3b. IC analysis of petri dish dust collector left uncovered for 35:39 hours. 
Collected 07.22.06-08.02.06, Furman University. 
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Since our field site was located in a developed area, linked with higher nitrate 

deposition, it seemed likely that increased nitrogen content in streams might be explained 

by dry deposition of anthropogenic nitrogen.  In order to test this hypothesis, I collected 

local atmospheric dry deposits using a petri dish.  2.25’ about the ground, the collector 

was left at an accessible site on the Furman University campus with minimal wind 

turbulence.  During storms, I covered the dish in order to prevent wet deposition. The 

collector was left uncovered for a total of 35:39 hours and then was rinsed with 50mL of 

deionized water. 

Despite the findings of previous studies on dry N deposition, chemical analyses 

revealed low concentrations of both nitrate and nitrite (Fig. 3b, Fig. 4a).  ICP analysis 

revealed significant levels of SO4 and Ca (Fig. 4a).  The results were attributed to 

concrete dust and proximity to a construction site.  Plyler Hall, one of the university’s 

science facilities, was undergoing renovations at the time, and large sections of the 

building were being demolished. 

Another way to measure dry deposition is by looking at accumulation of 

atmospheric deposits on the surface of leaves.  Atmospheric N deposition has been found 

to change with urbanization (Carpenter et al., 1998; Chiwa et al., 2003).  Since riparian 

zone tree growth is characteristic of the watershed, even in the urbanized headwaters of 

our field site, this method was applicable to the watershed.  A study with a fellow intern 

revealed no significant difference between rural and urban deposition of nitrogen on leaf 

surfaces (Fig. 4a, Fig. 4b). 
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Brushy Creek watershed

Beaverdam waterhsed

Mountain Creek watershed

Figure 4a.
IC and ICP results for atmospheric deposits leaf surfaces and petri dish.

Figure 4b.
Leaf collection sample sites classified as urban or rural, in the Beaverdam, 
Mountain Creek and Brushy Creek watersheds, Greenville, S.C..
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RESULTS 

 
Table 1. Nitrate, Nitrite, NH4 and TDN concentrations (μmol/L) for S2 samples taken 
July 2005, July 2006 and November 2006 
 
site date Distance 

from 
headwater 

[NO3] 
(μmol/L) 

[NO2] 
(μmol/L) 

[NH4] 
(μmol/L) 

TDN 
(μmol/L) 

S2A 07.17.06 38.5 49.78 2.05 7.21 80.33 
S2-2 07.17.06 67 46.89 1.96 6.10 65.19 
S2 trib 1* 07.17.06 68 11.98 6.41 194.03 72.23 
S2-1 07.11.06 144.5 41.61 1.47 9.98 69.20 
S2 07.11.06 188.5 44.11 1.31 10.53 64.96 
S2 07.17.06 188.5 41.39 1.82 15.52 66.49 
BY15E 07.18.05 1034 48.53 0.00 1.74 54.69 
BY15E 07.11.06 1034 60.43 1.02 0.00 68.06 
       
S2 11.30.06 188.5 41.91 2.37 30.38 100.59 
 
 
Table 2. Nitrate, Nitrite, NH4 and TDN concentrations (μmol/L) for BY18 samples taken 
July 2006 
 
site date Distance 

from 
headwater 

[NO3] 
(μmol/L) 

[NO2] 
(μmol/L) 

[NH4] 
(μmol/L) 

TDN 
(μmol/L) 

BY18-6 07.27.06 139 171.39 2.31 1.11 --- 
BY18-5* 07.27.06 261 1.13 1.86 262.77 --- 
BY18-4 07.27.06 290 198.94 1.79 9.98 190.51 
BY18-3 07.17.06 379 174.08 1.92 2.22 --- 
BY18-3 07.27.06 379 179.16 2.51 7.76 153.08 
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Table 3. Nitrate, Nitrite, NH4 and TDN concentrations (μmol/L) for BY15 samples taken 
July 2006 
 
site date Distance 

from 
headwater 

[NO3] 
(μmol/L) 

[NO2] 
(μmol/L) 

[NH4] 
(μmol/L) 

TDN 
(μmol/L) 

BY15F 07.11.06 1030 126.96 0.00 0.55 137.47 
BY15E* 07.11.06 1034 60.43 1.02 0.00 68.06 
BY15D 07.11.06 1043 125.55 0.00 0.55 128.85 
BY15C 07.11.06 1150 91.52 0.84 0.55 93.55 
BY15B 07.11.06 1188.5 86.61 1.71 0.55 96.28 
BY15 trib 
1* 

07.11.06 1200 123.05 0.00 2.22 125.78 

BY15A 07.11.06 1350 88.58 0.76 1.11 96.38 
BY15 07.11.06 1612 87.80 0.00 1.66 100.85 
 
 
Table 4. Nitrate, Nitrite, NH4 and TDN concentrations (μmol/L) for BY18 samples taken 
November 2006 
 
site date Distance 

from 
headwater 

[NO3] 
(μmol/L) 

[NO2] 
(μmol/L) 

[NH4] 
(μmol/L) 

TDN 
(μmol/L) 

BY18E 11.30.06 139 155.68 0.00 1.77 --- 
BY18-SPC 
2* 

11.30.06 241 48.73 1.89 27.72 77.82 

BY18-
SP9* 

11.30.06 249 191.02 0.00 0.78 201.26 

BY18-SP8 11.30.06 260 164.19 0.00 1.44 176.99 
BY18-5* 11.30.06 261 15.76 9.06 787.21 816.32 
BY18-SP7 11.30.06 263 165.10 1.87 13.03 226.39 
BY18D 11.30.06 290 171.76 1.84 8.37 200.26 
BY18-SP6 11.30.06 329 158.16 1.78 6.32 191.12 
BY18-SP3 
am 

11.30.06 379 152.75 1.64 6.82 240.24 

BY18-3 pm  379 157.65 1.60 6.10 209.97 
BY18-SP4 11.30.06 429 160.72 2.02 5.54 202.97 
BY18-SP3 11.30.06 479 152.75 1.64 6.82 240.24 
BY18-SP2  529 150.83 1.72 3.55 227.18 
BY18-SP1 11.30.06 579 140.02 1.85 3.71 207.47 
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Table 5. Nitrate, Nitrite, NH4 and TDN concentrations (μmol/L) for BY18 samples taken 
June-July 2005 
 
site date Distance 

from 
headwater 

[NO3] 
(μmol/L) 

[NO2] 
(μmol/L) 

[NH4] 
(μmol/L) 

TDN 
(μmol/L) 

BY18F 07.13.05 0 213.45 0.00 2.77 230.33 
BY18E 07.13.05 113 166.40 0.00 0.55 174.67 
BY18-5* 07.13.05 261 4.10 1.98 1.11 113.92 
BY18-3 07.13.05 350 190.93 0.00 2.30 199.37 
BY18B 07.13.05 373 182.28 0.00 3.14 215.13 
BY18A 07.13.05 523 149.07 0.00 1.11 191.27 
BY18 07.06.05 667 151.84 0.00 1.13 155.46 
BY18 07.13.05 667 149.25 0.00 1.11 158.76 
 

Table 6. Nitrate, Nitrite, NH4 and TDN concentrations (μmol/L) for BY15 samples taken 
July 2005 
 
site date Distance 

from 
headwater 

[NO3] 
(μmol/L) 

[NO2] 
(μmol/L) 

[NH4] 
(μmol/L) 

TDN 
(μmol/L) 

BY15F 07.18.05 1030 102.05 0.00 2.10 101.44 
BY15E* 07.18.05 1034 48.53 0.00 1.74 54.69 
BY15D 07.18.05 1043 102.20 0.00 1.11 115.97 
BY15C 07.18.05 1150 101.53 1.88 1.11 102.47 
BY15 trib 
1* 

07.18.05 1200 140.82 0.00 8.88 143.37 

BY15A 07.18.05 1350 98.96 0.00 1.11 98.33 
BY15 06.15.05 1550 95.39 0.00 1.19 93.17 
BY15 07.06.05 1550 88.40 0.00 1.57 122.12 
BY15 07.18.05 1550 95.01 0.00 2.77 90.75 
 

S2 July 2006 

(Table 1.)  In July 2006 samples, this stream reached a maximum nitrate 

concentration of 49.78 umol/L and a minimum of 41.39 umol/L.  S2 trib 1 had 11.98 

umol/L nitrate.  Maximum nitrite concentration was 2.05 umol/L and minimum 

concentration was 1.31 umol/L.  S2 trib 1 had 6.41 umol/L nitrite.  Ammonium ranged 
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from 6.10 to 15.52 umol/L and the tributary had 194.03 umol/L.  TDN concentration in 

S2 ranged between 64.96 and 80.33 umol/L.  The TDN in S2 trib 1 was 72.23 umol/L. 

BY18 July 2006  

(Table 2.)  In samples taken in July 2006, nitrate concentrations at BY18 were 

between 171.39 and 198.94 umol/L.  18-5 had 1.13 umol/L nitrate.  Nitrite concentrations 

were between 1.79 and 2.51 umol/L.  Ammonium concentrations were between 1.11 and 

9.98 umol/L, and 18-5 had 262.77 umol/L ammonium.  TDN levels were between 114.16 

and 190.51 umol/L, and 18-5 had 336.05 umol/L N.  

BY15 July 2006 

(Table 3.)  The range of nitrate concentrations at BY15 was 86.61-126.96 umol/L, 

as compared with 88.40-102.20 umol/L nitrate in 2005 (Table 6).  Nitrite levels were 

between 0 and 0.84 umol/L.  The tributary 15 trib 1 had 1.71 umol/L nitrite in 2006, and 

0.09 umol/L in 2005.  The range in ammonium concentration was 0.55-1.66 umol/L in 

2006, with 2.22 umol/L in the tributary.  Ammonium ranged from 1.11 to 2.72 umol/L in 

2005, with 8.88 umol/L in the tributary.  There were 93.55-137.47 umol/L TDN in 2006, 

compared to 90.75-122.12 umol/L in 2005 (both taken at site BY15, on different days in 

July).  In 2005, trib 1 had TDN levels of 143.37 umol/L. 

BY18 November 2006 

(Table 4.)  In November 2006, nitrate values at 18 ranged from 140.02-171.76 

umo/L.  SP9 had 191.02 umol/L nitrate in November.  Nitrite concentration ranged 

between 0 and 2.22 umol/L, with 9.06 umol/L at 18-5.  Ammonium ranged between 1.77 

and 13.03 umol/L in the stream, with 0.78 umol/L in SP9 and 787.21 umol/L at 18-5. 
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DISCUSSION 

Controls 

Multiple systems exert influence over the nitrogen cycle.  Phenomena including 

insect outbreaks, changes in land use and management and climatic variations can all lead 

to increases in soil mineralization potential, resulting in nitrogen loss (Knoepp 2000).  

The streams sampled in this study are no different, subject to biological, geomorphic, 

anthropogenic and climatic controls.  There are several chemical reactions through which 

nitrogen is converted into its various forms (Table 7). 

 
Table 7.  Chemical reactions undergone by nitrogen. 
________________________________________________________________________ 

 

Biological Controls 

As was mentioned at the beginning of this paper, nitrogen plays a huge role in 

biological functioning.  Biological influences on nitrogen processes include members of 

the stream ecosystem like fish, algae, riparian plant species and bacteria in the 

substrate(Hedin et al., 1998).  However, controls also include organic nitrogen stored as 

plant tissue in leaf and branch litter, leached nitrate from soil (Carpenter et al., 1998), and 

Fixation gets inorganic N into plant tissue N2 NH4+NO3 
Nitrification converts N back to inorganic 
form 

NH4 NO2 (nitrosomonas) 

 NH4 NO3 (nitrobacter) 
 

Anaerobic ammonia oxidation 
(Planctomyces) 

NH4+NO2 N2+2H2O 

In wet soils NO2 NO+N2 (g) 
 NO3 NO+N2 (g) 
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animal waste and other input introduced as runoff during storm events.  Increases in flow 

resulted in increased bacterial counts (Rodriguez-Ferre, 2006).  Depending on the role 

that species play in the nitrogen cycle, shifts in the hydrological and chemical factors 

controlling their populations can change the nitrogen inventory. 

It has been suggested that plant accumulation of nutrients may singularly explain 

patterns of nitrate losses from forest ecosystems.  Different plant species can have 

different effects , at different rates, on soil nitrogen (Finzi et al., 1998).  If this is the case 

in small urban streams like 18 and S2, any changes in vegetation (due to incision, 

construction, seasonal change or soil nutrition) could result in changes to nitrogen 

chemistry. 

Nitrate concentration has also been linked to oxygen depletion (Kendall).  

Dissolved oxygen was compared to nitrate, nitrite and ammonium (Fig. 5) in November 

2006 samples, with no apparent trend. 

19



Fi
g

u
re

 5
.

C
o

n
ce

n
tr

at
io

n
s 

o
f d

is
so

lv
ed

 o
xy

g
en

 (u
m

o
l/

L)
, N

H
4 

(u
m

o
l/

L)
, N

O
3 

(u
m

o
l/

L/
10

0)
, N

O
2 

(u
m

o
l/

L)
 fr

o
m

 B
Y

18
 

si
te

s, 
Ju

ly
 a

n
d

 N
ov

em
b

er
 2

00
6.

20



   

Precipitation and Temperature 

Rainfall patterns were different between 2005 and 2006 (Fig. 6).  Rainfall was 

below average in July 2006, which may have affected nitrogen chemistry (Mitchell et al., 

2006).  Seasonal patterns of ammonium and nitrate uptake have also been suggested 

(Hollabaugh, 2004). 

Anthropogenic Controls 

Studies suggest that greater atmospheric nitrogen deposition is associated with 

urban areas (Lovett et al., 2000; Chiwa et al., 2003).  It has also been found that nitrate 

discharge from stream systems increases as input of anthropogenic nitrogen increases 

(Jordan and Weller, 1996). 

Non-atmospheric anthropogenic inputs can alter stream chemistry as well (Mayer 

et al., 2002). While the study area is not used for agricultural purposes, potential sources 

may exist farther away from the stream (Seitzinger et al., 2002), with hydrologic 

pathways introducing nitrogen into the system. There is a wastewater holding pond (Fig. 

1) north of the BY18 headwater and nitrogen is known to be mobile in many soils 

(Carpenter et al., 1998).  Wastewater effluent has been linked to nitrate concentrations 

(Peterson et al., 2001)and is a potential source of nitrate in BY18. 

Geomorphic Changes 

Road and parking lot construction has changed the course of water in Greenville 

and the surrounding area.  At BY22, another sample site in Greenville, the course of a 

stream has been drastically altered by the construction of a large apartment complex, 

landscaping changes that include a large backyard pond and roadside ditches.  The 

natural BY22 streambed is completely dry, and the water’s new course begins in the 
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apartment complex.  Altering the flow path of stream water can significantly change its 

nitrogen chemistry (Kendall).  Since conversion between the organic and inorganic forms 

of nitrate are biological processes, variation in channel surface area and discharge also 

affect nitrogen processes—especially in small or low-discharge streams (Jordan and 

Weller, 1996; Seitzinger, 2002). 

The area surrounding stream S2 is currently under construction, which increases 

erosion of previously wooded or undisturbed areas.  Erosion in the riparian zone 

increases sediment load and allows large amounts of organic matter to enter the stream, 

as observed, resulting in detritus and large amounts of organic matter. 

Overall Trends  
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Variation Between 2005 and 2006 

Between July 2005 and July 2006, neither 18 nor 15 exhibited a drastic chemistry 

change.  Of the three streams studied, the two streams sampled in both years, 18 and15, 

are chemically distinguishable from each other in both years.  In both years, BY18 is also 

chemically distinct from nearby S2.  This information suggests that the higher part of the 

stream has not undergone any major input changes or environmental disturbances within 

the last year.  However chemical differences between 2005 and 2006 chemistry, on a 

smaller scale but observed at multiple sample sites, are indicative of less dramatic 

changes. 

Unfortunately 2005 and 2006 sample sites at 18 did not overlap, but 2006 data 

lies on the curve created by 2005 data points, which implies minimal disturbance of 

nitrate levels in this portion of the stream.   

At BY15, nitrate levels were slightly higher downstream of the confluence point 

(Fig. 7) in 2005.  This suggests that the tributary lowered nitrate more in 2006 than in 

2005, even though the tributary’s nitrate concentration was higher in 2006.  The change 

could be attributed to increased nitrate input into BY18, or an increased tributary 

discharge.  The explanation could also be explained by climatological factors, as the 

nitrate influx from atmospheric deposition and anthropogenic sources would play a 

bigger role in stream chemistry in times of low rainfall.  The processes that led to the 

increase in nitrate at the confluence point, even with contribution from a tributary low in 

nitrate, may also have been inhibited somehow. 

At 18, ammonium concentrations were higher in 2006 than would have been 

expected based on 2005 chemistry.  At 15, ammonium concentrations decreased in 2006 
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relative to 2005.  However, at the furthest downstream site sampled, BY15, the 

concentration was 1.66 umol/L in 2006, compared with 1.57 umol/L in 2005, indicating 

that ammonium levels may be increasing in the downstream portion of BY15.   

At BY15, there was little difference in TDN between 2005 and 2006.  While the 

average TDN increased by just over 3 umol/L, this is a small change relative to the total 

TDN values in the stream (over 100umol/L).   

Variation Between Summer and Fall 

Nitrate concentrations decreased between July and November 2006.  In BY18 

above site 18-3, nitrate concentration decreased in November 2006 relative to both July 

2005 and July 2006.  Downstream of 18-3, there is not high enough resolution in July 

samples to compare with November, though a downward trend in November nitrate 

samples follows the pattern of the July samples from both years, with each site 

decreasing in nitrate concentration moving away from the headwater until the end of the 

reach . 

At BY18-5, nitrite and ammonium concentrations increased (from 1.86 to 9.06 

umol/L nitrite and from 262.77 to 787.21 umol/L ammonium) in November relative to 

summer samples from both years and affected the water chemistry of 18 when it entered 

the stream.  (In November, for example, oncentrations changed from 0 to 1.87 umol/L 

nitrite and from 1.44 to 13.03 umol/L ammonium.)  This suggests that the water 

chemistry of small urban streams like BY18 can be dependent on changes in 

anthropogenic inputs.  Variation in the other tributaries in 18 cannot be attributed 

completely to human activity as they run through substrate-lined channels and, 

presumably, have natural origins. 
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Interestingly, site 18-3, which was sampled on multiple occasions, shows more 

variation between morning and afternoon sample times than sample seasons.  However, if 

comparing samples taken at the same time of day, ammonium concentration was higher 

in November. 

Due to incomplete TDN data from July 2006, a summer-to fall comparison was 

not possible but 2006 fall concentrations of total dissolved nitrogen match the summer 

2005 data fairly closely upstream of SP3, again supporting the idea that chemistry in the 

upper part of the 18 reach has not changed much.  Data from summer 2005 and fall 2006 

could be used to tentatively compare seasonal change in BY18.  Directly downstream of 

18-3, the TDN concentration, like that of nitrate, was higher in November 2006 than in 

2005 but decreased moving away from the headwater.  The consistent downward trend 

suggested nitrogen removal either through conversion from NO3 into diatomic N2 gas or 

biological uptake. 

The one site in S2 sampled in November showed an increase in TDN, from 66.49 

to 100.59 umol/L, mostly due to ammonium. 

Spatial Variation—Between 18 and S2 

The difference in nitrate concentration between 18 and S2 samples—which, lie, at 

their closest point, 0.5 km apart and have neighboring catchments (Fig. 1), suggests that 

the two streams have a very different set of nitrogen sources and sinks which provides 

further evidence that BY18 has a set of reasonably stable factors that determine its 

chemistry. 

There is evidence in the literature that atmospheric deposition is a significant 

source of nitrogen, especially in urban areas (Groffman et al., 2002; Groffman et al., 
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2003) or developed areas with high cover (Paul and Meyer, 2001) or high-density 

(Garcia, 2006) of impervious surfaces.  Because S2 and 18 are so close together, the 

atmospheric nitrogen deposition—whether natural or anthropogenic in origin—that they 

both receive should be about the same.  The difference in nitrate levels may be explained 

if BY18’s catchment includes more impervious surface cover although dry-deposited 

material was not shown to contain much nitrogen.   

Although the tributaries of BY18 are low in nitrate (with the exception of 18-SPC 

2, which appears to increase nitrate levels with its input concentration of 191.02 umol/L 

nitrate), they are very high in ammonium and it is possible that nitrification of these large 

ammonium inputs is occurring in the riparian zones at 18. 

Additionally, topographical surveys (Fig. 1) map the S2 headwater as beginning 

on the south side of Rutherford Road.  The pipe, about 2 feet in diameter, is the highest 

accessible point that is verifiably part of S2.  It is not, however, technically the headwater 

and there is topographic evidence that the drainage area includes a depression in the 

Piney Mountain on the other side of Rutherford Road.  Before the construction of the 

road, the drainage may have been larger, as may the discharge of S2.  Diversion through 

the pipe would have decreased contact between stream S2 and living organisms, and 

decreased input from or interaction with shallow groundwater. 

The Galphin Drive bridge was the only S2 site sampled in November.  Nitrate 

concentrations had decreased at the site relative to July data, and ammonium had 

increased since July.  TDN had also increased. 

Spatial Variation—Along a Stream Reach 
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Moving away from the urban BY18 headwater in 2006, there was a decrease in 

nitrate as shown by the 2005 data, but it seems that the sharp downward trend coincided 

with confluence with the tributary S2, which had maintained its nitrate signature from 

Galphin Drive. I did not see significant evidence that urban streams have the ability to 

remove nitrogen that they accrue in urban headwaters, but that the effects of the 

confluence of two similarly-sized streams were reflected in the nitrogen chemistry of the 

resulting stream.  This idea was further backed up on a smaller scale by the ability of 

small surface point sources to alter the chemistry of small urban streams. 

However it is possible that BY18 possesses denitrifying properties.  High-

intensity sampling in November confirmed the existence of a downward trend in TDN 

levels (as was shown in 2005).  The trend implies decreasing nitrogen content, but on the 

other hand may simply reflect spatial convergence with S2, which exhibited significantly 

lower TDN levels throughout its course.  Discharge measurements at the site of this trend 

would help to answer this question. 

Also, at BY15, samples taken directly above and below the confluence of 18 and 

S2 did not show an immediate change in water chemistry.  Sharp changes were not 

observed until 15C, indicating other controls in this system than surface water mixing.  

Species may be limited in or confined to certain areas of this stream, or there may be 

subsurface input to the system. 

TDN levels in S2 further showed the effect of point sources on small urban 

streams.  The effect of S2 trib 1 was reflected in the consequent rise in TDN and NH4, 

and the drop in nitrate.  This decrease in nitrite concentration did not support an impact 

on S2’s chemistry by S2 trib 1.  However, the nitrite chemistry downstream of the 
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tributary matched a downward trend in S2 nitrite, and the concentration was undetectable 

by the time S2 converged on BY15.  The concentration of nitrite also had a small impact 

on TDN in all the streams examined, showing low concentrations relative to other N 

species throughout the three stream reaches. 

While the source of the tributary 18-SPC 2 was never determined, it entered the 

stream from the left bank, which is the position of S2 relative to the 18 reach.  Similar 

chemical data suggest a hydrologic relationship between S2 and 18-SPC 2 and imply 

similar sources or even a shared catchment.  This information indicates that small urban 

streams in this area may be more interconnected at the surface than previously thought by 

unmapped streams that topography does not necessarily reflect. 

Future Efforts 

While nitrate concentration is highest in the urban headwater of BY18, it does not 

prove denitrification.  The nitrate trend could be related to groundwater chemistry or a 

shortage of denitrification sites in urban headwaters compared to sites further 

downstream.  Riparian buffer zones have been proposed as a means of controlling nitrate 

pollution (Lowrance, 1997; Kuusements, 2002; Laws, 2003).  The riparian zone in BY18 

is thin, and the area’s rapid development suggests a need to determine the real cause of 

the observed nitrogen patterns.  Experimental buffer zones should be constructed and 

studied in the streams of the Greenville area, and wastewater from Columbia Farms and 

the S2 tributary should be closely monitored for changes and the resulting impacts on 

stream chemistry. 

Further studies on the confluence of BY15 and other stream (S2) should focus on 

groundwater chemistry and pathways to better understand the degree to which small 
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surface streams are connected.  Through continual monitoring of BY15 and BY18 we 

will come also to better understanding of the effects of precipitation.  Future study areas 

should include a stream with less tributaries or more surface area than S2, 18 and 15 to 

determine the effect of all these variables on the water chemistry of small urban streams 

of the Piedmont. 

 

CONCLUSION 

Spatial differences between adjacent streams BY18 and S2 imply different 

nitrogen sources and sinks within between neighboring catchments of small urban 

headwaters in Greenville, South Carolina.  Controls on nitrogen dynamics appear to be 

temporally stable, as the streams’ chemistry distinguishes them from eachother in July 

2005 and 2006, and in November 2006.  The streams exhibit increased ammonium and 

decreased nitrate in November relative to July, indicating decreased biological activity in 

autumn months.  Tributary chemistry demonstrates that even small point sources are 

significant players in stream chemistry, including inputs of totally human origin. 
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APPENDIX 1.  
FIELD NOTES FROM JULY AND NOVEMBER 2006 
 
 
 
Field Sites 
• BY15  

Downstream of BY15 bridge: stream ~ 1m wide, shallow, flooding sign, fish, 
sand.  Nearby roads and lots of houses.  Drains commercial area.  Aquatic vegetation.   
• BY15A 

07.11.06 On L bank ~10m riparian zone with trees and shrubs. House and lawn 
on R bank 

• BY15B 
07.11.06 Half cover thick riparian zone on both sides, trash in stream but only a 
little. 18m upstream of BY15 trib 1. 

• BY15 trib 1 
07.11.06 Trickling flow, clear water. Trickle out from L bank ~6” deep, 6” wide. 
Loc 18m downstream of BY15B. Steady flow event hough v. low volume. Sandi 
small pool right before it trickles into stream. 

• BY15C 
07.11.06 <50% cover. Thick riparian zone. Sand/cobble streambed, heavy Kudzu, 
w/in 20m of power lines 

• BY15D 
07.11.06 Loc 4m downstream of BY15F tributary and BY15E.  Sand bar in 
between w/ gravel and shrubs. ~4m wide riparian zone. 50% cover, tall trees on 
banks. Sand bar may be unstable—only small trees on bank and tall grasses. 

• BY15F 
07.11.06 main channel 

• BY15E 
07.11.06 Loc just above a slightly murky 2m-wide pool (½  m deep). Very fine 
sand, silt, sludge and aquatic plant s(long algae and surface algae) in pool. 

 
• S2 

07.11.06 Low, murky water. Riparian zone thin, bordered closely by houses and 
well-traveled road. Bed contains mix of rock, rebar and silt. Sample taken just 
downstream of Xing with Galphin Rd. Asphalt covers the rebar. Construction site 
upstream (see By18-1) 
Evidence of undercutting. Old trees but some are toppled. Drainpipes from 
backywards and old carpet and moss and leaves—maple—everywhere 
07.17.06 low, murky. Water is lower than last week’s sampling at the same site. 
0-2m riparian zone, 60% shade. Some rebar, scrub brush, some undercutting. 
-On Galphin, off Rutherford. Leaves all over bed. NO rip zone of R bank. 
Backyard FULL of leaves. On L bank, rip zone ~1m wide. Oakds and maples. 
Pipe passes under bridge unobstructed. Morning: brown water. 
Old trees but some are toppled. Evidence of undercutting. Drainpipes from 
backyards and old carpet and moss and maple leaves. 
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• S2-1 
07.11.07 Low flow, clear/murky. Bordered by steep chest-high banks and 
brambles. New development coming up on Ragon Rd (formerly Dawn Ct.) so this 
was the highest upstream we could go. Dense fallen tree dams up ahead. Lots of 
bare ground at the construction site. Bulldozers. 

• S2 trib 1 
07.17.06 Low flow, clear. Broken pipe flowing directly into water. Area smells 
strongly of cleaning products/ammonium. There is a pile of paper product (toilet 
paper?) right in front of the pipe and the discharge occasionally increases. We 
think this is sewage. 

• S2-2 
07.17.06 directly upstream of BY18 trib 1. Calm pool ~1/3 m deep. Slightly 
murky with fine organic silt covering the bottom. Old tires and construction 
debris. Some foam. Branch debris. 

• S2A 
07.17.06 Low flow, clear. Lots of poison ivy but less cover from trees. Mostly 
shade. Vegetation totally blocks the stream at some points—had to hike around. 

• BY18 SP1 
-Low water. Clear. Leaves and bushes everywhere. Residential infringing (lawns, 
landscape tool sheds, and toolshed/fence material) on riparian zone. Virtually no 
riparian zone. 
-walking to SP2, saw oil films and orange sludge (non-mineral) 

• BY18 SP2 
-Low flow but not slow. Clear. Leaves everywhere. Yards on either side. Riparian 
zone is 4-5m wide. Signs of significant undercutting 
-walking to SP3, saw organic matter (blackish/brownish) sitting in small pools. 
Pools interspersed with riffles and runs lined w/ nice, medium-coarse quartz 
gravel (2-3”) and coarse sand 

• BY18 SP3 
-Low flow. Pool. Old bridge support (on R bank) and bridge remains (big 
concrete slab sitting in pool). VERY thin riparian zone, bounded by grassy yards 
and old trees. 
-walking to SP4, LOTS of logs and natural log/branch dams smothered w/ leaves. 
Froth accumulation in pools. 

• BY18 SP4 
-Pool flanked by riffles (before and after). Drainpipe from a yard on L bank, but 
no flow. Extreme undercutting of the clay soil (which is kaolinite/gibbsite-rich)—
old tree fallen over and took a huge chunk of clay with it (soil still attached to 
roots). 2m riparian zone on L bank. On R bank, 4m riparian zone and has a LOT 
of old branches and accumulated leaves. 
-walking to 18-3, nice riffles—fast, clear 

• BY18-3/BY18 C 
07.17.06 Low flow, clear. Loc. At the dead end across from Neil Circle. Area may 
be unstable—saw a live tree topple over. Riparian zone ~10m wide on L bank but 
bounded closer by houses on the R bank. Lots of leaf litter and bush clippings on 
L bank. 
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07.27.06 Accessed from end of parking of Woodlands residential complex. Small 
black sewer pipe just downstream of site. Houses near W bank. Deeply incised 
channel, wooded riparian vegetation and dense vine cover on E bank. Parted tree 
canopy cover. GPS 34.89248 N  82.36558 W 
-Morning: Low flow, clear/murky water. ~5m riparian zone on either side. Mostly 
vines. Leaves everywhere—big, big piles. Thigh-deep in leaves. 
-Clear. Low water. 
-walking to SP6, lots of trash, lots of VERY slow flow areas but not too much 
undercutting probably due to extensive root system (lots of exposed roots. Really 
thick & old roots.). Shrubs and bushes. 

• BY18 SP6 
-Clear. Low water level. 
-Site bordered by fence, forested yard and 3m riparian zone on both banks. Big 
rebar embedded in the soil of the L bank. Seems like shrub roots have kept banks 
from collapsing as the soil surrounding them has eroded away! 
-Walking to BY18D: leaf litter very dense completely carpets streambed 

• BY18D/18-4 
Big, rebar-lined channel coming in from left bank. Pipe passes over it. 
07.27.06 Loc 103m from BY18-3. Sample site photographed, same as Lehne and 
Val’s site. Riprap tributary (dry) Western Carolina pipe ~10m up. 
-Medium flow. DRY rebar-lined channel full of plant debris & a big tire, loc. on L 
bank. Tires upstream too. OLD trees resisting undercutting. Fish! School of 1” 
blue shiners. 

• BY18-SP7 
-Found chicken plant input. SP7 is a sample directly downstream of SP Chicken 1 

• BY18-5 
07.27.06 34.89379 N, 82.36599 W, @ 332m 
-loc. @ 34º 53’ 35” N, 82 º 22’ 05” W, elev ~1075’ 
-Coming from direction of chicken plant. Loc on L bank. Chicken plant input. 
Trickling flow, w/ pools forming between rebar. Surrounding area really 
overgrown. 
-Later, smelled of bleach. 

• BY18 SP8 
-SP8 is a sample directly upstream of SP Chicken 1. 

• BY18 SP9 
Trib on the right bank. Low volume but deep high steep edges & metal/concrete 
parts in it 
-Loc. on R bank, 41m upstream of BY18D. Vehicle rim in trib, as well as a 
carpeting of leaves. 
-SP9 is a tributary. 
-Walking to BY18E, lots of industrial trash. Tires and rubber drums. Plastic and 
rebar and cleared construction debris EVERYWHERE. Dog on L bank. 

• BY18-SPC 2 
-trib loc. on L bank. Comes in at an angle from unknown location. 
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-Lots of fine organic matter lines this trib. Comes from Columbia (on L bank) 
area. UNLIKE SP Chicken 1, SP Chicken 2 has actual flow (not a trickle. Maybe 
natural stream passing under parking lot?) 

• BY18 E/BY18-6 
07.27.06 Took GPS reading 34.89491 N  82.36624 W, 10m accuracy. Stream 
channel V. deeply incised—canyonlike. A few cm deep at most. V. shallow, 
sandy bottom. Columbia Farms on L bank. Groundwater seeping over kaolinite 
on R bank at base. @ yellow jacket nest. 
-Low flow. Clear. 
-Thin riparian zone on R bank, borders a sparsely-wooded backyard—between 
the two here is no fence, no clear boundary. On L bank, Columbia chicken 
processing plant. HIGH heaps of red dirt and construction debris—large concrete 
slabs/concrete fragments. Riparian zone sits on skree slope (debris/soil) that 
shows obvious signs of slope failure.  
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• From Field Book 
• 1999 stopped development in Paris Mtn 
• REU funded predominantly by NSF 
• Enoree Basin, Saluda Basin = study areas.   
• Area characterized by high-grade metamorphic black shale, saprolite (weath.  Granite) 
• Hydrosphere: chem.  , flow, T, turbidity; Atmosphere: gas, chem.  , V, dust; Humans: 

Waste, riparian habitat, pulloution, impervious surfaces, scouring, runoff, 
flooding, channelization; Lithosphere: bedrx, soil, microbes; Biosphere: fish, 
amphibians, microbes, inverts, algae, plants 

• Population growth mainly in headwaters (as opposed to mouth of river) 
• Erosion: steady loss of farmland since at least 1982 to development 
• Development: Steady increase of impervious surface area.  Big implication for storm 

runoff (incr.  flashiness & incr.  discharge, and speed of flow, leading to incision).  
Deforestation too.   

• Riparian zones: shift from forest to developmental area.  = loss of biodiversity and soil 
nutrition 

• Wastewater makes up to 80% discharge (what area???).  It’s treated but v.  high in 
nutrients result in too much aquatic plant matter so needs to be treated prior to 
consumption.   

• Antibiotics ingested by people can pass into wastewater.  Resistance? 
• Plants use nitrogen 
• Not septic system 
• Not fertilizer 
• Dry depos.  compound levels highest in the city 
• Groundwater pathway? 
• Most N & C flux goes on  in headwaters 
• Shales & Micas can hold NH4 (12-13mg/kg).  Granites can hold N too.   
• Since groundwater is so low in NO3 (BY32) we can say that at least at some sites, 

there’s an external source of N.   
• Biological fixation of N by rhizobium nodules results in conversion of N2 to NH4.  

Plants uptake NH4, and bacteria convert the NH4 to NO3 (either of these can 
happen).  Anoxic environments—soil, groundwater, wetlands, stream sediment—
lead to denitrification where 2NO3+10e+12H N2+6H2O 

• Thry: dropping water table or flow increases oxic conditions and results in lower 
denitrification (too oxic) 

•  
 
Lab Equipment 
-biogeochem lab: Barnstead DI, d-Carbon 
Fluorometer-manual measurement of NH4 
Alpkem-automated measurement of TDN 
Perkin Elmer GC-C+N+S+O 
Dionex Ion Chromatograph-automated.  Ions stick to resin then get washed off (stuck to 
detector) 
Carbon analyzer-total organic carbon, DOC.  Turns C compounds into CO (g) 
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ICP-analyzes emissions by plasmized samples 
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