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Abstract 

Title:  Chemical Forms of Nitrogen in Runoff from Diverse Florida Watersheds 

Author:  Jessica Emily Voelker 

Advisor:  John H. Trefry, Ph. D. 

Watershed use along the Indian River Lagoon (IRL) on the central east coast of 

Florida has changed drastically during the past century, bringing with it declining 

water quality, eutrophication, hypoxia and fish kills. The decline of the lagoon has 

been directly linked to nutrient overloading; however, the sources and chemical 

forms of nutrients to the IRL are still not well constrained. This study was designed 

to determine how watershed land use impacts concentrations and fluxes of the 

various forms of dissolved nitrogen to the IRL. Five tributaries to the IRL were 

sampled monthly from July 2015 – September 2016. Storm flow was independently 

sampled 15 times during an eight-day event (May 17 – 24, 2016) at two locations. 

Concentrations and transport of dissolved organic nitrogen (DON) and dissolved 

inorganic nitrogen (DIN as ammonium, nitrate and nitrite) were determined near 

U.S. Geological Survey gauging stations. DON was the dominant form of dissolved 

nitrogen in each watershed making up an average of ~72 ± 7% of the total 



 

iv 

dissolved nitrogen (TDN). The tributary with greatest percent natural and 

agricultural land use had the largest mean DON concentration (54 ± 7 µM; 0.76 ± 

0.10 mg N/L). Tributaries with greatest urban land use had significantly lower 

DON concentrations and higher values of nitrate and nitrite. Concentrations of the 

various forms of dissolved nitrogen during both non-storm and storm conditions 

did not vary greatly with flow; therefore, mean concentrations during storm and 

non-storm surveys were used to calculate nitrogen fluxes to the IRL. The annual 

flux of TDN from Turkey Creek was ~60 tons of N which is ~15 times greater than 

inputs of dissolved nitrogen (all as ammonium) from muck sediments in Turkey 

Creek. Ammonium inputs from runoff from Turkey Creek (~4 tons N/year) were 

essentially equal to the muck flux. The cumulative flux of total dissolved nitrogen 

from all five tributaries was ~220 tons N/year. Creek fluxes of DON were ~3 times 

greater than DIN; fluxes of nitrate made up ~70% of the DIN flux. These 

relationships between land use, flow rates, and creek and sediment fluxes of 

chemical forms of nitrogen show that inputs of inorganic nitrogen have increased 

over the past three decades, likely due to increased urbanization. 
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Introduction 

Humans have greatly influenced the global nitrogen cycle by converting 

atmospheric nitrogen (N2), with limited biological availability, to useable forms 

like ammonium (NH4
+) and nitrate (NO3

-) (Frink et al., 1999). Since 1950, the 

amounts of chemical fertilizers used globally have increased from 14 to 143 million 

tons per year (Brown et al., 1990). Although these increases help feed a growing 

human population, problems like hypoxia (dissolved oxygen < 2 mg/L) and fish 

kills arise as excess fertilizer enters our waterways (Diaz and Rosenberg, 2008). 

The nitrogen cycle also has been influenced by an 80-fold increase in nitrogen 

oxides from burning of fossil fuels since 1910 (Cui et al., 2013). 

 

Imbalances in the nitrogen cycle correlate directly with instances of coastal 

eutrophication (Diaz, 2001). Although some of the nitrogen in fertilizer that is 

removed from the atmosphere and fixed via the Haber-Bosch process (N2 + 3H2 à 

2NH3) is taken up by plants, excess nitrogen can be transported via storm water 

runoff to tributaries and the coastal ocean (Frink et al., 1999). Sewage, livestock 

waste and decomposing organic matter further contribute to the surplus of 
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nutrients. Excess nitrogen can lead to eutrophication, algae blooms, anoxic ‘dead’ 

zones, contaminated drinking water, damaged aquatic habitats and decreased 

species diversity.   

 

Estuaries are especially prone to hypoxia due to the accumulation of watershed 

nutrients. These nutrients support productivity that is accompanied by consumption 

of dissolved oxygen during microbial decomposition of organic matter. Excess 

runoff also increases turbidity that reduces the depth of sunlight penetration in the 

water column and inhibits growth of photosynthetic organisms that produce needed 

oxygen. Many organisms are unable to survive hypoxic conditions. Globally, 

instances of hypoxia have doubled every decade since the 1960s (Diaz and 

Rosenberg, 2008). 

 

Among the many impacted ecosystems, eutrophication has been a chronic problem 

in the Indian River Lagoon (IRL), a biologically diverse and economically valuable 

estuary on the east coast of central Florida. With a growing population in the IRL 

watershed, pollutant loadings have increased, water quality has declined and 

eutrophication repeatedly threatens the health of the estuary (IRLNEP, 1996). In 

2011, a seven-month-long algal “super-bloom” in the IRL increased chlorophyll a 

by eight times above the historical average (Kamerosky et al., 2015). Although 
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nutrients are essential for plant growth, over-fertilization leads to excess nutrients 

in tributaries that flow into the IRL.  

 

Nitrogen, in its many forms (dissolved organic nitrogen, ammonium, nitrate, 

nitrite), is added to waterways from decaying organic matter, fertilizers, waste 

disposal and industrial processes (Howarth et al., 2002). Land use directly 

influences the chemical forms (species) of nitrogen present in tributaries; thus, data 

for nitrogen species help identify sources of nutrients (Dierberg, 1991). For 

example, a study comparing land uses in the Daning River Watershed, China, 

showed significantly higher concentrations of nitrate and organic nitrogen for land 

classified as “plantation” (agricultural), compared to forest, grassland, barren land 

and other categories (Shen et al., 2010). An assessment of the Abou Ali River, 

Lebanon, a system with some similarities to watersheds in this study, showed that 

nitrate and ammonium concentrations increased above background values in areas 

of livestock production (Massoud et al., 2006). Additional efforts are needed to 

develop more reliable correlations between the forms of nitrogen and land use and 

thereby provide better indicators of pollution sources and improve management 

strategies. 
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The chemical composition of waterways often varies as a function of rainfall. As 

anthropogenic land use has increased, nutrient inputs from storm water play an 

increasingly significant role in the health of the IRL (Lapointe et al., 2015). Fluxes 

of nitrogen, in all its chemical forms, to the IRL increase directly with tributary 

flow rate. To limit eutrophication of the IRL in Brevard County, a fertilizer ban has 

been put in effect during the rainy season (June 1st through September 30th) with 

fertilizer-free zones near water bodies (Code of Ordinances of Brevard County, 

2014). Accurate data for the response of nutrient concentrations to changing flow 

rate are needed to estimate fluxes of the various chemical forms of nitrogen from 

major watersheds. 

 

Previous research has shown divergent and convoluted conclusions regarding 

temporal variations in the chemical forms of nitrogen. Concentrations and forms of 

nitrogen may vary with rate of rainfall, soil moisture level, accumulation of 

nitrogen in soil, mineralization, nitrification, type and time since fertilizer 

application (Webb and Walling, 1985). A study in northern Lebanon found a two-

fold increase in ammonium concentrations at the end the wet season and a four-fold 

increase at the end of the dry season (Massoud et al., 2006). An IRL study that 

compared one dry and two wet sampling events documented significant temporal 

variations for concentrations of dissolved inorganic nitrogen (DIN = ammonium + 



5 
 

 

nitrate + nitrite) and ammonium, but found no variations for nitrate + nitrite and 

TDN values (Lapointe, et al., 2015). A study of Turkey Creek, a tributary to the 

IRL, also showed variable nitrate and ammonium concentrations during rain events 

(Dierberg, 1991). Are temporal trends for the forms of nitrogen really that 

unpredictable? 

 

Chemical forms of nitrogen also are introduced to estuaries via advection and 

diffusion from sediments. Urbanization in the IRL has increased the potential for 

soil erosion and input of organic matter, such as grass clippings and leaves, to enter 

tributaries. Fine-grained, organic-rich muck sediments are generated from 

deposition of these inputs. A 2014 – 2015 study near the mouth of Turkey Creek 

reported that sediments in the creek contained 76 – 99% silt + clay, 11 – 22% 

organic matter and 0.4 – 0.8% organic nitrogen (Trefry et al., 2016). As organic 

matter is decomposed by microbes via ammonification, ammonium diffuses from 

the sediments into the overlying water column. What is the relative importance of 

runoff versus sediment flux as sources of nutrients to the IRL? A clearer answer to 

this question will help improve water management strategies. 

 

Anthropogenic inputs of nitrogen to inland and coastal waters has led to 

eutrophication, hypoxia and fish kills. The chemical forms of nitrogen in tributaries 
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reflect watershed land use, rainfall and residence time. Better definition of the 

relationship between these characteristics and the forms and concentrations of 

nitrogen is greatly needed. The goals of this study are as follows: 

1. Determine how watershed land use influences concentrations and fluxes of 

the various chemical forms of nitrogen (dissolved organic nitrogen, 

ammonium, nitrate, nitrite) in selected tributaries to the IRL.  

2. Determine how concentrations of the various forms of nitrogen vary as a 

function of tributary flow rate and estimate annual fluxes. 



7 
 

 

Study Area 

The IRL is an estuary known for its high species diversity and economic value. It 

extends ~250 km from Ponce de Leon Inlet in the north to Jupiter Inlet in the south, 

more than one third of the east coast of Florida. Most precipitation (62% of 140 – 

150 cm annually) occurs from June through October, characteristic of its 

subtropical climate with dry and wet 

seasons (IRLNEP, 1996).  The population 

of Brevard and Indian River Counties has 

increased from ~137,000 in 1960 to 

~716,000 in 2015 (U.S. Census Bureau, 

2015). TDN has been found globally to 

increase directly in proportion to 

watershed population and energy 

consumption (Meybeck, 1982).  

 

Five sampling sites from four distinct 

watersheds in Brevard and Indian River 

counties were chosen for study (Figure 1,   

Figure 1. Map showing sampling 
stations. Inset map identifies 
study area along the central east 
coast of Florida. 
(EG, Eau Gallie River; CC, Crane 
Creek; TC, Turkey Creek; SA, 
South Prong St. Sebastian River; 
SB, Fellsmere Canal). 
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 Table 1). Each site was near a United States Geological Survey (USGS) 

monitoring station that records daily mean water flow.  The sites investigated were 

(1) Eau Gallie River at Melbourne, FL (EG), (2) Crane Creek at Melbourne, FL 

(CC), (3) Turkey Creek at Palm Bay, FL (TC), (4) upstream in the Saint Sebastian 

River, along the Fellsmere Canal near Micco, FL (SB), and (5) the South Prong of 

the Saint Sebastian River near Sebastian, FL (SA). Watershed land area correlates 

very strongly (r = 0.96) with tributary flow rate (Table 1). 

 

The northernmost three watersheds are in Brevard County and are dominated by 

urban land use. The Eau Gallie watershed has the smallest area and the lowest 

average of annual flows, but the greatest fraction of urban land use (Table 1). 

Sampling at EG during July through November 2015 were carried out from the Eau 

Gallie Boulevard bridge until the completion of the nearby Apollo Boulevard 

bridge in December 2015 (Figure 2). Sampling from both locations along the Eau 

Gallie River on the same day showed no significant differences in chemical 

composition.    

 

The Crane Creek drainage basin is twice as large as Eau Gallie with 71% greater 

flow rate, yet it contains similar fractions of urban and agricultural land use (Table 
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1, Figure 3). Upstream from sampling site CC, Crane Creek flows through the 

Crane Creek Reserve Golf Course that is irrigated with reclaimed water from the 

City of Melbourne.  

 

Both the watershed area and annual flow from Turkey Creek (Figure 4) are ~3.5-

fold larger than the combined EG and CC systems. The largest of the Brevard 

county watersheds, TC has a much larger fraction of agricultural land use and more 

impact from artificial drainage canals than either EG or CC (Table 1). The 

Figure 2: Eau Gallie River (EG) sampling site on Apollo Boulevard 
(map from FDEP, 2004). 
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Figure 3: Crane Creek (CC) sampling site at Country Club Road 
(map from FDEP, 2004). 
 

Figure 4: Turkey Creek (TC) sampling site on Port Malabar 
Boulevard (map from FDEP, 2004). 
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sampling location for TC was on Port Malabar Boulevard NE, downstream of the 

Turkey Creek Sanctuary. TC is unique in that when there are long intervals of low 

precipitation, a salt wedge is observed at the sampling site. For example, at three of 

14 sampling dates, a salt wedge was found at depths of 1.5 – 4.5 m with salinities 

of 17 – 21. The USGS is aware of the salt wedge and their sensor accounts for it in 

flow rate calculations.  

 

The St. Sebastian River basin (Figure 5) is located in Brevard and Indian River 

Counties (Figure 1) and is the southernmost watershed studied with ~1.6 times 

greater area than the TC basin. The St. Sebastian River basin also contains the most 

agricultural and least urban land use of the watersheds studied (Table 1). Two 

sampling sites from this watershed were chosen for comparison: The South Prong 

of the St. Sebastian River (SA), is located on the Sebastian city limits, borders 

Fellsmere Road (County Road 512) and is near sources of urban runoff. The 

Fellsmere Canal (SB), located near Micco, FL, flows into the St. Sebastian River. 

The site is accessed by Buffer Preserve Road at the St. Sebastian Preserve State 

Park. As the tributary under most agricultural influence in this study, the Fellsmere 

Canal is part of a network of artificial drainage canals that ultimately lead to the 
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IRL. This artificial extension of watersheds has more than doubled the drainage 

basin to the Indian River Lagoon (IRLNEP 1996).  

Figure 5: Fellsmere Canal (SB) sampling site on Buffer Preserve 
Road and South Prong of the St. Sebastian River (SA) sampling 
sites on Sebastian Boulevard (map from FDEP, 2004). 
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Methods 

Field Sampling 

Eighty-four surface water samples, including 14 

duplicates, were collected on 14 dates from five 

tributaries (Table 1). Storm flow was surveyed during 

an eight-day event (May 17 – 24, 2016) at TC and CC. 

Fifteen samples were collected at each site during 

storm flow with a maximum temporal resolution of 

three samples per day for the three days of highest 

flow. Duplicate samples of reclaimed irrigation water 

were collected on October 30, 2016, from the 

sprinkler system at Crane Creek Reserve Golf 

Course to help validate results for nitrate at the CC 

site. Prior to sampling, low-density-polyethylene 

(LDPE) bottles of 0.5 L and 2.0 L were rinsed with 

18-megaohm deionized water (DIW). Water samples 

were collected on the upstream side of bridges (SA, 

TC, CC, EG) and dams (SB) at ~50 cm below the 

surface of the water using a weighted polyvinyl 

Figure 6. Foreground:  
Weighted PVC bottle 
holder with polyethylene 
bottles used to collect 
water samples from 
upstream side of the 
bridge at Turkey Creek. 
Background (*): USGS 
monitoring station 
equipment mounted to 
the Port Malabar Blvd 
bridge to collect flow 
data. 
 
 

* 
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chloride (PVC) bottle holder containing the two LDPE bottles. Nitrile gloves were 

worn and extra care was taken to avoid contact with structures and thereby 

minimize possible contamination. The samples were capped immediately after 

filling, kept in sealed Ziploc bags and transported in a cooler to the laboratory.  

 

Laboratory Methods   

Water samples were filtered the same day as collected. Samples were filtered in a 

laminar flow hood using pre-weighed, acid washed (HCl), 47 mm diameter, 0.45 

µm pore size polycarbonate filters. Filtering equipment was washed with 10% HCl 

and rinsed with DIW prior to filtration. The first ~20 mL of sample filtered were 

used to rinse equipment and minimize contamination. Filtered samples were stored 

in 125-mL, LDPE bottles that were washed with 10% HCl and rinsed for two 24-

hour periods with DIW. Water samples were frozen until analysis. To limit 

degradation of sample through freeze thaw cycles, each sample was thawed a 

maximum of two times (Venrick and Hayward, 1985).  

 

For nutrient analysis, 10% of the samples were analyzed in duplicate to determine 

precision. Certified reference materials (Thermo Scientific Dionex Combined Five 

Anion Standard and SPEX CertiPrep Cation Standard) were analyzed to determine 
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accuracy. Ten percent of the samples were spiked with a known concentration of 

standard to determine experimental recovery. Procedural blanks were analyzed to 

check for possible contamination during sample processing and analysis. Certified 

standard weights (National Institute of Standards and Technology) were used to 

calibrate electronic balances prior to weighing of samples and reagents. Nitrile 

gloves were worn at all times and care was taken to avoid contamination. 

 

Total dissolved nitrogen (TDN) concentrations were determined colorimetrically 

using a SEAL AA3 HR Continuous Segmented Flow Autoanalyzer (Seal 

Analytical Inc., Mequon, WI, USA) based on techniques defined by Strickland and 

Parsons (1972). Organic and inorganic nitrogen compounds were converted to 

nitrate using UV and persulfate digestion. A cadmium column was used to reduce 

nitrate to nitrite, which was reacted with sulfanilamide and N-(1-naphthyl) 

ethylenediamine dihydrochloride to form a pink azo dye. Absorbance was 

measured at 540 nm by UV-visible spectrometry. A certified reference material, 

(Thermo Scientific Dionex Combined Five Anion Standard) was used to confirm 

accuracy which was better than 10%. Standards were prepared from a RICCA 10 

ppm NO3
--N standard for TDN. The method detection limit (MDL) for TDN was 

0.03 µM. Precision of replicate analyses, as a relative standard deviation (RSD = 

[SD/mean] x 100), was 2%. 
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Nitrite (NO2
-) concentrations also were determined using a SEAL AA3 nutrient 

autoanalyzer by development of a pink azo dye formed when nitrite is reacted with 

sulfanilamide and N-(1-naphthyl) ethylenediamine dihydrochloride (Jones, 1984). 

Color development was measured at 540 nm by UV-visible spectrometry. Samples 

were not diluted prior to nitrite analysis. Nitrite standards were prepared from a 

RICCA 304.5 ppm NO2
--N standard. A certified reference material, (SPEX 

CertiPrep Anion Standard) was used to confirm accuracy which was better than 

10% for nitrite. The MDL for nitrite was 0.03 µM, and precision of replicate 

analysis (RSD) was 2%.  

 

Concentrations of nitrate + nitrite (NO3
-
 + NO2

-) were determined using the spongy 

cadmium reduction method with uv-vis spectrometry (Jones, 1984). In this 

procedure, cadmium granules were precipitated with zinc sticks in a solution of 

cadmium sulfate. An ammonium chloride buffer and cadmium granules were added 

to blanks, standards, and samples in centrifuge tubes and shaken for 90 minutes to 

reduce nitrate to nitrite. Absorbance by the pink colored solution was read at 540 

nm using a Spectronic 20 Genesys UV-visible spectrometer. Standards were 

prepared from a RICCA 10 ppm NO3
--N standard. Ten percent of the samples were 

analyzed as duplicates and a six-point standard curve was checked every 16 to 20 

samples. A certified reference material (Thermo Scientific Dionex Combined Five 



18 
 

 

Anion Standard) was used to confirm accuracy which was within 10%. The MDL 

was 0.2 µM and precision of replicate analysis (RSD) was 6%. Nitrate 

concentrations were determined by subtracting nitrite concentrations determined 

with the SEAL nutrient autoanalyzer from the value for total nitrate + nitrite. 

 

The phenate method was used for colormetric determination of ammonium (NH4
+) 

(Clesceri et al., 1989). Indophenol reacts with ammonium in samples to form a blue 

color that was read at 630 nm using a UV-visible spectrometer. Standards were 

prepared from a RICCA 8.22 ppm NH4
+-N standard. A certified reference material, 

(SPEX CertiPrep Cation Standard) was used to confirm accuracy which was within 

10%. The MDL was 0.3 µM, and precision of replicate analysis (RSD) was 3%.  

 

Dissolved inorganic nitrogen (DIN) values were determined by summing the 

concentrations of nitrate, nitrite and ammonium. Dissolved organic nitrogen (DON) 

concentrations were calculated by subtracting the DIN concentration from the TDN 

value (DON = TDN - DIN).  
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Results and Discussion 

This section begins with an overview of the various forms of dissolved nitrogen in 

the five tributaries, explaining how land use and possible sources of individual 

nitrogen species influence concentrations in each watershed. Then, variations in 

concentrations of the chemical forms of dissolved nitrogen as a function of flow 

rate during non-storm and storm surveys are evaluated to test the validity of using a 

simple average concentration times annual flow to determine fluxes from each 

tributary to the IRL. Finally, a preliminary look at the relative importance of 

tributary runoff versus sediment muck flux as sources of dissolved nitrogen to the 

IRL is presented. 

Concentrations and Chemical Forms of Dissolved Nitrogen 

Concentrations of TDN ranged from 30 –  91 µM (0.42 – 1.27 mg N /L) with a 

grand mean of 55 ± 15 µM (0.77 ± 0.21 mg N /L) for all monthly samples from all 

five tributaries (Table 2 and Appendix A). Single factor (one-way) analysis of 

variance (ANOVA) was performed to test the null hypothesis that concentrations of 

TDN do not significantly differ among watersheds. The null hypothesis was 

rejected (α = 0.05), indicating significant differences among watersheds; thus, t-

tests were performed between pairs of watersheds to look for significant differences 
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in concentrations of TDN (Table 3). Samples from SB, SA and EG had highest 

concentrations of TDN with no significant differences among the three tributaries 

(Table 3). Tributaries with the lowest TDN concentrations, TC and CC, were not 

significantly different; however, TDN values for TC were significantly different 

than those for EG and SB (Table 3). In general, concentrations for TDN have been 

used to determine the total flux of dissolved nitrogen to the IRL and other coastal 

systems; however, these all-inclusive values do not provide the same insight 

provided by data for the various chemical forms of nitrogen. 

 

The dominant chemical form of dissolved nitrogen in each watershed was DON 

which accounted for 72 ± 7% of TDN with a grand mean concentration of 40 ± 14 

µM (0.56 ± 0.20 mg N /L) at the five locations (Table 2, Figure 7, Appendix A). 

Results from ANOVA showed significant differences in concentrations and 

fractions of DON among tributaries (Tables 3 and 4). The tributary with both the 

greatest natural and agricultural land use, SB, had a significantly higher mean DON 

concentration (54 ± 7 µM) that was 25 – 70% greater than at the other four sites 

(Tables 1, 2 and 3). The SB site also had the largest percentage of DON (87 ± 11% 

of TDN); this value was significantly higher than in any other watershed by 13 – 

50% (Table 4 and Figure 7). A study of differing land use types in China also 
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 TDN 1 

(µM) 
DON 2 

(µM) 
DIN 3 

(µM) 
NO3

- 
(µM) 

NO2
- 

(µM) 
NH4

+ 
(µM) 

EG vs CC 0.36 0.29 0.85 0.09 0.02 <0.001 

EG vs TC 0.03 0.82 0.003 0.12 <0.001 <0.001 

EG vs SB 0.48 <0.001 <0.001 0.01 0.003 <0.001 

EG vs SA 0.73 0.17 0.02 0.18 0.04 <0.001 

CC vs TC 0.10 0.36 <0.001 <0.001 0.002 0.07 

CC vs SB 0.03 <0.001 <0.001 <0.001 0.20 0.51 

CC vs SA 0.58 0.02 0.001 <0.001 0.81 0.07 

TC vs SB: <0.001 <0.001 0.29 0.09 0.12 0.005 

TC vs SA: 0.06 0.10 0.12 0.58 0.002 <0.001 

SB vs SA: 0.24 0.01 <0.001 0.009 0.16 0.19 

Table 3. Results of t-tests (p-values) between each watershed for 
concentrations of each chemical form of dissolved nitrogen. A p-value of 
greater than 0.05 indicates no significant difference in concentration for the 
two watersheds compared and is in bold font and underlined. 

1 Total dissolved nitrogen. 2 Dissolved organic nitrogen.  
3 Dissolved inorganic nitrogen.   
(EG, Eau Gallie River; CC, Crane Creek; TC, Turkey Creek;  
SA, South Prong St. Sebastian River; SB, Fellsmere Canal) 
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 DON1 

/TDN2 
DIN3 

/TDN 
NO3

-

/TDN 
NO2

-

/TDN 
NH4

+ 

/TDN 

EG vs CC 0.34 0.34 0.002 0.03 <0.001 

EG vs TC 0.01 0.01 0.52 <0.001 <0.001 

EG vs SB <0.001 <0.001 0.003 <0.001 <0.001 

EG vs SA 0.02 0.02 0.38 0.01 <0.001 

CC vs TC <0.001 <0.001 <0.001 0.002 0.40 

CC vs SB <0.001 <0.001 <0.001 0.03 0.64 

CC vs SA <0.001 <0.001 <0.001 0.78 0.06 

TC vs SB 0.006 0.006 0.008 0.66 0.69 

TC vs SA 0.55 0.55 0.88 0.002 0.004 

SB vs SA <0.001 <0.001 <0.001 0.04 0.01 

 
 

 

Table 4. Results of t-tests (p-values) between each watershed for the fractions of 
each chemical form of dissolved nitrogen. A p-value of greater than 0.05 
indicates no significant difference in fractions for the two watersheds compared 
and is in bold font and underlined. 

1 Dissolved organic nitrogen. 2 Total dissolved nitrogen.  
3 Dissolved inorganic nitrogen.   
(EG, Eau Gallie River; CC, Crane Creek; TC, Turkey Creek;  
SA, South Prong St. Sebastian River; SB, Fellsmere Canal) 
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reported greater organic nitrogen in agricultural areas as it is often added directly as 

urea or another DON compound to the system during fertilization (Shen et al., 

2010). Natural sources of DON include fulvic and humic acids from decomposing 

organic matter. SA had a significantly lower fraction of DON compared to SB in 

the same watershed possibly because SA is downstream from urban land use 

(Figure 4). The fraction of DON at SA is most similar to that for TC, another urban 

watershed (Figure 7, Table 4). Overall, the tributaries with greatest urban land use 

(EG, CC, and TC) had the lowest concentrations and fractions of DON (Table 2 

and Figure 7).  

 

In Turkey Creek, the mean DON concentration from this study was 35 ± 10 µM 

(Table 2), ~20% less than the value of 44 ± 16 µM reported in the late 1980s 

(Dierberg, 1991). This decrease in DON corresponds with a shift from agricultural 

and natural land use to urban land use as the population of Palm Bay has increased 

from ~63,000 in 1990 to ~108,000 in 2015 (U.S. Census Bureau, 2015). 

 

Concentrations of DIN ranged from 3 – 45 µM (0.04 – 0.63 mg N /L) and DIN 

accounted for 14 – 42% of TDN (Figure 7, Appendix A). The average 

concentration of DIN for TC (11 ± 6 µM) is ~60% greater than the mean of ~7 ± 6 
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µM reported 25 years ago for DIN during base flow concentration at TC (Dierberg, 

1991). The increase in DIN, in combination with the decrease in DON, is consistent 

with commonly reported shifts in nitrogen speciation that result from urbanization. 

DIN is more biologically active to promote algae blooms in the IRL, thereby 

emphasizing the importance of tracking the minor shift from organic to inorganic 

nitrogen over time.  

 

Significant differences among tributaries in this study were found for both 

concentrations and fractions of DIN (Tables 3 and 4). Concentrations of DIN at EG 

and CC, the tributaries of greatest urban land use, were 44% higher than the grand 

mean of all sites (Tables 1 and 2). In contrast, the mean DIN concentration at TC 

was less than half the concentrations at the other urban watersheds, EG and CC, 

and was not significantly different from values at SA or SB (Tables 2 and 3). This 

distinction between CC and EG versus TC could be due to the impact of reclaimed 

irrigation water. Irrigation water from the Crane Creek Reserve Golf Course had a 

DIN concentration of 830 µM (11.6 mg N/L), which is 50 times greater than the 

grand mean DIN concentration for all tributaries in this study (Table 2, Figure 8). 
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Nitrate was the most abundant inorganic form of nitrogen in all creeks in this study 

(Table 2 and Appendix A). The mean fractions of nitrate at the four tributaries with 

the most urban land use were two to three times greater than at SB (Figure 7, 

Tables 1 and 4). The highest mean nitrate concentration (19 µM; 0.27 mg N/L) was 

found for Crane Creek, sampled downstream from a golf course that was irrigated 

with water containing 640 µM (~9 mg N/L) nitrate + nitrite (Table 2, Figure 8). 

The concentration of nitrate + nitrite in CC was ~30-fold lower than in the 

reclaimed water most likely due to uptake by vegetation and dilution with base 

flow water. Applied reclaimed water regulations require nitrate concentrations 860 

µM (12 mg N/L) or below (Florida Department of State, 2010); therefore, observed 

nitrate concentrations in the irrigation water are permissible. Average 

concentrations of nitrate at CC are ~30% higher, but not significantly different than 

at EG. However, it seems irrigation water has a greater impact at CC because of the 

close proximity of the golf course to the sampling site. Clearly, additional 

TDN 

835 µM 

11.7 mg N/L 

Figure 8. Fractions of total dissolved nitrogen concentrations in reclaimed 
irrigation water collected October 30, 2016 from golf course sprinklers 
located upstream from the Crane Creek sampling site, CC. (DON = 
Dissolved organic nitrogen). 
 



28 
 

 

investigations of the impact of reclaimed and well-derived irrigation water on the 

IRL are needed. 

 

Average nitrate + nitrite concentrations for TC in this study (~9 ± 6 µM) (Table 2) 

were almost double concentrations of ~5 ± 5 µM reported for TC in the late 1980s 

(Dierberg, 1991). Increased urbanization and use of fertilizers and reclaimed water 

since the earlier study are likely responsible for the observed increase. Nitrate + 

nitrite concentrations in the open IRL (3.8 ± 0.6µM) are almost always less than 

values in tributaries due to rapid uptake of nitrate by algae and phytoplankton 

(Lapointe et al., 2015).  

 

Nitrite is a less well studied form of nitrogen as data are usually presented for 

nitrate + nitrite because nitrite is not a very stable form of dissolved nitrogen. 

Nitrite concentrations ranged from 0.03 – 1.36 µM (0.0004 – 0.019 mg N /L) with a 

grand mean of 0.41 ± 0.29 µM (0.006 ± 0.004 mg N /L) for all monthly samples 

from all five tributaries (Table 2 and Appendix A). In this study, nitrate to nitrite 

ratios averaged ~30 and nitrite was typically <1% of TDN (Figure 7), which is 

consistent with results found in a study of creeks in the southern IRL (Li et al., 

2016). Results from ANOVA showed significant differences among the tributaries 
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for nitrite concentrations and nitrate to nitrite ratios. At EG, the nitrite 

concentration is 70% greater than the grand mean of the other four watersheds 

(Tables 2 and 3, Figure 7). Furthermore, the nitrate to nitrite ratio for EG, CC, and 

TC (40 ± 7) was more than doubled the value for SA and SB (19 ± 7). Bacterial 

oxidation of ammonium to nitrite may help explain the observed differences in 

nitrite concentrations and nitrate to nitrite ratios among tributaries. 

  

Significant differences were found for ammonium concentrations among tributaries 

with two to three times higher values at EG than any other tributary (Tables 2 and 

3). Land use in the EG watershed is 71% urban, the greatest of the five tributaries 

investigated (Table 1). A study in the late 1980s reported TC ammonium 

background concentrations 17% lower (1.9 ± 1.1 µM) than what was found in this 

study (Dierberg, 1991) (Table 2). The higher ammonium values found at EG and 

TC in this study may be linked to urbanization which increases sod and soil erosion 

and particulate matter in runoff. These components settle to form muck sediments 

that are an additional source of ammonium to the water column. Mineralization of 

organic matter and denitrification of nitrate also are potential sources of 

ammonium.  
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Concentrations of Chemical Forms of Dissolved Nitrogen 
as a Function of Flow Rate 

Estimated fluxes of the chemical forms of nitrogen from the various watersheds to 

the IRL rely on accurate data for both chemical concentrations and flow. If 

chemical concentrations vary significantly as a function of flow rate, then the 

process of determining fluxes requires rigorous matching of concentrations and 

flows to calculate fluxes. If chemical concentrations do not vary significantly as a 

function of flow, then fluxes may be calculated, within some specified variance, by 

simply multiplying annual flow by mean concentration. This section assesses the 

significance of flow in controlling concentrations of the various chemical forms of 

nitrogen during the 14-month period of this present study. Non-storm periods are 

discussed first, then storm events are added to determine how concentrations 

change with flow rate.  

 

Concentrations of each chemical form of nitrogen were plotted versus mean daily 

flow for the 14, non-storm surveys. Least squares linear regressions with p-values 

were calculated to determine the significance of flow in controlling concentration. 

Non-storm flow rates were typically less than 1.5 times the average annual flow 

rate logged by USGS since 2000. During two months of sampling each at SA and 

TC, the highest flow rates were really storm-induced flows that were > 50% higher 
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than the average annual flow for that tributary. These high-flow values were 

removed as outliers in the data set for non-storm conditions.  

 

At EG, CC, SB, and SA, concentrations of all forms of dissolved nitrogen during 

non-storm flow had weak to moderate correlations (r < 0.6) and no significant 

relationship (p > 0.05) with flow rate (Appendix A with examples in Figures 9, 10 

and 11). At TC, concentrations of TDN and nitrite had moderately strong 

correlations (r = 0.60 and r = 0.72, respectively) with flow rates during non-storm 

surveys (Appendix C). This difference relative to other tributaries is believed to be 

related to the 30% greater flow rate at TC than the other sites. Thus, a 50% increase 

from average flow is a greater volume difference at TC than the other sites. A 

greater range of flow values during the non-storm surveys at TC strengthen the 

statistically linear response of concentration versus flow.   

 

Overall, concentrations of the various forms of nitrogen during non-storm flow did 

not show a strong correlation with flow (Appendix B). Furthermore, RSD values 

for TDN and the major N species (DON and DIN) in all five tributaries during non-

storm flow averaged ~30% (Table 5, Figure 9 and Appendix A). Therefore, annual 
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flux calculations can be simplified in cases of non-storm flow by using average 

concentrations of the various major nitrogen species.  Higher RSD values for 

nitrate, nitrite and ammonium (Appendix A with examples in Figures 10 and 11) 

correspond with low N concentrations that account for < 10% of the TDN; 

therefore, use of average values for these three N species has only a minor impact 

on total fluxes of N to the IRL. 

  

Figure 9. Concentrations of dissolved inorganic nitrogen (DIN) versus flow for 
14 non-storm sampling surveys from July 2015 – September 2016 at site St. 
Sebastian River A (SA).  
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Figure 10. Concentrations of nitrate versus flow for 14 non-storm sampling 
surveys from July 2015 – September 2016 at site St. Sebastian River B (SB).  

Figure 11. Concentrations of ammonium versus flow for 14 non-storm sampling 
surveys from July 2015 – September 2016 at site Eau Gallie River (EG).  
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Tributary flow rates during storm events are typically 1.5 – 6 times greater than 

average annual flow rates. Storm flow was studied during an eight-day event (May 

17 – 24, 2016) for TC and CC (Appendix C). Concentrations of TDN, DON, DIN, 

nitrate, and nitrite showed strong inverse correlations with flow rate for CC due to a 

dilution effect whereby initially high values decreased with high flow and increased 

as flow returned to normal (Appendix B). The dilution effect at TC was less, most 

likely due to the larger volume of the creek (i.e., more precipitation is necessary to 

dilute concentrations in a tributary of greater flow). In plots of flow versus 

concentration during the storm event, the slopes were generally small and average 

concentrations during the storm event had relative standard deviations of 10 – 30% 

at both TC and CC (Table 5, Appendix C). 

 

 

TDN1 

(µM) 
DON2 

(µM) 
DIN3 

(µM) 
NO3

- 
(µM) 

NO2
- 

(µM) 
NH4

+ 
(µM) 

CC 
Non-storm 54 ± 12 32 ± 11 23 ± 8 19.3 ± 6.8 0.41 ± 0.20 3.1 ± 1.5 

CC Storm 
Event  45 ± 5 28 ± 3 17 ± 3 12.6 ± 2.6 0.40 ± 0.10 4.0 ± 0.7 

       
TC 

Non-storm 46 ± 13 35 ± 10 11 ± 6 8.3 ± 5.6 0.20 ± 0.10 2.3 ± 0.6 

TC Storm 
Event 45 ± 5 36 ± 4 9 ± 2 5.8 ± 1.6 0.40 ± 0.10 2.8 ± 0.4 

Table 5. Mean concentrations of chemical forms of dissolved nitrogen for 14 
non-storm surveys July 2015 – September 2016 and one, 15-sample storm event 
May 17 – 24, 2016 at Crane Creek (CC) and Turkey Creek (TC). 
Concentrations that are not significantly different between surveys at the same 
site are bold and underlined (p > 0.05).  
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 During the storm event at TC, DIN and nitrate concentrations correlated (r > 0.6) 

with flow (Appendix B with an example in Figure 12). However, the range of 

concentrations during the storm event were within the concentration range of non-

storm surveys and showed no significant difference (p < 0.05) (Table 5, Figure 13). 

In contrast, concentrations of DON at TC did not correlate (r = 0.26) with storm 

flow, and concentrations between non-storm and storm surveys were not 

significantly different (Figure 14 and 15). 

 

At CC, concentrations of DIN also showed a strong inverse correlation (r = 0.88) 

with flow (Figure 16); however, DIN values averaged 17 ± 3 µM (RSD = 22%) 

(Table 5), and showed rather uniform concentrations with changes in flow. In 

contrast, concentrations for non-storm versus storm surveys at CC were 

significantly different (Table 5, Figure 17). This difference may be due to nearby 

runoff of reclaimed water during non-storm flows, anamolously increasing the 

surface water DIN concentration. 
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Figure 13. Box and whisker plot of dissolved inorganic nitrogen (DIN) 
concentrations during non-storm and storm surveys for Turkey Creek (TC). 
Mean is represented by an ‘x,’ median is the center line, upper and lower 
quartiles are within the colored box, and range is the outermost line. 

Figure 12. Concentrations of dissolved inorganic nitrogen (DIN) versus flow 
during non-storm and storm surveys for Turkey Creek (TC). Values for r and p 
are from a linear regression. The dotted line shows linear fit to the storm data. 

TC 
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Figure 14. Concentrations of dissolved organic nitrogen (DON) versus flow 
during non-storm and storm surveys for Turkey Creek (TC). Values for r and p 
are from a linear regression.  

Figure 15. Box and whisker plot of dissolved organic nitrogen (DON) 
concentrations during non-storm and storm surveys for Turkey Creek (TC). 
Mean is represented by an ‘x,’ median is the center line, upper and lower 
quartiles are within the colored box, and range is the outermost line. 

TC 
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Figure 17. Box and whisker plot of dissolved inorganic nitrogen (DIN) 
concentrations during non-storm and storm surveys for Crane Creek (CC). Mean 
is represented by an ‘x,’ median is the center line, upper and lower quartiles are 
within the colored box, and range is the outermost line. 

CC 

Figure 16. Concentrations of dissolved inorganic nitrogen (DIN) versus flow 
during non-storm and storm surveys for Crane Creek (CC). Values for r and p 
are from a linear regression. The dotted line shows linear fit to the storm data. 



39 
 

 

 In the storm event survey from this study, DIN concentrations decreased with 

increasing flow at both TC and CC (Figures 12, 13, 16 and 17). Dierberg (1990) 

found that neither ammonium nor nitrate concentrations in Turkey Creek increased 

during a March 1988 storm event, but concentrations increased during storms in 

January and March 1989 after a response time of one day. Buildup of agricultural 

water supplies that farmers release from their land the via artificial drainage canals 

was suggested as a cause for these opposing results (Dierberg, 1990).     

 

Concentrations of the different chemical forms of dissolved nitrogen showed 

varying responses to storm flow; however, the fractions of TDN, DON, DIN, and 

nitrate in each creek were not significantly different between non-storm and storm 

flow (Table 5 and Figure 18). In contrast, concentrations of nitrite and ammonium 

in TC were significantly higher during storm flow (Table 5); however, these two 

minor chemical species accounted for less than one third of the DIN and only 6 – 

8% of the TDN and thus seem prone to greater variability (Figure 18). Therefore, 

flux estimates for total nitrogen and the various chemical forms of nitrogen from 

TC to the IRL were calculated using overall average concentrations for non-storm 

and storm flow (Table 5 and 6). The same approach for evaluating concentrations 

of the various forms of nitrogen during non-storm and storm flow was used for CC. 
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The cumulative TDN flux from the five sites in this study totaled ~220 ± 49 tons 

per year, 78% of it being in the form of DON (Table 6). DON flux was 87% of the 

total flux at SB due to its natural and agricultural land use, whereas DON was 68% 

DON total nitrogen flux in the urban watersheds. As population growth and 

urbanization continues, shifts in chemical speciation is likely to continue. Accurate 

estimates of fluxes and links to sources are needed to support nutrient management 

strategies in the IRL.  

 

Figure 18. Fractions of total dissolved nitrogen concentrations for non-storm 
surveys and storm event survey at Crane Creek (CC) and Turkey Creek (TC) 
(DON = Dissolved Organic Nitrogen). 
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Previous studies that demonstrate the relationship between season and nutrient 

transport to the IRL have shown contrasting results, possibly due to fluctuating data 

for precipitation. A 2011-2012 IRL-wide study revealed no significant temporal 

variation in TDN and nitrate + nitrite and significant temporal variation for DIN 

and ammonium concentrations (LaPointe, et. al., 2015). In the present study, flows 

and fluxes for EG and CC reflected seasonal trends with consistently greater flow 

during the rainy season.  However, because non-storm sampling dates in this study 

were randomly selected, flows for TC, SB, and SA did not reflect seasonal trends 

(Appendix A). The average flow from each month since 2000 to present was 

obtained from USGS for each of the five tributaries in this study. While trends may 

vary by year, the average flow for the rainy season (June – September) was more 

than double the dry season (November – May) flow at all five tributaries. Because 

fluxes increase directly with flow rate, fluxes to the IRL are significantly greater 

during the rainy season.  

 

Relative Importance of Runoff versus Sediment Fluxes of 
Nitrogen from Turkey Creek to the IRL 

Results from this study can be used to better resolve the importance of runoff 

relative to nutrient fluxes from muck as sources of dissolved nitrogen to the IRL. 

Such information is important for upcoming management decisions about 
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expenditures of funds for lagoon remediation. Present estimates put fluxes of 

nitrogen from muck at 40% of the total nitrogen input to the IRL (Brevard County, 

2016); however, this flux value is from 29 km2 of muck deposits. If just Turkey 

Creek is considered, sediments in the 0.2 km2 basin of TC between the mouth of the 

creek and the railroad bridge (average nitrogen flux of 20 tons N/km2/year), release 

~4 tons of nitrogen per year, virtually all in the form of ammonium (Trefry et al., 

2016). In contrast, based on a daily flux of 280 ± 180 kg N/day, runoff from TC 

accounts for ~60 tons of dissolved nitrogen inputs annually, a value 25 times 

greater than muck flux (Table 6). When only ammonium transport from TC runoff 

is considered, the ammonium flux from TC basin sediments is approximately equal 

to input from creek transport. Therefore, within a system like TC, muck inputs of 

TDN are dwarfed by tributary transport, but when considering the larger IRL 

ecosystem, cumulative fluxes of N from muck are important. 
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Conclusions  

• Dissolved organic nitrogen (DON) made up 72 ± 7% of total dissolved 

nitrogen (TDN) species in all five tributaries (Eau Gallie River, Crane 

Creek, Turkey Creek, St. Sebastian River) to the Indian River Lagoon 

(IRL). The relative amounts of the remaining nitrogen species were nitrate 

(20 ± 6%), ammonium (8 ± 2%) and nitrite (0.7 ± 0.3%).  

 

• Both concentrations and relative fractions of the various forms of dissolved 

nitrogen were statistically different among the five tributaries to the IRL 

partly due to differences in land use in each watershed. 

 

o The watershed with the greatest percent natural and agricultural land 

(St. Sebastian River) had the largest concentration and fraction of 

DON likely due to a greater abundance of decomposing vegetation 

and agricultural fertilizers that contribute organic N compounds. 

 

o Watersheds with mostly urban land use (59	–	71%) had significantly 

lower concentrations and fractions of DON and the largest 

concentrations and fractions of dissolved inorganic nitrogen (DIN), 
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possibly due to inputs from irrigation water and residential fertilizers 

in urban areas. 

 

o The highest mean concentrations (19 µM, 0.27 mg N/L) and 

fractions of nitrate (36 ± 14%) were found in Crane Creek and may 

be linked to runoff of nitrate-rich reclaimed water (640 µM, ~9 mg 

N/L) from a nearby golf course.   

 

o Concentrations of DIN seem to have doubled in Turkey Creek over 

the past three decades, most likely in response to the large increase 

in population and urban land use. 

 

• Concentrations of the various forms of dissolved nitrogen during non-storm 

flow were not significantly different or within 30% of values found for 

Crane Creek and Turkey Creek during one storm flow period. Therefore, 

average concentrations for combined non-storm and storm flow surveys 

can be conditionally used to calculate fluxes of dissolved nitrogen species 

to the IRL. 
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• The flux of each form of TDN to the IRL from each tributary increased 

with land area of the drainage basin and flow rate. The total flux of TDN 

from all five tributaries was ~220 tons N/year, mostly (77%) in the form of 

DON. 

 

• Flow rates on the randomly selected survey dates did not reflect seasonal 

trends at most sampling locations. However, average flow rates recorded 

by USGS since 2000 were more than double during the rainy season than 

the dry season at all five sites. Because concentrations did not vary greatly 

with flow rate, fluxes of dissolved nitrogen to the IRL are likely 

significantly greater during the rainy season.  

 

• Fluxes of ammonium and TDN from Turkey Creek to the IRL were ~4 and 

~60 tons N/year, respectively. This TDN flux is large relative to the flux of 

4 tons N/year as ammonium from muck sediments in Turkey Creek, but the 

flux of ammonium is essentially the same.   
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Appendix A 

Sampling 
Date 

Flow 
(103 m3/day)1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

Jul 9, 2015 81 63 33 29 17.3 0.63 11.5 
Aug 31, 2015 91 91 65 26 15.5 0.97 9.3 
Oct 2, 2015 24 74 41 34 21.2 1.36 11.0 
Nov 2, 2015 12 69 38 31 17.9 0.90 11.7 
Dec 8, 2015 19 73 43 31 15.2 1.11 14.2 
Jan 20, 2016 29 79 36 43 30.9 1.08 11.2 
Feb 22, 2016 19 66 52 15 5.0 0.94 8.8 
Mar 22, 2016 9 64 18 45 32.4 0.67 12.2 
Apr 19, 2016 10 33 23 10 5.8 0.31 3.5 
May 10, 2016 10 31 28 3 0.9 0.05 2.1 
Jun 7, 2016 7 48 35 13 3.7 0.23 9.0 
Jul 7, 2016 19 40 31 9 1.6 0.25 7.1 

Aug 9, 2016 56 46 23 24 11.3 0.60 11.6 
Sept 13, 2016 100 48 34 14 6.4 0.66 7.1 

        
Mean 35 59 36 23 13.2 0.70 9.3 

Standard 
Deviation 33 18 12 13 10.2 0.39 3.4 

Median 19 63 34 25 13.3 0.67 10.2 
Maximum 100 91 65 45 32.4 1.36 14.2 
Minimum 7 31 18 3 0.9 0.05 2.1 

RSD 5 95% 31% 34% 56% 77% 55% 36% 
1A flow of 50,000 m3/day = 20.4 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen.  5 Relative standard deviation = 
[standard deviation/mean] x 100. 

Eau Gallie River (EG) mean flows and concentrations of chemical forms of 
dissolved nitrogen for 14 monthly sampling trips. Mean flows are from USGS 
(2015-2016). Flows listed are the average of the sampling day and two days 
prior to sampling. A concentration of 10 µM for all chemical forms listed equals 
0.14 mg N/L. 
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Appendix A (continued). 

Sampling 
Date 

Flow 
(103 m3/day)1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

Jul 9, 2015 56 47 30 17 13.7 0.40 3.2 
Aug 31, 2015 144 64 41 24 19.9 0.54 3.1 
Oct 2, 2015 46 60 29 31 29.4 0.21 1.5 
Nov 2, 2015 39 71 39 32 29.5 0.23 2.7 
Dec 8, 2015 31 61 30 31 25.1 0.68 5.1 
Jan 20, 2016 64 67 33 35 26.2 0.89 7.5 
Feb 22, 2016 57 73 61 12 9.6 0.56 1.9 
Mar 22, 2016 43 51 30 21 18.3 0.24 2.4 
Apr 19, 2016 33 42 17 25 21.1 0.24 3.2 
May 10, 2016 23 40 20 19 16.0 0.26 3.2 
Jun 7, 2016 72 44 22 22 18.4 0.41 2.9 
Jul 7, 2016 124 51 30 21 16.7 0.54 3.2 

Aug 9, 2016 108 42 29 13 10.1 0.34 2.4 
Sept 13, 2016 159 36 24 13 10.8 0.25 1.7 

        
Mean 71 53 31 22 18.9 0.41 3.1 

Standard 
Deviation 44 12 11 8 6.7 0.20 1.5 

Median 57 51 30 21 18.4 0.37 3.0 
Maximum 159 73 61 35 29.5 0.89 7.5 
Minimum 23 36 17 12 9.6 0.21 1.5 

RSD 5 62% 23% 35% 33% 36% 49% 49% 
1A flow of 50,000 m3/day = 20.4 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen.  5 Relative standard deviation = 
[standard deviation/mean] x 100. 
 

Crane Creek (CC) mean flows and concentrations of chemical forms of 
dissolved nitrogen for 14 monthly sampling trips. Mean flows are from USGS 
(2015-2016). Flows listed are the average of the sampling day and two days 
prior to sampling. A concentration of 10 µM for all chemical forms listed equals 
0.14 mg N/L. 
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Appendix A (continued). 

Sampling 
Date 

Flow 
(103 m3/day)1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

Jul 9, 2015 262 33 29 4 2.1 0.03 1.5 
Aug 31, 2015 553 72 60 12 9.7 0.23 2.2 
Oct 2, 2015 526 64 50 14 12.2 0.18 1.8 
Nov 2, 2015 144 39 33 6 4.5 0.12 1.8 
Dec 8, 2015 487 55 41 15 11.0 0.29 3.3 
Jan 20, 2016 717 58 37 20 17.4 0.28 2.8 
Feb 22, 2016 281 38 19 19 17.8 0.08 0.9 
Mar 22, 2016 313 38 34 4 2.1 0.11 2.2 
Apr 19, 2016 250 30 25 6 3.3 0.07 2.4 
May 10, 2016 543 35 28 7 4.3 0.27 2.7 
Jun 7, 2016 303 40 33 6 3.6 0.19 2.6 
Jul 7, 2016 533 45 32 13 10.1 0.32 2.9 

Aug 9, 2016 213 37 30 6 3.5 0.25 2.7 
Sept 13, 2016 599 52 35 17 14.3 0.36 2.6 

        
Mean 409 45 35 11 8.3 0.20 2.3 

Standard 
Deviation 175 13 10 6 5.6 0.10 0.6 

Median 400 40 33 10 7.1 0.21 2.5 
Maximum 717 72 60 20 17.8 0.36 3.3 
Minimum 144 30 19 4 2.1 0.03 0.9 

RSD 5 43% 28% 30% 53% 68% 52% 27% 
1A flow of 100,000 m3/day = 40.9 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen.  5 Relative standard deviation = 
[standard deviation/mean] x 100. 
 
 
 

Turkey Creek (TC) mean flows and concentrations of chemical forms of 
dissolved nitrogen for 14 monthly sampling trips. Mean flows are from USGS 
(2015-2016). Flows listed are the average of the sampling day and two days 
prior to sampling. A concentration of 10 µM for all chemical forms listed equals 
0.14 mg N/L. 
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Appendix A (continued). 

1A flow of 100,000 m3/day = 40.9 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen. 5 Relative standard deviation = 
[standard deviation/mean] x 100. 
 
 
 

Sampling 
Date 

Flow 
(103 m3/day)1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

Jul 9, 2015 247 55 50 4 1.4 0.04 2.7 
Aug 31, 2015 548 64 58 6 2.9 0.11 3.3 
Oct 2, 2015 245 84 74 9 2.9 0.30 6.0 
Nov 2, 2015 100 75 59 16 13.3 0.22 2.0 
Dec 8, 2015 250 65 56 9 5.5 0.45 3.1 
Jan 20, 2016 450 65 55 10 7.8 0.22 2.1 
Feb 22, 2016 191 71 51 19 16.4 0.31 2.7 
Mar 22, 2016 188 66 56 10 3.7 0.67 5.5 
Apr 19, 2016 347 53 44 8 4.3 0.15 4.0 
May 10, 2016 164 47 44 3 0.9 0.07 2.4 
Jun 7, 2016 196 63 52 10 3.8 0.85 5.7 
Jul 7, 2016 213 58 54 5 1.7 0.24 2.8 

Aug 9, 2016 318 60 54 6 2.1 0.34 3.2 
Sept 13, 2016 181 55 49 6 1.7 0.30 3.6 

        
Mean 260 63 54 9 4.9 0.31 3.5 

Standard 
Deviation 120 9 7 4 4.6 0.23 1.3 

Median 229 63 54 9 3.3 0.27 3.1 
Maximum 548 84 74 19 16.4 0.85 6.0 
Minimum 100 47 44 3 0.9 0.04 2.0 

RSD 5 46% 15% 14% 51% 95% 74% 38% 

St. Sebastian River B (SB) mean flows and concentrations of chemical forms of 
dissolved nitrogen for 14 monthly sampling trips. Mean flows are from USGS 
(2015-2016). Flows listed are the average of the sampling day and two days 
prior to sampling. A concentration of 10 µM for all chemical forms listed equals 
0.14 mg N/L. 
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Appendix A (continued). 

1A flow of 100,000 m3/day = 40.9 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen. 5 Relative standard deviation = 
[standard deviation/mean] x 100. 
 
 

Sampling 
Date 

Flow 
(103 m3/day)1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

Jul 9, 2015 169 56 46 10 7.3 0.23 3.0 
Aug 31, 2015 910 81 67 14 8.8 0.51 4.7 
Oct 2, 2015 604 86 66 20 11.9 1.09 6.9 
Nov 2, 2015 149 56 34 22 17.5 0.62 3.8 
Dec 8, 2015 306 72 55 17 9.8 0.47 7.0 
Jan 20, 2016 719 75 55 20 14.1 0.54 5.1 
Feb 22, 2016 171 55 47 8 5.1 0.33 2.5 
Mar 22, 2016 135 42 31 10 7.2 0.19 2.8 
Apr 19, 2016 144 31 19 12 8.3 0.16 3.2 
May 10, 2016 113 35 25 10 6.7 0.18 3.6 
Jun 7, 2016 279 55 38 17 10.1 0.47 6.0 
Jul 7, 2016 139 55 39 16 10.7 0.43 4.5 

Aug 9, 2016 406 43 34 9 5.6 0.47 2.8 
Sept 13, 2016 215 51 40 10 6.9 0.35 3.2 

        
Mean 319 57 43 14 9.3 0.43 4.2 

Standard 
Deviation 252 17 14 5 3.4 0.24 1.5 

Median 193 55 40 13 8.5 0.45 3.7 
Maximum 910 86 67 22 17.5 1.09 7.0 
Minimum 113 31 19 8 5.1 0.16 2.5 

RSD 5 79% 29% 33% 33% 37% 55% 36% 

St. Sebastian River A (SA) mean flows and concentrations of chemical forms of 
dissolved nitrogen for 14 monthly sampling trips. Mean flows are from USGS 
(2015-2016). Flows listed are the average of the sampling day and two days 
prior to sampling. A concentration of 10 µM for all chemical forms listed equals 
0.14 mg N/L. 
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Appendix B 

Flow vs TDN1 

(µM) 
DON2 

(µM) 
DIN3 

(µM) 
NO3

- 
(µM) 

NO2
- 

(µM) 
NH4

+ 
(µM) 

EG 
Non-storm 

r = 0.25 r = 0.33 r = 0.05 r = 0.02 r = 0.18 r = 0.10 
p = 0.40 p = 0.26 p = 0.87 p = 0.95 p = 0.53 p = 0.73 

CC 
Non-storm 

r = 0.20 r = 0.08 r = 0.43 r = 0.44 r = 0.11 r = 0.20 
p = 0.50 p = 0.77 p = 0.13 p = 0.12 p = 0.70 p = 0.49 

CC Storm 
Event 

r = 0.87 r = 0.74 r = 0.88 r = 0.85 r = 0.81 r = 0.51 
p < 0.001 p = 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.05 

TC 
Non-storm 

r = 0.60* r = 0.48 r = 0.47* r = 0.39* r = 0.72 r = 0.44 
p = 0.05* p = 0.08 p = 0.14* p = 0.23* p = 0.003 p = 0.11 

TC Storm 
Event 

r = 0.50 r = 0.26 r = 0.85 r = 0.85 r = 0.50 r = 0.46 
p = 0.05 p = 0.35 p < 0.001 p < 0.001 p = 0.06 p = 0.08 

SB 
Non-storm 

r = 0.06 r = 0.06 r = 0.23 r = 0.19 r = 0.30 r = 0.09 
p = 0.83 p = 0.84 p = 0.42 p = 0.52 p = 0.30 p = 0.77 

SA 
Non-storm 

r = 0.30* r = 0.57* r = 0.36 r = 0.24 r = 0.57 r = 0.46 
p = 0.37* p= 0.05* p = 0.20 p = 0.41 p = 0.03 p = 0.10 

Results of linear regression between flow rate and concentration of each 
chemical form of dissolved nitrogen. An r value of greater than 0.6 indicates 
moderately strong correlation and a p-value of greater than 0.05 indicates no 
significant correlation with linear regression (bold, underlined). 

1 Dissolved organic nitrogen. 2 Total dissolved nitrogen  

3 Dissolved inorganic nitrogen. (EG, Eau Gallie River; CC, Crane Creek; TC, 
Turkey Creek; SB, Fellsmere Canal; SA, South Prong St. Sebastian River) 
*For non-storm surveys outlying high flows were removed: At TC, 3 highest 
flows were removed for TDN, DIN, and NO3

-; At SA, 2 highest flows were 
removed for TDN and DON. 
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Appendix B (continued). 

 TDN1 

(µM) 
DON2 

(µM) 
DIN3 

(µM) 
NO3

- 
(µM) 

NO2
- 

(µM) 
NH4

+ 
(µM) 

CC 0.02 0.24 0.02 0.002 0.74 0.05 

TC 0.81 0.73 0.23 0.11 < 0.001 0.02 

 
 

Results of t-tests between storm event and non-storm survey concentrations 
of each chemical form of dissolved nitrogen. A p-value of greater than 0.05 
indicates no significant difference (bold, underlined). 

1 Dissolved organic nitrogen. 2 Total dissolved nitrogen  

3 Dissolved inorganic nitrogen. (CC, Crane Creek; TC, Turkey Creek) 
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Appendix C 

1A flow of 100,000 m3/day = 40.9 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen.  5 Relative standard deviation = 
[standard deviation/mean] x 100. 

Sampling Date 
Flow 
(103 

m3/day) 1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

May 17, 7:50 P.M. 198 39 25 14 10.8 0.32 2.9 
May 18, 8:30 A.M. 291 34 23 11 7.3 0.28 3.5 
May 18, 3:45 P.M. 161 37 24 12 8.6 0.27 3.4 
May 18, 11:30 P.M. 120 42 26 16 10.6 0.38 4.5 
May 19, 7:50 A.M. 103 43 24 19 13.6 0.41 5.1 
May 19, 3:45 P.M. 88 45 28 17 12.5 0.41 4.5 
May 19, 11:20 P.M. 105 47 28 19 13.1 0.48 5.2 
May 20, 7:15 A.M. 88 47 29 18 13.0 0.49 4.6 
May 20, 3:00 P.M. 83 46 27 19 14.1 0.45 4.4 

May 20, 11:15 P.M. 139 41 27 14 10.1 0.41 3.4 
May 21, 8:50 A.M. 110 49 31 19 14.6 0.43 3.6 
May 21, 6:10 P.M. 98 47 29 18 14.4 0.53 3.5 
May 22, 8:50 A.M. 81 50 32 19 14.2 0.52 3.9 
May 23, 8:55 A.M. 73 50 30 20 16.2 0.55 3.7 
May 24 8:35 A.M.  64 52 31 21 16.3 0.55 4.3 

        
Mean 120 45 28 17 12.6 0.43 4.0 

Standard Deviation 59 5 3 3 2.6 0.09 0.7 
Median 103 46 28 18 13.1 0.43 3.9 

Maximum 291 52 32 21 16.3 0.55 5.2 
Minimum 64 34 23 11 7.3 0.27 2.9 

RSD 5 49% 12% 10% 18% 21% 21% 17% 

Crane Creek (CC) storm event flows and concentrations of chemical forms of 
dissolved nitrogen for 15 samples collected May 17 – 24, 2016. Flow rates are 
of time of sampling (USGS, 2016). A concentration of 10 µM for all chemical 
forms listed equals 0.14 mg N/L. 
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Appendix C (continued). 

1A flow of 1,000,000 m3/day = 408.8 ft3/s. 2 Total dissolved nitrogen. 3 Dissolved 
organic nitrogen. 4 Dissolved inorganic nitrogen.  5 Relative standard deviation = 
[standard deviation/mean] x 100. 
 

Sampling Date 
Flow 
(103 

m3/day) 1 

TDN 2 
(µM) 

DON 3 

(µM) 
DIN 4 
(µM) 

NO3
- 

(µM) 
NO2

- 
(µM) 

NH4
+ 

(µM) 

May 17, 7:30 P.M. 678 39 29 10 6.1 0.23 3.2 
May 18, 8:00 A.M. 3376 36 29 6 3.8 0.28 2.3 
May 18, 3:00 P.M. 2667 37 31 6 3.7 0.29 2.3 
May 18, 11:15 P.M. 2814 38 31 6 3.6 0.26 2.5 
May 19, 7:20 A.M. 2691 44 37 8 4.7 0.32 2.7 
May 19, 3:10 P.M. 2251 45 38 7 4.0 0.35 2.6 
May 19, 11:00 P.M. 2023 44 36 8 4.8 0.33 3.1 
May 20, 7:00 A.M. 2104 51 41 10 6.5 0.36 3.4 
May 20, 3:00 P.M. 1698 46 36 10 6.5 0.36 3.2 

May 20, 11:10 P.M. 2094 50 41 9 6.0 0.43 2.4 
May 21, 8:15 A.M. 1695 47 37 11 7.1 0.43 2.9 
May 21, 5:45 P.M. 1390 48 38 9 6.8 0.41 2.3 
May 22, 8:20 A.M. 1099 48 37 11 7.9 0.42 3.0 
May 23, 8:25 A.M. 812 48 37 11 7.8 0.44 2.5 
May 24 8:05 A.M.  707 48 37 11 7.7 0.43 3.2 

        
Mean 1873 45 36 9 5.8 0.36 2.8 

Standard Deviation 825 5 4 2 1.6 0.07 0.4 
Median 2023 46 37 9 6.1 0.36 2.7 

Maximum 3376 51 41 11 7.9 0.44 3.4 
Minimum 678 36 29 6 3.6 0.23 2.3 

RSD 5 44% 11% 11% 20% 27% 19% 14% 

Turkey Creek (CC) storm event flows and concentrations of chemical forms of 
dissolved nitrogen for 15 samples collected May 17 – 24, 2016. Flow rates are 
of time of sampling (USGS, 2016). A concentration of 10 µM for all chemical 
forms listed equals 0.14 mg N/L. 


