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ABSTRACT 

Stable nitrogen isotopic analyses (6%)2 were conducted on dissolved nitrate in surface water 
samples collected over a two year period from the lower Neuse River, North Carolina, to assess 
temporal variation of nitrate sources to the watershed. Nitrate samples collected at the Raleigh and 
Durham Municipal Sewage Treatment Plants (MSTP) have nitrogen isotopic values in the +9 to 
+14 per mil range. Nitrate samples collected h m  agriculturaI drainage areas in the lower portion 
of the Neuse River basin have nitrogen isotopic values in the +4 to +9 per mil range. These 
nitrogen isotopic values correspond well to literature values published for point and non-point 
nitrate sources, respectively, and confirm that there is a well defined isotopic difference between 
point and non-point nitrate inputs to the Neuse River Basin. The nitrogen isotopic values of nitrate 
from the lower Neuse, which integrates the nutrient loading trends over the entire basin, show a 
annual cycle. Surface water nitrate during low discharge periods is isotopically enriched and is in 
the point source range of +9 to +14 per mil. Surface water nitrate collected during high discharge 
periods is isotopically depleted and is in the non-point source range of +4 to +9 per mil. Over the 
entire annual hydrological cycle, surface water nitrate nitrogen isotopic values are exponentially 
related to river discharge rate. This relationship suggests that a residence time delay factor in an 
intermediate reservoir (groundwater, wetlands) plays an important role in the transfer of non-point 
source nitrate to the riverine system during the falling discharge (spring) period. The enhanced 
fertilizer loading in wet years during the critical spring period can influence the biological species 
succession and would therefore play a significant role in enhancing nuisance algae bloom potential 
in the late summer. 

2 6 ~  = (Rs,-Rstd / Rstd) x ld R = 5 ~ / 1 4 ~  qtd = Atmospheric Nitrogen 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Point and non-point nitrogen sources sampled in the Neuse River Basin have distinct nitrogen 
isotope signals similar to published values from other watersheds. The nitrogen isotopic 
composition of nitrate, which is the dominant form of nitrogen entering the Neuse River, can be 
employed to distinguish between point and non-point source inputs. The nitrogen isotopic 
composition of surface water nitrate collected above New Bern has a bimodal annual trend. This 
indicates that there is a temporal separation of nitrate nutrient sources during the annual nitrogen 
loading cycle in the Neuse River Basin. Nitrate isotopic compositions similar to point source 
values are observed during the low discharge summer months. Nitrate isotopic compositions 
similar to non-point source values occur during the high discharge winter months. The nitrogen 
isotopic composition of nitrate is exponentially related to river discharge rate. This indicates that 
the mixing of point and non-point source nitrogen reservoirs is not strictly controlled by wet period 
surface water runoff of agricultural fertilizers and excess soil nitrate into the river. The non-point 
source nitrate must pass through an additional reservoir that modulates the mixing with a residence 
time delay factor. This is most likely the result of the leakage of non-point source nitrate out of the 
surface saturated groundwater reservoir or wetlands systems in the basin as the river goes into low 
flow conditions. Therefore, although the dominant form of nitrate in the river during summer 
nuisance blooms is of point source origin, the potential for nuisance algal blooms established 
during the initial spring bloom period is also influenced by non-point source loading. The late 
winter/early spring nitrogen fertilizer loading that occurs in the Neuse River Basin, coupled with 
the character of the annual river discharge trend, is therefore critical to the development of late 
summer blooms by enhancing nuisance bloom potential during the spring bloom initiation period. 

Management strategies that attempt to limit nuisance bloom development in the lower Neuse River 
must address spring excessive non-point loading. It is clear that the concentration of non-point 
source agricultural nitrogen in the late winter/early spring discharge has profound impacts on 
inorganic nitrogen loading and NO3 nutrient e ~ c h m e n t  well beyond the wet winter period. The 
crucial transitional period of May-June when phytoplankton growth accelerates as a result of the 
optimization of physical factors (light and temperature) is when bloom poten tials develop. We 
suggest that these blooms can be influenced by residual non-point source NO3 emanating from the 
earlier (February to April) high discharge runoff that enters the river in exponentially diminishing 
concentrations after transiting through the groundwater and/or swamp and wetland systems as the 
river changes from high to low flow conditions. As shown by the exponential relationship 
between 6 1 5 ~ - ~ 0 3  and discharge, this large agricultural non-point nitrogen source has clearly not 
exited the lower Neuse by the time that the critical late spring transitional period arrives. The 
duration of the spring,surnmer period of influence of the agricultural non-point source on the river 
nitrate reservoir is directly related to the shape of the annual hydrograph and the amount of water 
delivered to the basin during the wet winter season. During drought years and years when the 



normally wet winter period is relatively dry, non-point source nitrogen is not flushed into the river 
system, but rather remains in the areas to which the fertilizer has been applied. In years when the 
winter months are very wet, this non-point source nitrogen is flushed through the groundwater 
reservoir and/or the wetland systems, and continues to "leak" into the river system until low flow 
con& tions are stabilized in during the late summer months. By this time physical and biological 
conditions are well established for the development of nuisance blooms and algal species 
succession patterns amenable to nuisance bloom development and growth. At this point only large 
flushing events such as tropical s t o m  or persistent thunderstorm activity can rid the lower Neuse 
River of nuisance blooms (Paerl, 1987). 

It would therefore appear crucial to reduce the amount of non-point source nitrogen loading during 
the early spring (March-April) period, so that conditions that favor nuisance bloom development 
(slower moving water, increased light and temperature) are not augmented by the exponentially 
decreasing non-point source nitrogen entering the lower Neuse as the river flow state changes into 
low flow conditions. This would require a reduction in the non-point source nitrogen loading rates 
in the March/April period closer to May/June loading rates, which would not allow the 
establishment of potential bloom conditions during the critical transition period. Such a 
management strategy will not be easy to attain. However, if there is to be a definitive, consistent, 
and effective manner to arrest nuisance blooms in wet and dry years, such a strategy is inevitable. 
The recommended temporal constraints on spring nitrogen loading will yield additional parallel 
benefits of reducing some phosphorus loading originating from agricultural activities. In the long 
term, additional phosphorus loading reductions may be beneficial as the river becomes more 
nitrogen depleted and susceptible to N2 fixing cyanobacterial blooms (Anabaena, 
Aphanizomerwn) as opposed to the current dominance of the non-N2 futing cyanobacteria 
(Microcystis, Oscillatoria). The recommended reduction of spring non-point loading will 
undoubtedly lead to improved trophic and aesthetic conditions in bloom-sensitive water of the 
lower Neuse River. 



INTRODUCTION 

EUTROPHICATION AND NUISANCE ALGAE IN THE 
LOWER NEUSE RIVER 

The commercially and recreationally important Neuse River drains approximately 25% of North 
Carolina's Piedmont and Coastal Plain regions. The Neuse River is the second largest river basin 
contained entirely within the state of North Carolina and flows over 220 miles from the confluence 
of the Flat and Eno Rivers near Durham, N.C., to below New Bern, N.C, where it widens to 
become an estuary draining into Pamlico Sound @EM, 1983). In the upper portion of the 
watershed, the Neuse River is a typical Piedmont river system that drains urban centers (Raleigh- 
Durham, Chapel Hill-Hillsburgh, Kinston, Goldsbro). In the lower portion of the watershed, 
from Smithfield to New Bern, the Neuse River is a typical coastal river that supports agricultural 
and industrial centers @EM, 1983; Figure 1). During the past decade this watershed has 
experienced accelerated nutrient inputs accompanied by an alarming rate of eutrophication. The 
most serious symptoms of enhanced eutrophication are nuisance blue-green algae blooms which 
have led to unacceptable water quality conditions @EM, 1983,1984,1985; Paerl, 1983). During 
certain years when a high spring runoff period is followed by dry low flow summer conditions, 
nuisance algae blooms (Microcystis, Oscillatoria) can coat the river with green paint-like scums 
(Paerl, 1987, 1988; DEM, 1984). On average, such blooms occur with a frequency of every 2-3 
years. When nuisance blooms are present, they frequently persist for several months. 

During the summer of 1983, much of the lower Neuse River was plagued with Microcystis 
blooms for 4 months @EM, 1984). Blooms of this magnitude can lead to long lasting alterations 
in water quality and trophic characteristics (Paerl, 1988). Periods of dissolved oxygen depletion 
(anoxia) in river bottom waters and sediments can exist under surface blooms in stagnant sections 
of the Neuse River, and leave portions of the river uninhabitable for desirable fauna and flora 
(Paerl, 1983). Paerl(1983, 1988) has suggested that both nitrogen and phosphorus loadings 
exceed algal growth requirements throughout much of the year in the Neuse River, particularly 
during the initial spring bloom period. Enhanced anthropogenic nutrient loading has led to 
hypereutrophic conditions in years when nutrient inputs exceeded algal nutrient demands (Paerl 
and Bowles, 1987). Nitrogen appears to be the limiting nutrient during intense bloom years 
(Paerl, 1983). The Neuse River receives approximately a 25:75 ratio of nitrogen from point and 
non-point sources on an annual basis (DEM, 1985). However the relative proportions of the 
source inputs may vary over the annual hydrological cycle, and nitrogen loading characteristics are 
thought to be seasonally variable in the Neuse River Basin (NRCD, 1983). Although excessive 
nutrient loading enhances the bloom potential of the lower Neuse River, physical factors such as 
high spring discharge coupled with low flow conditions during the summer months are also of 
importance with respect to the promotion and persistence of summer nuisance blooms (Paerl, 
1983, 1988). In particular, the timing of the nitrogenous inputs into the Neuse River is critical 





with respect to the enhancement of spring-summer algal growth and bloom potentials. 
Characterization of different nitrogenous sources can be determined by measuring the natural 
abundances of stable nitrogen isotopes by ratio mass spectrometry (Heaton, 1986). 

STABLE ISOTOPE DISCRIMINATION OF NITROGENOUS SOURCES 
Differences exist between the natural abundances of stable nitrogen isotopes (15N/14~) in 
dissolved and particulate matter from terrestrial, estuarine, marine, and anthropogenic sources 
(Hoefs, 1980; Peters et al., 1978; Sweeney et al., 1978; Kaplan, 1983; Mariotti et al., 1984). 
These differences are measured by a magnetic sector mass spectrometer as ratios of the heavier 
isotope (15N) to the lighter isotope (14N). This sample ratio is then compared to the isotopic ratio 
of an international standard (atmospheric nitrogen in the case of 615N) and the difference 
expressed as a delta value (8) in per mil units (parts per thousand of the 15N/14~ ratio). Positive 
delta values indicate more of the heavy isotope is present than in the international standard, while 
negative delta values indicate that more of the light isotope is present (Hoefs, 1980). The natural 
distribution of light stable isotopes (H,C,O,N,S) is not uniform. Because of slightly different 
chemical behavior of the heavy and light isotopes related to mass and energy contents, 
biogeochemical and physical systems will concentrate isotopes in different abundances that are 
directly related to the dominant chemical pathways (Fritz and Fontes, 1980, 1986). Light stable 
isotopes (H, C, N, 0 ,  S) occur in relatively great abundance, and the isotopic composition of 
naturally occurring compounds can be determined with an analytical precision that is much greater 
than natural variations. The application of stable isotope geochemistry to environmental and 
biogeochernical investigations has therefore become a standard and very powerful tool. 

For example, the differences between the carbon isotopic values of terrestrial and marine plants are 
known to result from the type of photosynthetic pathway used to fix inorganic carbon and the 
isotopic composition of the carbon pool available to the plants (Deines, 1980). The nitrogen 
isotopic composition of plants is similarly determined by the nitrogen nutrient pool available to the 
plant. Fixation of atmospheric N2 into fertilizers results in fertilizer isotopic compositions that 
range from -4.1 to +1.9 (Black and Waring, 1977), while the final isotopic ratio can vary 
according to the amounts of NH4 and NO3 nitrogen present in the fertilizer (Freyer and Aly, 
1975). Nitrogen isotopes in soils exhibit variations according to soil type (Cheng et al.,1964). 
Naturally occurring soil nitrogen can have a wide range of values. Non-hydrolyzable soil nitrogen 
(-1 to +4 per mil) is similar to atmospheric nitrogen, while hydrolyzable soil nitrogen that is 
exponed from soil systems is usually isotopically more positive. Soil NO3 nitrogen isotopic 
values are typically in the range of +4 to +8 per mil (Heaton, 1986). Nitrogen in excreted waste is 
mainly in the form of urea which is hydrolyzed to ammonia and converted to nitrate with resulting 
nitrogen isotopic values that are in the +10 to +20 per mil range (Kreitler 1975, 1979). The degree 
of nitrate 1 5 ~  enrichment in sewage is controlled by ammonia volatilization, and this material 
almost always has nitrate nitrogen isotopic values higher than +10 per mil (Heaton, 1986). 



Therefore, anthropogenic and fertilizer nitrate can be distinguished isotopically, even after the 
fertilizer nitrate has been processed by the soil microbial cycle. 

Once exported to aquatic systems, the nitrogen isotopic composition of organic matter can be 
altered by aquatic biogeochemical processes (Macko and Estep, 1984). California rivers that drain 
agricultural areas have anomalously enriched particulate nitrogen isotopic values when compared to 
rivers that drain unaltered forest basins (Peters et a]., 1978). This is most likely the result of 
excess nutrient input coupled with nutrient recycling (Heaton, 1986). Changes in the isotopic 
composition of particulate nitrogen and ammonia are controlled primarily by detritus input, in situ 
production, nutrient uptake and nutrient regeneration, i.e. by normal biogeochemical cycling. 
Large changes in the isotopic composition of inorganic nitrate most commonly can occur by 
nitrification (Mariotti et al., 198 1) or denitrification (Cline and Kaplan, 1975). 

In this investigation, the isotopic composition of nitrate was monitored over a two year period in 
the lower Neuse River at Streets Ferry Bridge, a location just upstream from New Bern, N.C 
(Figure 2). Nitrate is by far the chief form of inorganic nitrogen in the Neuse River system and 
accounts for over 90% of the inorganic nitrogen pool (Paerl, 1987). The nitrate isotopic 
composition at this point in the watershed will monitor all the source inputs to the river system over 
the sampling period. The objective of this study was to characterize the nitrate source inputs and to 
determine if these inputs changed on a seasonal basis. Nutrient levels, concentrations of 
chlorophyll a, temperature, pH, and water flow rate and direction were also monitored to clarify 
temporal changes in physio-chemical and biological conditions of the Neuse River Basin during the 
study period The sampling site was located above the estuarine portion of the Neuse River 
(Figure 2, Site #80). Dissolved nitrate samples were analyzed from point and non-point sources to 
the Neuse River Basin, as well as the dominant fertilizer types used in the area (obtained from the 
State Agricultural Division, Fertilizer Department). Throughout 1986 drought conditions 
persisted, while 1987 was a year with a more typical annual hydrological cycle. This fortuitous 
difference in the two sampling years allowed comparisons to be made between drought and non- 
drought conditions. 

METHODS 

Surface water samples were obtained on a monthly basis (winter) and bi-weekty basis (summer) 
from the Streets Feny Bridge sampling site (#80, Figure 2) above New Bern, N.C. over a 24 
month sampling period from March 1986 to March 1988. The concentrations of soluble inorganic 
nitrogen ( N q  & NO3) phosphorus, and chlorophyll a were measured according to the methods 
presented in Paerl(1983), as were pH, temperature, and water flow direction for each sampling 
period . Samples for isotopic analysis were obtained by filtering 3 to 10 liters of river surface 



- 
New Bern 

Figure 2. Sampling sites in the lower Neuse. Site #80 is the site that is the focus of this study and 
where the nitrate samples were collected for isotopic analysis. 



water through pre-combusted (550°C for 4 hours) GFF glass fiber filters. The filters and the 
filtrate were immediately frozen and maintained at -20°C until isotopic analysis. The analytical 
procedure for nitrogen isotopic analysis of dissolved nitrogen species (NH4 & NO3) has 
traditionally been completed by complex wet chemical digestions and LiOBr liberation of molecular 
N2 (Ross and Martin, 1970). Although this methodology is time consuming and dangerous (use 
of a volatile Br liquid), the main disadvantage of this technique is that it is very difficult to get a 
sufficient number of dissolved nitrogen isotopic analyses to do a detailed time series study. We 
have developed an ion sieve adsorption/combustion technique along the general outline of 
Cifuentes et at. (1988) for this analytical procedure, which is described below. This ion sieve 
technique is an important advancement because it is more efficient, allows smaller sized samples to 
be analyzed, has lower analytical blanks, and avoids the use of toxic Br reagents. 

Dissolved nitrogen isotopic analyses were completed on the filtered river water samples after the 
samples were thawed at room temperature. Approximately 1-3 liters of the river water was 
acidified to below a pH of 3.00 with 2-5 ml of 12N HCL. The sample was then reduced to 125 ml 
by roto-evaporation (Heaton and Collett, 1985). The 125 ml sample was then transferred to a 
distillation system, and basified to a pH of greater than 11.0 with 3-6 ml of 40% NaOH. The 
sample was then brought up to a 300 ml volume by dilution with nitrogen free de- 
ionized/redistilled water. Ammonia was then steam distilled out of the sample with approximately 
200 rnl of water and collected in a trap containing 15 rnl of 0.0025 N HCL with W-85 zeolite ion 
sieve (Union Carbide) which adsorbed the ammonium after HCL protonation. The zeolite was 
cleaned for 2 hours at 200°C and stored in a vacuum oven at 50°C prior to NH4+ loading. The 
h l +  loaded zeolite was then filtered onto pre-cornbusted GFF (glass fiber) filters and cornbusted 
by a double quartz ampoule method to yeild N2 (Showers, unpublished lab manual). The 
remaining river water sample was cooled and the nitrate was reduced to ammonia with 1 gram of 
Devarda's alloy. The Devarda's alloy was ground to a 100 mesh size under an argon atmosphere 
and cleaned at 400OC for 8 hours before nitrate reduction. The sample was mixed for 30 minutes 
to reduce all nitrate to ammonia, and then steam distillation, ion sieve adsorption, concentration and 
combustion was complete as described above. 

The purified N2 gas was analyzed in a Finnigan MAT 251 Ratio Mass Spectrometer (RMS) in the 
NCSU Stable Isotope Lab. Purified gas samples, sealed in vacuo in the 6 mm borosilicate 
breakseals were injected into the RMS inlet system via a Cajon "cracker" system (DesMarais and 
Hayes, 1976). Molecular nitrogen samples were desorbed off the 5A mole sieve at 40°C to avoid 
any isotopic fractionation (Table 1). Data are reported as per mil deviations from atmospheric 
nitrogen (Mariotti, 1983). The N2 RMS machine gas standard was an argon-free N2 tank gas that 
was calibrated against atmospheric nitrogen prepared by cupric oxide reduction (Mariotti, 1983). 
The nitrogen Qfactor (mass 40 - argon interference in atmospheric nitrogen gas standards; Mariom 
1984a) was determined to be negligible for the NCSU 251 RMS at atmospheric argon 



TABLE 1 

MOLE SIEVE DESORPTION TEMPERATURE @ N - N ~  

Tem~erature N2 Desorbed (' C) 
-7.1 
+0.4 
+l2.7 
+30 
+40 
+50 
+60 
+70 
+90 
+I20 
+I50 
+200 

Difference from Tank Gas S td (per mil - 615h?) 
-.596 
- .443 
-.285 
-.079 
- .OO9 
+.054 
+.I26 
+. 170 
+.250 
+. 3 69 
+ S l l  
+A98 

TABLE 2 
Q FACTOR ANALYSIS OF ARGON INTERFERENCE IN ATMOSPHERIC N2 STD 

----------------- 
1.43 
1.48 
1.52 
1.70 
1.92 
1.96 
1.97 
1.99 
2.223 - Atmospheric Nitrogen Ave. 
2.4 
2.46 
2.46 

concentrations (Table 2). Comparison of the ion sieve NQ+ reduction technique to the traditional 
LiOBr technique (Ross and Martin, 1970) showed the W-85 ion sieve technique to be comparable. 
The W-85 ion sieve technique is therefore preferred because it avoids the use of dangerous 
bromide reagents and =cult wet chemical digestions. Comparison of the W-85 ion sieve 
technique to standard combustion showed no isotopic difference (Table 3). Blanks were run for 
each combustion batch. Using the W-85 ion sieve adsorption/combustion technique, the nitrate 
blank was 0.6 pM with an isotopic composition of -0.6 per mil. Blank corrections were made 
after Hayes (1983). 



TABLE 3 
ANALYSIS OF NO3 AND NHq STANDARDS BY COMBUSTION AND 

ION SIEVE / NHq REDUCTION METHODS 

NO3 COMBUSTION 3.89 '/- (n=6; + 0.20°/-) 
NH4-REDUCTION -1.87 '/OO (n=12; +0.97'/-) 
NH4-COMBUSTION -1.68 '/- (n=14; + 0.12'/09 

RESULTS 

All the physical/chemical data collected during this study are summarized in Appendix 1. 
Discharge and flow rate and direction varied greatly over the two year sampling period. The 1986 
period was a drought year with little winter/spMg runoff, and discharge never exceeded 4000 cfs 
at the USGS gauging station at Kinston NC (Figure 3). The 1987 hydrograph was more typical 
with high winter/spring runoff peaking at 14000 cfs. Discharge then rapidly dropped through the 
May/June period to low flow summer conditions with discharge under 1000 cfs throughout the rest 
of the year. The USGS hydrographic data from Contentnea Creek, which drains predominately 
rural areas, shows a similar biannual pattern with the 1987 discharge peak at about 5000 cfs 
(Figure 4). Flow direction and rate in the lower Neuse (Figure 5) are similar to the discharge 
hydrograph with low flow occurring throughout the 1986 period and in late summer 1987. 
Conductivity data (Figure 6) suggest that river flow may have reversed in the lower Neuse during 
the late 1986 summer months and in the fall at the end of the 1986 drought period. Conductivity 
data during the rest of the sampling period suggest that while estuarine influences may be seen at 
Site 52 during lower flow conditions, Site 80 is dominated by riverine processes during all periods 
except at the end of the 1986 drought period. 

Winter water temperatures at the Streets Feny Bridge sampling site were below 10°C. Water 
temperature rose to late July - August maxima of approximately 30°C each year (Figure 7). The 
pH values remained slightly below 7.0 throughout the sampling period, with 1987 average values 
slightly lower than those in 1986 (Figure 8). Chlorophyll 3 concentrations varied seasonally, with 
maximum levels occurring during the spring/summer bloom periods. The 1986 spring "bloom" 
period showed chlorophyll levels of 40 pg/l during drought conditions. The 1987 
springlsummer bloom period showed high chlorophyll 2 levels exceeding 80 pg/l (Figure 9). 
Nitrate concentrations varied from 40 to 120 CLMfl(560 to 1680 NO3-N pgfl) without a clearly 
distinguishable annual pattern. Nitrate concentrations showed increased variability during the 1986 
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FIGURE 3. Discharge rate at Kinston, N.C. (from the USGS) 
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FIGURE 4. Discharge rate in Contentnea Creek, N.C. (from the USGS) 
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FIGURE 5. Flow direction in the lower Keuse River measured at Site #80 
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Figure 6. Conductivity in the lower Neuse River measured at Site M0. 
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FIGURE 7. Temperature at Site ##80 during the sampling period. 
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Figure 8. Surface water pH at Site ##80 during the sampling period. 
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FIGURE 9. Chlorophyll a - concentrations at Site 80 

I I I I 1 

\ N  JUL JAN JUL JAN JUL 
1986 1987 1988 

Month 

FIGURE 10. Surface water nitrate concentration at Site #80 



sampling period (Figure 10). Ammonium concentrations were consistently low (0-16 pM/l or 0- 
224 NH4-N p g )  with winter periods showing a slight increase in concentrations over summer 
periods (Figure 11). Phosphorus concentrations varied seasonally with higher concentration levels 
in the summer months (9-15 pM/l or 279-465 PO4-P pg/l) and lower concentrations occurring in 
the winter months (3-6 pM/l or 93- 186 PO4 -P pg/l, Figure 12). 

To compare the nitrate isotopic values of the river surface water collected above New Bern to 
potential point and non-point sources, dissolved nitrate samples were collected in Apnl/May 1987 
from Creeping Swamp and Beaver Dam Creek agricultural drainage areas on the Coastal Plain 
(Jacobs and Gilliarn, 1983), and in January and May, 1987 from the Raleigh and Durham MSTPs. 
In addition, 7 different types of dominant fertilizers used in North Carolina were obtained from the 
State Agricultural Division, Fertilizer Department and analyzed isotopically for comparison (Figure 
13, Table 4). Urea, NO3-, and N H ~ +  fertilizers used in North Carolina have particulate nitrogen 
isotopic values that range from -1 to +2 per mil. The nitrogen isotopic composition of nitrate in 
surface waters draining from agricultural areas was below +9 per mil, while the ~ I ~ N - N o ~  from 

TABLE 4 
8l 5~ ISOTOPIC VALUES OF POINT AND NON-POINT SOURCES IN THE NEUSE 

RIVER WATERSHED 

NITROGEN SOURCE 

FERTILIZER 

UREA-DAP #2 
UREA-DAP#3 

POINT SOURCE 
RALEIGH MSTP (1-28-87) 
RALEIGH MSTP (4-28-87) 
DURHAM MSTP (4-28-87) 

NON-POINT SOURCE 
BEAVER CREEK (4-2 1 -87) 
BEAVER CREEK (5-13-87) 
CREEPING SWAMe (5-13-87) 

Raleigh and Durham MSTP discharge was consistently at or above +11 per mil. These point and 
non-point source isotopic results from the Neuse River Basin are similar to the published values of 
studies that characterize nitrate sources in other areas (Heaton, 1986), and suggest that nitrogen 
isotopes can be used to differentiate point and non-point inputs to the Neuse River system. 

The isotopic composition of nitrate in surface waters collected above New Bern shows a annual 
pattern (Figure 14). Nitrogen isotopic values in the +4 to +9 per mil range occur during the winter 
months, while isotopic values above +9 per mil occur during the rest of the year. When these 
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values are plotted against the discharge rate measured at the USGS gauging station at Kinston 
(Figure IS), it is apparent that the lower isotopic values of nitrate that fall in the non-point source 
range occur during periods of high river discharge. During periods of low river discharge the 
isotopic composition of riverine nitrate falls into the point source isotopic range. 

DISCUSSION 

Temporal Separation of Nitrate Loading 
The fact that the nitrogen isotopic wmposition of riverine nitrate is temporally correlated to 
discharge rate in the Neuse River system can be explained by the flushing of non-point agricultural 
nitrogen into the river system during periods of rainfall and subsequent runoff (Jacobs and 
Gilliam, 1985). During the wet winter months when rainfall is high, the non-point source nitrogen 
largely from agricultural areas dominates the riverine nitrate reservoir. Point source nitrate 
dominates during late summer and drought low flow conditions when no runoff is present. The 
relationship of the annual nitrate nitrogen isotopic signal to discharge suggests that the nitrogen 
loading in the Neuse River basin exhibits a distinct temporal separation of sources throughout the 
year. To understand the relationship of the isotopic character of fertilizer nitrogen to high 
discharge riverine nimte, an understanding of pathways of non-point source nitrate to surface and 
ground water systems is required. 

In the Neuse River watershed, fertilizer application is concentrated during the late winter and early 
spring (Hurnenik et al., 1983). After application, fertilizer nitrogen is taken up by plants which 
isotopically resemble the available source nitrogen or the isotopic wmposition of the fertilizer. The 
plant nitrogen then becomes involved in the soil microbial cycle, which mineralizes soil organics 
through several intermediate steps into hydrolyzable and non-hydrolyzable soil nitrate (Delwiche 
and Steyn; 1970, Miyake and Wada, 1971, Freyer and Aly, 1974; Mariotti et al., 1980). 
Hydrolyzable soil nitrate isotopic values generally range from +4 to +9 (Heaton 1986). Forest 
soils may have values in the lower portion of the range, while cultivation tends to increase the 
concentration and isotopic composition of hydrolyzable soil nitrate (Mariotti, 1984b; Heaton, 
1986). Nitrate exported from agricultural areas will therefore isotopically resemble the soil nitrate 
reservoir, not the isotopic composition of the fertilizer. Over-fertilization can account for excessive 
release of nitrate from soils (Heaton , 1986). During wet rainy periods, soil nitrate is readily 
transported into middle and lower coastal plain streams, and instream losses of nitrate are not 
sufficient to counter heavy loading from non-point sources (Jacobs and Gilliam, 1985). 

The nitrogen isotopic composition of surface water nitrate documents that non-poin t source soil 
nitrate dominates the riverine nitrate pool after wet periods flush the soil nitrates into the river. It is 
well documented that atmospheric precipitation collects a variety of gaseous, organic and inorganic 
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species of nitrogen during runoff and percolation, and that downward drainage tends to contain 
nitrate as the only chemically important species (Heaton, 1986). During the drought year of 1986, 
the isotopic composition of riverine nitrate did not decrease, presumably because low rainfall 
during this period did not flush non-point source soil nitrate into the river system Nitrate is by far 
the dominant dissolved nitrogen species in the riverine nitrogen pool, which can be readily 
assimilated by a wide range of phytoplankton species (Paerl, 1987). During low flow summer 
conditions, point source nitrate dominates the river nitrogen pool. It is therefore very likely that 
point source nitrogen is utilized by nuisance algae during the summer blooms when low flow 
stagnant summer conditions combined with the physical conditions (light and temperature) permit 
such blooms to proliferate and persist. Why then do blooms occur in some years and not in other 
years? The answer to this important question may be found in the unusual mixing relationship 
between point and non-point nitrate sources as the river transits to low flow conditions. 

Mixing Relationships of Nitrogen from Different Sources 
Nitrogen isotopes have been used to trace the discharge of sewage into the sea and identify the 
source of suspended detritus in estuaries and nearshore waters (Mariotti et al., 1984; Peters et al., 
1978; and Sweeney et al., 1978). Suspended organic matter in unpolluted rivers have a nitrogen 
isotopic composition that ranges from 0 to +3 per mil, while oceanic biota commonly synthesize 
nitrogen from oceanic nitrate which has elevated isotopic compositions of +5 to +10 because of the 
fractionation associated with oceanic deninification. These studies describe the mixing of 
temgenous detritus with marine phytoplankton as a simple linear mixing of two fixed endpoints. 
In groundwaters studies, animal or sewage waste nitrate is differentiated from fertilizer nitrate on 
the basis of nitrogen isotopic signatures (Kreitler 1975, 1979). Because of the localized and highly 
concentrated nature of most point sources, the mixing relationship is also usually linear (Heaton, 
1986). A plot of the Neuse River surface nitrate isotopic composition versus Q (discharge rate) 
shows an exponential relationship with a significant correlation factor of 85% (Figure 16). If a 
simple two end member mixing of non-point and point nitrate were controlling the nitrate nitrogen 
isotopic composition in the surface waters of the Neuse, as has been described for groundwater 
and nearshore marine systems, then a linear relationship between Q and 615N-No3 would be 
expected. The fact that there is an exponential relationship between the isotopic composition of 
nitrate and discharge suggests that there is an additional reservoir through which the nitrate must 
pass which causes a residence time delay between the mixing of the point and non-point reservoirs 
(Zuber, 1986). The surface water nitrate isotopic trends measured at the Streets Ferry Bridge 
sampling site integrates the inputs and mixing processes that occur over the entire watershed. 



Identification of the Additional Mixing Reservoir and Impact on Bloom 
Potential 

Two potential additional mixing reservoirs can be mentioned here that are known to play a 
significant role in the Neuse River watershed discharge dynamics - groundwater and wetlands. 
Determination of the respective contributions of rainwater, groundwater and soil water to flood 
discharge in surface water systems has been estimated by physio-chemical means (conductivity, 
temperature), radioisotopes (tritium), and stable oxygen isotopes. Stable oxygen isotope tracers 
and isotope mass balance equations have shown in several watersheds that the initial discharge is 
predominately surface runoff, but that the dominant source of discharge is pre-storm groundwater 
that can make up to 90% of the total flood (Fontes, 1980). The concentration of pre-storm 
groundwater in the total flood and the isotopic composition of groundwater need to be evaluated 
and compared to surface waters in the Neuse River basin. Groundwaters in North Carolina have 
not accumulated high levels of NO3, because of high rainfall levels that result in rapid flushing of 
nitrate in the saturated surface aquifer to surface water systems ( USGS 1987). Large amounts of 
non-point source nitrate could be transferred to the Neuse River after fertilizer application without 
signifiicantly increasing the nitrate concentration in river waters due to the dilution effect of this 
rapid flushing. 

The flooding and draining of extensive wetlands could also produce the observed exponential 
relationship. Agricultural development in the lowland areas of eastern North Carolina required 
improved drainage systems. Drainage waters collected from a network of canals are discharged 
into natural streams or sounds, which increases peak runoff rates and N & P nutrient loading 
(Gilliarn & Skaggs, 1986). The forest species which inhabit these wetlands are adapted to 
prolonged hydroperiods (Hook, 1984) and are highly efficient at assimilating inorganic nutrients. 
These wetlands are used as pollution buffer areas for lowland agricultural drainage water 
(Chescheir et al., 1987). There are also more than 250 sites in North Carolina that discharge 
municipal effluent to wetlands (Kuenzler et al., 1982). Kuenzler et al. (1982) suggest that 
unchannelized wetlands are a sink for nitrate as a result of extensive denitrification, while 
channelized wetlands lack extensive denitriflcation, enhance nitrate loading and do not act as a 
nitrate sink. Denitrification has a large isotopic fractionation (Delwiche and Step,  1970) which 
should be readily idenMied by isotopic characterization of different wetlands nitrate isotopic 
composition. 

The isotopic composition of nitrate suggests that the influence of non-point source nitrate can 
extend into the critical spring period when the character of the biological species succession is 
determined during the initial spring bloom (Paerl, 1988). Non-point source nitrate continues to 
"leak" into the Neuse River system as the river transits to low flow conditions, possibly as 
wetlands drain or as the groundwater tables fall to the late summer levels. The extent and duration 
of this non-point source influence during the initial spring bloom period would therefore be 



determined by the shape of the annual hydrograph. This exponentially decreasing non-point 
influence would be at a maximum during years with wet winters and dry summers. This is the 
type of annual hydrographic pattern which seems to support the development of intense nuisance 
blooms during the late summer low discharge periods (Paerl, 1987, 1988). An understanding of 
this exponential mixing process is crucial to the development of regulation strategies for nitrate 
inputs to the Neuse River watershed. Future work should address the mechanism of the 
exponential mixing process and the relationship of river discharge, the timing of the initial spring 
bloom period and nitrate non-point source loading modulation by this exponential mixing process. 



LITERATURE CITED 

Black, A.S. and S.A. Waring. 1977. The natural abundance of 15N in the soil-water system of a 
small catchment area. Aust. J. Soil Res. 15: 51-57 

Cheng, H.H, J.M. Brernner, and A.P. Edwards 1964. Variations in the nitrogen-15 abundance 
in soils. Science 146: 15744575 

Chescheir, G.M., J.W. Gilliam, R.W. Skaggs, and R.G. Broadhead. 1987. The hydrology and 
pollutant removal effectiveness of wetland buffer areas receiving pumped agricultural drainage 
water. Raleigh: Water Resources Research Institute of the University of North CarolinaReport 
#23 1 

Cifuentes, L.A., J.H. Sharp, and M.L. Fogel. 1988. Stable carbon and nitrogen biogeochemistry 
in the Delaware Estuary. Limnol. Oceanogr. 33(5): 1 102- 1 1 15. 

Cline, J.D. and I.R. Kaplan. 1975. Isotopic fractionation of dissolved nitrate during denitrification 
in the eastern tropical Pacific Ocean. Limnol. & Ocean. 33: 1 102- 1 1 15. 

Deines, P. 1980. The isotopic composition of reduced organic carbon. In Handbook of 
Environmental Isotopic G e o c h e m i s ~  P. Fritz and J.C. Fontes (eds), Amsterdam, Elsevier, V. 1: 
329-406 

Degens, E.T. 1969. Biogeochemistry of stable carbon isotopes. In Organic Geochemistry 
G.Eglington, and M.T.J. Murphy (eds.), New York: Springer Verlag 304-32 8. 

Delwiche, C.C., and P.L. Steyn. 1970. Nitrogen isotope fractionation in soils and microbial 
reactions. Environ. Sci. & Tech. 4: 929-935 

Division of Environmental Management (DEML 1983. (North Carolina Department of Natural 
Resources and Community Development) Nutrient Management Strategy for the Neuse River 
Basin Report #83-05 

Division of Environmental Management (DEM). 1984. (North Carolina Department of Natural 
Resources and Community Development) Neuse River Phytoplankton Study Report #84-06 



Division of Environmental Management (DEM). 1985. (North Carolina Department of Natural 
Resources and Community Development) Nutrient Management in the Neuse River Basin: An 
Update Unpublished Working Paper 

DesMarais, D. 1978. Variable temperature cryogenic trap for the separation of gas mixtures. 
Anal Chem 50: 1405- 1406. 

DesMarais, D., and J.M. Hayes, 1976. Tube Cracker for opening glass sealed ampoules under 
vacuum. Anal. Chem. 48(11): 165 1- 1652. 

Epply, R.W., J.L. Coastworth, and L. Solarzano. 1969. Studies of nitrate reductase in marine 
phytoplankton. Limnol. & Ocean. 14: 194-210 

Fontes, J. Ch. 1980, Environmental isotopes in groundwater hydrology In Handbook of 
Environmental Isotopic Geochemistry P. Fritz and J.C. Fontes (eds), Amsterdam, Elsevier, V. 1: 
76- 140. 

Freyer, H.D. and A.I.M. Alp 1974. Nitrogen- 15 variations in fertilizer nitrogen. J. Environ. 
Qual. 3: 405-406. 

Fritz, P. and Fontes, J.C. 1980 Handbook of Environmental Isotopic Geochemistry, New 
York, Elsevier, V. 1: 545 pp. 

Fritz, P. and Fontes, J.C. 1986 Handbook of Environmental Isotopic Geochemistry, New 
York, Elsevier, V. 2: 554 pp. 

Gilliarn, J.W. and R.W. Skaggs. 1986. Controlled agricultural drainage to maintain water quality. 
Joum. of Irrigation and Drain. Engin., ASCE,112(3): 254-263. 

Hayes, J.M. 1983. Practice and principles of isotopic measurements in organic geochemistry. In 
Organic geochemistry of Contemporaneolls and Ancient Sediments, W.G. Meinschein (ed), 
SEPM Great Lakes Section Short Course: 5- 1 to 5-31. 

Heaton, T.H.E. 1986. Isotopic studies of nitrogen pollution in the hydrosphere and atmosphere: 
A Review, Chem. Geology 59: 87-102. 

Heaton, T.H.E., and G.M. Collett 1985. The analysis of ratios in natural samples with 
emphasis on nitrate and ammonium in precipitation. Pretoria: CSIR (Counc. Sci. Ind. Res.), Res. 
Rep. #624 



Herczeg, A. and R.G. Fairbanks, 1987. Anomalous carbon isotopic fractionation between 
atmospheric C02 and dissolved inorganic carbon induced by intense photosynthesis. Geochim. et 
Cosmochim. Acta 5 1 : 895-899. 

Hoefs, J. 1980. Stable Isotope Geochemistry. New York: Springer Verlag 203 pp. 

Hook, D.D. 1984. Waterlogging tolerance of lowland tree species of the South. S.J.A.F. 8: 
136- 149 

Humenik, F.J., B.A. Young, and F.A. Koehler. 1983. Investigation of strategies for reducing 
agricultural non-point sources in the Chowan River Basin. Raleigh: Water Resources Research 
Institute of the University of North Carolina Report #211 

Jacobs, T.C. and J.W. Gilliam. 1983. Nitrate loss from agricultural drainage areas: implications 
for non-point source control. Raleigh: Water Resources Research Institute of the University of 
North Carolina Report #209 

Jacobs, T.C. and J.W. Gilliam, 1985. Headwater stream losses of nitrogen from two coastal 
plain watersheds. J. Environ. Qual. 14: 467-472 

Kaplan, I.R. 1983. Stable isotopes of sulfur, nitrogen, and deuterium in recent Marine 
Environments. In Stable Isotopes in Sedimentary Geology M.A. Arthur (ed), SEPM Short 
Course #lo: 2-1 to 2-108. 

Kreider, C.W. 1975. Determining the source of nitrate in groundwater by nitrogen isotope 
studies. Austin: Univ. of Texas, Bureau Econ. Geol., Rep. Invest.#83 

Kreitler, C.W. 1979. Nitrogen isotope ratio studies of soils and groundwater nitrate from alluvial 
fan aquifer in Texas. J. Hydrology 42: 147- 170. 

Kuenzler, E.J., K. Stone, D. Albert. 1982. Phytoplankton Uptake and sediment release on 
nitrogen and phosphorus in the Chowan River, North Carolina. Raleigh: Water Resources 
Research Institute of the University of North Carolina Report #I86 

Macko, S.A. and M.L.F. Estep, 1984. Microbial alteration of stable nitrogen and carbon isotopic 
composition of organic matter. Org. Geochem. 6: 787-790. 

Mariotti, A. 1983. Atmospheric nitrogen is a reliable standard for natural 1 5 ~  abundance 
measurements. Nature, 303: 685-687. 



Mariotti, A. 1984a Natural 1 5 ~  abundance measurements and atmospheric nitrogen standard 
calibration. Nature 31 1 : 25 1-252. 

Mariotti, A. 1984b. Utilisation des variations naturelles d'abondance isotopique en pour 
tracer l'origine des pollutions des aquiferes par les nitrates. In Isotope hydrology 1983 IAEA, 
Vienna: 605-633. 

Mariotti, A., J. Muller, J. Guillemot, and E. Marne. 1980. Variations de la composition 
isotopique de I'azote mineral de sols carbonatetes suivies en incubation et au champ. Sci. Sol. 2: 
141-159. 

Mariotti, A,, J.C. Germon, P. Hubert, P. Kaiser,R. Letolle, A. Trdieus, P. Tradieus, 1981. 
Experimental determination of nitrogen kinetic fractionation: some principles; illustration for 
denitrifkation and nitrification processes. Plant. Soil 62,227-241. 

Mariotti, A., C. Lancelot, and G. Billen. 1984. Natural isotopic composition of nitrogen as a tracer 
of origin for suspended organic matter in the Scheldt estuary. Geochim. et Cosmochim. Acta 48: 
549-555. 

McCarthy, J.J., and R.W. Eppley, 1972. A comparison of chemical, isotopic, and enzymatic 
methods for measuring nitrogen assimilation of marine phytoplankton. Limnol. & Ocean. 17: 
371-382. 

McCarthy, J.J., W. Taylor, and J.L. Taft. 1977. Nitrogenous nutrition of the plankton in the 
Chesapeake Bay I. Nutrient availability and phytoplankton preference. Limnol. & Ocean. 22: 996- 
101 1. 

Miyake, Y., and E. Wada. 197 1. The isotopic effect on the nitrogen in biochemical, oxidation- 
reduction reactions. Rec. Oceangr. Works Jpn. 1 1: 1-6. 

Nevins, J. L., M. A. Altabet, J. J. McCarthy. 1985. Nitrogen isotope ratio analysis of small 
samples: Sample preparation and calibration. Anal. Chem 57: 2 143-2 145. 

Owens, N.J.P. 1985. Variations in the natural abundance of 1 5 ~  in estuarine suspended 
particulate matter: A specific indicator of biological processing. Estuarine Coastal Shelf Sci. 20: 
505-5 10. 



Paerl, H.W. 1983. Factors regulating nuisance blue-green algal bloom potentials in the lower 
Neuse River, N.C. Raleigh: Water Resources Research Institute of the University of North 
Carolina Report # 1 88 

Paerl, H. W. 1987. Dynamics of Blue-green algal (Microcystis aeruginosa) blooms in the lower 
Neuse River, North Carolina: causative factors and potential controls. Raleigh: Water Resources 
Research Institute of the University of North Carolina Report #229 

Paerl, H.W. 1988. Nuisance phytoplankton blooms in coastal, estuarine, and inland waters. 
Limnol. Ocean. 33: 823-847. 

Paerl, H.W., and N.D. Bowles. 1987. Dilution bioassays: their application to assessments of 
nutrient limitation in hypereutrophic waters. Hydrobiologica 146: 265-273. 

Peters, K.E., R.E. Sweeney, and I.R. KapIanc 1978. Correlation of carbon and nitrogen stable 
isotope ratios and sedimentary organic matter. Lirnnol. and Ocean. 23: 687-692. 

Ross, P.J., and A.E. Martin. 1970. A rapid procedure for preparing gas samples for nitrogen- 15 
determination. Analyst 95: 8 17-822. 

Sigleo, A.C., and S.A. Mackot 1985. Stable isotope and amino acid composition of estuarine 
dissolved colloidal material. In Marine and Estuarine Geochemistry, A.C. S i g h  and A. Hattori 
(eds.), Lewis Press, Chelsea, MI: 19-45. 

Spiker, E.C. 1981. Carbon isotopes as indicators of the source and fate of carbon in rivers and 
estuaries. In F l u  of organic carbon by Rivers to the Oceans. US Dept of Energy, Office of 
Energy Research, Conf. #8OW 140, UC- 1 1,75- 108. 

Spiker, E.C. and L.E. Schemel. 1979. Distribution and stable isotopic composition of carbon in 
San Francsico Bay. In San Francsico Bay: The Urbanized Estuary, T.J. Conomos (ed), AAAS, 
195-212. 

Sweeney, R.E., K.K. Lui, and I.R. Kaplan, 1978. Oceanic nitrogen isotopes and their uses in 
determining the source of sedimentary nitrogen. DSIR Bull. #220: 9-26. 

USGS 1987. North Carolina Groundwater Quality, Open File Report #87-0743. 



Zuber, A. 1986. Mathematical models for the interpretation of environmental radioisotope in 
groundwater systems. In Handbook of Environmentallsotopic Geochemistry P. Fritz and J.C. 
Fontes (eds), Amsterdam, Elsevier V.2: 1-60. 



DATE 
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July 8 
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April 17 
May 6 
May 28 
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