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FORMS OF NITROGEN 
Although nitrogen is the major pollutant of concern for the Tar-Pamlico River Estuary, it is also a nutrient 
that is essential for life.  The majority of nitrogen on the planet exists as N2 gas in the atmosphere.  In 
fact, 78% of the volume of the air we breathe is nitrogen. Nitrogen is not a natural constituent of rocks or 
minerals. 
 

N    N 
 

The N2 molecule has a triple bond, which is the most stable bond known to science.  
Plants obtain all of the oxygen and carbon they need from the air.  However, it is very 
difficult for a plant to obtain nitrogen from the atmosphere because N2 gas is so non-
reactive.   

 
Very special circumstances are required to break the triple bond in N2 gas and to convert the nitrogen into 
forms that most plants can use, as described in the next section.  The majority of plants obtain nitrogen 
from the soil as either nitrate (NO3) or ammonium (NH4).  

 
Once in the plant, ammonium can be used directly but nitrate is transformed to the ammonium form using 
energy derived from photosynthesis.  The plant uses nitrogen to form proteins that act primarily to control 
plant growth processes.  A good supply of nitrogen is associated with vigorous growth and a deep green 
color.  Plants deficient in nitrogen become stunted and yellow in appearance. 
 
Nitrogen in plant-available forms is generally scarce under natural conditions.  In other words, under 
natural conditions, nitrogen is a limiting growth factor.  Only recently have humans upset the balance by 
the addition of nitrogen fertilizers and NOX emissions and by artificially concentrating nitrogen sources 
such as human and livestock wastes.   
 
Nitrogen is classified as either inorganic or organic nitrogen.  At any given time, most of the nitrogen in 
the soil is in the organic form.  Inorganic nitrogen compounds are unstable and nitrogen is constantly 
returning to the atmosphere in gaseous forms. 

 
INORGANIC FORMS OF NITROGEN 

N2: Inert nitrogen gas found in the atmosphere 
NO2: Nitrous oxides, is found in the atmosphere and is a component of   

automobile exhaust and industrial processes 
NH3: Ammonia is a volatile gas and often is lost from soil applied ammonium   

fertilizer and animal manure into the atmosphere 
NH4+: Ammonium, is a positively charge cation found in the soil 
NO2-: Nitrite, is a negatively charge anion found in the soil 
NO3-: Nitrate, is a negatively charge anion found in the soil and at times in the  atmosphere 
 
 

ORGANIC FORMS OF NITROGEN 
Organic sources of nitrogen include proteins and other complex compounds found in living, dead, 
or decomposing plants and animals. 

 
 
 

THE NITROGEN CYCLE 
The conversion of N2 to N compounds and from nitrogen compounds back to N2 is the nitrogen cycle.  It 
has been estimated that it takes from 44 to 220 million years for all nitrogen to pass through the cycle.  In 
1982, it was estimated that human activities have caused an imbalance in the nitrogen cycle that causes 
an accumulation of nine million metric tons per year.  This accumulated nitrogen can cause pollution 
problems. 
 
Figure C1 shows a simplified nitrogen cycle in an undisturbed, forested area.  In an urban area, human 
activities add sources of nitrogen other than the ones shown here.   
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LOSSES OF NITROGEN 
Nitrogen can be easily lost into the environment by various pathways.  Those pathways include 
volatilization, leaching and runoff, and crop removal. 
 
Volatilization, or the gaseous loss of ammonia, may occur under certain conditions with ammonia 
fertilizers.  In situations where the soil is pH alkaline, or where limestone has recently been applied on 
acid soils, applications of ammonium fertilizer may result in the transformation of ammonium (NH4) to 
ammonia (NH3) which may be lost to the atmosphere.  Urea fertilizers are particularly likely to volatilize.  
This situation can be avoided by incorporating these fertilizers into the soil in the case of soils with 
alkaline pH or waiting at least one month after limestone applications to surface apply ammonium 
fertilizers. 
 
Leaching and Runoff are other important sources of nitrogen loss.  Leaching occurs when inorganic 
forms of nitrogen, particularly nitrite (NO2) and nitrate (NO3) are solubilized and carried with water 
through the soil profile or with surface waters.  Factors that contribute to nitrite and nitrate leaching or 
runoff include the following: 

 Heavy, one-time applications of N fertilizers on sandy textured soils. 

 Over applications of manure or sludge to land. 

 Improperly timed applications of N fertilizer. 

 Poorly designed or nonexistent soil conservation measures. 

 Periods of exceptionally heavy rain. 
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Figure C1.  Simplified Nitrogen Cycle 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Harvest and Mowing are very important ways that nitrogen is lost.  If crops are harvested and removed, 
there is a net loss to the farm’s balance sheet for nitrogen.  However, if crop residues or lawn clippings 
are saved and returned to the soil, some of the nitrogen will be recycled.   
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SOURCES OF NITROGEN IN DEVELOPED AREAS  

Water quality data from large municipalities in North Carolina clearly show that nitrogen loading is a 
problem in streams with entirely urban watersheds.  Therefore, it is necessary and equitable for urban 
areas to address their nonpoint sources of nitrogen.  An additional benefit of implementing practices to 
control nitrogen is that these practices are effective for a wide range of other pollutants, such as 
sediment, heavy metals, oil and grease, and bacteria. 
 
Based on the present research, it appears that there are four major sources of nitrogen contributed by 
urban areas.  These sources are: 

 Atmospheric deposition 

 Fertilizer  

 Human waste 

 Animal waste 
 

ATMOSPHERIC DEPOSITION  
Scientific evidence shows that atmospheric deposition is a significant source of nitrogen loading in urban 
areas.  In fact, researchers in the Metropolitan Washington area believe that have shown that washoff of 
nitrate deposited on impervious surfaces from the atmosphere account for the majority of nitrogen in 
urban streams (MWCOG 1983). 
 
Although atmospheric deposition occurs on all types of land areas, nitrogen deposited on urban areas is 
more likely to enter surface waters than nitrogen deposited on forests and farms.  Urban areas contain 
impervious surfaces such as roofs, driveways and roads that quickly channel runoff and associated 
pollutants directly to surface waters with no opportunity for interception or uptake.  Impervious surfaces 
that are drained by storm sewer systems generally have pollutants carried directly into surface waters.  
Urban roads also have a greater number of local emissions sources, resulting in greater deposition on 
them than on the landscape as a whole.  Figure D1 illustrates nitrogen pathways for impervious areas 
drained by curb and gutter. 
 
Another reason why atmospheric deposition is a more significant source of nitrogen in urban areas is that 
urban soils are often heavily compacted and thus can function almost as an impervious surface 
themselves.   Information on how to maintain urban soils and lawns is offered in the next section. 
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    Figure D1.  Nitrogen Pathways for Impervious Areas Drained by Curb and Gutter 

 
 
Impervious areas associated with transportation, such as driveways, roads, and parking lots are usually 
greater sources of nitrogen than rooftops.  Rooftop runoff, particularly in residential areas, is usually 
spread out over pervious yards that are not directly connected to the storm drain system.  During smaller 
storms, rooftop runoff can infiltrate into the soil, and less runoff and pollutants are delivered to the stream.   
 
Scientists from the Center for Watershed Protection estimate that the annual TN load from a parking lot is 
15.4 lb/ac/yr (Schueler 1995).  It is likely that roads with curb and gutter have similar export coefficients.  
According to recent DWQ estimates, the overall annual TN load from urban areas is 6.7 lb/ac/yr (1996).  
DWQ’s estimated annual TN load includes not only contributions from parking lots and roads, but also 
nitrogen from construction areas, onsite wastewater treatment, and solid waste disposal (DWQ 1996).  
The large difference between the estimated loads suggests that transportation-related imperviousness is 
a significant source of nitrogen. 
 
There is also evidence that nitrogen loads increase as average daily traffic volume increases.  Runoff 
monitoring by the Federal Highway Administration (1990) indicates that highways with average daily 
traffic volume below 30,000 were found to have a 40% lower concentration of nitrate-N than highways 
with average daily traffic volume exceeding 30,000. 
 
In summary, the available data indicate that:   

 The transport of atmospheric nitrogen from land to surface waters is a major contributor of nitrogen to 
urban streams, and 

 Reducing transport-related imperviousness in urban areas is likely to play a important role in reducing 
the deposited nitrogen that moves from urban land to surface waters.   

 Minimizing the use of curb and gutter with storm sewer will also reduce the deposited nitrogen that 
moves from urban land to surface waters, and 

 Reducing vehicle use in urban areas will reduce the amount of deposited nitrate nitrogen that could 
possibly be transported to surface waters. 
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In addition to reducing the amount of nitrogen moving into surface waters, reducing transportation-related 
imperviousness, minimizing curb and gutter, and reducing vehicle use all save money.  For example, the 
cost of providing residential infrastructure such as roads, sidewalks, driveways, and parking spaces, 
generally constitutes about half of the cost of residential subdivision (Schueler 1995).   
 
Reducing road widths, parking lot sizes, and the use of curb and gutter are important steps to reduce the 
contribution of nitrogen from atmospheric deposition.  In addition, these measures will reduce loadings of 
many other pollutants, including phosphorous, bacteria, oxygen-demanding substances, and heavy 
metals.  The next chapter on new approaches for planning development describes steps that can be 
taken on a larger scale to reduce overall impervious area. 
  
 

FERTILIZERS 
Well-managed lawns and landscaped areas help protect water quality in urban areas by reducing soil 
erosion, moderating air temperatures, and filtering pollutants.  However, the fertilizers used to maintain 
these natural areas can pollute urban waters.  An important component of improving fertilizer and 
pesticide use in urban areas is public awareness and education. 
 
Studies suggest that a large number of lawn acres are regularly fertilized without determining the need for 
nutrient addition.  A study found that 79% of Virginia homeowners use fertilizers, but less than 20% of 
them had their soil tested (Aveni 1994).  This study found that product labels are the number one 
information source for homeowners, while the Cooperative Extension Service ranked last.  While all 
labels indicate how many square feet the label should cover, each takes a different approach on how 
often the product should be applied.  Most label instructions do not mention soil testing. 
 
The nitrogen cycle of fertilizer used on urban lawns is diagrammed in Figure D2. 
 
     Figure D2.  N Cycle of Fertilizer Use on Urban Lawns 

 
 
Considering privately and publicly managed lawns, Schueler estimates that about a third of all vegetated 
areas in the urban landscape can be classified as “high input,” meaning that they receive high rates of 
irrigation and fertilizer application (1995). 
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Based on studies by the Center for Watershed Protection (Barth 1995): 

 homeowners fertilizing their own lawns apply 44-261 pounds/acre/year of nitrogen  

 home lawn companies apply 194-258 pounds/acre/year of nitrogen. 

 
Although many homeowners are applying fertilizers with incomplete information, lawn care companies 
appear to be applying an equal or greater amount of fertilizer.  Lawn care companies usually offer service 
plans that consist of five or more visits per year.  Unless a customer specifically requests a soil test or a 
special application rate, most lawn companies give every lawn serviced the same rate of fertilization 
(Morton 1988). 
 
The travel distance between lawns and impervious areas can be short.  Lawns with compacted soil, bare 
spots, steep slopes, and channelized areas have increased flow of fertilizer off the lawn.  Leaching can 
also be a significant source of nitrogen in areas with sandy soils where lawns are overwatered and 
overfertilized (Cohen et al. 1990).  In areas where soils are highly compacted, fertilizer can run off lawns 
easily.  Also, lawns in urban areas are frequently interlaced with driveways, roads, and parking lots, which 
increase the chance for fertilizer to enter into storm sewers. 
 
A review of three nitrate-leaching studies by turfgrass researchers generally shows that grass, when 
managed properly, can retain nitrogen fertilizer at the soil surface or within the root zone and thus prevent 
soluble nitrates from percolating downward into the environment.  All soils were sandy or silty loam.  The 
results of the study are given in Table C1.  This research strongly suggests that efforts to educate 
homeowners about lawn care should stress the critical connection between fertilization and overwatering.  
The concept that careless watering can flush nitrogen throughout the soil and away from the grass should 
be strongly emphasized on both economic and environmental grounds. 
 
Another important factor that affects fertilizer use is soils.  Development usually involves grading the 
entire site, removing topsoil, erosion during construction, compaction by heavy equipment, and filling of 
depressions. Thus, urban soils tend to be highly compacted, poor in structure, and low in permeability.  
As a result, urban areas often produce more runoff than before they were disturbed and thus have more 
potential to lose fertilizer.  A good lawn care program should also address soil building. 
 
Some management strategies that would contribute to a reduction in urban nitrogen from fertilizer use 
are: 
 

 Use fertilizers that are composed of slow-release sources of nitrogen.  Products containing slow-
release sources of nitrogen are usually called one or more of the following terms:  water-insoluble, 
slow-release, controlled-release, or slowly-available water soluble.  

 

 Lightly water after fertilizer application to allow penetration and reduce the potential for runoff.   
 

 Use drop (gravity) type spreaders rather than centrifugal (rotary) type spreaders so that fertilizer will 
not be deposited on impervious surfaces. 

 

 Aerate lawns to reduce surface runoff.  Also, aeration results in a healthier lawn that does not require 
as many nutrient inputs.  Aerating the soil can reduce the potential for nitrogen export when the soil is 
compacted or the lawn is on a slope or in a natural drainage area. 

 

 Select the appropriate grass species to reduce the need to add nitrogen to the lawn. 
 

 Water lawns only when they need it.  When lawns are very thirsty, grass will lie flat and leave 
footprints when walked on, shrubs will droop or drop leaves and look wilted.  Watering less often 
actually promotes deeper, more tolerant root systems (Alliance for the Chesapeake Bay 1994). 
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 Do not fill fertilizer applicators over a hard surface.  Make sure that the spreader is off when passing 
over driveway, sidewalk, patio, etc.  Clean up any spills immediately. 

 

 Expansive lawn areas can be replace with equally attractive, efficient landscape alternatives, such as 
appropriate shrubs or ground covers that require less maintenance (Alliance for the Chesapeake Bay 
1994). 

 

 Involve the public and golf community in decisions that affect water quality.  Perhaps they would be 
willing to accept a few brown patches in exchange for knowing that the course is not harming water 
quality. 

 
 
Table C1. Nitrate Levels in Soil Water Depending on Turf Management Strategies  
  (from Schueler 1994) 

Grass type Irrigation Management 
N applied 
(lbs/ac/yr) 

N conc. 
(mg/l) Researcher 

Tall Fescue/ 
Bluegrass 

not watered Clippings removed none 0.33 Gross et al. 1990 
Maryland 

Bluegrass overwatered Clippings left none 0.36 Morton et al. 1988 
Rhode Island 

Bluegrass slightly watered Clippings left none 0.51 Morton et al. 1988 
Rhode Island 

Tall Fescue/ 
Bluegrass 

not watered Granular fert. 
Clippings removed 

196 0.85 Gross et al. 1990 
Maryland 

Bluegrass slightly watered Clippings left 86 0.87 Morton et al. 1988 
Rhode Island 

Tall Fescue/ 
Bluegrass 

not watered Liquid fert. 
Clippings removed 

196 1.02 Gross et al. 1990 
Maryland 

Kentucky 
bluegrass 

watered Seeded 
clippings left 

194 1.09 Geron et al. 1993 
Ohio 

Bluegrass slightly watered Clippings left 217 1.24 Morton et al. 1988 
Rhode Island 

Bluegrass overwatered Clippings left 86 1.77 Morton et al. 1988 
Rhode Island 

Kentucky 
bluegrass 

watered slow release 
clippings left 

194 1.84 Geron et al. 1993 
Ohio 

Kentucky 
bluegrass 

watered early season fert. 
Clippings left 

194 2.27 Geron et al. 1993 
Ohio 

Kentucky 
bluegrass 

watered late season fert. 
Clippings left 

194 2.30 Geron et al. 1993 
Ohio 

Kentucky 
bluegrass 

watered fast release 
clippings left 

194 2.74 Geron et al. 1993 
Ohio 

Kentucky 
bluegrass 

watered Sodded 
clippings left 

194  3.50 Geron et al. 1993 
Ohio 

Bluegrass overwatered Clippings left 217 4.02 Morton et al. 1988 
Rhode Island 

 

 
HUMAN WASTE 

Conventional septic systems are comprised of a septic tank, a distribution system, and a soil absorption 
system.  In the septic tank, anaerobic bacteria digest organic matter, solids settle to the bottom, and low-
density compounds such as oil and grease float to the water surface.  Partially-treated wastewater then 
leaves the septic tank and enters the distribution box, where it is discharged into the soil absorption 
systems, also know as the drainage field.   
 
In the drainage field, effluent percolates through the soil and remaining pollutants -- nutrients, suspended 
solids, bacteria, viruses, and organic/inorganic compounds -- are removed by filtration, adsorption, and 
microbial degradation (AGWT 990).  The absorption system consists of a network of perforated pipes 
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located in shallow trenches covered with backfill.  Gravel usually surrounds the piped to encourage even 
distribution of the effluent into soil.   
 
Even properly functioning septic systems can deliver significant pollutant loads to groundwater.  The most 
common shortcoming of conventional septic systems is their inability to remove much nitrogen.  It is not 
uncommon for the effluent leaving a typical system to have a total nitrogen concentration of 40 to 60 mg/l, 
primarily in the form of ammonia and organic nitrogen (CBO 1992).  Once in the drainage field, organic 
nitrogen forms are easily converted into nitrates, which are quite soluble and easily mobilized, thus 
increasing the potential for ground and surface water contamination. 
 
Some problems with septic system performance are related to what goes into them.  Household 
chemicals entering a septic tank can kill organic-consuming bacteria or cause sludge and scum to be 
flushed out into the drainfield.  Such chemicals can include various readily available septic system 
additives, which ironically are advertised as having the ability to improve system performance.  Not only 
are some household chemicals detrimental to the septic system itself, but they often reach ground or 
surface waters where they cause toxicity problems.   
 
Normal amounts of detergents, bleaches, drain cleansers, and toilet bowl deodorizers, however, can be 
used without causing harm to bacterial action in the septic tank (AGWT 1990).  Properly operating septic 
systems must be located in a way to ensure both lateral distance between surface waters and vertical 
separation to groundwater.  Also, drainfield areas must become larger when soils are not permeable or 
slopes are steep.  Larger volumes of wastewater require larger drainfields.   
 
Unfortunately, many conventional septic systems have been constructed in areas poorly suited for their 
proper operation.  Many were installed before the need for separation distance was understood or 
because no other wastewater treatment option was available.   
Septic systems are suspected of contributing nutrients through subsurface flow.  Malfunctioning systems 
may increase the nutrient loading beyond the assimilative capacity of the site soils and vegetation.  This 
may result in excess nutrients being conveyed to surface waters via groundwater and subsurface flow of 
infiltrated stormwater.   
 
While alternative systems have some benefits over conventional septic systems, it is important to 
recognize that no system can simply be installed and forgotten.  Regular inspection and maintenance is a 
necessity.  For example, septic tanks should be periodically pumped out, since solids and sludge tend to 
accumulate over time.  North Carolina does not require regular pumpouts of conventional septic systems. 
 
Alternative on-site wastewater treatment designs are attractive because of their decreased reliance on 
site conditions and their ability to remove pollutants that cannot be removed by conventional systems.  
Two options that are particularly promising for nitrogen removal are recirculating sand filters and 
constructed wetlands. 
 
 
Table C2.  Pollutant loadings from Septic Systems (Schueler, 1995)  

On-site wastewater 
treatment system 

TN       (%) TSS      
(%) 

BOD     
(%) 

Pathogens 
(Logs) 

Capital   
($/house) 

Maint.  
($/house/yr) 

Conventional septic 
system 

28 72 45 3.5 $4,500 $70 

Recirculating sand 
filter 

64 90 92 2.9 $3,900 $145 

Constructed 
wetlands 90 80 81 4.0 $710 $25 
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To reduce the contribution of nitrogen from septic systems, the following measures are recommended: 
 

 Homeowners should not use garbage disposals or pour grease down the drain. 

 

 Septic systems should be inspected at least once every two years and pumped as needed (time 
interval varies with size, use, and operation). 

 

 DWQ, DEH, and local health departments should increase educational efforts for homeowners to 
properly operate and maintain septic systems and other on-site wastewater treatment systems. 

 DWQ, DEH, and local health departments should encourage installation of innovative on-site 
wastewater treatment systems where they are appropriate and where there is a commitment to 
ongoing care and maintenance. 

 

 DWQ, DEH, local health departments, and community groups should increase surveillance of their 
local streams to help to identify areas where on-site wastewater treatment systems are failing. 

 
Another source of nitrogen from human waste is overflowing sanitary sewers.  Often, maintaining 
infrastructure such as sanitary sewers does not receive a high priority for funding.  Sometimes flow data 
at wastewater treatment plants indicates that there is a problem with leaking sewer lines, however it is 
extremely difficult to pinpoint the sources of the problem.  It is recommended that this issue be addressed 
in this model program by educating citizens about how to detect and report an overflowing sanitary sewer 
line 
 

ANIMAL WASTE 
Like human wastes, pet wastes also present a concentrated source of nutrients, bacteria, and oxygen-
demanding substances.  If these wastes are not disposed of properly, they often enter storm sewers 
without any treatment.  In fact, some pet owners actually deposit their pet’s waste into storm drains.  
Figure D3 shows the nitrogen cycle of pet wastes in urban areas. 

   Figure D3.  N Cycle of Pet Waste in Urban Areas 
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To reduce the contribution of nitrogen from pet wastes, the following measures are recommended: 
 

 Pet owners should use proper disposal methods such as putting waste in the trash (some landfills 
prohibit animal wastes) or burying waste in the yard or using a pre-fabricated pet waste disposal unit 
(this may relocate the contribution from surface to subsurface nutrient loading). 

 

 The public should be educated about proper methods of disposing of pet wastes. 

 

 Storm drain stenciling can remind citizens that storm drains go directly to streams. 

 

 Local ordinances should require proper pet waste disposal. 
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