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This document was created to provide local governments and citizens with information about 
nonpoint source (NPS) pollution (polluted runoff) and ways to reduce or prevent it.  The 
document assists in increasing the understanding of NPS pollution, identifying land use planning 
techniques that can be used to address NPS pollution, and providing additional sources of 
information and funding. 

This document was produced with funds provided by the National Oceanic and Atmospheric 
Administration through the North Carolina Department of Environment and Natural Resources, 
Division of Coastal Management and Division of Water Quality, jointly administered Coastal 
Nonpoint Source Program (Award #NA070Z0171). 

400 copies of this document were produced at a cost of $1,208.36 $3.02 per document. 
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Hydrology and Polluted Runoff 
A key to addressing nonpoint source pollution (polluted runoff) 
and identifying practices to prevent or control it, is having a 
basic understanding of hydrology.  Therefore, before this 
document discusses polluted runoff in detail, some simple 
concepts of hydrology will be presented. 

Hydrology is simply the study of water and its movement ­
which broadly is composed of the cyclical transfer of water 
from rainfall to earth, to storage and runoff, and the return back 
to the atmosphere (see Figure 1 for more detail).  With respect 
to polluted runoff, the most important component of the 
hydrologic cycle, is the way water interacts with 
the earth’s surface after it falls. 

When raindrops fall to the earth’s surface they 
will either infiltrate the soil and slowly move 
through the ground, or they will quickly run over 
the earth’s surface into the nearest body of 
water.  The ability of water to infiltrate the soil 
depends on many factors, but the most important 
ones include the characteristics of the storm, 
properties of the soil, the type and amount of 
vegetation in the area, and the type of land use. 
These factors also play large roles in the quality 
of any runoff that may occur from the area. 

If rainfall is able to pass through the soil surface, 
it will be stored as groundwater, a portion of 
which will eventually flow to a body of water 
(see Figure 1).  It is this steady supply of 
groundwater that allows some streams and rivers 
to flow continuously throughout the year 
(perennial streams) and provides what is often 
referred to as the stream’s base-flow. 

If rainfall cannot infiltrate the soil, it moves 
downslope as runoff.  In an undisturbed area, this 
runoff flows in a sinuous and meandering pattern 
to the nearest waterbody such as a creek, river, or 
and estuary.  The degree to which the flowing 
water winds varies with the landscape because it 
is a result of water flowing downslope in a path that has the 
least amount of resistance.  Flowing waters are also contained 

Figure 1: The Hydrologic Cycle 

(FISRWG). 

The transfer of water from precipitation to surface water and 
groundwater, to storage and runoff, and eventually back to the 
atmosphere is an ongoing cycle. 

Source: Stream Corridor Restoration: Principles, Processes, and Practices 
(10/98).  Interagency Stream Restoration Working Group (15 federal agencies) 
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Figure 2: Stream Order 
Schematic showing stream orders and location of 
riparian zone and floodplain. 

Impacts of Urbanization 

• Increased flow rates 

• Habitat loss 

• Stream bank erosion 

• Channel widening 

• Streambed alteration 

within a defined stream channel that in general carries the 
volume of runoff that occurs naturally in the area.  When runoff 
increases, such as during heavy rainfall, stream flows can get 
large enough to cause water to move out of the channel and 
onto the floodplain. These overbank flows allow the stream to 
deposit sediment and other items it is carrying onto the adjacent 
land. 

Rainfall in eastern North Carolina typically ranges from 44 to 
60 inches per year, while evapotranspiration (the combined loss 
of water that evaporates from the soil and is transpired through 
plants) ranges from 32 to 40 inches per year. Only a small 
portion of the rainfall, typically 1 to 2 inches per year, 
eventually percolates through the soil to recharge groundwater 
aquifers. The remaining 11 to 19 inches of rainfall 
(approximately 25%) eventually returns to the ocean through 
surface or shallow groundwater flow. 

Development Impacts to Stream Hydrology 
It is easy to see then that human-induced disturbances can 
impact stream and watershed hydrology.  If the ability of 
rainfall to infiltrate the soil is altered, runoff rates are impacted. 
In urban and suburban areas, impervious surfaces like 
pavement, rooftops, and compacted soil, are prevalent and 
impact the ability of rainfall to infiltrate.  As a result, runoff can 
occur even during the lightest rainfall events.  During larger 
storms, runoff rates can be substantial, and the velocity and 
volume of runoff can cause streambanks erosion.  Intensely 
developed areas can have enough impervious surfaces to 
increase the annual stormwater runoff by 2 to 16 times over the 
pre-development runoff rate. As Figure 4 demonstrates, 
impervious cover also results in stormwater rapidly moving into 
streams, increasing peak flow or the maximum stream flow 
during storm events, when compared to pre-development levels. 
Of course, it is important to note that the location of impervious 
cover in the landscape is an important factor in the resulting 
hydrologic impacts. 

Increases in impervious surface may also impact recharge of 
groundwater, resulting in reduced base-flow levels in streams. 
In the coastal region, when aquifers are not replenished, 
saltwater can also intrude into an aquifer. 
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Figure 3: Relationship between impervious cover and surface runoff.  Impervious cover in a watershed results in increased surface 
runoff.  As little as 10 percent impervious cover in a watershed can result in stream degradation.  In Stream Corridor Restoration: 
Principles, Processes, and Practices (10/98). 
By Federal Interagency Stream Restoration Working Group (15 Federal agencies) (FISRWG). 
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able 1: Relationship between Lan
Cover and Imperviousness 

Land Cover Imperviousness 

Roads and Streets 87% 

Industrial 87% 

Commercial 82% 

Institutional/Office 72% 
High Density Residential 
(8+du/ac) 72% 
Medium Density Residential 
(3-8 du 44% 
Low Density Residential 
(1-3 du
min. lot of 12,000 sq. ft.) 21% 
Very Low Density Residential 
(<1 unit/acre) 6% 
Parks, Open Space, 
Golf Course 
Forest 

Wetland 

Agriculture –  Cultivated 1% 

Agriculture –  Non Cultivated 1% 

Source: Adapted from a table prepared by 
CH2MHILL and provided to the Town of Cary 
Planning Commission as background for the Cary 
Northwest Plan Water Quality Assessment 

igure 4: Pre and Post Developme

This hydrograph demonstrates the impact of impervious cover 
on stream flow rate. 

Source: Schueler, Thomas. 1987. Controlling Urban Runoff: 
A Practical Manual for Planning and Designing Urban BMPs. 
Metropolitan Washington Council of Governments, 
Washington, DC.  Found in Urbanization and Streams: 
Studies of Hydrologic Impacts. EPA # 841-R-97-009, 
December 1997 

Table 1 shows the level of imperviousness associated with 
various land uses and land covers.  This table was adapted from 
a table prepared by the consulting firm CH2MHILL for the 
Town of Cary Planning Commission which includes 
background from the Cary Northwest Plan Water Quality 
Assessment Project. Data is based on CH2MHILL’s 
assessment of impervious cover for these land uses/covers in 
Cary. While imperviousness and its impacts will depend on a 
variety of factors, this table provides a general overview. 
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A stream’s hydrology can also be directly impacted through 
engineering activities like channel enlargement, straightening, 
or increasing stream bank slopes. Drainage activities in the 
coastal plain occurred as early as the 1700s and today most 
streams in eastern North Carolina are channelized, particularly 
in the middle and lower coastal plain and tidewater regions. 
Along the coast, the creation of ditches to improve drainage and 
lower the groundwater table has impacted hydrology by 
contributing to the loss of wetland’s ability to provide functions 
such as water storage and trapping sediments.  And while 
channelization may reduce upstream flooding, it also provides 
less opportunity for potential pollutants to be filtered from the 
land on which it would overflow, and increases the volume of 
freshwater runoff to coastal areas. 

Agricultural, Forestry, and Livestock Management Impacts to 
Hydrology 
Agricultural practices may also cause unfavorable impacts to 
hydrology.  Vegetation clearing along stream banks, often 
undertaken to acquire more land for farming, can result in 
stream bank erosion, unstable stream channels.  Tillage and soil 
exposure and compaction can affect hydrology by increasing 
the runoff rate, and decreasing the holding capacity of the soil. 
Tillage can result in the development of a hard pan, which is a 
dense layer of soil that decreases water infiltration.  Irrigation 
and drainage also have direct affects. 

Forestry can affect stream hydrology through the development 
of roads, skid-trails, and site preparation.  Log skidding and 
forest roads can result in topsoil removal and soil compaction, 
leading to increased runoff, which can result in stream widening 
and stream bank erosion. 

Livestock grazing systems located near stream corridors can 
also lead to a loss of vegetative cover (due to trampling), and 
increase soil compaction.  In turn, the adjacent stream’s water 
temperature can rise, runoff volume can increase, and erosion 
can be accelerated. 

Impacts of Channelization 
• Less habitat for fish and other wildlife; 
• Increased erosion and deposition of 

sediment downstream; 
• A lower groundwater table; 
• Less cool groundwater, which is 

beneficial for fish; 
• Compacted soil that further reduces the 

capacity of the soil to infiltrate and store 
water; and 

• Rising of the streambed due to sediment 
deposition or lowering of the streambed 
due to erosion, depending on location. 

Impacts of Stream Modification 
for Agricultural Purposes 
• Impaired floodplain surface and 

subsurface flow 
• Increased water temperature, turbidity, 

and pH 
• Unnaturally deepened channels 
• Lower groundwater levels 
• Sstream bank failure 
• Loss of habitat for aquatic species 
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Polluted Runoff and Purification. 
In an undisturbed area, runoff may pick up sediment and 
organic materials such as fallen leaves and animal waste.  In 
other areas, runoff will carry with sediments, chemicals, and 
pollutants that may be associated with a particular land use. 
This “polluted runoff” may, to some degree, be purified by 
physical, biological, and chemical processes that occur 
naturally. 

Soil can physically trap suspended particles as water flows 
through it and organisms in the soil can break down 
biodegradable pollutants. Some chemicals also bind to soil and 
become trapped in the soil profile.  The soils ability to purify 
water however depends on several factors, including: ability of 
water to penetrate the soil, soil characteristics, depth from the 
soil surface to water table, and type and variety of organisms in 
the soil. 

Plants serve an important role in water purification by slowing 
runoff to allow large particles to settle out.  Plant roots take up 
nutrients, increase the absorption capacity of the soil, and bind 
the soil to prevent erosion. The effectiveness of vegetation to 
impact runoff depends on several factors, including: density of 
vegetation, type of vegetation, and slope and width of the 
vegetated area.  Wooded areas in upland areas are particular 
useful in providing these services. 

Wooded swamps also play an important role in water quality 
and water quantity by providing storage and filtration.  They 
serve important roles in reducing downstream flooding and can 
protect nursery areas from freshwater runoff surges.  Their 
effectiveness in providing these services depends on the amount 
of time the water spends moving through the swamp, the 
amount of vegetation, and the ability of water to enter the 
swamp. 

Tidal wetlands are another key player in “natural” water 
purification - because of their capacity to filter pollutants.  Their 
effectiveness depends on the ability of the upland runoff to flow 
evenly through the wetland, the wetland’s size and type, and the 
incoming pollutant loads. 
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Nonpoint source pollution (NPS) or polluted runoff, differs 
from point source pollution, such as industrial and sewage 
treatment plants, in that it does not result from one specific 
traceable source (for example, piped discharge from an 
industrial or wastewater treatment plant would be considered 
point source pollution). NPS pollution includes nutrients, 
sediment, bacteria, freshwater, and toxic substances (such as, 
heavy metals, petroleum products, and pesticides).  Hydrologic 
modification is also considered a form of NPS because it 
adversely affects the biological and physical integrity of surface 
waters. 

It is estimated that 90% of the various types of pollutants that 
accumulate on the land during dry weather (in particular 
impervious surfaces) are carried away during the first one inch 
of runoff. This “cleaning” is often referred to as the “first 
flush,” and controlling or treating this first flush is very 
important to stormwater management and water quality 
protection. 

Coastal Water Pollutants 

There are a number of pollutants associated with runoff – one of 
which, freshwater itself, is unique to the coast.  Below, the most 
prevalent types of pollutants are identified, along with how they 
may impact coastal resources.  The sources of these pollutants 
will be discussed in-depth in the next section.  Table 2 
demonstrates the major sources of pollutants found in 
agriculture/foresty and urban runoff. 

Nutrients 
Nutrients from detergent, fertilizer, and human and animal 
waste can enter coastal water systems and disturb the natural 
system. Nitrogen and phosphorus are common nutrients that 
affect coastal waters.  Nutrients can cause excessive aquatic 
plant growth, leading to the suffocation of fish and other aquatic 
organisms. 

Fresh Water 
It may appear odd to list fresh water as a pollutant, but it can 
have a negative impact in coastal areas.  Impervious surfaces 
and cleared land can deliver large volumes of fresh water into 

Nonpoint Source Pollution Prevention and Control 

Nonpoint source pollution 

refers to pollution that comes 

from many diffuse sources. 

NPS pollution is caused by 

rainfall or snowfall melting and 

picking up natural and manmade 

pollutants as it moves over 

ground, eventually depositing 

these pollutants in water bodies. 
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X X 
X 
X 

X X 

X X 
X X 
X X 

Table 2: Sources of Pollutants 

Pollutant Agriculture/ 
Forestry 

Urban 

Nutrients
Fresh Water 
Temperature 
Bacteria/Other 
Microbes
Sediment
Toxic Substances
Saltwater Intrusion

Source: Adapted from Phillips, N.  1992. 
Decisionmaker’s Stormwater Handbook. 
A Primer. 

coastal estuaries, altering delicate salinity patterns necessary to 
sustain the unique aquatic life found in the estuarine system. 

Temperature 
Substantial increases in normal water temperatures can alter the 
reproduction of fish and decrease the level of dissolved oxygen 
in the water. The destruction of riparian areas and ground cover 
around water bodies can increase water temperature along 
shorelines and smaller creeks by allowing more sunlight to 
reach the surface.  In addition, stormwater runoff is heated as it 
flows across heated surfaces before it reaching the water body. 

Bacteria and Other Microbes 
Disease-carrying bacteria and viruses entering coastal waters 
can threaten human health and the coastal economy by 
contaminating seafood, drinking water, and swimming areas. 
Bacteria from leaking/failing septic tanks and package treatment 
plants, and stormwater runoff carrying animal waste can lead to 
shellfishing and swimming areas being closed.  Discharge of 
waste from boats can also be a contributor of bacteria and other 
microbes. 

Sediment 
Sediment washing into coastal water systems can cover 
shellfish habitats and change the composition of estuarine 
bottoms. Sedimentation can occur because of erosion and land-
clearing activities. 

Toxic Substances 
Toxic substances such as metals, petroleum hydrocarbons, 
pesticides, and other inorganic chemicals can enter both 
estuarine and groundwater.  Metals that are often found in 
stormwater runoff can have toxic effects on aquatic life.  The 
chemicals are often found in old paint, lawn chemicals, and 
tires.  They can become attached to sediment and are carried 
into water bodies. Oil, gasoline, and other petroleum 
hydrocarbons can enter the water through automobile and boat 
exhaust, accidental spills, illegal dumping, and stormwater 
runoff. Chemicals such as pesticides can also enter the water by 
running off of lawns and farms during storm events. Chlorine is 
one of the inorganic chemicals that poses a problem for coastal 
areas, and is commonly used at water treatment plants and 
swimming pools and to treat groundwater. 
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Saltwater Intrusion 
Just as excessive freshwater can affect estuarine systems, 
saltwater can intrude into groundwater aquifers, contaminating 
drinking water and water used for irrigation.  One step to 
prevent this from occurring is to limit or effectively manage the 
amount of groundwater withdrawn from aquifers.  This prevents 
them from being overused and allowing saltwater intrusion. 

Categories of Nonpoint Source Pollution 
The NPS pollutants listed in the previous section come from a 
variety of sources including the following categories of 
activities: urbanization, agriculture, forestry, and marinas and 
recreational boating.  These categories and their associated 
pollutants are identified below. 

Urbanization 
Urbanization includes the conversion of pervious cover, 
including vegetated and open forested areas, to land uses that 
usually have increased area of impervious surface, resulting in 
increased runoff volumes and pollutant loading.  Sediments, 
nutrients, oxygen-demanding substances, pathogens, road salts, 
petroleum products, and heavy metals are all NPS pollutants 
found in urban runoff.  These are detrimental to shellfishing, 
fishing and recreational water activities. In addition, as urban 
development occurs, roads, sewers, dams and pipelines can 
cross stream channels and result in partial or total barriers to 
upstream fish migration. 

Impervious surfaces can concentrate pollutants during dry 
periods and rapidly transport these pollutants to water bodies in 
the form of stormwater runoff during rain.  Urbanization and 
impervious cover in coastal areas are thought to be leading 
factors in shellfish bed closures in North Carolina. The Center 
for Watershed Protection has developed an impervious cover 
model that can be useful in predicting water quality impacts 
from impervious cover. As demonstrated in Table 3, the model 
correlates the relationship between stream quality and 
impervious cover in a watershed.  According to the model, 
stream quality can generally be classified as sensitive, impacted, 
and non-supporting, depending on the percentage of imperious 
cover in the watershed.  The specific stream characteristics 
found in these streams are listed in the table.  The Center does 
however note that this model is only a predictor of potential and 
not actual stream quality, and should generally be applied only 
to smaller urban streams. 

Impacts of Urbanization 

• More stormwater reaching the stream 

because there is less opportunity to 

infiltrate the ground 

• Peak flow increases because 

runoff water is rapidly transported from 

large areas 

• Increased stream velocities, resulting in 

increased erosion of stream banks 

• Lower stream base flow during dry 

weather because of less infiltration 
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As the model limitations indicate, it is important to note that 
levels of impervious cover are not always effective indicators of 
water quality. Studies have also shown that stormwater flows 
can lead to poor water quality and bacteria loading in areas with 
less than 5 percent impervious cover.  Water quality can be poor 
in rural areas with limited impervious surface because of 
pollutants from agriculture, forestry, and livestock management 
practices. Even in urban areas, the presence of best 
management practices (BMPs) and riparian cover and regional 
differences can influence the relationship between impervious 
cover and water quality.  Location of impervious cover is also 
an important factor in determining its influence on water 
quality.  Natural and human-made wetlands and riparian areas 
serve an important function in the removal of NPS pollutants 

Table 3: Impervious Cover Model 

Stream 
Quality 

Category Stream Characteristics 

% of Existing 
Impervious Cover 
in the Watershed 

Non-impacted 

• Stable Channels 

• Excellent Habitat Structures 

• Good-Excellent Water Quality 

• Diverse Communities of Fish and Insects 

• Do Not Experience Frequent Flooding or 

Hydrologic Changes from Urbanization 

Zero to 10% 

Impacted 

• Alterations to Stream Hydrology 

• Erosion 

• Channel Widening 

• Unstable Stream Banks 

• Fair-Good Water Quality 

• Disappearance of Most Sensitive Fish and 

Insects 

11% to 25% 

Degraded 

• A Conduit for Stormwater Flows 

• No Longer Support a Habitat for Fish 

Spawning or Aquatic Insects 

• Highly Unstable Stream Banks, Channel 

Widening, and Erosion 

• Fair-Poor Water Quality 

• Recreational Water Use May Be Prohibited 

Because of Bacteria and Pollution Levels 

Greater than 25% 

Source: Adapted from Center for Watershed Protection, Inc.  October 1998. Rapid Watershed Planning Handbook: A Comprehensive 
Guide for Managing Urbanizing Watersheds. 
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from urban stormwater runoff and can be helpful in mitigating 
the impacts of impervious cover.  BMPs will be explored more 
thoroughly in the “Tool Box for Improving Water Quality” 
section of this document. 

Marinas and Recreational Boating 
Marinas are often located adjacent to the water’s edge, leaving 
no buffer to filter pollutants from marina activities.  Pollutants 
and chemicals are also generated from boat maintenance and 
operation. Construction of marinas can result in alteration and 
destruction of wetlands and shellfish areas.  Sewage discharge 
from recreational boats can reduce dissolved oxygen in the 
water and harm fish populations.  Shellfish located near marinas 
have been shown to have higher concentrations of pollutants 
and metals than shellfish harvested at sites where marinas are 
not present. Boat propellers can disrupt sediments, increasing 
turbidity and destroying water plants.  High concentrations of 
boats in areas with little flushing can result in high levels of 
fecal coliform. 

Agriculture 
Agriculture includes both row crops and animal production. The 
primary nonpoint source pollutants associated with these 
activities are nutrients, sediment, animal wastes, salts, and 
pesticides.  Agricultural activities can also have potential 
impacts on the habitat of aquatic species.  Industrial animal 
production and use of manure on fields can provide a source of 
fecal coliform pollution and potentially lead to shellfish-
harvesting closures in coastal areas Livestock can also disturb 
soil and vegetation, leading to sedimentation and turbidity (a 
cloudy condition in water due to suspended silt or organic 
matter). Destruction of vegetation near streams can increase 
water temperature.  Pesticides and nutrients from fertilizers can 
also occur in the runoff from row crops. 

Forestry 
Forestry or silviculture, includes timber harvesting, site 
preparation, and associated road construction, all of which can 
be sources for nonpoint source pollution.  Forest roads and skid 
trails created by mechanically loading logs can result in 
sedimentation, erosion, soil compaction, and petroleum spills 
from mechanical equipment. Removal of trees, can produce 
unstable soil that is highly erodible, especially along steep 
slopes and areas that are adjacent to streams.  Pesticides and 
fertilizers used in tree production are also potential 
contaminants. 

Did You Know ? 

Studies have shown impervious 

cover has a direct impact on 

nitrogen entering coastal and 

estuarine areas, and increases of 

bacteria levels from urban runoff 

can have adverse economic impact 

on shellfishing, fishing, and tourist 

industries. 



Nonpoint Source Pollution Prevention and Control 

12 

Table 4: Summary of NPS Categories, Pollutants, and Associated Impacts 

Category Pollutants Conveyance 
Sources 

Impacts 

Urban Nutrients 
(Nitrogen/ 
Phosphorus) 

• Lawn 
fertilizers 

• Urban 
stormwater 
runoff 

• Pet waste 

• Stormwater runoff transports nutrients to surface water bodies 
• Excess nutrients lead to algae blooms that  reduce oxygen levels, harming 

fish habitat 
• Algae blooms become noxious, discolor water, and limit boating and 

swimming 
• Nitrates in groundwater used for drinking are dangerous for newborn infants 

Urban Sediment • Increased 
stormwater 
flows due to 
impervious 
cover 

• Construction 
sites 

• Sediment fills wetlands, can destroy fish and shellfish habitat, and cover fish 
spawning areas and food supplies.  Fish gills can also be clogged with 
sediments 

• Water clarity is reduced, impacting recreation and plant growth 
• Eroding sediments can contain high concentrations of nutrients 

Urban Bacteria/ 
Pathogens/ 
Fecal 
Coliform 

• Pet Waste 
• Failing 

septic/sewer 
systems 

• Stormwater runoff can deposit pet waste and sewage from failing septic and 
sewer systems into water bodies 

• Bacteria from animal waste, including fecal coliform, can result in fish kills 
and closures for harvesting of shellfish 

• Beaches can also be closed for recreational use 
• Drinking water can be contaminated 
• People eating contaminated shellfish/fish can develop intestinal/ stomach 

problems 
Urban Salts/Salinity • Runoff of road 

salts 
• High salt concentrations can harm freshwater streams 
• High salinity levels can stunt fish reproduction and kill fish 

Urban Pesticides/ 
Herbicides 

• Direct 
application 
and runoff of 
these 
substances 

• Pesticides can kill aquatic insects and reduce fish food supply 
• Can cause reproductive and bone development problems in fish 
• Food source for higher organisms in food chain can be destroyed 

Urban Car Pollutants 
and Heavy 
Metals 

• Roads, 
Highways, and 
Bridges 

• Heavy metals affect fish and shellfish reproduction and can impact food 
chain 

• People consuming contaminated fish/shellfish can develop fetal defects and 
brain damage 

• Petroleum products accumulate in sediment, resist breakdown, and are toxic 
to fish in low amounts 

• Potential carcinogen to people 
• Oil and grease accumulate on and runoff of impervious surfaces such as 

roads, parking lots, and bridges 
• Urban runoff may contain heavy metals 
• Improper disposal practices for oil and other chemicals from “do-it-

yourself” auto mechanics 
Urban High Water 

Temperature 
• Stormwater 

runoff 
• Water temperature can increase as shade vegetation is removed and 

increased flows result from impervious surfaces 
• High water temperature can harm fish because oxygen levels are reduced 
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Table 4: (cont.) Summary Table for NPS Categories, Pollutants, and Associated Impacts 

Category Pollutants Conveyance 
Sources 

Impacts 

Urban Low Dissolved • Stormwater � Decomposing organic matter, such as logs, create biochemical oxygen 
Oxygen runoff with 

high 
demand, thereby decreasing the amount of dissolved oxygen  This can affect 
fish reproduction and lead to fish kills. 

concentrations 
of decaying 
organic matter, 
such as grass 
and shrub 
clippings 

Marinas/ Sediment • Stormwater � Sediment fills wetlands, can destroy fish habitat and cover fish spawning 
Boating runoff 

• Boating 
areas, and food supplies.  Fish gills can also be clogged with sediments. 

� Boat propellers uproot water plants and disrupt sediments, creating turbidity 
� Water clarity is reduced, impacting recreation and plant growth 
� Eroding sediments can contain high concentrations of nutrients 
� Waves generated by boats can increase erosion of shoreline and result in 

increased sedimentation 
Marinas/ Bacteria/ • Marina � Stormwater runoff containing pet or animal waste can result in closures for 
Boating Pathogens/ 

Fecal 
stormwater 
runoff 

harvesting of shellfish and for recreational use 
� People eating contaminated shellfish/fish can develop intestinal/ stomach 

Coliform • Sewage 
discharge from 

problems 

recreational 
boats 

Marinas/ Car/Boat • Spills and � Heavy metals affect fish and shellfish reproduction and can impact aquatic 
Boating Pollutants and 

Heavy Metals 
leaks from 
boat operation, 
maintenance, 

food chain 
� People consuming contaminated fish/shellfish can develop fetal defects and 

brain damage 
and repair � Petroleum products accumulate in sediment, resist breakdown, and are toxic 

• Petroleum to fish in low amounts 
leaks and spills � Potential carcinogen to people 
from boats 

Marinas/ Low Dissolved • Sewage � Sewage discharge from recreational boats requires dissolved oxygen to 
Boating Oxygen discharge from decompose.  This leads to biochemical oxygen demand and results in low 

recreational levels of dissolved oxygen 
boats 

Agriculture/ Nutrients • Fertilizers � Stormwater runoff transports nutrients to surface water bodies 
Forestry (Nitrogen/ 

Phosphorus) 
• Livestock 

manure 
• Irrigation 

� Excess nutrients lead to algae blooms that reduce oxygen levels, harming 
fish habitat 

� Algae blooms become noxious, discolor water, and limit boating and 
water swimming 

• Sudden � Nitrates in groundwater used for drinking are dangerous for newborn infants 
removal of 
large 
quantities of 
trees 
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Table 4: (continued) Summary Table for NPS Categories, Pollutants, and Associated Impacts 

Category Pollutants Conveyance 
Sources 

Impacts 

Agriculture/ 
Forestry 

Sediment • Erosion from 
agricultural 
and grazing 

� Sediment fills wetlands, can destroy fish habitat and cover fish spawning 
areas, and food supplies.  Fish gills can also be clogged with sediments 

� Water clarity is reduced, impacting recreation and plant growth 
practices � Eroding sediments can contain high concentrations of nutrients 

• Removal of � Forestry and agriculture practices can lead to loss of riparian vegetative 
trees cover, which increases water temperature, wildlife habitat loss, and negative 

• Erosion caused impacts to streams, such as erosion and stream bank widening 
by forest roads 
and “skid 
trails” from 
movement of 
trees 

Agriculture Bacteria/ • Livestock � Stormwater runoff and livestock having direct access to streams can deposit 
Pathogens/ 
Fecal 

waste/ 
excrement 

animal waste into water bodies 
� Bacteria from animal waste, including fecal coliform, can result in closures 

Coliform • Manure for harvesting of shellfish 
� Beaches can be closed for recreational use 
� Drinking water can be contaminated 
� People eating contaminated shellfish/fish can develop intestinal/ stomach 

problems 
Agriculture Salts/salinity • Irrigation 

leaching 
� High salt concentrations can harm freshwater streams 
� Irrigated water has a natural base load of mineral salts that can be left behind 

after water is consumed by plants or evaporated 
� High salinity can stunt fish reproduction and kill fish 

Agriculture Pesticides/ • Direct � Pesticides can kill aquatic insects and reduce fish food supply 
Herbicides/ application 

and runoff of 
� Can cause reproductive and bone development problems in fish 
� Food source for higher organisms in food chain can be destroyed 

these 
substances 

• Leakage from 
storage tanks 

Agriculture/ 
Forestry 

High Water 
Temperature 

• Grazing 
practices and 
agricultural 

� High water temperature can harm fish because oxygen concentration is 
reduced 

practices and 
herbicides can 
remove shade 
vegetation and 
trees 

Sources: Adapted from United States Environmental Protection Agency. Guidance Specifying Measures for Sources of Nonpoint Pollution in Coastal 
Waters. EPA 850-B-92-002.  Office of Water, Washington, DC; United States Environmental Protection Agency. Controlling Nonpoint Source Runoff 
Pollution from Roads, Highways, and Bridges. August 1995 EPA 841-F-95-008a.   Office of Water, Washington, D.C.; Center for Watershed Protection, 
Inc.  October 1998. Rapid Watershed Planning Handbook: A Comprehensive Guide for Managing Urbanizing Watersheds. 
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How Relevant Is Nonpoint Source Pollution to North Carolina and Coastal Communities? 

In North Carolina’s 1998 Water Quality Assessment Report to the U.S. Environmental Protection 
Agency, 34% of the state’s wetlands were rated as impaired.  According to the report, 14% of North 
Carolina’s freshwater rivers and streams were impaired and 6% of the estuaries were impaired. 
Impaired waters do not meet state water quality standards for specified uses. 

According to the September 2001 White Oak River Basinwide Water Quality Plan, 28,058 acres or 24 
percent of the shellfish harvesting waters were impaired because of bacteria associated with nonpoint 
source runoff. There are also 4,238 acres impaired for shellfish harvesting in the Neuse River basin.  In 
the Neuse River basin, there are also over 30,000 acres of estuarine waters impaired because of algal 
blooms. A large percentage of the nutrients driving algal blooms are attributed to nonpoint source 
pollution associated with urban and agricultural land use.  Nonpoint source runoff in estuarine waters 
adjacent to urban areas also threatens the use of the waters for swimming.  Swimming advisories have 
been posted in some areas of the coast due to potentially high levels of bacteria delivered to the water 
body via stormwater. 

Land Use Planning and Management 
Techniques for Preventing and Treating 
Nonpoint Source Pollution 

A variety of land use planning techniques and policy options are 
available for a community to consider in addressing its nonpoint 
source pollution management and general water quality 
problems.  This section will provide a brief overview of land 
management practices that can be used to protect water quality, 
such as zoning, development and design standards, ordinances, 
and BMPs.  Also include success stories highlighting what 
North Carolina communities have done to address their water 
quality problems.  Given that each community has a limited 
amount of economic resources, each locality will have to decide 
how to best allocate their resources to protect water quality and 
prevent NPS pollution. Communities may have to make 
difficult decisions about protecting healthy waters within areas 
that have limited development or concentrating on improving 
degraded water quality in highly developed or urban areas. 
Before the land management practices are discussed, some 
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Table 5: USGS Hydrologic Units 

8-digit 11-digit 14-digit 

Quantity 
in N.C. 

54 438 1,602 

Typical 975 120 31.8 

Area 
(sq. 

miles) 

Range 
(sq. 

miles) 

625 
to 

3,125 

15.6 
to 

391 

1.58 
to 

238.8 

Name Cataloging Sub Recording 
Unit Unit Unit 

fundamental information is provided below on identifying 
watersheds management units. 

Watershed Management Units 

It is important to understand the different watershed 
management units and the way they relate to one another. 
Watersheds may range in size from one acre or less for a small 
pond to thousands of acres for a river basin such as the Cape 
Fear.  Presented below are three different watershed hierarchies 
that are used by different organizations. 

Federal Watershed Hierarchy 
Most federal government agencies, including the U.S. 
Geological Survey (USGS) and the Natural Resources 
Conservation Service (NRCS) use a national uniform 
hydrologic unit system that is sponsored by the Water 
Resources Council. This system defines watershed areas as 
hydrologic units (HU) and divides the country into 21 regions, 
222 subregions, 352 accounting units and 2,149 cataloging 
units. 

A hierarchical code consisting of two digits for each of the 
above four levels combines to form an 8-digit HU (referred to 
as a cataloging unit).  An 8-digit HU generally covers an 
average of 975 square miles.  In North Carolina there are 54 of 
these HUs or cataloging units.  River basins, the largest 
drainage areas, are usually composed of several 8-digit HUs. 

These 8-digit units have been further subdivided into 11- and 
14-digit units in the national scale.  The 14-digit unit is the 
smallest scale used. 

State Basinwide Planning Watersheds 
In North Carolina, the Division of Water Quality (DWQ) also 
has a system for identifying watershed management units that 
adds a layer to the national system.  This “subbasin” level was 
established for a variety of reasons that took into account the 
number of permitted discharges, regional office/state 
boundaries, and the larger 8-digit hydrologic unit boundaries 
within a particular basin.  The DWQ system identifies basins as 
the largest drainage areas, subbasins as a secondary level and 
watersheds (14-digit HUs) as the smallest level. Subbasins are 
assigned unique 6-digit codes and typically contain several 14­
digit HUs.  There are 133 subbasins in the state.  Water quality 
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erosion control plans and soil-stabilization practices. 
Wherever space is available, dispersal of sheet flow from 
roads into vegetated areas or other onsite infiltration 
practices shall be incorporated into bridge and road design. 

• Commercial development shall incorporate BMPs designed 
to minimize runoff of oil, grease, solvents, phosphates, and 
suspended solids to any stormwater system or ditches. 

• New development that requires a grading/erosion control 
plan shall include provisions for applying temporary ground 
cover of graded or disturbed areas.  Permanent landscaping 
and re-vegetation of graded or disturbed areas is also 
required at these sites.  An integrated vegetation 
management plan shall also be required and implemented. 
Use of native or drought-tolerant, non-invasive plants shall 
be required to minimize the need for fertilizer, pesticides, 
herbicides, and excessive watering. 

• New septic systems shall be sited and designed to ensure 
that impacts to sensitive environmental resources are 
minimized, including those impacts from grading and site 
disturbance and the introduction of increased amounts of 
water. 

• Development within and adjacent to sensitive resource areas 
shall be limited to low-density residential of less than one 
unit per acre.  However, higher densities may be 
conditionally permitted provided development is: 
• Clustered to reduce the impact to adjacent riparian and 

coastal wetlands areas; and, 
• Does not increase the overall gross density of the project 

area; and, 
• That adequate buffer area exists between the disturbed 

areas and adjacent shoreline and wetland areas. 

• The county will not approve new divisions of land within or 
adjacent to sensitive resource areas that require the 
extension of county water or sewer lines of greater than 400 
ft. until a preliminary analysis of the project area has been 
undertaken that determines the following: 
• That the size and shape of the proposed lots will not 

require the filling of wetlands to provide adequate 
building sites on each property. 

• That the extension of water and or sewer infrastructure 
will not bisect wetland areas in such a manner to allow 

Nonpoint Source Pollution Prevention and Control 

Collaborative Watershed Planning 

Watershed Education for Communities and Local 
Officials (WECO), is a NC Cooperative Extension 
program based in the Department of Agricultural 
and Resource Economics at NC State University. 
WECO has been working with stakeholders to 
develop and implement watershed plans since 1996. 
WECO’s main objective is to improve water quality 
through education of citizens and government 
officials who live and work in the watershed.  This 
involves three main objectives: 

• Delivering technical information and 
educational material on water quality; 

• Empowering local citizens by facilitating 
collaborative partnerships at the watershed 
level between communities, local officials and 
state agencies; and 

• Facilitating local stakeholder development of 
recommendations to improve water quality in 
their watershed. 

Currently, WECO works with five watershed-
planning groups in NC, including Carteret, New 
Hanover, and Onslow counties. WECO has 
identified several important steps in developing a 
collaborative watershed plan. 

These steps include: 

• Partnering with interested agencies/ 
organizations 

• Speaking with local stakeholders to determine 
the best way to proceed with watershed 
planning based upon local factors 

• Convening a local watershed planning group 
consisting of watershed stakeholders 

• Establishing links between the planning group 
and local governments 

• Training the group in collaborative problem-
solving and team building 

• Gathering and sharing information related to 
issues of concern 

• Collaboratively identifying and developing 
recommendations for addressing water quality 
issues 

• Identifying and involving appropriate 
organizations for funding and implementing 
recommendations. 

More information about WECO can be obtained at 
the website: http://www.ces.ncsu.edu/WECO 
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management plan.  Stakeholders are individuals who are 
affected by or could affect water resources and could include 
farmers, non-farmer landowners, developers, commercial 
fishermen, recreationists, representatives from environmental 
and conservation organizations, local government officials, and 
state and federal agencies.  Involving stakeholders can help in 
developing workable solutions to water quality problems.  The 
support of local watershed stakeholders representing a variety 
of interests makes it easier for local governments to pursue 
water quality initiatives and watershed planning. 

One possible manner for local governments to implement land 
use plans related to water quality issues is through zoning 
changes.  Following are several zoning techniques 
recommended for addressing water quality problems.  All of 
them have been used in North Carolina. 

Overlay Zoning 
Overlay zoning refers to superimposing an additional set of 
regulatory standards onto existing zoning provisions.  An 
overlay zone can be used to address certain development uses or 
densities and to protect certain resources.  Overlay zones can be 
used to protect wetlands, forests, or historic sites.  One example 
of overlay zoning that restricts and limits future impervious area 
is impervious overlay zoning.  Under this zoning, an 
imperviousness cap is set for a certain area based on estimates 
of the future environmental impacts of imperviousness and all 
developments must conform to the total imperviousness limit 
for the planning area. 

Incentive Zoning 
This refers to a planning technique where developers are given 
a bonus (such as allowing more units to a parcel) in exchange 
for certain amenities or land use designs, such as compact 
development, trails, or open space. 

Urban Growth Boundaries 
This technique provides a boundary line between areas 
appropriate for urban and suburban growth and those areas 
appropriate for rural, agriculture, and resource protection. 
Boundaries are typically set for 10 to 20 years, but are revisited 
to determine if conditions have changed since they were 
established. Urban growth boundaries are sometime called 
development service districts and include areas where public 
services such as sewer, water, roads, etc. are already provided. 

Nonpoint Source Pollution Prevention and Control 

Watershed Protection Overlay Districts 
in North Carolina: 

Orange County 

The State of North Carolina (G.S. 143-214.5) 

has developed a cooperative program, which 

is administered by local governments, for 

water supply watershed management and 

protection for existing or potential drinking-

water rivers and reservoirs. 

Pursuant to this requirement, Orange County 

developed watershed protection overlay 

districts.  In addition to applicable zoning 

requirements, areas covered by these 

watershed protection overlay districts also 

face additional land use restrictions, 

residential density restrictions, and other 

restrictions to protection water quality. 

Recognizing the impacts of development on 

water quality, the overlay districts also place 

limits on impervious surface coverage and 

require stormwater management and runoff 

control in the form of detention ponds and 

nonstructural stormwater control.  More 

information can be obtained in the Orange 

County Code of Ordinances. 

A searchable list of ordinance codes is 

available at the website at: 

http://www.municode.com/ 
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Watershed-Based Zoning 
Most zoning in North Carolina is done by individual 
jurisdictions and is generally removed from impact on water 
quality.  Watershed-based zoning better addresses water quality 
issues by evaluating the intensity of use/land coverage relative 
to a position within a watershed, but may require new 
legislation in North Carolina.  This type of zoning differs from 
conventional zoning in that it relies on separating uses by type 
and density. Dwelling units per acre, which fails to account for 
transportation-related impervious cover such as roads, 
sidewalks, parking lots, etc, defines most residential zones. 
Watershed-based zoning uses the boundaries of the watershed 
and subwatershed as the foundation for land use planning and as 
a basis for future land use decisions. This is a helpful tool for 
relocating development out of certain subwatersheds.  This type 
of zoning requires a comprehensive stream inventory to 
determine the overall health of streams and projections for 
future growth and impervious surface cover. 

One paradox associated with watershed-based zoning is that it 
assumes the best way to minimize impervious cover in a 
watershed at a regional scale is to concentrate as much high-
density clusters as possible in subwatersheds with high 
impervious surface levels (normally 25% to 100%) in order to 
steer development away from and protect subwatersheds with a 
10% or less level of impervious cover.  Schueler notes in 
Environmental Land Planning Series: Site Planning for Urban 
Stream Protection that it may be necessary to further develop in 
a subwatershed with high levels of impervious cover, in order to 
preserve and protect a high quality subwatershed with 10% or 
less impervious cover. This could lead to more degradation in 
the highly impervious subwatershed; however, you cannot 
“degrade” water quality below standards.  Under watershed-
based zoning, subwatersheds with an impervious cover level of 
25% to 100% are designed for future growth and redevelopment 
and possess no impervious level caps.  Other water quality 
protection in these highly impervious subwatersheds would be 
necessary, such as structural BMPs. 

Healthy subwatersheds with an impervious level of 10% or less 
and sensitive subwatersheds with an impervious cover level of 
11% to 25% do possess development caps to protect water 
quality. Limits on impervious cover can be enforced through 
zoning controls or encouraged through incentives at the 

Nonpoint Source Pollution Prevention and Control 

Example Ordinances 

The Stormwater Center offers several draft 

ordinances and examples of ordinances 

adopted by other communities that can be 

used to protect water quality by preventing 

nonpoint source pollution.  Draft ordinances 

can be found on the website: 

http://www.stormwatercenter.net/. 

Example ordinances are available for: 

• Post-Construction Stormwater 

Management 

• Stream Buffer Ordinances 

• Illicit Detection and Elimination 

Measures 

• Erosion and Sediment Control 

Requirements 

• Open-Space Design Zoning Controls 

• Operation and Maintenance Criteria for 

Stormwater Practices 

• Groundwater-Protection Ordinances 

• Miscellaneous (Golf Course 

Management, Forest Conservation, etc.) 
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misconception that all land conservation options mean their
property will become publicly accessible land.

A number of conservation techniques, such as conservation
easements, provide tax incentives.  Conservation easements
limit development, but do not provide public access to property
unless the landowners desire public access.  The Conservation
Trust for North Carolina provides more information on land
trusts and conservation easement benefits at www.ctnc.org.  The
Land Preservation Notebook is another source of information
and a tool for local governments interested in land conservation.
More information can be found at:
www.cals.ncsu.edu/wq/LandPreservationNotebook/.

A number of techniques can be used for land conservation,
including:

• Land Acquisition
• Conservation Easements
• Regulate Land Alteration
• Exclusion or Setback of Water Pollution Hazards
• Protection within Green Space or Open-Space

Designs
• Landowner Stewardship
• Public Sector Stewardship

The preferred conservation technique depends on the land area
being conserved and the measure of protection desired.

4. Riparian Buffers (aquatic buffers)

Riparian buffers located along streams, rivers, shorelines, or
wetlands can protect a waterbody from erosion and serve as a
pollutant filter.  Buffers have been found to effectively remove
sediment and nutrients from stormwater runoff in rural and
agricultural areas.  Buffers can also provide habitat for wildlife
and recreation.  Unfortunately, buffers in urban areas can often
be short-circuited because stormwater runoff concentrates on
impervious surfaces and crosses the buffer in a channel flow,
thereby reducing the buffer’s ability to remove pollutants.  For
buffers or vegetative strips to be highly effective, water must
pass over the buffer in a uniform manner (sheet flow).  A device
called a level spreader can be installed to spread the runoff flow
into a uniform sheet. As Table 5 indicates, buffers can be

Figure 5: Range of Minimum Widths for
Meeting Specific Buffer Objectives

Source: Palone, R.S. and A.H. Todd (editors).  1997.
Chesapeake Bay Riparian Handbook: A Guide for
Establishing and Maintaining Riparian Forest Buffers.
USDA Forest Service. NA-TP-02-97. Radnor, PA.

Table 7: Relative Effectiveness of
Different Buffer Types

BENEFIT GRASS SHRUB TREE
Bank
Stabiliza-
tion

Low High High

Filter
Sediment High Low Low
Filter other
NPS High Low Low
Aquatic
Habitat Low Medium High
Wildlife
Habitat High Medium High

Source: Presentation by Deana L. Osmond, Soil
Science Department, North Carolina State University,
Raleigh, N.C., 2002.
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Table 9: NCCES Urban Stormwater Quality Demonstration Sites in Neuse River Basin 

Practice Location Contact Description 
Stormwater Durham – Durham County 70-acre school 
Wetland Hillandale Golf Cooperative Extension watershed feeding .75­

Course Service acre wetland 
Tel: (919) 560-0525 

Stormwater Craven County, Craven County 76-acre residential 
Wetland Town of River Cooperative Extension watershed feeding ½­

Bend Service acre wetland 
Tel: (252) 633-1477 

Stormwater Smithfield – Franklin County Small wetland treating 
Wetland Johnston County Cooperative Extension runoff from ~4-acre 

Community Service arboretum site 
College Tel: (919) 496-3344 

Stormwater Raleigh – Umstead Wake County 5-acre Visitor Center 
Wetland State Park Cooperative Extension watershed feeding 0.15-

Service acre wetland 
Tel: (919) 250-1100 

Innovative Wet Craven County, Craven County Pond with wetland 
Pond Town of River Cooperative Extension pocket retro-fit 

Bend Service 
Tel: (252) 633-1477 

Innovative Wet Smithfield, The Wooten Company Large residential area 
Pond (not assoc. Johnston County (Raleigh) runoff treated before 
w/NCCES) Tel: (919) 828-0531 reaches Neuse River 
Rain Garden Kinston Nature Kinston Parks & Rooftop runoff treated 

Center Recreation by 200 s.f. rain garden 
Tel: (252) 939-3335 

Rain Garden/ Wake County/ Wake County Parking lot & picnic 
Bio-Retention Crowder Park Cooperative Extension ground runoff treated by 

Service 800 s.f. rain garden 
Tel: (919) 250-1100 

Parking Bio- Cary off High Environmental Design Runoff treated from 
Retention (not House Road Group parking & driveway 
assoc. w/NCCES) Medical Services Tel: (919) 834-1255 

Area 
Sand Filter (not Raleigh, NCSU NCSU – Dept. of Occasionally 
assoc. w/NCCES) Centennial Biological and functioning sand filter 

Campus Agricultural Engineering 
Tel: (919) 515-2694 

Proprietary Filter Wilson, CVS 
Pharmacy 

Wilson County 
Cooperative Extension 
Service 
Tel: (252) 237-0111 

1 ¼-acre 100% 
impervious watershed 
feeding filter 
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network can discharge pollutants directly into water bodies. 
Illegal connections to the storm drain network could include car 
washes, washing machines or other water sources traditionally 
connected to a sanitary sewer.  Runoff from confined animal 
feed lots and industrial discharges permitted under NPDES 
could also be contributors to water quality problems. 

9. Watershed Stewardship Programs 

Even if a community establishes mechanisms for improving 
water quality, they should still invest in watershed stewardship. 
Watershed stewardship encourages an increase in public 
understanding and awareness of watersheds, promotes better 
management and stewardship of private lands, and can assist in 
securing funding to sustain watershed management and 
planning efforts.  Watershed stewardship can assist in educating 
and building support for land use planning designed to reduce 
NPS pollution. The Center for Watershed Protection outlines 
six basic programs for watershed stewardship, which are briefly 
highlighted below. 

Watershed Advocacy 
Promoting watershed advocacy can lay the foundation for 
public support and watershed stewardship.  A grass roots 
organization can develop broad based support for watershed 
management.  Often, local governments can create or direct 
these watershed management structures and grass roots 
organizations. 

Watershed Education 
Watershed education can raise public awareness, encourage 
personal stewardship, offer professional training, and provide 
opportunities for public engagement to discuss watershed 
problems and solutions. 

Pollution Prevention 
Watershed businesses and industries may need information on 
ways to better manage and prevent pollution from their 
businesses.  Some local governments may have a regulatory 
responsibility to develop pollution prevention programs.  One 
example might involve a local government encouraging or 
requiring restaurants to install grease traps to prevent grease 
build-up in sewer lines. 

Nonpoint Source Pollution Prevention and Control 

Urban Wet Weather Flows 
(WWFs) 

The urban WWF problem refers to untreated 

discharge from sewage systems during storm 

events.  The WWF comprises point source 

and diffuse nonpoint source discharges. 

There are three types of urban WWF 

discharges: 

Combined-Sewer Overflow: A mixture of 

storm drainage and municipal industrial 

wastewater discharged from combined sewers 

or dry-weather flow (DWF) discharged from 

combined sewers; 

Stormwater: Stormwater from separate 

stormwater drainage systems in areas that are 

either sewered or unsewered; 

Sanitary-Sewer Overflow: Overflow and 

bypasses from sanitary-sewer systems 

resulting from stormwater and groundwater 

infiltration and/or flow. 


























































