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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over

time.

 Improve understanding of the primary natural

and human factors that affect water-quality
conditions.
This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

{lobet m, Herac

Robert M. Hirsch
Chief Hydrologist
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Relation of Nitrogen and Phosphorus in Ground Water to
Land Use in Four Subunits of the Potomac River Basin

By Scott W. Ator and Janet M. Denis

ABSTRACT

Ground-water samples collected from 97
wells in four subunits of the Potomac River Basin
were analyzed for selected nitrogen and phospho-
rus species (nitrate, ammonia, organic nitrogen,
and orthophosphate) as part of the National Water-
Quality Assessment program of the U.S. Geologi-
cal Survey. As essential nutrients, nitrogen and
phosphorus are used in natural and synthetic com-
pounds to enhance plant growth. When unused
by plants, these compounds may seep into the
ground water. Ground water containing elevated
concentrations of nitrogen or phosphorus can
cause health problems when consumed, and
adverse environmental impacts when discharged
to streams. Nitrate was detected in ground water
in all four subunits, typically at concentrations
indicative of anthropogenic sources. In each sub-
unit, most samples contained detectable ammonia
and about half contained detectable orthophos-
phate. Concentrations of ammonia and
orthophosphate were typically lower than would
be expected from anthropogenic sources. Of the
97 samples collected, only 1 contained detectable
organic nitrogen.

A network of 25 to 30 randomly selected
wells was sampled within each of four subunits of
the Potomac River Basin that were defined mainly
by physiography and lithology. In the Valley and
Ridge and Great Valley Carbonate subunits, agri-
cultural areas were targeted exclusively. In the
Piedmont and Triassic Lowlands subunits, the
entire subunits were sampled, regardless of land
use. The maximum concentration of each nutrient
in natural ground water was estimated on the basis
of statistical distributions of nutrient concentra-
tions. Ground-water nutrient concentrations were
compared to field-mapped land-use data within
0.25 mile of each sampled well and to county-
level agricultural census data for 1992.

The concentrations of nitrate in ground
water are higher in agricultural and urban areas of
the Potomac River Basin than in forested areas,
possibly because of anthropogenic sources in
these areas. Among agricultural land uses, crop
production contributes more nitrate to ground
water than does livestock grazing, although both
are probable nitrate sources. Ammonia concentra-
tions are higher in forested areas, mainly in the
Valley and Ridge subunit, than in agricultural or
urban areas. This is possibly a result of the incom-
plete nitrification of ammonia that is formed
naturally from organic nitrogen in leaves and
other natural debris. Orthophosphate concentra-
tions are typically low in ground water in the four
sampled subunits and cannot generally be related
to land use.

Bedrock lithology affects ground-water
flow in fractured media and is therefore important
when considering the movement of dissolved
nutrients through the saturated zone. In agricul-
tural areas, ground-water nitrate concentrations
are higher in carbonate areas than in areas under-
lain by other rock types. This may indicate that
the relatively large solution cavities that typically
develop in carbonate rocks can allow surficial con-
taminants such as nitrate to be transported more
quickly and easily in those aquifers than in other
fractured-rock systems; however, it may merely
reflect the fact that more nitrogen is applied per
unit area to carbonate areas of the Potomac River
Basin than to other areas. In areas underlain by
noncarbonate rocks, surface topography reflects
the general direction of ground-water flow and
should therefore be considered when attempting
to relate land use to ground-water quality.
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INTRODUCTION

Nitrogen and phosphorus are essential nutri-
ents and are used in natural and synthetic
compounds to enhance plant growth. When
unused by plants, these compounds may seep into
the ground water. Ground water containing ele-
vated concentrations of nitrogen or phosphorus
can cause health problems when consumed, and
adverse environmental impacts when discharged
to streams. Dissolved concentrations of selected
nitrogen and phosphorus species in ground-water
samples from 97 wells in the Potomac River
Basin were analyzed to establish the occurrence
of nutrients in ground water within the basin and
to link that occurrence to land-use practices. This
information may be useful to managers trying to
understand the relations between certain land-use
practices and the propagation of potentially harm-
ful nutrients to ground water, streams, and larger
water bodies such as Chesapeake Bay. In 1987,
Maryland, Pennsylvania, Virginia, the District of
Columbia, and the Federal Government estab-
lished the goal of reducing nitrogen and
phosphorus loads to Chesapeake Bay by 40 per-
cent (based on 1985 levels) by the year 2000
(Zynjuk, 1995).

Purpose and Scope

This report describes the relation of land
use to dissolved concentrations of selected nitro-
gen and phosphorus species (nitrate, ammonia,
organic nitrogen, and orthophosphate) in ground
water of the Potomac River Basin. Ground-water
nutrient concentrations are also contrasted
between and among geographic areas within the
Potomac River Basin and compared to estimated
background levels and established standards for
drinking water.

Ground-water-quality data cited in this
report were collected as part of water-quality
assessments conducted in four subunits in the Val-
ley and Ridge and the Piedmont Physiographic
Provinces of the Potomac River Basin from 1993
through 1995. For comparison to water quality,
land use was field-mapped within 0.25 mile of
each sampled well and compiled from county-
level agricultural land-use data.

Importance, Sources, and Effects of
Nitrogen and Phosphorus

Nitrogen and phosphorus are essential nutri-
ents to plants and animals. For plants, these
nutrients are generally required in relatively large
amounts. Commercial fertilizers, synthetic
organic compounds, and animal manure contain-
ing nitrogen and phosphorus are used to enrich
soil for enhancing plant growth. In recent
decades, farmers have increased their use of fertil-
izers (U.S. Department of Commerce 1989, 1995)
for cultivating fields with marginal soil fertility.
Fertilizers are also commonly used on suburban
lawns (Conservation Foundation, 1987), parks,
and recreation areas.

Various forms of nitrogen and phosphorus
are present in the environment. In ground water,
nitrogen most commonly exists as nitrate (NO3"),
although it can also occur as ammonium (NH4 ),
ammonia (NH3), nitrite (NO5"), nitrogen (N,),
nitrous oxide (N,O), and organic nitrogen (Freeze
and Cherry, 1979). Nitrate is very soluble and is
the most stable form of nitrogen under oxidizing
conditions. It can move freely with ground-water
flow and commonly migrates long distances from
its source in certain hydrogeologic environments
(Freeze and Cherry, 1979). Under anaerobic con-
ditions, nitrate can be reduced to nitrous oxide,
nitrogen gas, or - less commonly - ammonium
(Freeze and Cherry, 1979). Ammonium is soluble
in water but typically adheres to anionic soil sur-
faces or is converted to nitrate under aerobic
conditions in the soil zone. Organic nitrogen is
water-soluble at intermediate oxidation states
(Hem, 1985) but is typically converted to ammo-
nium in the soil zone (Freeze and Cherry, 1979).
Phosphate is the only form of soluble phosphorus
that is significant in natural water (Hem, 1985).
Orthophosphate (PO43'), in various compounds
with hydrogen, is the most stable form of phos-
phate (Mueller and others, 1995). Because
phosphates are only moderately soluble, they are
not very mobile in soils and ground water (Muel-
ler and others, 1995).

Although natural sources of nitrogen and
phosphorus exist, elevated concentrations of these
nutrients in ground water are typically anthropo-
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water nitrate concentrations are higher in agricul-
tural areas underlain by carbonate rocks than in
those underlain by rocks of other types. This may
indicate that the relatively large solution cavities
that typically develop in carbonate rocks can
allow surficial contaminants to be transported
more quickly and easily in those aquifers than in
other fractured-rock systems, although it may
merely reflect the fact that more nitrogen per unit
area is applied to carbonate areas of the Potomac
River Basin than to other areas. In areas under-
lain by noncarbonate rocks, surface topography
reflects the general direction of ground-water flow
and should be considered when analyzing effects
of land use on ground-water quality.

A more thorough understanding of the
effects of land use on ground-water quality within
the Potomac River Basin would benefit from fur-
ther study. Periodic sampling would show how
ground-water nutrient concentrations in different
land-use settings evolve seasonally and over
time. Additional sampling of ground water within
different land uses in the Piedmont and Triassic
Lowlands subunits may provide the data and sta-
tistical power necessary to detect more significant
differences in the ground-water quality among var-
ious land uses in those areas. Similarly, sampling
of more non-agricultural sites in carbonate areas
is necessary to clarify the effects of land-use on
ground-water quality in those unique hydrogeo-
logic environments. More statistically significant
correlations between land use percentages and
nutrient concentrations may become apparent if a
rigorous approach is used to define the contribut-
ing areas to sampled wells.
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