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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
information that will assist resource managers and
policymakers 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
remediation plans for a specific contamination
problem; operational 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 Congress
appropriated funds in 1986 for the USGS to begin a
pilot program in seven project areas to develop and
refine the National Water-Quality Assessment
(NAWQA) Program. 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 monitoring 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 systems 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.

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS, VERTICAL DATUM, TEMPERATURE, AND ABBREVIATIONS

Multiply By To obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 4,047 square meter
0.4047 hectare
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
Mass
pound, avoirdupois (Ib) 0.4536 kilogram
ton, short (2,000 1b) 907.2 kilogram
0.9072 megagram
ton per square mile (ton/rniz) 0.3503 megagram per square kilometer
ton per square mile per year [(ton/mi%)/yr] 0.3503 megagram per square kilometer per
year
Flow
cubic foot per second (ft3/s) 0.02832 cubic meter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second
Application rate
pound per acre per year [(Ib/acre)/yr] 1.121 kilograms per hectare per year
Specific conductance
microsiemens per centimeter at 25 degrees 1.000 micromhos per centimeter at 25
Celsius (LS/cm at 25 °C) degree Celsius

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum
of 1929.

Temperature: In this report temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by
the following equation:
°F = 1.8(°C) + 32

Abbreviations used in this report in addition to those shown above:
Ibs/yr, pound per year
mg/L, milligram per liter
pg/L, microgram per liter

Definition used in this report:
Water Year—The period October 1 through September 30, determined by the calendar year in which it ends.
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NATIONAL WATER-QUALITY ASSESSMENT PROGRAM

WATER-QUALITY ASSESSMENT OF THE
ALBEMARLE-PAMLICO DRAINAGE BASIN,

NORTH CAROLINA AND VIRGINIA—Characterization
of Suspended Sediment, Nutrients, and Pesticides

By Douglas A. Harned, Gerard McMahon, Timothy B. Spruill, and Michael D. Woodside

ABSTRACT

The 28,000-square-mile Albemarle-Pamlico
drainage basin includes the Roanoke, Dan, Chowan,
Tar, and Neuse Rivers. The basin extends through
four physiographic provinces in North Carolina and
Virginia—Valley and Ridge, Blue Ridge, Piedmont,
and Coastal Plain. About 50 percent of the area is
forested, more than 30 percent is agricultural,

15 percent is wetlands, and about 5 percent is
developed. The basin population is approximately
3 million.

The spatial and temporal trends in ground-water
and riverine water quality in the study area were
characterized by using readily available data sources.
The primary data sources that were used included the
U.S. Geological Survey’s National Water Data Storage
and Retrieval System (WATSTORE) database, the
U.S. Environmental Protection Agency’s Storage and
Retrieval System (STORET) database, and results of a
few investigations of pesticide occurrence. The
principal water-quality constituents examined were
suspended sediment, nutrients, and pesticides. The data
examined generally spanned the period from 1950 to
1993.

The distribution of available data is uneven. No
suitable stations are located in large areas of the
Coastal Plain and the upper reaches of the Blackwater,
Nottoway, Meherrin, Hyco, Otter, Pigg, and Dan River
Basins. There is, however, better coverage of the major
trunks of the Roanoke, Dan, and Neuse Rivers.

Suspended-sediment concentrations for the
National Stream Quality Accounting Network
(NASQAN) stations generally were less than
50 milligrams per liter except for the Dan River at
Paces, Va. Kerr and Gaston Lakes serve as effective
traps for sediment from the upper Roanoke River
Basin, as does Falls Lake for the Neuse River.
Agricultural land use, particularly corn and tobacco
farming when highly erosive standard land-
management practices are used, and the high slopes of
the Piedmont promote high sediment concentrations
similar to those measured at the Dan River site.

Total nitrogen concentrations at most of the
larger stream sites generally are greater than
0.3 milligram per liter, a level associated with potential
nuisance growth of algae. Contentnea Creek at
Hookerton, N.C., has the highest total nitrogen
concentrations, followed by the Neuse River at
Kinston, N.C., Tar River at Tarboro, N.C., Dan River at
Paces, Va., Blackwater River near Franklin, Va., the
other Chowan River tributaries in Virginia, and the
Roanoke River at Roanoke Rapids, N.C. In general, the
most developed basins and those with the most
intensive agriculture have the highest nitrogen
concentrations. Nitrogen concentrations generally
decrease downstream in the Roanoke River, and
increase downstream in the Tar River. The decrease in
nitrogen concentrations in the Roanoke River reflects
the influence of the lakes downstream from major
inputs of nutrients to the basin in the area around
Roanoke, Va. The increase in nitrogen concentrations
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in the Tar River probably reflects the intensity of
farming in the basin. Nitrogen concentrations in the
Neuse River peak near the Smithfield station and
decrease downstream.

Total phosphorus concentrations are relatively
uniform in the Dan River, with median concentrations
between 0.1 and 0.2 milligram per liter; increase down-
stream in the Tar River, with median concentrations
ranging from just below 0.1 milligram per liter to just
above 0.1 milligram per liter; and peak in the Neuse
River near Smithfield in a manner similar to the pattern
observed for other constituents. The concentrations of
phosphorus in the Neuse River are some of the highest
values of any in the Albemarle-Pamlico drainage study
subbasins, showing median concentrations between
0.1 and 0.4 milligram per liter. Median concentra-
tions of total phosphorus generally were below
0.1 milligram per liter in the Chowan River, and ranged
between 0.1 and 0.4 milligram per liter in the Roanoke
River. Concentrations of total phosphorus less than
0.1 milligram per liter generally are needed to prevent
algal blooms in streams. The highest phosphorus
concentrations occurred in Coastal Plain basins that
have considerable agriculture and poorly drained soils.
Developed basins also had high phosphorus
concentrations.

The most commonly detected pesticides in
surface water in the STORET database were atrazine
and aldrin. The pesticide groups most frequently
detected in the WATSTORE data set were the
chloroacetnalilide herbicides and triazine herbicides
and their metabolites.

Intensive organonitrogen herbicide sampling of
Chicod Creek in 1992 showed seasonal variations in
pesticide concentration. The most commonly detected
herbicides were atrazine, alachlor, metolachlor,
prometon, and metribuzin. No relation between
streamflow and pesticide concentration was evident.
Concentrations of atrazine were highest in late May
and early June and decreased gradually until
September.

Median concentrations of nitrate in ground
water in four of seven hydrogeologic zones in the study
area were less than 0.5 milligram per liter. Median
concentrations were largest and variability greatest in
fractured carbonate aquifers of the Valley and Ridge
and granitic rocks of the Piedmont. Nitrate
concentrations and variability are greater in shallow
(less than 100 feet deep) wells than in deeper wells.
Median concentrations of nitrate are lowest in the

Coastal Plain. The highest median concentration
(0.25 milligram per liter) and the largest variability in
total phosphorus occurred in the Coastal Plain,
probably as a result of the presence of natural
phosphorites in Coastal Plain sediments.

In a 1992 study, alachlor and atrazine were
detected in 16 percent of the 139 shallow wells
sampled in eastern North Carolina. In a 1991 study for
Duplin County, also in eastern North Carolina, approx-
imately one-third of the 189 private wells sampled for
atrazine, alachlor, metalaxyl, and aldicarb had
detectable concentrations, and 5 percent of the sampled
wells had concentrations greater than 1 microgram per
liter for at least one of these pesticides.

The only significant trends in suspended
sediment were detected at three Chowan River
tributary sites which showed long-term decreases.
Suspended- and total-solids concentrations have
decreased throughout the Albemarle-Pamlico drainage
basin. The decreases are probably a result of
(1) construction of new lakes and ponds in the basin,
which trap solids, (2) improved agricultural soil
management, and (3) improved wastewater treatment.

Total nitrogen trends show a cluster of increases
in the tributaries at the upstream end of Kerr Lake and
a cluster of decreases in the Neuse River Basin. Trends
observed for total ammonia plus organic nitrogen and
for nitrate nitrogen were similar to those observed for
total nitrogen.

In general, increasing trends in total phosphorus
concentrations were observed for the stations in
Virginia, and decreasing trends were observed for the
riverine stations in North Carolina. Decreases in
phosphorus concentrations as a result of the 1988
phosphorus ban in both States is evident at several
stations. All eight Virginia stations having total organic
carbon data showed decreasing concentrations during
1980-89. Generalized decreases in organic carbon are
consistent with decreases in solids concentrations as
part of improved wastewater treatment. Increasing
trends in potassium were detected in seven of the eight
NASQAN stations.

Nutrient poiat sources are much less than
nonpoint nutrient sources at the eight NASQAN basins
examined for nutrient loads. The greatest nitrogen
inputs are associated with crop fertilizer and biological
nitrogen fixation by soybeans and peanuts, whereas
atmospheric and animal-related nitrogen inputs are
comparable in magnitude. The largest phosphorus
inputs are associated with animal wastes.
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