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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 59 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 59 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.

[oliet . Herecd;

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 0.4047 hectare
square mile (mi 2) 2.590 square kilometer
Mass
pound, avoirdupois (Ib) 0.4536 kilogram
pounds per acre 1.121 kilograms per hectare
ton, short (2,000 1b) 907.2 kilogram
Flow rate
million gallons per day (Mgal/d) 0.04381 cubic meters per second

Temperature in degrees Celsius ( °C) can be converted to degrees Fahrenheit ( °F) by use of the following
equation:

°F = 1.8 x (°C) + 32

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

Other abbreviated units of measure: Specific conductance is expressed in microsiemens per centimeter

(uS/cm) at 25 °C. Concentrations of chemical constituents in water are expressed in milligrams per liter (mg/L), or
micrograms per liter (ug/L). Radioactivity is expressed in picocuries per liter (pCi/L).
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Water-Quality Assessment of the Delmarva
Peninsula, Delaware, Maryland, and Virginia:
Results of Investigations,1987-91

By Robert J. Shedlock, Judith M. Denver, Martha A. Hayes, Pixie A. Hamilton,
Michael T. Koterba, L. Joseph Bachman, Patrick J. Phillips, and William S.L. Banks

ABSTRACT

A regional ground-water-quality
assessment of the Delmarva Peninsula was
conducted as a pilot study for the
U.S. Geological Survey’s National Water-
Quality Assessment (NAWQA) Program. The
study focused on the surficial aquifer and used
both existing data and new data collected
between 1988 and 1991. The new water
samples were analyzed for major ions,
nutrients, radon, volatile organic compounds,
and a suite of herbicides and insecticides
commonly used on corn, soybeans, and small
grains. Samples also were collected from wells
completed in deeper, confined aquifers and
from selected streams, and analyzed for most
of these constituents. The study employed a
multi-scale network design. Regional networks
were chosen to provide broad geographic
coverage of the study area and to ensure that
the major hydrogeologic settings of the
surficial aquifer were adequately represented.
Local-scale well networks were installed in
several of the major hydrogeologic settings to
study changes in ground-water quality along
flow paths in the surficial aquifer.

Both the existing data and the data from
samples collected during the study showed that
agricultural activities had affected the quality
of water in the surficial aquifer over most of
the Peninsula. Water from most wells
completed in the surficial aquifer in areas
underlain by agricultural land had a distinct
chemical signature. These waters had a

chemical composition dominated by calcium,
magnesium, and nitrate ions, indicating that
they had been significantly affected by
leaching of fertilizers and lime applied to the
fields. The data showed no significant
contamination by volatile organic compounds,
radon, or trace elements in either the surficial
aquifer or any of the confined aquifers.

Nitrate was detected at concentrations
above 3.0 milligrams per liter in water from
the surficial aquifer in most areas of the
Peninsula. The concentration of nitrate
exceeded the U.S. Environmental Protection
Agency’s Maximum Contaminant Level of
10 milligrams per liter (as nitrogen) in about
20 percent of the samples. The highest nitrate
concentrations were found in shallow ground
water below agricultural fields, but concentra-
tions above 3.0 milligrams per liter were
detected at all levels of the surficial aquifer at
many locations in the study area. In contrast,
concentrations of nitrate were generally less
than 1.0 milligrams per liter in samples from
wells in the confined aquifers.

The spatial distribution of nitrate in the
shallow ground-water system is related to
ground-water-flow patterns and characteristics
of the landscape, mainly land use, drainage
patterns, soils, and geology. The highest
median concentrations of nitrate, for example,
are in an area of the Peninsula referred to as
the well-drained upland. This area has the
highest percentage of agricultural lands and
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well-drained soils in the Peninsula, and also
has the longest ground-water-flow paths.
Relatively high concentrations of nitrate are
found in water from the surficial aquifer in
other areas of the Peninsula, but the lower
percentage of agricultural lands in these other
areas yields lower median nitrate concentra-
tions relative to the median concentration in
the well-drained upland.

Very low concentrations of herbicides
(generally below U.S. Environmental
Protection Agency Maximum Contaminant
Levels) were found in water from shallow
wells near agricultural fields. The concentra-
tions of these compounds were generally
below 1 microgram per liter. Although
herbicide detections were common in shallow
parts of the ground-water system, pesticides
generally were not found in deeper parts of the
surficial-aquifer system used for water supply,
and were found in only one sample from the
confined aquifers. The most commonly
detected compounds were metolachlor,
atrazine, simazine, alachlor, and cyanazine,
which are herbicides commonly used on crops
in the study area. Desethylatrazine, a
degradation product of atrazine and simazine,
was also commonly detected. Trace con-
centrations of insecticide were found in only
two samples. Most of the pesticide detections
are in waters that were probably recharged
after the late 1960’s, when these compounds
were first widely used on crops in the study
area.

The spatial distribution of herbicides in
shallow ground water, like that of nitrate, is
related to land use and ground-water-flow
patterns. Most of the pesticide detections were
in samples from wells near farm fields.
Metabolites of the triazine herbicides were
detected in samples from wells in several of
the local-scale well networks. Neither the
metabolite data nor the depth-distribution data
on pesticides, however, shed much light on the
potential for pesticides to migrate to deeper
parts of the ground-water system over time.

2 Water-Quality Assessment of the Delmarva Peninsula, 1987-91

Both elevated nitrate concentrations and
trace concentrations of herbicides were found
in nontidal streams under base-flow
conditions. Nitrate concentrations in surface
waters are related to land-use patterns and
differences in soil types, but no seasonal
patterns were observed in the nitrate data from
the regional surface-water network. Surface
waters from well-drained watersheds com-
monly contained higher concentrations of
nitrate and other ions from agricultural
chemical sources than surface waters from
watersheds in poorly drained areas. Pesticide
concentrations in surface water showed
seasonal patterns and were less related to land
use and soil patterns than nitrate concentra-
tions. Concentrations of the parent com-
pounds of the triazine herbicides were highest
in streams during late spring base-flow
periods, after pesticides were applied to the
fields. Desethylatrazine concentrations in
streams did not show as much seasonal
variation as the parent compounds and
remained at concentrations similar to those
found year round in shallow ground water.
This similarity indicates that ground water is
the primary source of the desethylatrazine in
surface water, and that the higher concentra-
tions of the parent compounds of triazines in
the spring base flow are derived from other
sources, such as bed sediment, soil water, or
ground water within a few feet of the water
table under agricultural fields.

INTRODUCTION

Since 1986, the U.S. Congress has appropriated
funds annually for the U.S. Geological Survey
(USGS) to develop and conduct a National Water-
Quality Assessment (NAWQA) Program (Hirsch
and others, 1988). The NAW QA program is
designed to describe the status and trends in the
quality of the Nation’s ground-water and surface-
water resources and to link assessment of status
and trends with an understanding of the natural and
human factors that affect the quality of the water
(Gilliom and others, 1995).



































































































can reflect a mixture of historical rather than
current land-use practices in a watershed (Bohlke
and Denver, 1995).

Occurrence and Distribution of Pesticides

Potential sources of pesticides to surface waters
include ground-water discharge, runoff from
agricultural fields, and atmospheric transport.
Dissolved pesticides carried in ground water can
potentially enter surface water through direct
discharge at the ground-water/surface-water
interface. Studies in other areas, however, have
shown that overland runoff during storm events
that occur shortly after pesticide application is the
primary source of most pesticides in surface water
(Glotfelty and others, 1984; Squillace and
Thurman, 1992; Kolpin and Kalkhoff, 1993).

Commonly reported herbicide residues in

- stream base-flow samples from the study area
included atrazine, simazine, desethylatrazine,
metolachlor, alachlor, and prometone.

Concentrations of pesticide residues in base-
flow samples were similar to those in ground
water, and generally ranged from the minimum
reporting level to a maximum of about 6 ug/L (fig.
15). Metolachlor and alachlor were more
frequently detected in surface water than ground
water. Detections of higher concentrations of these
residues in surface water from local-scale network
sites were closely related to preceding storm
events.

For streams at which seasonal measurements
were made, concentrations of herbicides were
highest in the spring (Bachman and others, 1992).
Desethylatrazine concentrations, which were
highest in base flows from well-drained basins,
were consistent year round, indicating the principal
contribution of this metabolite is through direct
ground-water discharge. This is shown in figure 16
for the Locust Grove local-scale network, which
shows the concentrations of desethylatrazine in
surface water to be near that of ground water
approaching the discharge area to Chesterville
Branch.

It is not known how concentrations of
pesticides and their metabolites in surface water
will change over time. It is possible that they will
modestly increase as ground waters with higher
concentrations of agricultural chemicals (those
recharged since the 1970’s) reach the streams.

SUMMARY AND CONCLUSIONS

A regional assessment of ground-water quality
in the Delmarva Peninsula was conducted by using
data available through 1987 supplemented by data
collected between 1988 and 1991 from several
different networks of wells. These networks were
designed to investigate ground-water-quality
patterns in different hydrologic settings at different
spatial scales. The study focused on the areally
extensive surficial aquifer, but also included
samples from several wells completed in each of
the confined aquifers used for water supply on the
Peninsula. Several synoptic surveys of the quality
of stream base flow also were conducted to
investigate relations between surface-water quality
and ground-water quality.

The chemical character of water in the surficial
aquifer is affected by agricultural activities over
most of the Delmarva Peninsula, but waters in
confined aquifers have not been significantly
affected by agricultural chemicals. The effect of
agriculture on water quality is indicated by the
areal extensiveness of shallow ground waters with
an agricultural chemical signature, and the
significant percentage of detections of dissolved
nitrate in ground water at concentrations above the
U.S. Environmental Protection Agency’s
Maximum Contaminant Level. The agricultural
influence is also demonstrated by the frequent
detection in shallow ground water of trace
concentrations of herbicides used on the major
crops grown in the study area. Insecticides were
detected in only a few samples from the shallow
aquifers, and pesticides were detected in only one
sample from the confined aquifers.

Historical differences in the usage of fertilizers
and pesticides in the Delmarva Peninsula are
reflected in the ground-water-quality patterns. For
example, commercial fertilizers and manure have
been applied at much higher rates for longer
periods of time than the herbicides used on the
common crop types. As aresult, nitrate concentra-
tions in water affected by agricultural activities
range from several milligrams per liter to several
tens of milligrams per liter while herbicide con-
centrations in these waters are near detection levels
at concentrations of tenths and hundredths of a
microgram per liter. In addition, elevated
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concentrations of nitrate are found in a greater
percentage of shallow ground-water samples and at
greater depths in the surficial aquifer than the
detections of trace concentrations of herbicides.
Furthermore most of the ground waters with high
concentrations of agricultural chemicals were
recharged after 1970, based on estimates of
ground-water recharge dates inferred from chloro-
fluorocarbon analyses. This ground-water-quality
pattern is consistent with estimates of agricultural
chemical use which show significant increases in
the rates of application of commercial fertilizer and
manure in the 1970’s relative to the 1950°s and
1960’s. In addition, the pesticides found in the
shallow ground water began to be used more
universally in the study area in the 1970’s.

Data from several local-scale studies of water-
quality variations along ground-water-flow paths
indicate that the spatial distribution of nitrate in the
shallow ground-water system is related to ground-
water-flow patterns and characteristics of the
landscape, mainly land use, drainage patterns,
soils, and geology. The highest median concentra-
tions of nitrate, for example, are in a region of the
study area referred to as the well-drained upland.
This area has the highest percentage of agricultural
lands and well-drained soils of all areas of the
Delmarva Peninsula, and it also has the longest
ground-water-flow paths. Elevated nitrate
concentrations are found in other regions of the
Peninsula, but the lower percentage of agricultural
lands and well-drained soils in these areas yields
lower median nitrate concentrations relative to
those in the well-drained upland.

The spatial distribution of herbicides in the
shallow ground water is related to land use and
ground-water-flow patterns. Most of the detections
of herbicides were in samples of water with an
agricultural chemical signature from wells near
farm fields. Virtually no herbicides were detected
in parts of the ground-water system used for water
supply, namely, the deeper parts of the surficial
aquifer and the confined aquifers. Metabolites of
the triazine herbicides were detected in samples
from wells in several of the local-scale well
networks. Neither the metabolite data nor the
depth-distribution data on pesticides, however,
give much indication of the potential for pesticides
to migrate to deeper parts of the ground-water
system over time.

Elevated concentrations of nitrate and trace
levels of herbicides were found in nontidal streams
under base-flow conditions. Desethylatrazine, a
metabolite of atrazine and other triazine herbicides,
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was found at trace levels in both stream base flow
and ground water. Nitrate concentrations seem to
be related to land-use patterns and soils, and show
no demonstrable seasonal patterns. The con-
centrations of herbicides, on the other hand, were
significantly higher during late spring base-flow
periods, after application on the fields.

These results have several important
implications for environmental management and
future water-quality assessment and monitoring in
the Delmarva Peninsula. First, the surficial aquifer
contains large volumes of ground water with
elevated concentrations of nitrate in nearly all areas
of the Peninsula. In some regions, these elevated
concentrations are found at all depths of the
surficial aquifer. These high-nitrate ground waters
seem to be the principal sources of nitrate to
streams under base-flow conditions. Age-dating of
ground water in the surficial aquifer indicates that
it may take 10 to 30 years before some of these
high-nitrate ground waters discharge to streams or
other surface-water bodies. Therefore, in some
parts of the study area, ground water with elevated
nitrate concentrations will continue to discharge to
surface water even if application rates for
fertilizers and manure are significantly reduced.
This strongly suggests that water-quality-
monitoring programs designed to evaluate the
effectiveness of best-management practices on
nutrient loading in streams should consider both
surface- and ground-water quality.

This study also demonstrated the value of using
isotopic and other geochemical data to perform
regional ground-water-quality assessments. Data
on major ion concentrations, isotopic data, and
other constituents collected in this study showed
that the shallow ground-water system in the
Delmarva Peninsula contains a geochemical record
of past land-use practices. These techniques offer
the potential for observing temporal trends in
ground-water quality and for evaluating the
effectiveness of different land practices on ground-
water quality. Such methods also offer great
potential for improving the knowledge of how
ground-water-flow systems and ground-water-
quality patterns influence surface-water-quality
patterns.

Finally, the results of this study demonstrate the
value of a multi-scale network design for regional
water-quality assessment. The regional networks
provided information on the geographic dis-
tribution of water-quality constituents over the
study area and the statistical relations among water
quality, natural landscape features, and human



activities. Information from the local networks
allowed for more detailed investigation of relations
among water quality, features of the ground-water-
flow system, landscape features, and human
influences such as agricultural practices and
residential development patterns. The local-scale
information was also helpful in assessing bias in
the regional data sets. The multi-scale approach led
to a better understanding of the processes
influencing water-quality patterns in the Delmarva
Peninsula and a better information base upon
which to design future assessments of spatial and
temporal trends in water quality.
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