USE OF AGRICULTURAL
CHEMICALS
Applications of pesticides and fertilizers
to cropland can result in significant additions of
contaminants to water resources. Some pesticides
are only slightly soluble in water and may attach
(sorb) to soil particles instead of remaining in solution; these compounds are less likely to cause
contamination of ground water. Other pesticides,
however, are detected in low, but significant,
concentrations in both ground water and surface
water. Ammonium, a major component of fertilizer
and manure, is very soluble in water, and increased
concentrations of nitrate that result from nitrification of ammonium commonly are present in both
ground water and surface water associated with
agricultural lands (see Box O). In addition to these
nonpoint sources of water contamination, point
sources of contamination are common in agricultural areas where livestock are concentrated in
small areas, such as feedlots. Whether the initial
contamination is present in ground water or surface
water is somewhat immaterial because the close
interaction of the two sometimes results in both
being contaminated (see Box P).

“Whether the initial contamination is present
in ground water or surface water is
somewhat immaterial because the close
interaction of the two sometimes results
in both being contaminated”
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O
Effects of Nitrogen Use on the Quality of
Ground Water and Surface Water
Nitrate contamination of ground water and surface
water in the United States is widespread because nitrate is
very mobile in the environment. Nitrate concentrations are
increasing in much of the Nation’s water, but they are particularly high in ground water in the midcontinent region of the
United States. Two principal chemical reactions are important
to the fate of nitrogen in water: (1) fertilizer ammonium can be
nitrified to form nitrate, which is very mobile as a dissolved
constituent in shallow ground water, and (2) nitrate can be
denitrified to produce nitrogen gas in the presence of chemically reducing conditions if a source of dissolved organic
carbon is available.

High concentrations of nitrate can contribute to excessive growth of aquatic plants, depletion of oxygen, fishkills,
and general degradation of aquatic habitats. For example, a
study of Waquoit Bay in Massachusetts linked the decline in
eelgrass beds since 1950 to a progressive increase in nitrate
input due to expansion of domestic septic-field developments
in the drainage basin (Figure O–1). Loss of eelgrass is a
concern because this aquatic plant stabilizes sediment and
provides ideal habitat for juvenile fish and other fauna in
coastal bays and estuaries. Larger nitrate concentrations
supported algal growth that caused turbidity and shading,
which contributed to the decline of eelgrass.

Waquoit Bay, Massachusetts

Morgan Creek, Maryland

Figure O–1. The areal extent of eelgrass
in Waquoit Bay, Massachusetts, decreased
markedly between 1951 and 1987 because
of increased inputs of nitrogen related to
domestic septic-field developments. (Modified
from Valiela, I., Foreman, K., LaMontagne, M.,
Hersh, D., Costa, J., Peckol, P., DeMeoAndeson, B., D’Avanzo, C., Babione, M.,
Sham, C.H., Brawley, J., and Lajtha, K.,
1992, Couplings of watersheds and coastal
waters—Sources and consequences
of nutrient enrichment in Waquoit Bay,
Massachusetts: Estuaries, v. 15, no. 4,
p. 433–457.) (Reprinted by permission of
the Estuarine Research Federation.)

Eelgrass

1951

62

Waquoit
Bay

1971

1978

1987

Significant denitrification has been found to take
place at locations where oxygen is absent or present at
very low concentrations and where suitable electron-donor
compounds, such as organic carbon, are available. Such
locations include the interface of aquifers with silt and clay
confining beds and along riparian zones adjacent to streams.
For example, in a study on the eastern shore of Maryland,
nitrogen isotopes and other environmental tracers were used
to show that the degree of denitrification that took place
depended on the extent of interaction between ground-water
and the chemically reducing sediments near or below the
bottom of the Aquia Formation. Two drainage basins were
studied: Morgan Creek and Chesterville Branch (Figure O–2).
Ground-water discharging beneath both streams had similar
nitrate concentration when recharged. Significant denitrification took place in the Morgan Creek basin where a large
fraction of local ground-water flow passed through the
reducing sediments, which are present at shallow depths
(3 to 10 feet) in this area. Evidence for the denitrification
included decreases in nitrate concentrations along the flow
path to Morgan Creek and enrichment of the 15N isotope.
Much less denitrification took place in the Chesterville Branch
basin because the top of the reducing sediments are deeper
(10 to 20 feet) in this area and a smaller fraction of groundwater flow passed through those sediments.
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Figure O–2. Denitrification had a greater effect on ground water discharging to Morgan Creek than to Chesterville Branch in
Maryland because a larger fraction of the local flow system discharging to Morgan Creek penetrated the reduced calcareous
sediments near or below the bottom of the Aquia Formation than the flow system associated with the Chesterville Branch.
(Modified from Bolke, J.K., and Denver, J.M., 1995, Combined use of ground-water dating, chemical, and isotopic analyses
to resolve the history and fate of nitrate contamination in two agricultural watersheds, Atlantic coastal plain, Maryland: Water
Resources Research, v. 31, no. 9, p. 2319–2337.)
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P
Effects of Pesticide Application to
Agricultural Lands on the Quality of
Ground Water and Surface Water
Pesticide contamination of ground water and surface
water has become a major environmental issue. Recent
studies indicate that pesticides applied to cropland can
contaminate the underlying ground water and then move
along ground-water flow paths to surface water. In addition,
as indicated by the following examples, movement of these
pesticides between surface water and ground water can be
dynamic in response to factors such as bank storage during
periods of high runoff and ground-water withdrawals.
A study of the sources of atrazine, a widely used
herbicide detected in the Cedar River and its associated
alluvial aquifer in Iowa, indicated that ground water was the
major source of atrazine in the river during base-flow conditions. In addition, during periods of high streamflow, surface
water containing high concentrations of atrazine moved
into the bank sediments and alluvial aquifer, then slowly
discharged back to the river as the river level declined.
Reversals of flow related to bank storage were documented
using data for three sampling periods (Figure P–1). The first
sampling (Figure P–1A) was before atrazine was applied to
cropland, when concentrations in the river and aquifer were
relatively low. The second sampling (Figure P–1B) was after
atrazine was applied to cropland upstream. High streamflow at
this time caused the river stage to peak almost 6 feet above its
base-flow level, which caused the herbicide to move with
the river water into the aquifer. By the third sampling date
(Figure P–1C), the hydraulic gradient between the river
and the alluvial aquifer had reversed again, and atrazinecontaminated water discharged back into the river.
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Figure P–1. Concentrations of atrazine increased in the
Cedar River in Iowa following applications of the chemical
on agricultural areas upstream from a study site. During high
streamflow (B), the contaminated river water moved into the
alluvial aquifer as bank storage, contaminating ground water.
After the river level declined (C), part of the contaminated
ground water returned to the river. (Modified from Squillace,
P.J., Thurman, E.M., and Furlong, E.T., 1993, Groundwater
as a nonpoint source of atrazine and deethylatrazine in a river
during base flow conditions: Water Resources Research,
v. 29, no. 6, p. 1719–1729.)
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In a second study, atrazine was detected in ground
water in the alluvial aquifer along the Platte River near Lincoln,
Nebraska. Atrazine is not applied in the vicinity of the well
field, so it was suspected that ground-water withdrawals at the
well field caused contaminated river water to move into the
aquifer. To define the source of the atrazine, water samples
were collected from monitoring wells located at different
distances from the river near the well field. The pattern of
concentrations of atrazine in the ground water indicated that
peak concentrations of the herbicide showed up sooner in
wells close to the river compared to wells farther away (Figure
P–2). Peak concentrations of atrazine in ground water were
much higher and more distinct during periods of large groundwater withdrawals (July and August) than during periods of
much smaller withdrawals (May to early June).
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Figure P–2. Pumping of municipal water-supply wells near
Lincoln, Nebraska, has induced Platte River water contaminated with atrazine to flow into the aquifer. Distances shown
are from river to monitoring well. (Modified from Duncan, D.,
Pederson, D.T., Shepherd, T.R., and Carr, J.D., 1991,
Atrazine used as a tracer of induced recharge: Ground
Water Monitoring Review, v. 11, no. 4, p. 144–150.) (Used
with permission.)
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Urban and Industrial Development
Point sources of contamination to surfacewater bodies are an expected side effect of urban
development. Examples of point sources include
direct discharges from sewage-treatment plants,
industrial facilities, and stormwater drains. These
facilities and structures commonly add sufficient
loads of a variety of contaminants to streams to
strongly affect the quality of the stream for long
distances downstream. Depending on relative flow
magnitudes of the point source and of the stream,
discharge from a point source such as a sewagetreatment plant may represent a large percentage of
the water in the stream directly downstream from
the source. Contaminants in streams can easily
affect ground-water quality, especially where
streams normally seep to ground water, where
ground-water withdrawals induce seepage from the
stream, and where floods cause stream water to
become bank storage.
Point sources of contamination to ground
water can include septic tanks, fluid storage tanks,
landfills, and industrial lagoons. If a contaminant is
soluble in water and reaches the water table,
the contaminant will be transported by the slowly
moving ground water. If the source continues to
supply the contaminant over a period of time,
the distribution of the dissolved contaminant
will take a characteristic “plumelike” shape (see

Box M). These contaminant plumes commonly
discharge into a nearby surface-water body. If
the concentration of contaminant is low and the
rate of discharge of plume water also is small relative to the volume of the receiving surface-water
body, the discharging contaminant plume will have
only a small, or perhaps unmeasurable, effect on
the quality of the receiving surface-water body.
Furthermore, biogeochemical processes
may decrease the concentration of the contaminant
as it is transported through the shallow groundwater system and the hyporheic zone. On the other
hand, if the discharge of the contaminant plume is
large or has high concentrations of contaminant, it
could significantly affect the quality of the
receiving surface-water body.

“Contaminants in streams can easily affect
ground-water quality, especially where
streams normally seep to
ground water, where ground-water
withdrawals induce seepage from the stream,
and where floods cause stream water to
become bank storage”
66

Water Quality
For nearly every type of water use, whether
municipal, industrial, or agricultural, water has
increased concentrations of dissolved constituents
or increased temperature following its use. Therefore, the water quality of the water bodies that
receive the discharge or return flow are affected
by that use. In addition, as the water moves downstream, additional water use can further degrade
the water quality. If irrigation return flow, or
discharge from a municipal or industrial plant,
moves downstream and is drawn back into an
aquifer because of ground-water withdrawals, the
ground-water system also will be affected by the
quality of that surface water.
Application of irrigation water to cropland
can result in the return flow having poorer quality
because evapotranspiration by plants removes
some water but not the dissolved salts. As a result,
the dissolved salts can precipitate as solids,
increasing the salinity of the soils. Additional
application of water dissolves these salts and
moves them farther downgradient in the hydrologic
system. In addition, application of fertilizers and
pesticides to cropland can result in poor-quality
return flows to both ground water and surface
water. The transport and fate of contaminants
caused by agricultural practices and municipal and
industrial discharges are a widespread concern that
can be addressed most effectively if ground water
and surface water are managed as a single resource.
Water scientists and water managers need
to design data-collection programs that examine
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the effects of biogeochemical processes on water
quality at the interface between surface water and
near-surface sediments. These processes can have a
profound effect on the chemistry of ground water
recharging surface water and on the chemistry of
surface water recharging ground water. Repeated
exchange of water between surface water and nearsurface sediments can further enhance the importance of these processes. Research on the interface
between ground water and surface water has
increased in recent years, but only a few stream
environments have been studied, and the transfer
value of the research results is limited and uncertain.
The tendency for chemical contaminants to
move between ground water and surface water is a
key consideration in managing water resources.
With an increasing emphasis on watersheds as a
focus for managing water quality, coordination
between watershed-management and groundwater-protection programs will be essential to
protect the quality of drinking water. Furthermore,
ground-water and surface-water interactions have a
major role in affecting chemical and biological
processes in lakes, wetlands, and streams, which in
turn affect water quality throughout the hydrologic
system. Improved scientific understanding of the
interconnections between hydrological and
biogeochemical processes will be needed to remediate contaminated sites, to evaluate applications
for waste-discharge permits, and to protect or
restore biological resources.

