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Preface

The National Water Quality Inventory Report to Congress is the primary vehicle for informing
Congress and the public about general water quality conditions in the United States. It
summarizes information related to the quality of our Nation’s water resources as reported by
States, Territories, and American Indian Tribes in their water quality assessment reports. The
Clean Water Act, Section 305(b), requires that the States and other participating jurisdic-

. tions submit water quality assessment reports every 2 years. It also requires that the U.S.
Environmental Protection Agency (EPA) summarize the reports submitted by the States and
other jurisdictions and provide the information to Congress every 2 years. Most of the
survey information in the 1994 Section 305(b) reports is based on water quality information
collected and evaluated by the States, Territories, and Tribes during 1992 and 1993.

In reviewing the data in this bulletin, it is important to remember that. the States and other
participating jurisdictions that provided data for the report do not use identical survey
methods and criteria to rate water quality. The National Water Quality Inventory Report

to Congress must balance flexibility with the goal of obtaining comparable and consistent
data. In the past 6 to 8 years, EPA has sought to establish guidelines for data collection that
would lend consistency to the data collected, analyzed, and provided to EPA for this report.
Recent joint actions by EPA, States, and other agencies include implernenting the recom-
mendations of the Intergovernmental Task Force for Monitoring Water Quality and refining
the Guidelines for Preparation of the 1996 State Water Quality Assessments (305(b) Reports).
The Task Force report recommends a strategy for nationwide water quality monitoring and
technical monitoring improvements to support sound water quality decision-making at all
levels of government and in the private sector. The 1996 guidelines for the 305(b) process
give the States much needed flexibility in selecting aquifers on which to focus their efforts in
assessing ground water quality and establishing baseline data requirements. The refinement
of these guidelines is expected to make comparison and interpretation of ground water
quality more meaningful in the 7996 National Water Quality Inventory Report to Congress.

The following bulletin focuses on our Nation’s ground water resources. Using information
supplied by the States, Territories, and Tribes in their 1994 Section 305(b) reports, the two
chapters characterize our Nation’s ground water quality, identify widespread ground water
quality problems of national significance, and describe various programs implemented to
restore and protect our ground water resources. The chapters summarize information
submitted by 48 States, 2 Territories, and 5 Tribes, and highlight additional subjects that
are important in ground water quality protection.

It is hoped that the reader recognizes the importance of ground water from this reading.
Itis also important to note that national initiatives alone cannot clean up our waters; water
quality protection and restoration must happen at the local and State levels in conjunction
with State and Federal activities, funding, and programs. This bulletin alone cannot provide
the detailed information needed to manage a water quality program. However, this
information can be used, together with the individual State Section 305(b) reports, water
management plans, and other local documents, to assist in developing a ground water
management program.
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Ground Water Quality

Ground water is a vital national
resource that is used for a myriad of
purposes. It is used for public and
domestic water supply systems, for
irrigation and livestock watering,
and for industrial, commercial, min-
ing, and thermoelectric power pro-
duction purposes. In many parts of
the Nation, ground water serves as
the only reliable source of drinking
and irrigation water. Unfortunately,
this vital resource is vulnerable to
contamination, and ground water
contaminant problems are being
reported throughout the country. In
their 1994 305(b) reports, States,
Tribes, and Territories identified
contaminant sources and the associ-
ated contaminants that threaten the
integrity of their ground water
resources. Controlling these sources
of contamination and preventing
further contamination of the
resource have become the focus
of numerous local, State, and Fed-
eral programs. ‘

This section contains informa-
tion provided by 48 States, 2 Terri-
tories, and 5 Tribes in their 1994
305(b) reports. The 1994 305(b)
reports are based on guidelines,
developed by EPA, requesting that
each reporting agency characterize
the quality of its ground water
resources. Because few States and
Tribes possess the capability to char-
acterize ground water quality using
ambient monitoring data, EPA asked
them to provide available informa-
tion on specific contaminant sources
and associated contaminants

degrading ground water quality.
And, for the first time, EPA asked
States and Tribes to provide infor-
mation on selected parameters that
will be used in the future to provide
an indication of spatial and tempo-
ral trends in ground water quality.

This chapter presents an over-
view of ground water use in the
United States as well as a discussion
detailing State-identified sources of
contamination and contaminants
that are adversely impacting our
Nation’s ground water quality. State
progress in the development of
ambient ground water monitoring
networks is highlighted. The
progress made in developing
ground water indicators is also
described.

Ground Water Use
in the United States

In 1990, ground water supplied
51% of the Nation’s population
with drinking water—the highest-
priority use of water. Overall,
ground water supplied approxi-
mately 20% (80.6 billion gallons per
day [bgd] out of a total 408.4 bgd)
of all water uses in the United
States. These water uses include
public and domestic water supply,
irrigation, livestock watering, min-
ing, and commercial, industrial, and
thermoelectric cooling applications.
Figure 1 illustrates the distribution
of ground water use among these
categories. As shown, irrigation
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Figure 1

National Ground Water Use as a
Percentage of Total Withdrawals

Irrigation 63%
Thermoelectric 0.7%
Commercial 19

\ __ Livestock Watering 3%
“3—— Domestic 4% '
— Mining 4%

4— Industrial 5%

Public Drinking
Water Supply 19%.

Source: Open-File Report 92-63, U.S. Geological Survey.

Withdrawal and Discharge of Ground Water
as a Percentage of Contribution

Thermoelectric 0.3%
Commercial 0.5%
Livestock Watering 1.4%
Mining 1.9%

Domestic 1.9%
Industrial 2.3%

Public Drinking

Water Supply 8.7%

Irrigation 29.0%

Stream Baseflow
Maintenance 54.0%

Source: Open-File Report 92-63, U.S. Geological Survey, and National Water Summary 1986,
Hydrologlc Events and Ground-Water Quality, U.S. Geological Survey, Water-Supply
Paper 2325.

(63%) and public water supply
(19%) are the largest uses of
ground water withdrawals.

One of the largest and most
important contributions of ground -~
water is not presented in Figure 1.
The volume of ground water that is
naturally discharged to streams and
other surface waterbodies, thereby
maintaining streamflow during per-

* iods of low flow or drought condi-

tions, was previously unrecognized
and unquantified. This volume,

492 bgd, is measured using special
instruments or estimated using
stream gaging and hydraulic gradi-
ent data. The importance of ground

‘water flow into streams and other

surface waters cannot be underestl-

- mated. Ground water can transport

contaminants to streams and affect

- surface water quality and quantity,

which may impact drinking water
supplies drawn from surface waters,
fish and wildlife habitats, swimming,
boating, fishing, and commercial
navigation. Modifications to the
quantity or quality of ground water
discharged into surface water eco-

-systems can also have major eco-

nomic repercussions as a result of
adverse impacts on recreation, pub-
lic health, fisheries, tourism, and’
general ecosystem integrity.

The importance of ground
water to stream baseflow mainte-
nance is illustrated in Figure 2,
which shows all of the major uses of
ground water in relation to stream
baseflow maintenance. Stream
baseflow maintenance accounts for
54% of ground water discharges.
The next highest use of ground
water is irrigation, which accounts
for 29% of national ground water
use. Figure 3 shows that ground
water use for drinking water supply,
agricultural supply, industrial/




Ground Water Quality

commercial supply, and mining and
thermoelectric supplies varies in
different regions of the country. For
example, ground water is more
heavily used for drinking water and
industrial/commercial supplies in
eastern States and for drinking
water and agricultural supplies in
western States.

Despite the variation in usage
across the Nation, ground water
used for drinking water supply is
one of the most critical uses. Data
reported by the U.S. Geological -
Survey (USGS) were used to .

Figure 3

estimate ground water statistics
related to public water supply (PWS)
and private wells on a State-by-State
basis. Specifically, the data were
used to determine whether there
was an increase or a decrease in the
volume of ground water used for
PWS from 1970 to 1990; the per-
cent change in volume during the
same period; the ratio of the
change in ground water use from
1980 to 1990 to the change in
surface water use during the same
period for PWS; the percent of
population dependent upon ground

Distribution of Ground Water Usage

. Across the Nation b

z8 Drinking Water Supply (Public and Domestic)
- Agricultural Supply (Irrigation and Livestock)
Industrial/Commercial Supply
E==9 Mining and Thermoelectric Supply

Source: Open-File Report 92-63, U.S. Geological Survey.




Vulnerability

Virtually all aquifers have some
inherent susceptibility to contamina-
tion. To determine the susceptibility
of aquifers to contamination from
shallow (Class V) injection wells, EPA
performed a nationwide assess-
ment.* The purpose of the assess-
ment was to determine ground
water vulnerability and aquifer sensi-
tivity for each of the 48 contermi-
nous States.

Ground water vulnerability is
dependent upon the geology of the
physical system. However, popula-
tion density and distribution are also
important as the greatest number of
shallow injection ‘wells occur in areas
of high population density. Aquifer
sensitivity is related to the potential
for contamination to occur. Aquifers
that have a high degree of vulner-
ability and occur in areas of high
population density are considered to
be the most sensitive. The assess-
ment determined that 44% of the
shallow unconfined aquifers in the
continental United States are highly
susceptible to contamination, and
that 60% have some degree o
susceptibility. ‘

Estimates of inherent susceptibil-
ity can be obtained through a vari-
ety of assessment methods that
consider different characteristics of
the aquifer and/or overlying materi-
als. The assessment method selected
depends on the goal of the assess-
ment. Because the goal of, and
method for, each assessment may
be different, multiple assessments
may yield different results. Such a
seeming discrepancy in results does
not detract from the benefits of
susceptibility assessments for ground
water management purposes,
because results are goal-specific.

Several States have performed
their own statewide aquifer suscepti-
bility assessments to address a high-
priority management concern. For
example, Georgia performed a
“DRASTIC" assessment of suscepti-
bility and determined that approxi-
mately 65% of the State was either
moderately or highly susceptible to
surface-applied sources of contami-
nation. These results are similar to
those obtained by Pettyjohn et al.
(1991)* in which it was estimated

* Pettyjohn, W.A., M. Savoca, and Dale Self, 1991, Regional Assessment of Aquifer Vulnerability ‘
and Sensitivity in the Conterminous United States, Robert S. Kerr Environmental Research
Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Ada,

Oklahoma, 319 pages.
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that 62% of Georgia is susceptible
to shallow subsurface sources of
contamination.

Although high-priority concerns
differ among States, the results of
the nationwide assessment show
that a significant part of the Nation
is highly susceptible to at least some
type of contamination. That such a
significant portion of the Nation’s
ground water is susceptible attests
to the need for contaminant
prevention.
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Examples of Surface Water
Contaminated by Contaminated
Ground Water

EPA’s Chesapeake Bay Office
estimates that 30% to 40% of the
nitrates entering the.Bay, the major
poliutant in the Bay, comes from
ground water discharge. Agriculture
is the primary source of these
nitrates because farming is common
in the huge watershed draining into
the Bay. Along with nitrates, pesti-
cides also enter the Bay. Pesticides
are used to control pests on land
and may be destroying beneficial
organisms in ground water as well.
Thus, the benefit that these organ-
isms provide in cleaning ground
water before it enters the Bay is lost.
To further exacerbate the problem,
the forests that surround the shore-
line continue to be cleared as devel-
opment spreads. Research shows
that trees are effective in removing
nitrates and other pollutants from
ground water before it discharges to
surface water, and thus another
water cleaning mechanism is lost. In
addition, the development that
removes the trees adds yet more
pollutant load to the watershed.
This general model, with minor
variations, is common throughout
the country.

EPA recently published A Review
of Methods for Assessing Nonpoint
Source Contaminated Ground Water

Discharge to Surface Water,* which
identified seven methods commonly
used to estimate the quantity of
ground water discharging to surface
water. Although these methods are
well established, published research
that describes loadings from ground
water for specific locations is not
abundant. Nevertheless, a review of
the scientific literature identified
more than 100 studies nationwide
in which contaminated ground
water was discharged into and
contaminated surface water. For
example,

m In the Missouri Valley watershed,
ground water accounts for 84% to
95% of the nitrate loading to
surface water.

m On the St. John's River, Florida,
about 20% of chloride loading
comes from ground water seeping
into canals that drain into the river.

m At the Mahantango Creek water-
shed in Pennsylvania, a link was
observed between the intensity of
corn production and concentrations
of atrazine in ground water. As corn
production and the use of atrazine
increased, higher concentrations of
atrazine were observed in more
wells. Specifically, atrazine was

*U.S. EPA, 1991, Office of Water, EPA 570/9-91-010.




detected at concentrations less than
EPA standards in 74% of all sampled
wells. '

m In Rehoboth Bay, Indian River
Bay, and Little Assawoman Bay,
Delaware, over 75% of nitrogen
loading comes from ground water
discharge. ‘

m In Key Largo Marine Sanctuary,
Florida, ground water discharge
showed numerous pesticide peaks

and heavy metal concentrations
100 to 10,000 times above sea
water levels.

m In Cedar River, lowa, the pesti-
cides atrazine and deethylatrazine
were found in the river and 75%
was contributed from ground water.

m In the Indian River estuary in
Florida, dissolved reactive phosphate
was found and 99% came from
ground water discharge.
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water for drinking water supplies in
1990; and the percent of ground
water used for private drinking
water supplies. Ground water statis-
tics are provided in Appendix A,
Table A-1. Figure 4 illustrates the
percentage of population depen-
dent upon ground water for drink-
ing water in 1990. As shown, New
Mexico, Mississippi, and Florida rely
on ground water for 90% or more
of their drinking water supply. Fol-
lowing is a brief summary of signifi-
cant trends.

For the period 1970 to 1990,

m Twenty-one States and one Terri-
tory increased ground water use for

Percent of Population Dependent on Ground
Water for Drinking Water |
1990

90-100%
70-89%

. 50-69%

30-49%

<3 American Samoa 3 20-29%
< Guam 1 0-19%

Source: Open-File Report 92-63, U.S. Geological Survey.

public water systems at a rate
greater than overall public water
use.

m Alaska, Arizona, California,
Florida, Kentucky, Missouri, and
Puerto Rico more than doubled
their use of ground water for public

supply.

m Hawaii, idaho, Louisiana, Mary-
land, Minnesota, Montana, Massa-
chusetts, New Mexico, North Caro-
lina, Pennsylvania, Texas, and
Wyoming nearly doubled their

use of ground water for public

supply.
For the period 1980 to 1990,

m For incremental drinking water
use, ground water supplied two of
every three additional gallons of
water supplied by public water
systems nationally.

In 1990,

m More than half of the national
population was dependent upon
ground water for drinking water.

m More than half of the population
(51% to 93%) in 30 States relied on
ground water for drinking water.

m Approximately 32% of the
national population dependent
upon ground water obtained their
drinking water from private wells.

m Ninety-five percent of the popu-
lation in rural areas relied on
ground water for their water supply.

m In Kentucky, Maine, North Caro-
lina, South Carolina, and West Vir-
ginia, 65% to 77% of the popula-
tion relied on ground water from
private wells.
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m At least 40% of the population in
23 States and 1 Territory relied on
ground water from private wells.

Ground Water Quality

Ground water moves slowly, on
the order of less than an inch to
tens of feet per day. Consequently,
contaminants introduced into the
subsurface are less likely to be
diluted than those introduced into
more rapidly moving surface water.
The slow movement of ground
water often results in a delay in the
detection of ground water contami-
nation. In some cases, contaminants
introduced into the subsurface more
than 10 years ago are only now
being detected and affecting
ground water uses.

While the larger ground water
resource is of good quality, localized
areas of high demand and chemical
use can be affected by contamina-

- tion. This situation exists because
locations of more productive
ground water yields are often places
that allow more infiltration and
recharge of aquifers, carrying con-
taminants more easily to ground
water. This vast resource remains
exceedingly vulnerable to contami-
nation by toxic compounds, bacte-
ria, viruses, and inorganic contami-
nants. In one study of five midwes-
tern States, the Ground Water
Protection Council* estimated that

. between 15% and 489% of the land
area is underlain by highly vulner-
able aquifers.

Contamination of ground water
typically occurs in localized areas.
These incidents are frequently seri-
ous and often pose threats to

*Wayne A. Pettyjohn, Aquifer Vulnerability, Sensitivity, and Ground Water Quc

94 pages.

human health or result in increased
costs to consumers. Many locations
within every State have shown
water quality degradation that
constrains the use of ground water
resources. As ground water quality
is degraded, Americans are becom-
ing increasingly aware that contami-
nated ground water is both difficult
and expénsive to clean up.

The following statistics help to
illustrate the prevalence of localized
ground water contamination
incidents: ‘

=m More than 85% of abandoned
hazardous waste disposal sites
(Superfund sites) have some degree
of ground water contarination.
Most of these sites impact aquifers
that are currently used or could
potentially be used for drinking
water.

m Of the contaminated aquifers at
Superfund sites, 62% discharge into
surface waters. Of these aquifers,
38% are used to supply drinking
water. Nineteen percent of these
contaminated aquifers discharge to
sensitive ecological environments.

m At 49% of the Superfund sites
where cleanup costs are expected to
exceed $20 million, dealing with
large volumes of contarninated
ground water is a key factor
contributing to that cost.

m Currently, 418 land disposal
facilities are subject to ground water
monitoring requirements under the
Resource Conservation and Recovery
Act (RCRA). Of these, an estimated
37% are undertaking measures to
clean up existing ground water
contamination. The EPA estimates

ality in Selected States, Ground Water Protection Council, 1994,
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that another 10% of the land
disposal facilities will detect ground
water contaminants in the next

2 years.

m EPA estimates that 1.2 million
federally regulated underground
storage tanks (USTs) are buried at
over 500,000 sites nationwide. An
estimated 139,000 USTs have

~leaked and impacted ground water

quality.

m EPA estimates that the total num-
ber of leaking USTs could reach
400,000 in the next several years.

The EPA requested that States
provide information on the degra-
dation of ground water resources
used for public drinking water sup-
ply. As a result, 21 States reported
on the quality of ground water sup-
plied by a total of 20,294 public
water systems that serve approxi-
mately 52 million people. Among
these States:

m Nineteen reported incidents of
public water systems that use
ground water exceeding the Maxi-
mum Contaminant Level (MCL) for
at least one contaminant. These
exceedances occurred in 3% of the
ground-water-supplied public water
systems and affected drinking water
quality for 1.4 million Americans.

m Eleven reported incidents in
which ground water supplied by
public water systems exceeded the
MCL for nitrate. Barium, arsenic,
and fluoride were cited most
frequently among the other 12

inorganic contaminants reported to
have exceeded MClLs.

m Fifteen volatile organic com- ‘
pounds (VOCs) and eight pesticides
were noted to have exceeded MCLs
in ground-water-supplied public
water systems. Among the most
frequently cited of these com-
pounds were trichloroethylene,
tetrachloroethylene, and benzene.*
Atrazine, alachlor, and lindane were
the most frequently cited pesticides.

Sixteen States also reported on
the occurrence of ground water
contaminants at levels that are
approaching the MCL. The
concentrations of these contarni-
nants in ground water do not yet
present human health hazards.
Nonetheless, they provide a clear
indication that future uses of
ground water may be impaired. Of
the 16 States reporting:

m Fourteen States detected nitrate
at a level between 50% and 100%
of the MCL in ground water sup-
plied by public water systems.
Among the 12 other inorganic con-
taminants reported to be approach-
ing the MCL, the most frequently
cited were cadmium, nickel, sele-
nium, and thallium.

m Fourteen VOCs and 13 pesticides
were reported at levels that
approached MClLs. The most
frequently cited of these com-
pounds were benzene, carbon
tetrachloride, and vinyl chloride.*
Lindane, simazine, and aldicarb
were the most frequently cited
pesticides. .

* Trichloroethylene is a carcinogen (i.e., cancer-causing substance) used in textiles, adhesives, and metal degreasers. Tetrachloroethylene is
a carcinogen used in dry cleaning and other solvents. Benzene is a widely used carcinogenic component of gasoline, pesticides, paints, and

plastics.

*+ Carbon tetrachloride is a carcinogenic component of solvents and their degradation products. Vinyl chloride is a carcinogen that may leach
from polyvinyl chloride pipe or be formed by the breakdown of other solvents.
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Ground Water
Contaminant Sources

Ground water quality may be
adversely impacted by a variety of
potential contaminant sources. EPA
presented a list of potential
contaminant sources in the 1994
305(b) guidelines and requested
each State to identify and rank the
specific sources that threaten their
ground water resources. Ranking
was based on the best professional
judgment of the State ground water
officials and took into account the
number of each type of source in
the State, the location of the various
sources relative to ground water
used for drinking water purposes,
the size of the population at risk
from contaminated drinking water,
the risk posed to human health
and/or the environment from
releases, hydrogeologic sensitivity
(the ease with which contaminants
enter and travel through soil and
reach aquifers), and the findings of
the State’s ground water protection
strategy and/or related-studies.

Figure 5 lists potential ground
water contaminant sources ranked
according to the number of States
that identified each source as a
high, medium, low, or unspecified
priority. As shown, the greatest
number of States reported that leak-
ing underground storage tanks
(USTs) are a source of ground water
contamination with 41 States rating
USTs as a high-priority source of
ground water contamination in their

. 1994 305(b) reports. Montana indi-
cated that there have been 963

+ confirmed releases from USTs and
that half of these releases impacted
ground water resources. Leaking

USTs have also caused serious
ground water pollution problems in
Rhode Island: with more than 511
leaking USTs identified in the State
since 1985. Many of these sites have
required active remediation of con-
taminated 'ground water. In several
cases, restoration of contaminated
ground water was deemed infea-
sible, and alternative measures had
to be taken to supply affected areas
with drinking water.

The primary causes of leakage in
USTs are faulty installation and cor-
rosion of tanks and pipelines. It is

. estimated that, on a national basis,

139,000 tanks have leaked and
impacted ground water quality, and
reports of leaking USTs continue to
increase. Rhode Island indicated that
new reports of leaking UST sites
requiring investigation for potential
ground water contamination num-
bered 50 to 70 per year during
1992-1993. Montana indicates that
new reports of leaking USTs come in

at a rate of 20 to 30 per month.

This rise in the number of reports of
leaking USTs most likely reflects
increased awareness, stricter require-
ments. on site assessments upon
closure of tanks, and monetary aid
to assist responsible parties to clean
up the contaminated sites. In addi-
tion, increased reporting of UST
leaks may reflect an increase in leaks
as older tanks corrode. -

In general, most USTs are found
in the more heavily developed
urban and suburban areas of a’
State. They are primarily used to
hold petroleum products such as
gasoline. Ninety-five percent of the
USTs in Texas contain petroleum
products. Rhode Island reports that,
of 255 active sites, approximately
75% involve motor fuels (gasoline
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and diesel fuel). The majority of that petroleum leakage has con-
these leaks at the active sites in taminated over 200 private wells
Rhode Island occurred at gasoline between 1990 and 1992.

service stations. North Carolina Septic tanks and shallow injec-
reported that leaking USTs tion wells were listed as the third
accounted for 87% of the ground and eleventh most common sources
water contamination incidents ‘ of ground water contamination,
occurring from October 1991 respectively. Shallow injection wells
through September 1993. Of these (classified as Class V wells in the
incidents, 86% were related to the Underground Injection Control
release of gasoline. Maine reports Program) inject fluids into or above

Contaminant Sources Prioritized by States

Sources

Underground Storage Tanks
Pesticide Applications
Septic Tanks

Fertilizer Applications
Landfills (unpermitted)
Landfills (permitted)
Surface Impoundments
Aboveground Storage Tanks
Land Application

Animal Feedlots

Shallow Injection Wells

Mining and Mine Drainage
Road Salting

Urban Runoff
Transportation of Materials

Pipelines and Sewer Lines

Saltwater Intrusion

Waste Tailings e R R P T M High Priority
: Medium Priority

Irrigation Practices " : Low Priority
Deep Injection Wells T [] Unspecified Priority

| 1
30 40
Number of State, Tribes, and Territories Reporting

Source: 1994 Section 305(b) reports submitted by States, Tribes, and Territories.
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underground sources of drinking
water. They include dry wells, septic
systems, geothermal reinjection
wells, industrial and utility disposal
wells, and aquifer recharge wells.
New Jersey reports that in a four-
county study, including Passaic,
Somerset, Camden, and Ocean
Counties, subsurface discharges of
wastewater from industrial septic
systems, dry wells, and service
station drains are a major source of
drinking water contamination. One-
hundred and twenty-four private
wells and five municipal wells were
contaminated—half by subsurface
discharges.

Contamination of drinking
water from shallow injection wells
may take years to be detected in
nearby wells. A chemical company
in the Bethpage/Hicksville area of
New York disposed of industrial
wastewater containing a carcino-
genic compound—vinyl chloride—
into sumps. Two million gallons of
wastes were discharged each year
for 19 years. This led to extreme
contamination of the Magothy aqui-
fer. Fourteen wells, including five
municipal supply wells, were con-
taminated with industrial organic
wastes. An estimated 100,000
people were affected by the con-
taminated wells.

One obstacle in remediating
ground water contaminated by
shallow injection wells is determin-
ing the responsible parties. Three
wells were closed in Burlington,
Maine, due to trichloroethylene
(TCE) and tetrachloroethylene (PCE)
contamination. The closure of the
wells affected 50% of the town'’s
primary well field and approximately
20,000 people. Two nearby manu-
facturing plants are unconfirmed

but suspected sources of contamina-
tion. Both facilities have dry wells
and septic systems that contain TCE
and PCE. The town continues to
supply water to residents using a
wellfield that previously served as a
backup water supply.

In severe cases, even when
responsible parties are required to
remediate the contaminated area,
costs are high—often too high for
the responsible party or parties to

" afford. From the 1950s through

1981, a thermostat manufacturer in
South Cairo, New York, poured
wastes containing TCE and PCE
sludges down drains connected to
an abandoned septic system. As a
result, high levels of TCE and PCE
were detected in five privately

‘owned wells'in the vicinity. A 1983

Consent Order required the manu-

facturer to clean up the site, supply -

bottled water, and install, monitor,
and maintain carbon filter systems

for the five affected homes. In 1985,

the manufacturer filed for
bankruptcy, and EPA has assumed
responsibility for maintaining the
carbon filter systems and monitor-
ing. EPA has also installed two new
carbon filtration units and an air
stripping system and drilled a new
well in an effort to provide clean
water. Future remedial action will
include the provision of an alternate
water supply through a pipeline at
estimated capital costs of
$2,270,000 and annual operation
and management costs of
$100,000.

A March 22, 1991, report
prepared for EPA entitled Drinking
Water Contamination by Shallow
Injection Wells estimated that shal-
low injection wells contaminated

the drinking water of approximately -




14 Ground Water Quality

1.3 million people at a cost ranging
from $30,000 to $3.8 million.

Ground Water
Contaminants

EPA also requested that States
identify and rank the contaminants
impacting their ground water
resources. This information was also
based upon the best professional
judgment of the State ground water
experts. Factors that were consid-
ered include the areal extent of
contamination, the location of

contamination relative to ground
water supplies used for drinking
water purposes, the size of the
population at risk from drinking
water threatened by the contami-
nant, the risk posed to human
health and/or the environment from
this contaminant, hydrogeologic
sensitivity, and findings of the
State’s ground water protection
strategy or other reports.

As shown in Figure 6, the great-
est number of States cited petro-
leum compounds as a high-priority
contaminant in their ground water,
Petroleum compounds are generally

Ground Water Contaminants Prioritized by States

Sources

Petroleum Compounds
Nitrate

Metals

Other Organic Chemicals
Organic Pesticides
Bacteria

Radionuclides

Inorganic Pesticides
Brine/Salinity

Fluorides

Protozoa

Viruses

Other Inorganic Agricultural Chemicals

Other Organic Agricultural Chemicals
Total Dissolved Solids

. I High Priority

Medium Priority
4 Low Priority
"[] Unspecified Priority 10

0 10 20

30 40 50

Number of States, Tribes, and Territories Reporting

Source: 1994 Section 305(b) reports submitted by States, Tribes, and Territories.
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associated with underground and
aboveground storage tanks, and
their frequent detection in ground
water is consistent with the high
priority assigned by the States to
storage tanks as a contaminant
source.

Petroleum is a complex mixture
of more than 200 different com-
pounds. Studies-have found that
four compounds (benzene, toluene,
ethyl benzene, and xylenes) make
up 95% of the compounds
detected in ground water impacted
by petroleum releases. It is generally
these compounds that are most
frequently detected in contaminated
ground water. Using this informa-. .
tion, Montana was able to relate
five incidents of benzene contami-
nation in public water supplies to
leaking USTs. ‘ .

Nitrate was the second most

common ground water contaminant

cited in State 305(b) reports.
Twenty-four States indicated that
nitrate was a major concern. Ten of
these States indicated that nitrate
was the prime contaminant of
concern. High concentrations of
nitrate in drinking water can cause.
serious human health problems,
especially in babies. Exposure to
high concentrations of nitrate (>10
mg/L) in drinking water causes
methemoglobinemia, or blue baby
syndrome, an inability to fix oxygen
in the blood. :

Nitrate is soluble in water, and,
as a consequence, it is easily trans- -
ported from the soil surface to -
ground water. Nitrate is applied
extensively on agricultural fields,
residential lawns, and golf courses
to promote crop and lawn growth.
Sources of nitrate include fertilizer,
domestic wastewater and sludge,
and septic tanks. Natural -

concentrations of nitrate in ground
water vary, but a concentration of
3 mg/L is often considered to be
typical outside of areas of naturally
high nitrate levels. Concentrations
measured above this level are typi-
cally considered to be the result of

~ human activity. Elevated concentra-
- tions of nitrate in ground water are

frequently considered to be an
important indication of the
degradation of ground water
resources. The EPA drinking water -

standard for nitrate is 10 mg/L.

Following are highlighis of
several State programs focusing on
nitrates.

Maine

The Maine Soil and Water Con-
servation Districts collected soil from
the plow layer of 249 corn fields as

-part of a Manure Management

Project. Soil nitrate was found to-be

twice the level needed to produce a . .

normal corn.crop, suggesting a
threat that the excess nitrate could
leach to ground water. In response,
the Maine Cooperative Extension
Service developed guidelines for -
manure utilization that include . -
(1) the analysis of nitrate levels in .
soils and plants prior to fertilization,
and (2) fertilization according to
realistic crop uptake rates. -

South Dakota

The Oakwood Lakes-Poinsett
Rural Clean Water Program exam-
ined the impacts of agricultural

chemical practices on ground water . -

quality. A total of 114 monitoring
wells were installed at seven study
sites that represented both farmed
and unfarmed areas. The study
results showed that nitrate concen-
trations in ground water ranged
from less than 0.1 mg/L to more
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Frequently Detected Pesticide
Residues in Ground Water

Ground water monitoring for
agricultural chemicals during the
past decade has shown that this
vital resource is susceptible to con-
tamination. The tabulated informa-
tion on the following pages shows
the results of recent monitoring for
pesticides in the ground water of
some States. These studies indicate
that among the most frequently
detected pesticides are those with
active ingredients from the triazine
(atrazine, cyanazine, simazine, and
prometon) and amide (alachlor,
metolachlor, and propachlor) herbi-
cide families. While a number of
pesticides have been detected in
ground water, however, very few
are found at levels that exceed
health-based standards for drinking
water.

Atrazine is the common name
of an herbicide that is frequently
used to control weeds in corn,
sorghum, and other agricultural
crops. Atrazine has a high potential

" to be transported to ground water,
and is the seventh most frequently
detected active ingredient tracked in
the U.S. Environmental Protection
Agency'’s Pesticides in Ground Water
Database.* Atrazine residues were
found in 1,512 (5.6%) of the
26,909 well samples that were
collected for studies conducted
across the United States from 1971
to 1991. Only 172 of the wells

(0.6%) yielded samples in which
atrazine levels exceeded the MCL.

Alachlor is the common name
of an herbicide that is commonly
applied to weeds in corn, cotton,
soybeans, and peanuts. Alachlor has
a moderate potential to be trans-
ported to ground water and is the
ninth most frequently detected pes-
ticide residue listed in the Pesticides
in Ground Water Database. Of the
26,856 wells tested for alachlor
residues in the past two decades,
543 (2%) contained detectable
levels of this herbicide. Alachlor
residues that exceeded the MCL for
this compound were found in 101
wells (0.4%). ‘

Simazine is the common name
of an herbicide used primarily to
control weeds in corn, vineyards,
citrus orchards, and other agricul-
tural crops. Simazine has a moder-
ate potential to be transported to
ground water. The Pesticides in
Ground Water Database. lists
simazine as the tenth most fre-
quently detected pesticide residual
found in ground water over the
past two decades. Simazine residues
were found in 486 (2.2%) of the
22,374 well samples that were
reported from 1971 to 1991. Only
89 of the wells (0.4%) yielded
samples in which simazine levels
exceeded the MCL.

*U.S. Environmental Protection Agency, 1992, EPA Pesticides in Ground Water Database:
A Compilation of Monitoring Studies from 1971-1991, EPA 734-12-92-001, 182 pages.




Factors Affecting
Pesticide Occurrence
in Ground Water

In a study of the corn and
soybean producing region of the
midcontinental United States,
researchers sought to understand
the occurrence and distribution of
selected agricultural chemicals and
their degradation products in shal-
low aquifers.* The study region
included parts of lllinois, Indiana,
lowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, North Dakota,
Ohio, South Dakota, and Wisconsin.
Nearly 60% of the pesticides and
nitrogen fertilizers used in the
United States is applied to crops in
these 12 States. A total of 303 wells
were sampled during both the
preplanting and postplanting
seasons. Herbicides and metabolites
were detected in 24% of the
samples. None of the pesticides
were detected at levels that
exceeded the MCL.

Many of the studies summa-
rized in the attached table sought
to discern relationships between the
occurrence of pesticides in shallow

ground water and specific aquifer or
land use conditions that rendered
the cropland particularly susceptible
to ground water contamination. In
a recent study of agricultural chemi-
cals in the ground water of
Nebraska,” the authors concluded
that the following factors may be
related to pesticide occurrence in
ground water:

m Nearly 70% of the atrazine
detections occurred in highly vulner-
able areas where nonpoint nitrate
contamination has also been docu-
mented. ‘

m The dispersed pattern of alachlor
detections may suggest contamina-
tion that originated from misuse,
overuse, back siphoning, or spills at
mixing/loading areas, rather than
through normal agricultural applica-
tion. ‘

m Some detections of propachlor in
ground water may be related to use
of the pesticide to control weeds
around the wellhead of unsealed
irrigation wells.

*Burkart, M.R., and D.W. Kolpin, 1993, Hydrologic and land-use factors associated with herbi-
cides and nitrate in near-surface aquifers, Journal of Environmental Quality, Vol. 22, No. 4, pp..

646-656.

*Exner, M.E., and R.F. Spalding, 1990, Occurrence of Pesticides and Nitrate in Nebraska’s Ground
Water, Water Center, Ir)stitute of Agriculture and Natural Resources, University of Nebraska,

Report WC1, 34 pp.
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5% s i Rl i
Pesticides
(Percent of wells with pesticides detected below the MCL)
w
2le|g)e
§ .‘q_:., S % % .g E 'E [~4 [
No. Wells a5 |R|E|s8|ls|s|b Els|8|E
: |8 |55 |22 |Sle|lLs|lB|2|T
State Study Purpose’ in Study N ||| |U|U|{T|(a|B8|8|8|&
California Evaluate ground water 3,500 . o |e | o ] .
quality for 15 major municipal
ground water basins water supply
in Southern California? wells
Summary of sampling Varies by 312 3
for pesticides in California analyte
ground water from July 1, (from 393
1992, to June 30,19933 to 1,271 wells)
Summary of sampling for Varies by 111 4
pesticides in California analyte
ground water from July 1, (from 261
1993, to June 30, 1994* to 1,328 wells)
Colorado Monitor South Platte 96 2 |26
Alluvial Aquifer for presence
of commercial fertilizers and
pesticides in ground water®
Maryland Document statewide water Varies by 315 (24 5 14| 4
quality conditions and analyte
establish basis for long-term (from 7
water quality monitoring® to 38 wells) v
Nebraska Characterize the areal Varies by 3 1113 1 6
distribution of agrichemicals analyte
in ground water and (from 35 to
correlate occurrence with 2,260 welis)
parameters that enhance
leaching’
South Dakota Assess presence of pesticides 44 6 |14 ] 6 1 8
and nitrogen-based fertilizers
in ground water in 19938
Evaluate effectiveness of BMPs 73 30 |33} 3 4 27
on reducing pesticides and :
nitrate in the Big Sioux aquifer,
Oakwood Lakes-Poinsett project
area (10-year study)®

¢ = Detected at levels below the MCL. Number of wells unspecified. ‘

1The reader is referred to the footnoted studies for additional information concerning sampling strategies, detection limits, and more detailed data.

2Anderson, Lisa,1994, Groundwater Quality, A Regional Survey of Groundwater Quality in the Metropolitan Water District Service A