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The Clean Water Act has reduced much of the pollution in the Mississippi
River from “point sources” such as industries and water treatment plants, but
problems stemming from urban runoff, agriculture, and other “non-point
sources” have proven more difficult to address. Too little coordination among
the 10 states along the river has left the Mississippi River an “orphan” from a
water quality monitoring and assessment perspective. Stronger leadership
from the U.S. Environmental Protection Agency (EPA), along with better
interstate coordination, is needed to address these problems. Specifically, the
EPA should establish a water quality data-sharing system for the length of the
river, and work with the states to establish and achieve water quality
standards. For this effort, the EPA and the Mississippi River states should
draw upon the lengthy experience of federal-interstate cooperation in
managing water quality in the Chesapeake Bay.

The Mississippi River is, in many ways, the nation’s best known and most
important river system. It is a source of drinking water for millions of people
and supports many recreational and commercial activities.The river’s ecosystems
provide environmental goods and services that are of great value to
communities along the river and to the nation.

Mississippi River water quality is of paramount importance for the sustainability
of these values and uses. However, many different human activities across the
Mississippi River basin affect water quality.These include manufacturing,
urbanization, timber harvesting, and agriculture. Locks, dams, levees, and other
hydrologic modifications along the river also affect water quality.

The river has a variety of water quality problems, at different scales.There are
some localized problems, such as legacy contaminants like PCBs and DDT, and
fecal bacteria from sewage discharges. At a larger scale, excess nutrient loadings
from across the basin cause water quality problems within the river.Those loadings
also result in nutrient overenrichment further downstream and are the primary
cause of the “dead zone” in the Gulf of Mexico. Sediment problems also affect
large areas of the river. In the upper river, excess sediments are a problem in many
areas.Downstream in Louisiana, by contrast, reduced sediment in river flows, due
to retention behind upstream dams, has contributed to losses of coastal wetlands.
At the scale of the entire river, nutrients (primarily nitrogen and phosphorus from
fertilizers) and sediments are the two primary water quality problems.
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Although the CleanWater Act has led to many successes in reducing point
source pollution, nonpoint source pollution such as runoff from agricultural land
and urban areas, has proven more difficult to manage. One challenge in
addressing nonpoint source pollution is that the CleanWater Act does not
provide for its direct regulation, in contrast to point source pollution, which is
regulated under the act.

Efforts to reduce nonpoint source pollution are hampered by inconsistencies
among the 10 Mississippi River corridor states in their water quality standards
(consisting of designated uses and water quality criteria) and monitoring
programs. State-level water quality monitoring programs along the river have
different levels of resources and have not been well coordinated, leaving the river
an “orphan” from a water quality monitoring and assessment perspective.The
CleanWater Act assigns most interstate water quality coordination authority to
the EPA, but EPA has failed to use its mandatory and discretionary authorities to
provide adequate oversight of state water quality activities along the river.

Implementation of the Clean Water Act
The CleanWater Act is the cornerstone of surface water quality protection in
the United States. Passed in 1972, along with important subsequent amendments,
the act employs regulatory and nonregulatory measures designed to reduce
direct pollutant discharges into waterways, finance wastewater treatment
facilities, protect wetlands, and manage polluted runoff. Congress designed the
act “to restore and maintain the chemical, physical, and biological integrity of the
Nation’s waters.” The act also called for zero discharges of pollutants into
navigable waters by 1985 and “fishable and swimmable” waters by mid-1983.
The EPA and the states are jointly responsible for implementing the act.

The CleanWater Act calls upon the states, working in conjunction with the EPA,
to establish designated uses for surface waters, and corresponding water quality
criteria for specific contaminants in order to protect those uses.The Clean
Water Act aims to achieve water quality improvements by requiring technology-
based standards for point source discharges.This approach to point source
management has had many successes, having reduced, for example, sewage
discharges into the Mississippi River.

For waterbodies that remain impaired after application of technology-based
(and water quality-based) controls of point source discharges, the CleanWater
Act requires development and application of Total Maximum Daily Loads
(TMDLs) to achieve water quality standards.TMDLs represent the amount of
a pollutant that can be discharged into a waterbody consistent with applicable
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water quality standards.Achievement of water quality criteria requires analysis
of total contaminant loadings to particular waterbodies and establishment of
TMDLs that cannot be exceeded.TMDLs provide the basis for plans to control
both point and nonpoint sources of particular contaminants.TheTMDL
framework is more easily implemented in smaller watersheds within individual
states than in multistate waterbodies like the Mississippi River. ForTMDLs and
water quality standards to be effectively employed in interstate rivers, the effects
of interstate pollutant loadings must be fully considered in developing aTMDL.

The CleanWater Act requires the EPA to establish water quality criteria;
oversee and approve state water quality standards andTMDLs; set water
quality standards and theTMDL process when state efforts are inadequate;
and safeguard water quality interests of downstream and cross-stream states.
Despite the authorities granted to the EPA within the CleanWater Act to
coordinate interstate water quality issues, large-scale water quality problems
exist in the Mississippi River due to nutrient loadings and sediment loading and
retention.The low-oxygen (hypoxic) “dead zone” in the northern Gulf of Mexico
also continues to persist.

Congress did not design the CleanWaterAct to address every process that affects
Mississippi River water quality, and many structural and physical changes to the
Mississippi River predate passage of the act.The CleanWaterAct cannot be used
as the sole legal vehicle to achieve all water quality objectives along the Mississippi
River and into the northern Gulf of Mexico.Nevertheless, the CleanWaterAct
provides a legal framework that, if comprehensively implemented and rigorously
enforced, can effectively address many aspects of intrastate and interstate water
pollution, although the emphasis to date has been predominantly on the former.

Agriculture and Water Quality
Agriculture contributes the major portion of nutrients and sediments delivered
to the Mississippi River. Reductions in pollutant loadings, especially nutrients,
from agriculture therefore are crucial to improving Mississippi River water quality.
The U.S. Department of Agriculture (USDA) administers several incentive-based
conservation programs designed to implement Best Management Practices
(BMPs) to reduce levels of nutrient and sediment in runoff. Participation in these
programs is voluntary but there are financial incentives to implement BMPs.

Effective management of nutrient and sediment inputs and other water quality
impacts from agricultural sources will require site-specific, targeted approaches
directed at areas of higher nutrient and sediment runoff. Recent increases in
biofuels production, and the increased nutrient and sediment pollutant loads
this likely will induce, provide an even stronger rationale to target applications
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Portions of the River
The upper and lower portions of the Mississippi River exhibit many contrasts
that affect the nature of water quality problems and the extent of water
quality monitoring programs.Much of the upper Mississippi River is a river-
floodplain ecosystem that contains navigation pools, braided channels,
islands, extensive bottomland forests, and floodplain marshes. In contrast, on
the lower river, many natural connections between the river channel and its
floodplain have been severed by the construction of large flood protection
levees.The lower river has fewer backwater areas and islands than in the
upper river. Flows of the lower river are much larger than those in the
upper river, and they contain dangerous currents and eddies, making both
river-based recreation and water quality monitoring activities more difficult.

In the upper Mississippi River, high rates of sediment input and deposition
are important concerns. In the lower Mississippi River, deprivation of
sediments—due in large part to the trapping of large amounts of sediments
behind dams on the Missouri River—is a significant problem. Sediment
deprivation is, for example, a key contributor to losses of coastal wetland
systems in southern Louisiana.

Lock and dam on the
upper Mississippi River;
photo courtesy of the
Alexis Park Inn and Suites.

Lower Mississippi River
nearVicksburg, MS. Photo
courtesy of Jan Hoover.



of USDA conservation programs.The EPA and the USDA also should strengthen
their cooperative activities designed to reduce water quality impacts on the
Mississippi River and the northern Gulf of Mexico from agriculture.

State-Level Leadership
The 10 mainstem Mississippi River states have different priorities regarding the
river and devote different levels of resources to water quality data collection.
Broadly speaking, there is a distinction between priorities and approaches of the
upper river states compared to the lower river states. One example is that the
five upper river states established the Upper Mississippi River Basin Association
(UMRBA) in 1981 to help coordinate their river-related programs and to
work with the federal agencies on Mississippi River issues.There is no
equivalent organization for the lower river states.The Lower Mississippi River
Conservation Committee (LMRCC) is a multistate organization established to
discuss river biology and restoration issues, but it does not have representation
of gubernatorial appointees or employ full-time staff like the UMRBA.

The Mississippi River states will have to be more proactive and cooperative in
their water quality programs for the Mississippi River if marked improvements in
water quality of the river are to be realized.The lower Mississippi River states
should strive toward creating a cooperative mechanism similar in organization to
the UMRBA.The EPA also should facilitate stronger integration of water quality
programs of all 10 Mississippi River states.

EPA Leadership
To help promote a more systematic approach to monitoring, the EPA should
take the lead in establishing a water quality data-sharing system for the length
of the Mississippi River. Several federal agencies, including the National Oceanic
and Atmospheric Administration (NOAA), the Corps of Engineers, and the U.S.
Geological Survey (USGS), have collected various water quality data for different
stretches of the river and into the gulf.All these programs have merit, but there
is no single federal program for water quality monitoring and data collection
for the river as a whole.

The EPA should coordinate with the Mississippi River states to ensure the
collection of data necessary to develop water quality standards for nutrients in
the Mississippi River and the northern Gulf of Mexico.As part of this effort, the
EPA should draw upon the considerable expertise and data held by the federal
agencies noted. Also, the EPA administrator should ensure coordination and
consistency among the four EPA regions along the Mississippi River with regard
to water quality issues along the river and in the northern Gulf of Mexico.
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The EPA also should develop water quality criteria for nutrients in the
Mississippi River and the northern Gulf of Mexico. Further, the EPA should
ensure that states in the Mississippi River watershed establish water quality
standards (designated uses and water quality criteria) andTMDLs such that they
protect water quality in the Mississippi River and the northern Gulf of Mexico
from excessive nutrient pollution. In addition, through a process similar to that
which has been developed for the Chesapeake Bay watershed, the EPA should
develop a federal TMDL, or its functional equivalent, for the Mississippi River
and the northern Gulf of Mexico.

Looking Ahead
The Mississippi River provides immense value to the nation.This report’s
recommendations will not be easy to implement and will entail a higher degree
of collaboration and compromise among interest groups, states, and agencies,
than has been the case in the past. Some of the recommendations will require
additional levels of resources to realize scientific and programmatic improvements.
These challenges will have to be addressed, however, if the purposes of the Clean
WaterAct are to be realized along the Mississippi River, and the river accorded a
level of protection and restoration commensurate with its many values.
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The McKnight Foundation's Environment Program prepared the following annotated
table of contents as a resource guide to the National Research Council (NRC) report,
Mississippi River Water Quality and the Clean Water Act: Progress, Challenges,
and Opportunities. Information is presented in the NRC report in the following
fashion: a summary chapter followed by an introductory chapter, and six topical
chapters (chapters 2–7). Findings and recommendations from the report’s summary
chapter are included in the chart below, followed by descriptions of all chapters of the
report. (All chapter headings and page numbers refer to the NRC report.)

SUMMARY CHAPTER PAGES 1–12
Key findings and recommendations presented in this chapter offer a concise
overview of the report results.

FINDINGS
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Mississippi
River Water

Quality
Problems

At the scale of the entire Mississippi River, including its
effects that extend into the northern Gulf of Mexico,
nutrients and sediment are the two primary water quality
problems.Nutrients are causing significant water quality
problems within the Mississippi River itself and in the
northern Gulf of Mexico. Regarding sediment,many areas
of the upper Mississippi River main channel and backwater
areas are experiencing excess suspended sediment loads
and deposition,while limited sediment replenishment is a
crucial problem along the lower Mississippi River and into
the northern Gulf of Mexico (4).

Water Quality
Monitoring

and
Assessment

As a result of limited interstate coordination, the
Mississippi River is an “orphan” from a water quality
monitoring and assessment perspective (5).

The lack of a centralized Mississippi River water quality
information system and data gathering program hinders
effective implementation of the CleanWater Act and
acts as a barrier to maintaining and improving water
quality along the Mississippi River and into the northern
Gulf of Mexico (5).
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Effectiveness
of the Clean

Water Act

Only approximately 10 percent of Mississippi River
nitrogen loading is from point sources (6).

The CleanWater Act has been effective in addressing
point sources of water pollutants. Notably, however,
the CleanWater Act only addresses nonpoint source
pollution in a limited, indirect manner.This is a crucial
point given the significance of nonpoint source water
pollution throughout the nation and its special
importance to Mississippi River and northern Gulf of
Mexico water quality (6).

TheTotal Maximum Daily Load (TMDL) framework is a
key aspect of the CleanWater Act and is designed, in
part, to address nonpoint source pollutants and protect
and restore water quality. ForTMDLs and water quality
standards to be effectively employed in managing water
quality in interstate rivers like the Mississippi, it is
essential that the effects of interstate pollutant loadings
be fully considered in developing theTMDL (6).

The CleanWater Act assigns most interstate water
quality coordination authority to the Environmental
Protection Agency (EPA).The CleanWater Act also
encourages the EPA to stimulate and support interstate
cooperation to address larger-scale water quality
problems. It provides the EPA with multiple authorities
that would allow the EPA to assume a stronger
leadership role in addressing Mississippi River and
northern Gulf of Mexico water quality (7).

The EPA has failed to use its mandatory and discretionary
authorities under the CleanWaterAct to provide
adequate interstate coordination and oversight of state
water quality activities along the Mississippi River that
could help promote and ensure progress toward the act’s
“fishable and swimmable” and related program goals (7).

The CleanWaterAct cannot be used as the sole legal
vehicle to achieve all water quality objectives along the
Mississippi River and northern Gulf of Mexico.Nevertheless,
the CleanWaterAct provides a legal framework that, if
comprehensively implemented and rigorously enforced, can
effectively address many aspects of intrastate and interstate
water pollution, although the emphasis to date has been
predominantly on the former (8).
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Nonpoint
Source

Pollution and
Agriculture

As agriculture contributes the major portion of
nutrients and sediments delivered to the Mississippi
River, reductions in pollutant loadings, especially
nutrients, from the agricultural sector, are crucial to
improving Mississippi River water quality (8).

The careful targeting of programs to areas of higher
pollutant loadings could enhance the effectiveness of
conservation programs designed to reduce nutrient
and sediment runoff (8).

RECOMMENDATIONS

Agriculture
and

Mississippi
River Water

Quality

It is imperative that U.S. Department of Agriculture
(USDA) conservation programs be widely and
aggressively applied to help achieve water quality
improvements in the Mississippi River and its
tributaries. Programs aimed at reducing nutrients and
sediment inputs should include efforts at targeting areas
of higher nutrient and sediment deliveries to surface
water.The EPA and USDA should strengthen their
cooperative activities designed to reduce impacts from
agriculture on the water quality of the Mississippi River
and the northern Gulf of Mexico (9).

State-Level
Leadership

Better interstate cooperation on lower Mississippi
River water quality issues is necessary to achieve
water quality improvements.The lower Mississippi River
states should strive to create a cooperative mechanism,
similar in organization to the Upper Mississippi River
Basin Association (UMRBA), in order to promote
better interstate collaboration on lower Mississippi River
water quality issues (10).
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EPA
Leadership

There is a clear need for federal leadership in system-
wide monitoring of the Mississippi River.The EPA
should take the lead in establishing a water quality data-
sharing system for the length of the Mississippi River (11).

The EPA should act aggressively to ensure improved
cooperation regarding water quality standards,
nonpoint source management and control, and other
related programs under the CleanWater Act (11).

The EPA administrator should ensure coordination
among the four EPA regions along the Mississippi River
corridor so that the regional offices act consistently
with regard to water quality issues along the Mississippi
River and into the northern Gulf of Mexico (11).

The EPA should encourage and support the efforts
of all 10 Mississippi River states to effect regional
coordination on water quality monitoring and planning,
and should facilitate stronger integration of state-level
programs.The EPA has an opportunity to broker better
interstate collaboration and thereby improve delivery
of CleanWater Act-related programs, such as
permitting, monitoring and assessment, and water
quality standard development.The EPA should provide a
commensurate level of resources to help realize this
better coordination (11).

The EPA should develop water quality criteria for
nutrients in the Mississippi River and the northern
Gulf of Mexico. Further, the EPA should ensure that
states establish water quality standards (designated
uses and water quality criteria) andTMDLs such that
they protect water quality in the Mississippi River
and northern Gulf of Mexico from excessive nutrient
pollution. In addition, through a process similar to that
which has been applied to the Chesapeake Bay, the
EPA should develop a federal TMDL, or its functional
equivalent, for the Mississippi River and the northern
Gulf of Mexico (12).
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Chapter 1: Pages 13–20

INTRODUCTION
After a brief overview of the Mississippi River and the state and federal
entities involved in its protection, this chapter offers a description of the four
study areas at the heart of the report: Mississippi River corridor water quality
problems; data needs and system monitoring; water quality indicators and
standards; and policies and implementation (16–17). The report’s scope,
structure, and audience are also described (20).

Mississippi River Water Quality Issues 17
The many water quality issues facing the
Mississippi River are touched upon in this
section, including point source pollutants
and legacy contaminants.While the
authors note that these concerns are
important, they identify sediments and
nutrients as the factors of primary
concern because of the magnitude of their
mass loadings into the river, their changes
over time, and the scale of associated
impacts (18).The authors also note that
they conducted their investigations and
present their findings within the framework of the existing CleanWater Act,
with a focus on assessing whether and how the CleanWater Act can be used to
address water quality problems more effectively in the future (19).

Report Organization and Audience 20
Chapters are listed here and the authors note that their target audiences are
federal and state elected officials; federal and state resource managers and
scientists; experts in river and water quality science and policy issues;
nongovernmental organizations with interests in Mississippi River and northern
Gulf of Mexico water quality; and individual citizens along the river, across the
basin, and along the Gulf Coast (20). Environmental protection and agricultural
agencies for states in the basin and the U.S. EPA, USDA, and U.S. Geological
Survey are considered special audiences (20).

18

“Despite the value and
importance of the Mississippi
River, there is no clearly
defined, river-wide framework
for adequately monitoring and
ensuring protection of its water
quality — a theme that runs
through this report.”

—Page 19
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Chapter 2: Pages 21 – 64

CHARACTERISTICS OFTHE MISSISSIPPI RIVER SYSTEM
The Mississippi River flows approximately 2,300 miles through 10 states and
its drainage basin covers more than 1.8 million square miles. This chapter
describes the Mississippi River’s large and varied watershed and the factors
that affect water quality, including natural processes and human influences
over the decades.

The Mississippi River Basin 21
The physical geography, population distribution, and climate in different areas of
the basin all affect Mississippi River water quality. Landforms affect runoff rates
and infiltration, population centers generate more toxic pollutants while rural
areas are linked to agricultural pollution (26), and climate affects the timing and
amounts of water (and pollutants) entering the river (27).This section explores
these factors, with maps, charts, and other data that illustrate the stark
differences in freshwater discharges, sediment loads, and nutrient contributions
from different tributaries and sub-basins.

Historic Alterations of the Mississippi River System 29
This section describes how land use changes in the watershed and hydrologic
changes along the length of the river have had significant impacts over the past
two centuries. Forests and prairies have been converted to cropland, most
natural wetlands have been drained (30–31), numerous locks and dams have
been constructed, and huge levees for both flood protection and navigation
purposes have been constructed on the lower river (32–34). Agriculture is the
primary land use in the basin, and an important change emphasized here is the
substantial application of nitrogen and phosphorous-based fertilizers used to
increase production of row crops over the past 50 years (29).
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Mississippi River Water Quality 35
Nutrients (nitrogen and phosphorous) and sediments are the primary water
quality problems in the river and unlike other pollutants they are not readily
addressed by the existing mechanisms (36). Both phosphorous and nitrogen
pollution are explained in detail and illustrated with numerous maps and charts
in this section. Specific topics include phytoplankton growth (37), nutrient
quantities (37), nutrient sources (40), and nutrient uptake and transformation (42).
The authors describe the causes of excess sediment loads in many areas of the
upper river and the problem of limited sediment replenishment along the lower
river (45–49).Metals (50), PCBs (51), pesticides and herbicides (53), fecal bacteria
(54), and emerging contaminates (56) are also explored.

Water Quality Impacts in the Gulf of Mexico 56
This section describes the large zone of oxygen-depleted coastal waters in the
northern Gulf of Mexico, known as the “dead zone.” Causes and impacts of this
hypoxia are explored and the EPA’s Action Plan for Reducing, Mitigating, and
Controlling Hypoxia in the Northern Gulf of Mexico — which includes sub-basin
efforts working toward a 30 percent nitrogen load reduction — is described (61).
The authors conclude that, despite the plan and the activities initiated in
connection with it, little change has been implemented within the watershed,
and the size and persistence of the hypoxia area continue unabated (62).
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Figure 2-2. Relative proportions of point and nonpoint sources of nitrogen to the
Mississippi River from the Mississippi River basin. Based on Antweiler et al. (1995)
and Goolsby et al. (24).
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Chapter 2 Summary 64
• At the scale of the entire Mississippi River, including its effects that extend into
the Gulf of Mexico, nutrients and sediment are the two primary water quality
problems. Nutrients are causing significant water quality problems within the
Mississippi River itself and in the northern Gulf of Mexico.With regard to
sediment, many areas of the upper Mississippi River main channel and
backwater areas are experiencing excess sediment loads and deposition,
while limited sediment replenishment is a crucial problem along the lower
Mississippi River and into the northern Gulf of Mexico (64).

• With respect to nutrients (nitrogen and phosphorous) and sediments (and
some toxic substances), water quality in the lower Mississippi River is largely
determined by inputs in the upper Mississippi River basin, with different
portions of the upper river basin having a dominant influence for particular
constituents. For example, sediment loads are determined largely by the
Missouri River contributions, and nutrient contributions are primarily from
the upper Mississippi River (64).

• Whereas the CleanWater Act has been successful in reducing many point
source pollution problems along the Mississippi River, it has not been as
successful in reducing nonpoint source pollutants. Both the source and the
scale of the Mississippi River and Gulf of Mexico nonpoint source water
quality problems pose significant CleanWater Act-related management
challenges (64).
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Chapter 3: Pages 65 – 98

THE CLEANWATERACT
This chapter reviews the Clean Water Act, from its origins in 1948 and key
1972 amendments to today. The authors focus on the sections of the act, and
the federal and state authorities and responsibilities, that are most applicable
to the Mississippi River. They conclude that, if rigorously implemented and
enforced, the Clean Water Act can address many aspects of intrastate and
interstate water pollution (95), and that it provides the EPA with multiple
authorities that would allow the agency to assume a stronger leadership role
(96). Progress in reducing point source pollution is described and the legal
intersection of point and nonpoint pollution is explored. Total Maximum
Daily Load (TMDL) provisions, which require regulators to look
comprehensively at all sources of water pollution — point source, nonpoint
source, and background — are highlighted. The authors indicate that TMDLs
are becoming and are likely to remain key provisions of the Clean Water Act
in achieving the goal of the Mississippi River and all of the nation’s water
being at least fishable and swimmable (95).

Origins of the Clean Water Act 66
This section describes early water-related policies and their limits.Two key acts
are explored: the Refuse Act, created in 1899 and upheld to punish polluters of
navigable waters throughout the 1960s (66); and
the FederalWater Pollution Control Act of 1948,
which encouraged states to improve water
quality largely through federal grants for publicly
owned sewage treatment works (POTWs) and
was amended through the 1950s and 1960s to
slowly expand the federal government’s
abatement authority (67).

Federal Water Pollution Control Act 68
Amendments of 1972
The 1972 amendments enacted the contemporary version of the CleanWater
Act, which set goals to eliminate discharge of pollutants into navigable waters
by 1985 and achieve “fishable and swimmable” waters (68).The amendments
shifted emphasis in water quality regulation from state-level water quality
standards to a federal permitting scheme based primarily on technology-based
and water quality-based effluent limits for individual dischargers (65).Topics
explored include federal funding for sewage treatment plants, with a description
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of sewage pollution problems and sewage treatment under the CleanWater Act
(69–72); federal permit programs for point sources, including the act’s extension
to oceans, which necessitates state and federal cooperation on hypoxia in the
Gulf of Mexico (72–74); Section 404 “Dredge and Fill” permit program, which
features largely federal permitting of discharge or dredged or fill materials into
navigable waters (75); the Section 402 National Pollutant Discharge Elimination
System (NPDES) permit program, which governs most point source discharges
of pollutants and can establish “water quality based” effluent limitations (76);
and agricultural exemptions, including implicit elimination of nonpoint source
pollution from the act’s regulatory scheme and explicit exclusion of “agricultural
stormwater discharges and return flows from irrigated agriculture” from its
definition of “point source” (77).The authors note that “concentrated animal
feeding operations (CAFOs)” are included in the point source definition and
are generally regulated through NPDES permits (77).

State-Level Authority in Protecting Water Quality 78
Under the 1972 amendments, states retained their authority to set water
quality standards for waters within their borders, including designated use of the
navigable water and water quality criteria (79).The authors note that while
states set the standards, the EPA can significantly influence the standards through
its federal reference water quality criteria (80).The EPA bacteria water quality
criteria are presented to demonstrate that the EPA can impose a federal layer of
water quality regulation while retaining flexibility and consistency among states
in interstate waters (81). On the topic of nonpoint source pollution programs,
the authors identify that while nonpoint source pollution is not subject to the
act’s two permitting programs, 1987 amendments require each state to identify
waters that cannot achieve applicable water quality standards without nonpoint
source controls, and identify Best Management Practices (BMPs) and measures
to control those sources (82).The authors highlight that when a waterbody is
deemed impaired as a result of nonpoint source pollution,TMDLs can be a
means for encouraging states to address both point and nonpoint sources,
noting that EPA regulations regardingTMDLs expressly recognize that both
point source loadings and nonpoint source loadings are components of the
total TMDL (84).

Interstate Water Quality Protection 85
This section details the provisions for both state and federal authorities and
responsibilities with regard to interstate water quality issues. State actions
authorized through interstate compacts and interstate considerations in state
NPDES permitting are described (86). Numerous federal interstate authorities
and responsibilities are detailed, including the EPA’s: general authority and duty
to coordinate transboundary pollution regulation (86); role in addressing
federally licensed or permitted sources of interstate pollution (87); oversight
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of NPDES permitting (88); authority to convene interstate nonpoint source
management conferences (88); and authority to convene interstate management
conferences for the National Estuary Program (89). Interstate implications of
EPA-set TMDLs are explored, with the EPA-set Louisiana Coast/Gulf of Mexico
MercuryTMDL as an example of the EPA assuming authority to impose a load
allocation on the entire upstream Mississippi River basin (90–93).

Chapter 3 Summary 94
• The CleanWater Act has been effective in addressing point sources of
water pollutants (94).

• Notably, however, the CleanWater Act only addresses nonpoint source
pollution in a limited, indirect manner.This is a crucial point given the
significance of nonpoint source water pollution throughout the nation and
its special importance to Mississippi River and northern Gulf of Mexico
water quality (94).

• The CleanWater Act cannot be the sole legal vehicle used to achieve water
quality objectives along the Mississippi River and into the northern Gulf of
Mexico. Nevertheless, the CleanWater Act provides a legal framework that,
if comprehensively implemented and rigorously enforced, can effectively
address many aspects of intrastate and interstate water pollution, although
the emphasis to date has been predominantly on the former (95).

• ForTMDLs and water quality standards to be employed effectively to manage
water quality in interstate rivers such as the Mississippi, it is essential that
the effects of interstate pollutant loadings be considered fully in developing
theTMDL (95).

• The CleanWater Act assigns most interstate water quality coordination
authority to the EPA (95).

• The CleanWater Act also encourages the EPA to stimulate and support
interstate cooperation to address larger-scale water quality problems.The
act provides the EPA with multiple authorities that would allow it to assume
a stronger leadership role in addressing Mississippi River and northern
Gulf of Mexico water quality (96).
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Chapter 4: Pages 97–137

IMPLEMENTINGTHE CLEANWATERACT
ALONGTHE MISSISSIPPI RIVER
The Clean Water Act has successfully reduced pollution from many point
sources on the Mississippi River. However, it has not been very effective in
addressing large-scale, nonpoint source pollution problems — namely
nitrogen and phosphorous pollution and sediments (135). This chapter
describes the challenges involved in using the Clean Water Act to address these
concerns and underscores the need for interstate coordination and strong
leadership from the EPA.

The NPDES Program and Point Source Control 98
on the Mississippi River
National Pollutant Discharge and Elimination System (NPDES) permits have
been issued to thousands of industrial, municipal and other point sources on the
river, and have resulted in substantial reductions in pollution inputs (98).This
section explores NPDES program implementation under the CleanWater Act
and provides examples of CleanWater Act-related progress on the Mississippi
River due to improvements at publicly owned sewage treatment facilities
(POTWs) (100). Discharges from combined sewer overflows (CSOs) are
described as a problem that varies considerably on different stretches of river.
For example, Minneapolis has been working since 1922 to separate sewers from
storm drains, and today only eight outfalls discharge water from CSOs in the
city. In contrast, St. Louis has 208 CSO outfalls, many of which discharge directly
into the Mississippi (103).

Mississippi River Water Quality Standards 104
It is currently up to individual states to designate stretches of river for specific
uses and develop water quality standards.The many inconsistencies among state-
based approaches are described in this section, with maps and charts that show
the range of applicable water quality criteria from state to state and examples
of states establishing conflicting standards for the same stretches of river
(104–112).The authors identify the failure of the EPA to use its mandatory
and discretionary authorities under the CleanWater Act to provide adequate
interstate coordination and federal oversight of water quality activities.
A description of a 2003 Sierra Club petition to the EPA on this topic provides
additional detail (113).

25

C
H

A
P

T
E

R
4



Water Quality Data and Assessment 114
for the Mississippi River
This section explains that the Mississippi River has become an “orphan” from a
water quality monitoring and assessment perspective due to lack of interstate
coordination and the limited allocation of funds by states for Mississippi water
quality monitoring (136). Insufficient data prevents effective utilization of the
CleanWater Act along the river (116).The authors explore differences in the
reliable data from the lower and upper river, and reasons for the dearth of
reliable lower river data (116).They also provide charts that show water quality
assessments to date and compare impaired waters listings from different states
along the same stretches of river (117–121).

The Status ofTMDL Development 122
Along the Mississippi River
Total Maximum Daily Loads (TMDLs) are required for stretches of the river
that fail to meet the relevant states’ water quality standards. Imposing this
water quality improvement mechanism on a river bordered by 10 different
states is described as difficult (122).This section shows how lack of testing,
inconsistency between state standards, and limited coordination add to the
challenge (123–124).The authors assert that despite these challenges, this
CleanWater Act mechanism for addressing water quality impairments can be
implemented effectively and that the EPA is well positioned to provide the
needed coordination (125).

Nutrient Criteria andTMDLs for the Mississippi River 126
None of the 10 Mississippi River
mainstem states currently have numerical
criteria for nitrogen or phosphorous
pollution applicable to the river (126).
This section makes the case that, without
such standards, there is little prospect of
significantly reducing or eliminating
hypoxia in the Gulf of Mexico (126).The
authors point out that in lieu of adequate
state action, the EPA has the legal
authority to intervene and adopt
necessary numerical nutrient goals for the
terminus of the Mississippi River and the
northern Gulf of Mexico, requiring each state in the watershed to create a
TMDL for appropriate waters within its boundaries (127).
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Federal-State Cooperation in the Chesapeake Bay 128
A description of the Chesapeake Bay Program is presented as a model for
multi-state, science-based cooperative effort.The program includes basinwide
coordinated monitoring programs, an agreement on designated uses for shared
tidal waters, consistent water quality standards agreed to by upstream states,
major tributary basin cap load allocations, and a basinwide permitting strategy
that addresses 467 facilities (130).The value of this type of federal-state and
interstate collaboration is strongly emphasized, especially in regard to adopting
and implementing necessary water quality criteria (134).

Chapter 4 Summary 135
• Use of the CleanWater Act to address nonpoint source pollution issues for a
large interstate river like the Mississippi River presents significant challenges.
Nonetheless, many key CleanWater Act water quality provisions and methods
have been under- or poorly utilized in the mainstem Mississippi River.This
reflects the river’s interstate nature, the expensive and complex task of
comprehensively addressing the water quality of the river as an integrated
whole, and the inclination of states to divert limited water quality resources
to internal waters. Further progress in improving the Mississippi River water
quality will require improved interstate coordination and cooperation with
regard to water quality standards, water quality assessments,TMDLs, and
nonpoint source management (135).

• As a result of limited interstate coordination, the Mississippi River is an
“orphan” from a water quality monitoring and assessment perspective (136)

• The EPA has failed to use its mandatory and discretionary authorities under
the CleanWater Act to provide adequate interstate coordination and federal
oversight of state water quality activities along the Mississippi River that could
help promote and ensure progress toward the act’s fishable and swimmable
and related goals (137).

• The EPA should act aggressively to ensure improved cooperation regarding
water quality standards, nonpoint source management and control, and other
related programs under the CleanWater Act (137).

• The EPA should develop water quality criteria for nutrients in the Mississippi
River and the northern Gulf of Mexico. Further, the EPA should ensure that
states establish water quality standards (designated uses and water quality
criteria) andTMDLs such that they protect water quality in the Mississippi
River and the northern Gulf of Mexico from excessive nutrient pollution. In
addition, through a process similar to that applied to the Chesapeake Bay, the
EPA should develop a federal TMDL, or its functional equivalent, for the
Mississippi River and the northern Gulf of Mexico (137).
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Chapter 5: Pages 138–164

EVALUATING MISSISSIPPI RIVERWATER QUALITY
Accurate evaluation of Mississippi River water quality is essential for
identifying problems and measuring the effectiveness of remediation strategies
(138). This chapter examines the differences between the upper and lower
river in hydrology and monitoring activities and reviews past and existing
monitoring programs. The importance of monitoring in achieving Clean
Water Act goals is explored, and the authors offer recommendations for
enhanced state and federal efforts to improve monitoring efficiency, reduce
data gaps, and strengthen implementation of the Clean Water Act.

Mississippi River Basin Structure, 139
Hydrology, and Monitoring
Differences in hydrology, sediment load, and other features that influence
monitoring are discussed in this section, particularly the contrasts between the
upper and lower Mississippi River.As the river doubles its discharge below the
confluence of the Missouri and Ohio rivers in Cairo, Illinois, it becomes deeper,
wider, and more turbulent — making monitoring difficult (139).These logistical
issues, the fact that lower river water quality primarily is a function of upstream
inputs, and possible perceptions that lower river water quality is “beyond the
control” of lower river states are identified as contributors to federal and state
monitoring differences between the upper and lower river (140).

Federal and Regional Mississippi River Evaluations 141
Mississippi River monitoring efforts have been conducted by different federal
and state agencies and scientists, at differing spatial scales and time intervals,
with differing objectives, and with varied and changing budgets.The sum of these
efforts is a complex and fragmented picture of river water quality (141). Large-
scale federal monitoring programs overseen by the Army Corps of Engineers
and U.S. Geological Survey (USGS) are described in this section, including the
LongTerm Resource Monitoring Program (LTRMP) (141) and National Stream
Quality Accounting Network (NASQAN) (143). Charts and tables illustrate the
number and locations of study areas through these programs.Two widely cited
regional-scale comprehensive Mississippi River assessments, conducted in 1995
and 1999, are also described (145).The authors note that while valuable, federal
and regional studies have generated more upper river than lower river data, have
not been systematic and sustained, have been affected by declining funding, and
have not been directed toward CleanWater Act objectives (146).
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Monitoring Associated with Clean Water Act Objectives 146
Under the CleanWater Act, states are responsible for monitoring, and several
court decisions involvingTotal Maximum Daily Load (TMDL) development have
expressly refused to require the EPA to conduct water quality monitoring (146).
The EPA does compile assessments from each state, which are required under

Section 503(b) of the CleanWater Act, into a
national synthesis (147). However, there is
recognition that this compilation cannot provide a
thorough, science-based assessment of the nation’s
waters.The authors indicate that the 305(b)
framework merely creates a patchwork of
impaired and unimpaired sections, with many areas
of overlap and contradiction (149). Several figures
are presented showing differing impairment
designations on opposite sides of the same stretch

of river (150–151). In discussing state monitoring programs, the authors report
that efforts typically have been directed to specific issues or crises, for example,
maintenance and updating of fish consumption advisories (153–154). Further,
lower Mississippi River states consider Mississippi River water quality to be the
responsibility of others and give it lower priority for monitoring funds (155).

Status of and Prospects for Mississippi River Monitoring 155
This section emphasizes the value and importance of monitoring — and the need
for better coordination and a shared sense of purpose among mainstem river
states (157).The authors point out that today’s water quality problems consist
primarily of nonpoint pollution loads from agricultural, urban, and suburban
activities, which is a marked difference from the early 1970s when the Clean
WaterAct was enacted (157).They further identify that to address these current
pollution sources requires a science- and data-intensive approach to understanding
the linkages between activities that generate pollutant loads and their ultimate
impacts on waterbodies (158). Emerging monitoring issues are described, including
new techniques that focus on biomonitoring, such as Rapid Bioassessment Protocols
(160), and challenges related to sediment transport and deposition (161).

Chapter 5 Summary 163
• The lack of a centralized Mississippi River water quality information system
and data gathering program hinders effective application of the CleanWater
Act and acts as a barrier to maintaining and improving water quality along the
Mississippi River and into the northern Gulf of Mexico (164).

• There is a clear need for federal leadership in systemwide monitoring of the
Mississippi River.The EPA should take the lead in establishing a water quality
data-sharing system for the length of the Mississippi River (164).
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Chapter 6: Pages 165–189

AGRICULTURAL PRACTICES AND
MISSISSIPPI RIVERWATER QUALITY
Runoff from agricultural land is the primary nonpoint source of nutrients
(nitrogen and phosphorous) and sediments that enter the Mississippi River
(187). Most runoff from farmland is exempt from the Clean Water Act.
However, the United States Department of Agriculture (USDA) has instituted
conservation programs to reduce agriculture’s water quality impacts, generally
using voluntary control measures through economic incentives (184, 188). This
chapter discusses how production incentives affect farmers’ participation in
conservation programs and explains specific strategies for reducing nutrient
and sediment inputs. Recommendations focus on the need to aggressively
apply USDA conservation programs, target areas with higher nutrient and
sediment deliveries to surface water, and strengthen cooperation between the
USDA, the EPA, and states in reducing water quality impacts from agriculture
(188). Expanded biofuel production adds urgency to this need (185).

Tensions Between Agriculture Production 166
and Water Quality
Since 1933, Farm Bills and other agricultural programs have had a tremendous
influence on Mississippi River basin land uses, crop types, farmer attitudes and
preferences, and the structure of the agricultural sector; in turn, they have greatly
affected runoff patterns and water quality across the basin and in the Mississippi
River and Gulf of Mexico (167).This section explores the impacts of the Farm Bill
and agricultural commodity programs that have led farmers to focus on row
crops that require intensive fertilizer application and soil tillage.The ways in which
production incentives may work against efforts to engage farmers in voluntary
land and water conservation programs are also explored (167).

Federal Agriculture Programs for 168
Resource Conservation
Key USDA programs providing
incentives for land and water quality
conservation are described in this
section, including the Conservation
Reserve Program (CRP)(168), which
traditionally focused on retiring
environmentally sensitive lands from
production but has recently
expanded in scope; the

“Current application of the USDA
environmental protection programs
is not well targeted to the most
significant of sources land
degradation and water pollution, but
targeting could be much improved
through interagency coordination.”

—Page 188
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Environmental Quality Incentive Program (EQIP)(169), the main USDA program
for protection of environmental quality on working land; and the Conservation
Security Program (CSP)(169), designed to assist farmers in implementing
conservation practices on a whole farm basis. State Conservation Reserve
Enhancement Programs (170) and specific Best Management Practices (BMPs) are
described (171). Improved cooperation between the USDA, the EPA, and other
stakeholders is recommended, and the Conservation Effects Assessment Project
is described as a cooperative effort that could be expanded to achieve better-
targeted expenditures and programs (172).

Key Pollutants and Strategies 172
for ReducingTheir Impacts
This section explains how the nutrients nitrogen (173) and phosphorous (175)
and sediments (175) affect Mississippi River water quality and describes the
specific activities that increase or reduce inputs. For nutrients, recommendations
focus on balancing the nutrient requirements for crop production with
reductions of nutrient loss to surrounding watersheds. Sediment inputs are
described as complex, and work to evaluate sediment loadings on the Minnesota
River is used as a case in point (177). Recommendations include targeting USDA
conservation programs to encourage farmers to implement BMPs on lands that
are the primary sources of nonpoint pollutants (176).

Approaches for Reducing Nonpoint Source 177
Inputs from Agricultural Lands
A targeted approach that focuses on the most significant sources of land
degradation and water pollution is needed, but current applications of USDA
programs are not well targeted (178).This section explores the pressures that
limit targeted efforts and describes commonly attempted market-based
approaches and regulation, including water quality trading (179), performance-
based trading (182), and design-based trading (182), as well as auction-based
contracting (183).The Pennsylvania NutrientTrading Program for the Susquehanna
River is described as a good example of a working nutrient trading program and
model for collaboration between state and federal water quality regulators, the
USDA, and conservation districts (181). Conservation compliance is also
described, and authors note that high commodity prices dull the effectiveness
of conservation programs that are tied to price support payments (183).

Motivating Nonpoint Source Control in Agriculture 184
Farmers and ranchers are motivated to take part in conservation programs
by a combination of institutional and economic considerations. Market-based
approaches can become operative only if some enforceable regulatory standard
provides an incentive to which market forces can respond, and the institution
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providing the incentives must have the appropriate geographic reach and
enforcement authority (184).This section emphasizes that the suite of USDA
conservation programs aimed at farmers and ranchers must be more effectively
applied to realize additional water quality benefits and that there must be
improved coordination between the USDA, the EPA, and states on this issue (185).

Potential Impacts of Biofuels Production 185
Expanded production of biofuels, particularly ethanol, is encouraging producers
to extend and intensify crop production across the basin — and much of this
expanded production is in corn, which entails high rates of fertilizer application
and intensive soil tillage (188).This section emphasizes that biofuel production
increases provide an even stronger rationale to implement with urgency the
targeted application of USDA conservation programs, to improve and expand
EPA-USDA coordination for nonpoint pollution control programs, and to devise
and implement other initiatives to mitigate the adverse effects of nutrients and
sediments on the Mississippi River and Gulf of Mexico (189).

Chapter 6 Summary 187
• Runoff from agricultural lands is the primary nonpoint source of nutrients and
sediments to the Mississippi River and the Gulf of Mexico (187).

• It is imperative that USDA conservation programs be widely and aggressively
applied to help achieve water quality improvement in the Mississippi River and
its tributaries (188).

• Programs aimed at reducing nutrient and sediment inputs should include
efforts at targeting areas of higher nutrient and sediment deliveries to surface
water (188).

• The EPA and the USDA should strengthen their cooperative activities
designed to reduce water quality impacts on the Mississippi River and the
northern Gulf of Mexico from agriculture (188).
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Chapter 7 Pages 190–211

COLLABORATION FORWATER QUALITY IMPROVEMENT
ALONGTHE MISSISSIPPI RIVER CORRIDOR
Clean Water Act implementation along the Mississippi River poses a substantial
scientific and public administration challenge because it requires some degree
of coordination among the 31 basin states, particularly the 10 mainstem states,
as well as four regions of the EPA and other federal agencies (190). This
chapter examines programs under the Clean Water Act that require better
coordination; reviews existing and potential collaborations among states, EPA
regions, and other federal agencies (191); and calls on the EPA to exercise a
stronger role in coordination and management guidance (209).

Clean Water Act Coordination Needs 191
on an Interstate River
This section explains how coordination among states along the Mississippi River
is important for implementation of the pillars of the CleanWater Act: National
Pollutant Discharge Elimination System (NPDES) point source permitting
programs; water quality standards comprising designated uses and water quality
criteria; adequate monitoring to ensure protection of water quality and
achievement of water quality standards; assessment to evaluate water quality
status; and restoration programs, including those based onTotal Maximum Daily
Loads (TMDLs), to improve waters with impaired water quality relative to
designated use (191).

Cooperation on Interstate Rivers 192
CleanWater Act activities, including permitting, standards development, and
TMDLs, offer enforceable mechanisms for states to interact on major decisions
of joint interest — but they are rarely used by mainstem Mississippi River states
(192).This section reviews six examples along other interstate river systems
where states are coordinating activities for river management through interstate
compacts that receive funding under Section 106 of the CleanWater Act
(192–197).All of the Section 106 commissions were established prior to the
CleanWater Act (192) and the authors point out that while an interstate
compact can be an effective approach to water quality management, compacts
can be difficult to establish today because of the complexities involved in
creating an agreeable compact, resistance to ceding state authority to an
interstate entry, and difficulty securing long-term funding (198).A box on
Principles of Interstate Cooperation forWater Quality Management provides
details on the benefits of interstate frameworks (199).
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Cooperative Efforts Along the Mississippi River 198
This section illustrates non-compact cooperative mechanisms undertaken on
the Mississippi River since the passage of the CleanWater Act. Early initiatives
focused on navigation and flood control (198).The 1965Water Resources
Planning Act authorized federal-state basin commissions, and while a 1981
executive order dismantled these commissions, several were maintained in other
forms (200). Multiple examples of Mississippi River-based cooperation outside of
compacts are reviewed, including: Upper Mississippi River Basin Association
(UMRBA) (200); Upper Mississippi RiverWater Suppliers Coalition (201); Upper
Mississippi River Sub-basin Hypoxia Nutrient Committee (202); Upper Mississippi
River Conservation Committee (202); Lower Mississippi River Conservation
Committee (202); Lower Mississippi River Sub-basin Committee on Gulf Hypoxia
(203); and nongovernmental organizations and efforts including the Mississippi
RiverWater Quality Collaborative sponsored byThe McKnight Foundation (203).

Figure 7-1. EPA regions with responsibility for the
mainstem Mississippi River. Source: Adapted from USEPA
(2007e) (205).
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EPA Collaboration 204
on the Mississippi River
There are four EPA regions along the Mississippi River corridor and seven regions
within the watershed. Each region has been delegated considerable discretion in
carrying out NPDES,TMDL and other key CleanWaterAct programs and the
authors identify inconsistency among regional offices as a persistent problem (204).
While some collaborative efforts are taking place — for example EPA Regions 5 and
7 are working with UMRBA to improve coordination on water quality management
— there has been limited interagency coordination on the river (206).The authors
call for stronger leadership by the EPA in promoting interstate and interregion
cooperation along the Mississippi River and assert that this strategy complements
the “watershed approach” that has been vigorously promoted by EPA since the early
1990s (206–207).

Cooperation Among Federal Agencies 207
on the Mississippi River
This section reviews the many federal agencies with jurisdiction over activities
that influence Mississippi RiverWater quality, including the EPA; U.S.Army Corps
of Engineers, with its authorizations related to water resource management for
navigation and flood control; the U.S. Department of Agriculture (USDA), with its
activities under the Farm Bill to minimize the impacts of agricultural practices on
water quality; the U.S. Fish andWildlife Service, with its authorities on the
Endangered Species Act; the U.S. Geological Survey, with its streamflow and
water quality monitoring activities throughout the Mississippi River basin; and
the National Oceanic and Atmospheric Administration with its monitoring
responsibilities in the Gulf of Mexico (207–208).The authors conclude that with
the authority created by the CleanWater Act and the continuing mission
expansion of other federal agencies such as the Corps of Engineers and the
USDA to encompass water quality, the EPA is well positioned to lead
cooperative efforts among federal agencies (209).
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Chapter 7 Summary 210
• Better interstate cooperation on lower Mississippi River water quality issues
is necessary to achieve water quality improvements.The lower Mississippi
River states should strive to create a cooperative mechanism, similar in
organization to the UMRBA, in order to promote better interstate
collaboration on lower Mississippi River water quality issues (210).

• The EPA should encourage and support the efforts of all 10 Mississippi River
states to effect regional coordination on water quality monitoring and
planning and should facilitate stronger integration of state-level programs.
The EPA has an opportunity to broker better interstate collaboration and
thereby improve delivery of CleanWater Act-related programs, such as
permitting, monitoring and assessment, and water quality standards
development.The EPA should provide a commensurate level of resources
to help realize this better coordination (211).

• The EPA administrator should ensure coordination among the four EPA
regions along the Mississippi River corridor so that the regional offices act
consistently with regard to water quality issues along the Mississippi River
and in the northern Gulf of Mexico (211).

36

C
H

A
P

T
E

R
7



References 212–226
An extensive list of references is provided, underscoring the breadth of research
involved in creating the report — and providing an important resource for
readers seeking more information on specific topics.

Appendixes 227–239
A. Guest Speakers at Committee Meetings 227

B. Acronyms 229

C. Biographical Information: Committee on the 233
Mississippi River and the CleanWater Act

37



Italicized page numbers refer to boxes, figures, and tables.

Abatement actions, 67, 179, 194–96
Action Plan for Reducing, Mitigating, and Controlling Hypoxia, 61
Adaptive management, 61, 186
Adsorbed contaminants, 3, 27, 45–46, 50, 52, 53, 63
Agricultural Adjustment Act (1933), 166
Agricultural practices, 7, 20, 22, 23, 24, 26–27, 165–89; and biofuels, 8–9, 185–87; and

Chesapeake Bay Program, 134; and commodity programs, 166–68, 187–88; and
conservation programs, 166–72, 170, 171; and CWA exemptions, 7, 9, 73, 77, 95, 122;
and farm bills, 166–69, 171, 178, 183, 207; historic alterations of land use caused by,
29–32, 31, 62; and nonpoint source pollution, 8–9, 169–70, 171, 177–85, 181, 186, 188;
and NPDES permit program, 180, 182, 184; and nutrients, 40–42, 41, 42, 44, 165–66,
172–75, 174; and sediments, 46, 48, 165–66, 175–77, 177; and toxic substances, 53–54;
as water quality problem, 3–4, 15, 17–18, 36; and water quality standards, 109–10

Agroecoregions, 177
Airborne pollution. See Atmospheric deposition
Alabama Center for the Environment v. Reilly, 146
Algal blooms, harmful, 37, 40, 45, 56, 63, 128
Ambient Monitoring Program 1999 (Iowa), 153
Ambient water quality goals, 68, 69, 78–79, 78–79, 84, 94, 132, 153, 195
Ammonia, 40–42, 41, 43, 117–19
Antibiotic-resistant bacteria, 56
Antidegradation policy, 80
Appalachian Mountains, 1, 13, 21, 25, 27
Aquatic ecosystems, 34, 36–37, 45, 56, 58, 75, 156
Arkansas River, 14, 15, 24, 25, 28, 28, 29, 40, 48
Arkansas v. Oklahoma, 84, 87
Assessments of water quality, 114–22, 115, 117–19, 121, 145–46, 148; states’ reports of,

18–19, 66, 68, 69, 83, 118–19, 147. See also Monitoring of water quality
Atchafalaya River, 21, 28, 30, 34, 46, 144, 164, 203
Atlantic croaker, 61
Atmospheric deposition, 36, 40–42, 41, 43, 73, 90–91, 95, 128
Auction-based contracting, 183, 185
Australian Onkaparinga Catchment Water Management Board, 183

Backwaters, 32, 34, 40, 45–46
Bacteria water quality standards, 80, 81, 124
Barry, John, 140
Beaches Environmental Assessment and Coastal Health (BEACH) Act (2000), 81
Bed sediments, 50, 52–53
Best available demonstrated technology (BADT), 76
Best available technology (BAT), 76, 98

38

INDEX

IN
D

E
X



Best management practices (BMPs): and Clean Water Act (CWA), 77, 82; and
conservation compliance, 183; and hypoxia in Gulf of Mexico, 61; and market-based
approaches, 181, 182; and nonpoint source pollution, 8, 82, 176, 181, 182, 186, 188; for
nutrients, 173–75; for sediment pollution, 176, 177; and TMDLs, 90; and USDA
conservation programs, 170, 171, 188

Bioaccumulation, 50, 52
Biofuels, 8, 166, 185–87, 186, 188
Biomonitoring, 159, 160
“blue-baby” syndrome, 45
Blue Earth watershed, 177
Blue Plains Wastewater Treatment Plant (Washington, D.C.), 133
BMPs. See Best management practices
Buffering systems, 31, 61, 171, 175, 178, 182, 186

Cap-and-trade programs, 133, 181, 182
Cap loads, 130–34, 131, 132
CASTnet. See Clean Air Status and Trends Network
CEAP. See Conservation Effects Assessment Project
CEMSA. See Certified Environmental Management Systems for Agriculture
Certified Environmental Management Systems for Agriculture (CEMSA), 186
Champion International Corp. v. EPA, 88
Channels, 1, 3, 15, 34–35, 45, 95
Chesapeake 2000, 130, 133
Chesapeake Bay Agreements, 129–30
Chesapeake Bay Program, 12, 128–35, 129, 131, 132, 196, 211
Chesapeake Bay watershed, 26, 128–35, 129, 181
Chesapeake Commission, 130
Chippewa River, 120, 122
Chlordane, 35, 53, 53, 106–8, 117–19, 121, 123
Chlorophyll, 126, 132, 153
Citizen enforcement, 94, 114
Clean Air Status and Trends Network (CASTNet), 43
Clean Water Act (CWA), 3, 14–16, 19–20, 65–96; agricultural exemptions from, 7, 9, 73,

77, 95, 122; EPA authority for, 11–12, 18, 95–96, 136–37, 211; FWPCA amendments
(1972), 68–77, 69; interstate water quality protection, 8, 66, 85–94; and monitoring, 7,
146–55, 148, 150, 151; and nonpoint source pollution, 66, 68, 69, 71, 73, 82–84, 94–95,
135–36, 184; origins of, 2, 66–68; state-level authority for, 18–19, 78–85, 78–79, 81, 95

Clean Water Act (CWA) implementation, 14–15, 20, 65, 97–137; and Chesapeake Bay
Program,
12, 128–35, 129, 131, 132, 211; and monitoring, 5, 114–22, 115, 117–19, 121; and
NPDES permit program, 98–104, 99–100, 101, 102; and TMDLs, 122–28, 123; and
water quality standards,
104–14, 106–8, 109–10, 111, 112

Clean Water Restoration Act (1966), 68
Clean Water State Revolving Fund (CWSRF) program, 70–71
Coastal Nonpoint Pollution Control Programs, 82
Coastal Zone Management Act, 82
Coliform bacteria. See Fecal coliform bacteria

39

IN
D

E
X



Collaboration, 190–211; and Chesapeake Bay Program, 133–35; and Clean Water Act
(CWA), 191–92; early efforts along Mississippi River, 198, 200; and EPA, 204–7; and
federal agencies, 207–10, 208; and interstate coordination, 192–98, 194–95, 199;
outside of Mississippi River compacts, 200–204. See also Interstate coordination

Combined sewer overflows (CSOs), 56, 71–72, 103
Commercial fisheries, 1, 21, 45, 53, 60, 154
Commercial navigation system, 13, 23, 32, 35, 62
Committee on the Mississippi River and the Clean Water Act: findings of, 3–9; focus of,

2–3, 19–20; recommendations of, 9–12; statement of task, 2–3, 16–17, 16–17, 19–20
Commodity programs, 8, 166–68, 187–88
Concentrated animal feeding operations (CAFOS), 77
Conservation Effects Assessment Project (CEAP), 171–72
Conservation programs (USDA), 166–72, 170, 171; and Chesapeake Bay Program, 134;

and targeting, 170, 172, 174, 176–79, 185, 188–89. See also names of conservation
programs

Conservation Reserve Enhancement Program (CREP), 170
Conservation Reserve Program (CRP), 8, 168–69, 170, 172, 174, 183–84, 187–88
Conservation Security Program (CSP), 8, 167–70, 172, 174–75, 178, 184, 188
Consolidated Assessment and Listing Methodology (CALM), 148
Construction grants program, 65, 69–70, 100
Constructive submission doctrine, 127
Coon Creek (Wis.), 161, 162
Corn production, 8, 23, 26, 53, 165–67, 173–74, 185–88, 186
CREP. See Conservation Reserve Enhancement Program
Crop production, 166–69, 172–74, 174, 184–88, 186; and Chesapeake Bay Program, 134;

historic alterations of land use caused by, 30–31; in Mississippi River system, 23, 24, 26;
and nonpoint source pollution, 8–9. See also Corn production; Soybean production

Cross-border trading, 180
CRP. See Conservation Reserve Program
CSP. See Conservation Security Program
CWA. See Clean Water Act

Dams, 23, 29, 32–33, 33, 35, 62–63; and monitoring, 153; and nutrients, 39; and sediment
transport, 46–48, 139; as water quality problem, 3–4, 15, 17–19

Data collection, 97, 114–22, 115, 117–19, 121; and Iowa Soybean Association (ISA), 186;
and NPDES permit program, 98–100, 99–100; for nutrient quantities, 37–40, 38, 39,
126; and sediments, 47–48, 47, 177; and USGS, 50, 54, 141, 143–46, 143, 144, 149, 163–
64. See also Monitoring of water quality

Dauphin County Conservation District (Pa.), 181
DDT (dichlorodiphenyltrichloroethane), 3, 15, 35, 49, 63, 154
Delaware River Basin Commission (DRBC), 193–96, 197, 210
Delaware River Basin Compact, 193
Denitrification treatment systems, 45
Department of Agriculture. See U.S. Department of Agriculture
Designated uses: and Chesapeake Bay Program, 130, 131, 132–33; EPA authority for, 12,

18, 65; and legacy contaminants, 12, 15; and monitoring, 114, 115, 120, 148, 149, 155,
158–59; and state inconsistencies, 104–5, 108–13, 109–10, 111, 112; state-level
authority for, 18, 79–80, 81, 83; and TMDLs, 78–79

40

IN
D

E
X



Design-based trading, 182
Des Moines River, 50
Diatoms, 37, 60
Dioxin, 53, 121, 154
Drainage of wetlands, 15, 17, 25–26, 29, 31–32, 31, 35
DRBC. See Delaware River Basin Commission
Dredge-and-fill (wetlands) permit program, 66, 69, 69, 75–76, 77, 84
Driftless Area, 26
Drinking water, 1, 13, 45, 53, 109–10, 113, 115, 148

Emerging contaminants, 56
Endangered species, 21, 95, 208
Environmental goods/services valuation, 13, 19, 23
Environmental justice considerations, 19
Environmental Management Program (EMP), 10, 141–42, 146, 163
Environmental Management Technical Center (EMTC), 141
Environmental Protection Agency. See U.S. Environmental Protection Agency
Environmental Quality Incentives Program (EQIP), 8, 167–69, 172, 174–75, 178,

183–84, 188
EPA. See U.S. Environmental Protection Agency
EPA law suits, 88, 125, 146
EQIP. See Environmental Quality Incentives Program
Erosion, 40, 46, 48, 165, 168–70, 171, 174, 175–76, 177, 183, 187
Estuaries: Chesapeake Bay as, 128, 129, 197; and Clean Water Act (CWA), 68, 69, 71, 89,

96; Gulf of Mexico as, 59; nutrients in, 37, 45; and TMDLs, 78
Evaluation of water quality, 97, 138–64; and comprehensive assessments, 145–46; federal

monitoring programs, 141–45, 142, 143; and monitoring with CWA objectives, 146–55,
148, 150, 151

Exclusive economic zone (EEZ), 74

“factory farms,” 77
Farm bills, 131, 166–69, 171, 178, 183, 207
Farm Service Agency (FSA), 168, 170
Fecal coliform bacteria, 50, 54–56, 55, 64, 123–24; in Mississippi River system, 27; and

monitoring, 117–19, 120, 121; and TMDLs, 123–24; water quality criteria for, 106–8; as
water quality problem, 35–36

Federal agencies: and agricultural practices, 170–71, 186; cooperation among, 190–91,
207–10, 208; and Iowa Soybean Association (ISA), 186; and monitoring, 4–5, 141–45,
142, 143, 157, 159; and state-level leadership, 10, 69, 83–84; and UMRBA, 105, 201; and
UMRSHNC, 202. See also names of federal agencies

Federal Energy Regulatory Commission (FERC), 84
Federal grants, 67–71, 82, 86, 89, 91, 100, 146
Federal-state cooperation, 190–91, 197–98, 202–3, 208, 210; and agricultural practices,

181, 186; and Chesapeake Bay Program, 128–35, 129, 131, 132; and Clean Water Act
(CWA), 66; and CWA’s limited effectiveness, 6–7; and hypoxia in Gulf of Mexico, 74;
and water quality trading, 181

Federal Water Pollution Control Act (FWPCA, 1948), 2, 18, 65, 67–68; amendments,
68–77, 69

41

IN
D

E
X



Fertilizers, 3, 8–9, 24, 63, 165, 173, 174, 175; and biofuels production, 187–88; historic
alterations of land use caused by, 29, 31; and nutrients, 40–41, 41, 44; and water quality
trading, 182

Fishable water quality, 5, 7, 64–65, 68, 78–79, 95, 104, 113, 116, 127, 146
Fish Consumption Advisories (FCAs), 53, 113, 153, 154
Fish/fisheries: adsorbed contaminants in fish tissues, 3, 15, 27, 50, 52, 53, 63; and Clean

Water Act (CWA), 71, 77, 83, 95; and hypoxia in Gulf of Mexico, 4, 58, 60–61; in
Mississippi River system,
1, 21, 23, 35, 62; and nutrients, 37, 45, 102; and toxic substances, 50, 52, 53; and water
quality standards, 104–5, 109–10 (see also Fishable water quality)

Flood protection, 1, 29, 34–35, 48–49, 62, 95
Floods, 34, 44, 45, 49
“flow-weighted” samples, 156
Forestry activities, 3, 8, 17–18, 29–30, 62
Fossil fuels, 41, 44
Fourche Creek watershed project (Ark.), 91
Friends of the Earth v. EPA, 125
Friends of theWild Swan, Inc. v. EPA, 146
FSA. See Farm Service Agency
FWPCA. See Federal Water Pollution Control Act

GAO. See Government Accountability Office
Goolsby, Donald, 145
Government Accountability Office (GAO), 16, 149, 156
Governors, 10, 105, 129–30, 195, 200
Grassland Reserve Program, 169
Grass Lands Farmers’ Trading Program, 182
Grazing, 31, 171, 178, 184
Greater Port of New Orleans and Baton Rouge, 13
“green” best management practices (BMPs), 182
Gulf of Mexico, 28, 56–62, 57, 58; and agricultural practices, 9, 165, 172, 175, 179; and

biofuels, 9; and Chesapeake Bay Program, 134–35; and Clean Water Act (CWA), 6–8,
74, 94–96; effects of Mississippi River system on, 20, 21–24, 22, 28–29, 28, 34, 40; EPA
leadership needed for, 10–12, 211; and interagency collaboration, 188–89; and
interstate water quality protection, 89, 91,
92–93, 94–96; and monitoring, 4–5, 120, 157–59, 164; and nonpoint source pollution,
94, 184, 187; and nutrient criteria, 126–28; and nutrients, 36, 39–40, 39, 44, 64; and
sediments, 47–48, 64; and TMDLs, 91, 92–93, 125, 137; and water quality
monitoring/assessment, 4; water quality problems in, 3–4, 18

Hankinson, Sierra Club v., 146
Headwaters Group, 16
Heavy metals. See Metals
Herbicide-resistant soybeans, 167
Herbicides, 27, 53–54, 53
Hexagenia (mayfly), 102
Human-induced changes, 3, 23, 44, 46, 49–50, 62–64
Hummel, United States v ., 75
Hydroelectricity, 29, 84

42

IN
D

E
X



Hydrologic modifications: and EPA’s watershed-level management, 207; historic
alterations of land use caused by, 32–35, 33, 34; and hypoxia in Gulf of Mexico, 61; in
Mississippi River system, 15, 27–29, 28, 29, 30, 62; and monitoring, 139–40; and
nutrients, 36, 44; and sediments, 49, 62; as water quality problem, 3, 17–18

Hypoxia, 56–62, 57, 58, 63; and Clean Water Act (CWA), 7, 74, 91; effects of Mississippi
River system on, 22, 29; and interstate coordination, 190, 196, 202–4, 208–9; and
nutrient criteria, 126–27; as water quality problem, 4, 18

Hypoxia Action Plan, 203

ICPRB. See Interstate Commission on the Potomac River Basin
ICWP. See Interstate Council on Water Policy
Illinois Conservation Reserve Enhancement Program (CREP), 170
Illinois River, 14, 28, 32, 44, 50, 53, 62, 75, 139, 170
Impaired waters designations: and Chesapeake Bay Program, 128, 130; and legacy

contaminants, 95; and monitoring, 114–22, 117–19, 121, 146, 148, 149, 150, 151, 153,
154, 158, 159; state-level authority for, 18–19, 66, 79, 88; and TMDLs, 78–79, 85, 90–91,
122–25, 123; for toxic substances, 53, 54

Impaired Waters List, 148
Incentive-based approaches: and auction-based contracting, 183, 185; and commodity

programs, 166–68; and conservation programs, 167–70, 170, 178–79, 183–85, 188; and
hypoxia in Gulf of Mexico, 61; and market-based approaches, 179, 183; and nonpoint
source pollution, 8, 170, 184; and targeting, 178

Indirect dischargers, 71–72, 135
Industrial discharge: and Chesapeake Bay Program, 133; and Clean Water Act (CWA),

2, 6, 68, 69, 135; in Mississippi River system, 23, 24, 26–27; and NPDES permit program,
71–72, 76, 100, 103; and nutrients, 40, 41, 44; and toxic substances, 50–52; as water
quality problem, 3, 18, 35. See also Sewage discharges

Interagency collaboration, 171–72, 185, 188–89, 210
Intermittent water constituents, 3, 63–64. See also Sediment deprivation; Sediments
Interstate commerce, 11, 13, 32
Interstate Commission on the Potomac River Basin (ICPRB), 196, 197
Interstate coordination: and Chesapeake Bay Program, 128–35, 129, 131, 132; early

efforts, 198, 200; EPA authority for, 81, 86–89, 91, 95–96, 135, 137; and interstate
compacts, 85–86, 124, 192–98, 194–95, 199, 210; and management conferences, 88–89,
128; and monitoring, 4–5, 146–52, 148, 150, 151; and TMDLs, 124–25; and
transboundary pollution regulation, 86–87; as water quality problem, 19

Interstate Council on Water Policy (ICWP), 199
Interstate trading programs, 133
Interstate water quality protection, 8, 66, 85–94. See also Interstate coordination
Iowa Environmental Council, 204
Iowa Soybean Association (ISA), 185, 186
Irrigation, 7, 77, 109–10, 115, 171, 176, 182
ISA. See Iowa Soybean Association
Islands, 1–2, 46, 49, 62
Itasca, Lake, 1, 4, 24

Katrina (hurricane), 49

43

IN
D

E
X



Leaching, 173, 174, 187
Lead, 35, 49–50, 51, 121, 154
Legacy contaminants, 3, 15, 18, 35; and Clean Water Act (CWA), 95; and fish consumption

advisories, 154; and sediments, 48; and TMDLs, 123; toxic substances as, 50, 52–54,
63–64

Leguminous plants, 40, 41
Le Sueur watershed, 177
Levees, 3–4, 7–8, 15, 17–18, 29, 31, 33–35, 34, 49
Limiting nutrients, 37, 40, 63
LMRCC. See Lower Mississippi River Conservation Committee
Locks, 23, 29, 32–33, 33, 35, 62; and CWA’s limited effectiveness, 7, 95; and monitoring,

153; as water quality problem, 3–4, 17–18
Long Term Resource Monitoring Program (LTRMP), 141–43, 142, 146, 155–56, 163
Louisiana Coast–Gulf of Mexico Mercury TMDL, 91, 92–93
Louisiana Department of Environmental Quality, 200
Louisiana Environmental Action Network, 203–4
Lower Mississippi River: characteristics of, 1–2, 62; historic alterations of, 33–34, 34, 62;

and monitoring, 4–5, 116, 139–40, 145–46, 155; and nutrients, 40–41; physiography of,
24, 25, 139–40; precipitation/hydrology of, 28, 28, 29, 30; and sediment deprivation,
46–49, 46, 47, 63–64

Lower Mississippi River Aquatic Resource Management Plan, 203
Lower Mississippi River Conservation Committee (LMRCC), 10, 116–17, 202–3, 210
Lower Mississippi River Pollution Phase-out Compact, 200
Lower Mississippi River Sub-basin Committee on Gulf Hypoxia, 203
LTRMP. See Long Term Resource Monitoring Program

Maine Board of Environmental Protection, S.D.Warren Co. v., 83–84
Market-based approaches to agriculture, 166, 179–82, 181, 184
Mayflies, 102
McKnight Foundation (Minneapolis, Minn.), 16, 204
Meade, Robert, 145
Mercury, 49–50, 52, 53, 90–91, 92–93, 95, 117–19, 121, 123, 154
Metals, 18, 35, 45, 50, 51, 52, 64
Metropolitan Water Reclamation District of Greater Chicago, 44
Mid-Continent Survey (USGS), 50, 54
Minnesota Center for Environmental Advocacy, 204
Minnesota Pollution Control Agency, 125, 177
Minnesota River, 48, 176, 177
Mississippi Department of Environmental Quality (MDEQ), 147
Mississippi River Basin Alliance, 204
Mississippi River–Gulf of Mexico Watershed Nutrient Task Force, 208–9, 208
Mississippi River system, characteristics of, 1, 13, 20, 21–64, 22, 24; drainage basin area, 2,

13, 21, 22, 24–26, 25, 48; historic alterations in land use, 29–35, 31, 33, 34; and hypoxia
in Gulf of Mexico, 56–62, 57, 58, 63; nutrients, 36–45, 38, 39, 41, 42, 43; physiography,
13–15, 14, 24–26, 25; population, 26–27, 62; precipitation/hydrology, 27–29, 28, 29, 30;
sediment transport, 45–49,
46, 47; toxic substances, 49–56, 51, 52, 53, 55; water quality problems, 35–56

Mississippi River Water Quality Collaborative, 204
Missouri Coalition for the Environment, 114

44

IN
D

E
X



Missouri River, 4; historic alterations of, 62; and monitoring, 120, 139; and nutrients, 41;
physiography of, 14, 15, 21, 24–27, 25, 139; precipitation/hydrology of, 28, 28, 29; and
sediments, 4, 46, 47–48, 63–64, 139; and toxic substances, 50, 53; and water quality
standards, 113

Models: and Chesapeake Bay Program, 128, 131, 134–35; and collaboration, 191, 196–97,
206, 210–11; and hypoxia in Gulf of Mexico, 60–61; and monitoring, 141, 157, 158; for
water quality management, 191

Monitoring of water quality, 138–64; and Chesapeake Bay Program, 130, 131, 134; and
Clean Water Act (CWA), 7, 146–55, 148, 150, 151; emerging challenges of, 159–62; and
federal programs, 141–45, 142, 143; and hydrology, 139–40; and interstate
coordination, 15, 19, 146–52, 148, 150, 151, 185, 192–93, 211; and market-based
approaches, 179, 182; and sediments, 120–22, 121, 138–39, 151, 155, 158, 159–62, 161,
162; and state programs, 15, 18–19, 97–98, 136, 152–55, 152, 154; status of/prospects
for, 155–63, 156, 158; and USDA conservation programs, 172, 176, 179, 188; value and
importance of, 157–59; and water quality trading, 181. See also Data collection

Municipal discharge, 18, 24, 35, 40, 41, 50, 100, 103, 133, 181. See also Sewage discharges

NADP. See National Atmospheric Deposition Program
Narrative criteria, 113, 120
NASQAN. See National Stream Quality Accounting Network
Nastri, Pronsolino v., 85
National Atmospheric Deposition Program (NADP), 43
National Estuary Program, 69, 71, 89
National Listing of Fish Advisories database, 154
National Oceanic and Atmospheric Administration (NOAA), 10–11, 159, 164, 191, 208
National Pollutant Discharge Elimination System (NPDES), 98–104, 99; and agricultural

practices, 77, 180, 182, 184; and Chesapeake Bay Program, 133; and collaboration, 191,
211; EPA authority for, 66, 76, 96, 98; EPA’s Permit Compliance System (PCS), 98; and
market-based approaches, 181, 182; and point source pollution, 18, 35, 76–77, 94,
98–104, 99–100, 182, 184; and POTWs, 71–72, 100–104, 101, 102; state-level authority
for, 66, 76, 84, 86, 88, 94, 96, 98, 99–100, 101

National Research Council (NRC), 16, 114, 149, 207
National Strategy for the Development of Regional Nutrient Criteria (EPA), 132–33
National Stream Quality Accounting Network (NASQAN), 143–44, 143, 144, 146,

163, 209
National Wadable Streams Assessment (WSA), 149, 151
National Water Quality Assessment (NAWQA), 144, 146, 149, 163
Natural processes, 23, 46, 49–50
Natural Resources Conservation Service (NRCS), 168, 170, 174, 183, 201, 203
Navigable waters, 5, 65–68, 72–75, 77, 79, 82–83, 94, 98
Navigation activities, 31–32, 33, 45, 49, 62
Navigation pools, 3–4, 15, 18–19, 23, 29, 32, 35, 39, 46, 50, 52
NAWQA. See National Water Quality Assessment
Nitrate, 37–41, 38, 39, 41, 45, 59–60, 121, 165, 174

45

IN
D

E
X



Nitrogen, 36–37, 40–42, 41, 42, 44–45; and agricultural practices, 165, 168, 172–74, 174,
180, 181, 186; and biofuels production, 187; and Chesapeake Bay Program, 128, 130–31,
133–34; CWA’s limited effectiveness in reducing, 6; historic alterations in use of, 29;
and hypoxia in Gulf of Mexico, 59–61, 63; and market-based approaches, 182; in
Mississippi River system, 23; and TMDLs, 126; water quality criteria for, 106–8, 126, 133;
as water quality problem, 3–4, 18, 63; and water quality trading, 180, 181.
See also Nutrients

Nixon, Richard, 67
NOAA. See National Oceanic and Atmospheric Administration
Nondegradation principle, 116
Nongovernmental organizations (NGOs), 203–4
Nonpoint source management program, 71, 82
Nonpoint source pollution: and agricultural practices, 8–9, 169–70, 171, 177–85, 181,

186, 188; and biofuels production, 185; and Chesapeake Bay Program, 128, 131, 133;
and Clean Water Act (CWA), 6–7, 66, 68, 69, 73, 77, 82–83; EPA authority for, 88–89,
137; and Iowa Soybean Association (ISA), 186; and market-based approaches, 180, 181,
182; in Mississippi River system, 23, 24, 26, 36; motivations for controlling, 184–85, 186;
nutrients as, 3–4, 36, 40–41, 41, 63–64, 135, 165, 169–70; sediments as, 36, 64, 165,
169–70, 175–76; state-level authority for, 82–85, 136; and TMDLs, 78–79, 84–85, 90,
94–95, 124–25, 127–28, 136, 176; as water quality problem, 3, 18

North Carolina Division of Water Quality, 182
No-till planting technology, 167, 171, 173, 181
NPDES. See National Pollutant Discharge Elimination System
NRCS. See Natural Resources Conservation Service
Numerical water quality criteria, 76, 113, 120, 122, 126–27, 133, 155, 159
Nutrient criteria, 98, 125–28, 132–33
Nutrient management strategies, 40, 45, 172–75; and best management practices, 171,

176; and Chesapeake Bay Program, 129, 133–34; and motivating nonpoint source
control, 184–85, 186; and uptake/transformation of nutrients, 44, 63; and water quality
trading, 133, 182

Nutrients, 36–45, 172–75; and agricultural practices, 40–42, 41, 42, 44, 165–66, 172–75,
174; and biofuels production, 185; and Chesapeake Bay Program, 128–35; effects of
excess, 45, 63; historic alterations of land use caused by, 31, 35; and hypoxia in Gulf of
Mexico, 58–61, 63, 126; and market-based approaches, 180, 181, 182; and monitoring,
117–19, 121, 126–28, 143, 151, 155, 158; as nonpoint source pollution, 3–4, 8–9, 63–64,
180; and phytoplankton growth, 37, 40, 45; quantities of, 37–40, 38, 39; and sediments,
45–46, 48; sources of, 40–42, 41, 42, 43; and targeting, 177–79, 188; and TMDLs, 91,
123, 125–28; uptake/transformation of, 42, 44; as water quality problem, 3–4, 18–19, 35,
63–64; and water quality trading, 180, 181. See also Fertilizers; Nitrogen; Phosphorus

Nutrients in soil, 37, 40, 41
Nutrient standards, 126

Ocean discharges, 68, 69
Ochlockonee River (Ga.), 91
Ohio River: and monitoring, 139, 142; and nutrients, 40–41, 45; physiography of, 14, 15,

24–26, 25, 139; precipitation/hydrology of, 28, 28, 29; and sediments, 46, 47–48; and
toxic substances, 50, 52

Ohio RiverValley Water Sanitation Commission (ORSANCO), 196, 197, 209–10
Oklahoma,Arkansas v., 84, 87

46

IN
D

E
X



On-Farm Network™, 186
Organic compounds, 18, 35, 49
ORSANCO. See Ohio RiverValley Water Sanitation Commission
Oxygen depletion, 29, 35–37, 45, 56–60, 57, 58, 102, 126, 131–32. See also Hypoxia

Pallid sturgeon, 21
PCBs (polychlorinated biphenyls), 3, 15, 35, 45, 49, 51–53, 53, 63–64, 154; and CWA

implementation, 106–8, 117–19, 121, 123
Pennsylvania Department of Environmental Protection (PADEP), 181
Pepin, Lake (Minn.), 4, 40, 48, 50, 52–53, 102, 123, 125, 144, 177
Performance-based trading, 182
Permit programs, federal: and agricultural exemptions, 3, 77; and Chesapeake Bay

Program, 130, 131, 133; and Clean Water Act (CWA), 68–69, 69; dredge-and-fill
(wetlands), 66, 69, 75–76, 77, 84; EPA authority for, 12, 66; and FWPCA amendments
(1972), 65, 68, 69; and nonpoint source pollution, 82; and point source pollution, 18,
72–74; and POTWs, 71–72; and Refuse Act, 67; state certification of, 69, 83–84, 87; and
TMDLs, 85. See also National Pollutant Discharge Elimination System

Pesticides, 3, 27, 31, 35, 45–46, 48, 50, 53–54, 53, 63–64, 153. See also DDT
(dichlorodiphenyltrichloroethane)

Phosphate, 35, 174
Phosphorus, 36–37, 39–42, 41, 42, 44–46; and agricultural practices, 165, 168, 172–75,

174, 180; and Chesapeake Bay Program, 128, 130–31, 133–34; and hypoxia in Gulf of
Mexico, 59–60, 63; in Minnesota River, 177; in Mississippi River system, 23, 29; numeric
criteria for, 126; and sediments, 45–46; water quality criteria for, 106–8, 126, 133; as
water quality problem, 4, 18, 63; and water quality trading, 180. See also Nutrients

Phytoplankton growth, 37, 40, 45, 59–60, 63
Point source pollution: and Chesapeake Bay Program, 128, 133; and Clean Water Act

(CWA), 2, 6–8, 18, 64, 66, 68, 69, 94–96;“factory farms” as, 77; and federal permit
programs, 72–74; and market-based approaches, 179–80, 181, 182; in Mississippi River
system, 23, 24, 26; and NPDES permit program, 18, 35, 76–77, 94, 98–104, 99–100, 101,
102, 182, 184; and TMDLs, 84–85, 90, 95, 124, 128; and toxic substances, 56

Political will, 94, 178–79
Polycyclic aromatic hydrocarbons, 50
Population, 26–27, 36, 44, 62
Potomac River Basin, 128, 133, 196
POTWs. See Publicly owned treatment works
Prairies, 29–31, 62, 165, 167
Precipitation: and hypoxia in Gulf of Mexico, 59; in Mississippi River system, 27–29, 28, 29,

30; and nutrients, 39; and POTWs, 103; and toxic substances, 53, 56
Pretreatment programs, 35, 72, 135
Pronsolino v. Nastri, 85
Public health, 35–36; and Clean Water Act (CWA), 67, 69, 77, 79–80, 81, 91; and fish

consumption advisories, 53, 113, 153, 154; and nutrients, 45; and toxic substances, 52,
56, 64; and water quality standards, 109–10

Publicly owned treatment works (POTWs): and Clean Water Act (CWA), 67, 69–72, 69,
76, 82, 94; and CWA implementation, 100–104, 101, 102

PUD No. 1 of Jefferson County v.Washington Department of Ecology, 83–84

47

IN
D

E
X



Rapanos v. United States, 73–74
Rapid bioassessment protocols (RBPs), 148, 159, 160
Recreational activities: in Mississippi River system, 1–2, 21, 23, 62; and monitoring, 115,

120, 148; and NPDES permit program, 77; and nutrients, 45; and sediments, 45; and
TMDLs, 124; and water quality standards, 80, 81, 83, 104–5, 109–10, 114 (see also
Swimmable water quality)

Recreational fishing, 1, 21, 45, 53, 60, 113, 154
Red River, 24, 25, 28, 28, 29, 34, 40
Refuse Act, 66–67
Regional coordination. See Interstate coordination
Reilly,Alabama Center for the Environment v., 146
Reservoirs, 4, 31, 35, 39, 47
Restoration: and Chesapeake Bay Program, 129–32, 134; and Clean Water Act (CWA), 68,

69, 75–76, 95; and historic alterations of land use, 32; and hypoxia in Gulf of Mexico, 61;
and monitoring, 5, 19; and state-level leadership, 10

Revetments, 34
Riparian land, 178
RisingTide (Barry), 140
Rita (hurricane), 49
Rivers and Harbors Act (1899), 32, 66–67, 73, 75, 84
Riverside Bayview Homes, United States v., 73
Rocky Mountains, 1, 13, 21, 25
Row crops, 23, 29, 165, 172, 175
Runoff, 15, 25–27, 31, 36; and agricultural practices, 165, 167, 171, 174, 175–76, 177, 181;

and Clean Water Act (CWA), 5, 71, 73–74, 82, 94; and nonpoint source pollution, 8,
171, 173–76, 187,
188–89; and nutrients, 36, 39–40; and toxic substances, 54, 56

Safe Drinking Water Act (SDWA), 197–98, 201
Sampling: and comprehensive assessments, 145–46; consistency of, 156, 157; and CWA

objectives, 147, 151–52; and fecal bacteria, 55; in lower Mississippi River, 116, 140, 157;
and pesticides/herbicides, 53; and sediments, 47; and single sample maximum values, 81;
and state monitoring programs, 153, 154; and TMDLs, 123; and USGS, 50, 142–43; and
water quality criteria, 108

Sangamon River watershed project (Ill.), 91
Sanitary sewer overflows (SSOs), 56, 103
Scott v. City of Hammond, 127
SDWA. See Safe Drinking Water Act
S.D.Warren Co. v. Maine Board of Environmental Protection, 83–84
Secondary sewage treatment, 36, 70–71, 76, 101, 102
Sedimentation, 34–35, 45–48
Sediment deprivation, 3–4, 46–49, 46, 47, 63–64, 120
Sediments, 34, 45–49, 46, 47, 62–64; and adsorbed contaminants, 3, 45–46, 50, 52, 63–64;

and agricultural practices, 46, 48, 165–66, 175–77, 177, 180; and biofuels production,
185; and Chesapeake Bay Program, 128, 130–33; and hypoxia in Gulf of Mexico, 59–61;
and monitoring, 120–22, 121, 138–39, 151, 155, 158, 159–62, 161, 162; and targeting,
177–79, 188; and toxic substances, 50–53, 51, 52; as water quality problem, 3–4, 15, 18–
19, 35–36; and water quality trading, 180

48

IN
D

E
X



Selenium discharges, 182
Sewage discharges: and Clean Water Act (CWA), 6, 69–70; in Mississippi River system, 23;

and NPDES permit program, 100–104, 101, 102; toxic substances in, 36, 54, 56; and
water quality standards, 105. See also Industrial discharge; Municipal discharge

Sewage treatment plants, 36, 44, 69–72, 69, 135. See also Publicly owned treatment works;
Wastewater treatment plants

Shrimp, 58, 61
Sierra Club, 16, 113–14, 146
Silicate, 37, 40–41, 60
Single sample maximum values, 81
SolidWaste Agency of Northern Cook County v. U.S.Army Corps of Engineers, 73
Soybean production, 23, 26, 165–67, 173–74, 186, 187
SRBC. See Susquehanna River Basin Commission
States: and agricultural practices, 166, 169, 170; assessment reports of, 18–19, 66, 68, 69,

83, 118–19, 147; certification of federally authorized activities, 69, 83–84, 87; and
Chesapeake Bay Program, 128–34; and Clean Water Act (CWA), 18–19, 78–85, 78–79,
81, 95; and CWA implementation, 14–15, 19, 65–66, 190; EPA’s delegation of authority
to, 14, 84, 86, 190, 204–5; and FWPCA,
67–68; and monitoring, 114–22, 115, 117–19, 121, 152–55, 152, 154; and NPDES
permit program, 66, 76, 84, 86, 88, 94, 96, 98, 99–100, 101; and nutrient criteria, 126–27;
and POTWs, 101–3, 102; and TMDLs, 6–7, 19, 66, 78, 84–85, 90, 122–25, 123, 133; and
water quality standards, 65, 78–81, 78–79, 104–13, 106–8, 109–10, 111, 112; and water
quality trading, 180. See also Interstate coordination

St. Louis Compact (1997), 204–7
St. Louis Metropolitan Sanitary District, 102
STORET (storage and retrieval), 152
Stormwater discharges, 6–7, 15, 18, 56, 61, 71, 77, 103
Submerged Lands Act (SLA, 2006), 73
Suspended sediments, 46–48, 46, 47, 50–52, 62, 120, 138
Susquehanna River, 181
Susquehanna River Basin Commission (SRBC), 197
Swimmable water quality, 5, 7, 64–65, 68, 78–79, 95, 104, 113, 116, 127, 146

Targeting, 177–79; and auction-based contracting, 183; and market-based approaches,
179–82, 181; of nonpoint source pollution, 8; and USDA conservation programs, 170,
172, 174, 176–79, 185, 188–89

Tar-Pamlico Nutrient Reduction Trading Program, 182
Technology-based standards: and Chesapeake Bay Program, 133; and Clean Water Act

(CWA), 6, 65, 68, 69, 84, 94; and NPDES permit program, 76–77, 98; and TMDLs, 84;
and water quality trading, 180, 181

Tennessee Clean Water Network, 204
Tennessee Division of Stream Pollution Control, 102
Tennessee River, 28, 48
TennesseeValley Authority, 48
Territorial sea, 67, 73–74, 83
Tertiary treatment plants, 44
Tillage practices, 167, 171, 173, 181, 185, 186, 187–88

49

IN
D

E
X



Total Maximum Daily Loads (TMDLs), 97–98, 122–28, 123, 137; and agricultural practices,
176, 177, 180; and Chesapeake Bay Program, 131, 133, 136; and Clean Water Act
(CWA), 68, 69, 78, 78–79, 94–96; EPA authority for, 19, 81, 95–96, 136–37, 204, 211;
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