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Abstract.--Nonpoint source pollution is one of the Nation's re­
maining water quality problems. Because of inherent differences 
between point sources and nonpoint sources, different control 
strategies are required. Nonpoint source control strategies rely 
primarilyon the application of Best Management Practices (BMPs) 
as the means to achieve protection of designated beneficial uses. 
Increasingly, environmental groups and regulatory agencies are 
looking toward instream numeric water quality criteria as a 
regulatory mechanism for controlling nonpoint sources. Numer­
ous technical problems exist with this approach. The mostsignifi­
cant being the highly variable and poorly understood relation­
ships between land use and the beneficial uses that need to be 
protected. The continued use of BMPs appears to offer important 
advantages over instream water quality standards and their 
continued use is suggested. In the long-term, monitoring data 
accumulated to evaluate BMPs can be used to build a sound 
scientific basis for eventual evolution to water quality based 
approaches. 

INTRODUCTION outof a pipe. They are the effluent of discrete process­
ing or manufacturing activities and are subject to 

Passage of the Clean Water Act (CW A) in 1972 is direct end-of-pipe control. The quality of the water 
generally regarded as the beginning of water quality leaving a facility can be easily measured, the source 
management in the United States. In the Act, Con­ is readily identified, and the responSible party 'is 
gress established a national goal "to restore and known. Regulatory control is accomplished by set­
maintain the chemical, physical, and biological in­ ting discharge standards through National Pollutant 
tegrity of the Nation's waters." The legislation is Discharge Elimination Permits (NPDES). 
couched in laymen terminology such as "swim­ Nonpoint sources of pollution (NPS) are diffuse 
mable," "fishable," and "propagation ofaquatic life." and result from diverse land disturbing activities 
For regulators and technical experts, terminology such as agriculture, forestry, construction, resource 
such as "maintenance and enhancement of desig­ extraction, urban runoff, hydromodification, and 
nated beneficial uses" are more commonly used al­ others. Pollution problems are the result of past and 
though their precise meaning is often purposefully present land uses and the responsible party may be 
ambiguous. dlf[icult to identify. Pollutants often come from many

Water pollution control is generally divided into sources, travel numerous pathways to the stream, 
two primary categories: Point sources and nonpoint and the initiation of a pollution event is subject to 
Sources. Point sources of pollution generally come storm events which are as unpredictable as the 

weather. Partially due to confusing regulations, con­
1 Hydrologist, Stream Systems Technology Center, Rocky trol of NPS has proven to be more difficult than 

Mountain Forest and Range Experiment Station, Fort Collins, originally envisioned. Co. 
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Fisheries and domestic water are the designated 
beneficial uses of greatest concern to the public. 
Coldwater fisheries are generally regarded to be the 
most sensitive to forest management activities and 
an area of interest to much of the public, especially in 
the western United States. The body of knowledge 
about the interactions between land management 
and aquatic ecosystems has been reviewed in several 
recent publications (Salo and Cundy 1987; Chapman 
and McLeod 1987; MacDonald et a1. 1991; Meehan 
1991). 

In spite of all we know, manybelieve that we lack 
the precise scientific knowledge needed to link on­
the-ground management activities to coldwater fish­
eries or the biological integrity of aquatic ecosystems 
in the context of a regulatory framework. Others, 
fully recognizing the deficiencies of the available 
information, point out the magnitude of nonpoint 
source problems and the limited progress demon­
strated to date, argue that it is time to change strate­
gies and apply strict instream water quality criteria 
to protect and maintain existing beneficial uses. In 
the absence of scientific certainty, they conclude that 
it is best to err on the side of aquatic ecosystem 
protection instead of commodity users. To date, sci­
ence has not resolved the conflict which is likely to 
become more emotional over the next few years. 

On a national scale, progress has been slow. In 
forestry, few States have initiated regulatory (e.g., 
Oregon, Washington, Idaho, California, Alaska) or 
quasi-regulatory (e.g., Maine, Massachusetts, Ne­
vada) programs which mostly rely on Best Manage­
ment Practices (BMPs). As a result, environmental 
groups, professional societies, and some States are 
showing an increased interest in the establishment of 
numeric water quality criteria as performance stan­
dards. EPA's Nonpoint Source Agenda for the Fu­
ture (EPA 1989) lists a national goal of having appro­
priate water quality standards, including Ene sedi­
ment criteria for selected waters, adopted in all States 
by 1993. Within the Forest Service, the Colombia 
River Anadromous Fish Policy Implementation 
Guide contains a process which will establish de facto 
instream criteria, including sediment, as one way to 
measure progress aimed at protecting anadromous 
fish habitats. 

tHISTORY OF NONPOINT SOURCE CONTROL 

Following passage of the Clean Water Act, the 
tGeneral Accounting Office estimated in 1986 that the 

Federal Government had spent $37 billion of CWA 
funds to assist municipalities in the construction and 
upgrading of wastewater treatment plants (GAO 
1986). Surface water pollution from industrial and 
municipal point sources was thought to be largely 
under control. While the Nation's waters appeared 
to be getting cleaner as a result of CW A programs, it 
was difficult to precisely assess the benefits of point 
source con troIs due tonatural background levels and 
NSP. The Environmental Protection Agency (EPA) 
concluded that NSP was among the leading causes of 
the Nation's remaining water quality problems (Tho­
mas 1985). While sources varied for different parts of 
the country, agricultural operations were identified 
as the most pervasive nonpoint source. Silvicultural 
sources, contributions from urban areas, mining, 
and construction sites were identified as important 
sources that should be addressed by local areas. 

The resulting passage of the 1987 Water Quality 
Act (WQA) by Congress, placed special emphasis on 
nonpoint sources by making it "the national policy 
that programs for the control of nonpoint sources of 
pollution be developed and implementedin an expe­
ditious manner." Consistent with section 319 of the 
WQA, States were directed to identify those waters 
where water quality standards cannot be met with­
out the control of NSP and to develop nonpoint 
source assessment and management programs which 
will serve as the cornerstone of the National nonpoint 
source program for the future. In addition, Federal 
consistency provisions of the WQA encourages States 
to establish processes to assure that Federal projects 
and activities donotconflictwith the Sta te' s nonpoint .' 
source management program. Should a State deter­
mine that a proposed Federal action is not /Iconsis­
tent" with its NPS Management Program, the Federal 
agency must accommodate the States's concerns or 
explain in a timely manner why it cannot do so. 

While the Water Quality Act of 1987 reaffirmed 
national interest in nonpoint sources, NPS problems 
even though given little attention in the original 
Clean Water Act legislation, were the focus of na­
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tional interest by the mid 1970's. Strategies success­
fully used in the point source program, were applied 
to NPS problems. This was an unfortunate choice and 
was soon discovered to be an inappropriate strategy 
for a variety of technical reasons to be discussed in this 
paper. 

NONPOINT SOURCE CONTROL STRATEGY 

While the effects of pollution onbeneficial uses are 
identical regardless of the source, programs designed 
for their control must be distinctly different. Point 
sources are effectivelycontrolledbyend-of-pipe treat­
ments which regulate the release of discharges. 
Nonpoint sources can only beeffectively controlled by 
prevention. In recognition of this andin the absence of 
specific Congressional direction or regulatory re­
quirements, EP A initia ted a NPS control strategy tha t 
relied on voluntary, nonregula tory approaches utiliz­
ing preventive practices, or Best Management Prac­
tices (BMPs), as the primary control mechanism to 
assure State water quality standards are achieved. 

The Forest Service and other interests worked 
several years with EPAto develop a mutually accept­
able and technically appropriate strategy for control­
ling nonpoint source controls and meeting water 
quality standards (Harper 1987; Solomon 1988). Guid­
ance to implement the strategy is contained in Chap­
ter 2 of the EPA Water Quality Standards Handbook. 
The strategy attempts to explain the complex rela­
tionship between land management activities, water 
quality standards, and Best Management Practices 
as they pertain to nonpoint source control programs. 

The EPA nonpoint control strategy recognizes 
Best Management Practices (BMPs) as a prime means 
to achieve protection of designated beneficial uses. 
BMPs are not the only component of the strategy, 
however, and attainment of State water quality stan­
dards is the ultimate objective. Water quality stan­
dards are identified by each State and consist of two 
components and an additional policy: (1) the benefi­
cial uses of the water, (2) numeric and narrative 
criteria, and (3) anantidegradationpolicy (EPA 1988). 

Under this strategy, both BMPs andwater quality 
criteria are the standard for evaluating the attainment 
of CW A goals. Cost effective and reasonable BMPs are 

applied in amanner designed to achieve water quality 
standards. After BMPs are applied, the States have 
primaryresponsibility to ev al uate their effectiveness 
in protecting water quality through monitoring. If 
standards have been violated, the States and the 
responsible party take action to: (1) revise BMPs, (2) 
revise water quality standards, or (3) cease the activ­
ity. In implementing this strategy, many States have 
formalized BMPs in State regulations, such as forest 
practices acts, requiring use of specific BMPs for 
silvicultural activities. At the same time, States re­
quire adherence to water quality criteria as part of 
State water quality regulations. 

At first it may appear that land owners (and land 
management agencies) are placed in double jeop­
ardy under this arrangement. Once with respect to 
application of BMPs, and again with respect to at­
tainment of water quality standards. In all fairness, 
the landowner should only be subject to one set of 
regulatory performance standards; either BMPs or 
instream water quality standards. For a number of 
technical and pragmatic reason~ to be discussed 
later, the only appropriate performance standard is 
BMPs. 

This does not mean that water quality standards 
are replaced by BMPs. Instead, water quality stan­
dards become the attainment measure by which 
BMPs are evalua ted. They define the desired instream 
objective, or benchmark, specifying the amount of 
protection needed to fully protect specific beneficial 
uses. 

For example, ifState approved BMPs are properly 
applied and water quality standards are still violated, 
regulatory action would not be brought against the 
landowner. Rather, responsibili ty for not meeting the 
water quality standardis shared bythe landowner and 
the State. Both parties would work together to identify 
the reason for the violation and devise additional 
practices which might be required to achieve the 
desired level ofprotection . Under this scenario, water 
quality standards are the benchmark for evaluating 
performance as part of the feedback loop concept 
(Figure 1). 

Insummary, BMPs are the performance standards 
used in regulatory programs and water quality stan­
dards are the attainment standards used to evaluate 
needed changes. A contin ual iterative process is used 
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Wate Quality 

Cri eria 


Monitor 

Effectiveness 

Figure 1. Best Management Practices feedback lOop. 

which progressively adjusts standards and practices 
until water quality is protected to the maximum extent 
feasible discussed in the original CW A legislation. 

IMPORTANCE OF MONITORING 

To a large extent the success or failure of the NPS 
strategy depends on monitoring (MacDonald et al. 
1991). Monitoring has a direct bearing on such basis 
issues as whether or not water quality is limiting 
designated uses for a water body (water quality 
impaired) or ifwater quality standards are being met. 
Monitoring is also critical to evaluate first the imple­
mentation of BMPs and then their effectiveness. A 
critical part of the implementation feedback loop is the 
assurance that BMPs are properly integrated into on­
the-ground land management. Finally, monitoring is 
needed to determine if water quality criteria are 
sufficien tl y and properly defined to protect beneficial 
uses. 

--~~ 

Implementation monitoring is the most common 
and least technical form of monitoring. Its primary 
aim is to see if BMPs and forest practices rules were 
properly applied. Generally no measurements of 
water quality are made, although review teams may 
qualitatively evaluate management impacts on 
streams. Based largely on qualitative observations, 
review teams normally make recommendations re­
garding specifi~ management practices and their 
improvement (Bauer 1985; Giles 1991). 

Effectiveness monitoring is done to determine if 
practices were effective in controlling pollutants to 
planned levels. This is done on a sample basis select­
ing representative projects and usually involves de­
tailed field measurements. For many BMPs, on-site 
monitoring outside of stream channels is adequate to 
properly evaluate impacts without the confounding 
influence inherent with instream measurements. The 
work of Swift (1986) where he evaluated filter strip 
designs and characteristics is an example of onsite 
effectiveness monitoring. Effectiveness monitoring 
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can also include biological indicators and physical 
surrogates for beneficial uses, such as cobble 
embeddedness or substrate composition. This ap­
proach generally evaluates combina tions of practices 
applied at the watershed level. The work ofPotyondy 
(1989) where he evaluated cobble embeddedness with 
respect to management activities within watersheds 
on Boise National Forest streams is an example of 
instream effectiveness monitoring. Regardless of the 
design, several iterative cycles are normally needed to 
establish and refine BMPs to acceptable levels of 
performance using the feedback loop concept. 

Validation monitoring is the most intensive form 
of monitoring and is directly applicable to the estab­
lishment of water quality criteria. In most cases, 
validation monitoring is conducted by researchers 
utilizing permanent plots and long-term studies. The 
objective is to test: (1) whether water quality criteria 
limits are sufficient to protect beneficial uses, or (2) 
whether a selected criterion is an appropriate surro­
gate to protect beneficial uses. By documenting the 
changes inphysical habitat (e.g., bed material particle 
size, turbidity, temperature) and the effect this has on 
designated uses (e.g., coldwaterfish populations) the 
basis for the establishment of water quality criteria can 
be set based on firm scientific data. 

TECHNICAL PROBLEMS WITH INSTREAM 
CRITERIA 

Many technical issues need tobe overcome before 
instream criteria can be established with respect to 
forestry and beneficial use protection and used for 
regulatory purposes. 

Lack of Criteria Appropriate to Forest 

Management 


Water quality standards were initially developed 
for control of point sources of pollution. Conse­
quently, most criteria are either insensitive or irrel­
evant to forest management activities. Only five or six 
criteria (dissolved oxygen, turbidity, suspended sol­
ids, color, temperature, and perhaps nitrate-nitrogen) 
of more than 100 listed in EPA's "Gold Book" (EPA 
1986) are affected by forest management (MacDonald 

et al. 1991). Other parameters of significance to aquatic 
ecosystems and fisheries (e.g., intergravel dissolved 
oxygen, cobble embeddedness) have been identified 
and are being considered as water quality standards 
bysome States (Harvey 1989). The technical basis and 
widespread testing of their geographic applicability 
has yet to be confirmed. A recent review of salmonid­
habitat relationships in the western United States 
(Marcus et al. 1990) examined many of the existing 
water quality criteria and concluded that theydid not 
apply well to these streams. 

Criteria Based on "Best Guess"/Point Source 

Philosophy 


Current water quality standards were largely 
developed for static point source situa tions. The CW A 
required that St~tes develop standards within a speci­
fied time frame. Not much thought was given to 
nonpoint sources. The prevailing thought and direc­
tion was to make "best guess" estimates and worry 
about changes during subsequent reviews required 
bythe CW A (Harper 1987). This approach ignored the 
realities of dealing with sensitive environmental is­
sues since it is extremely difficult to change existing 
standards found to be inappropriate, particularly if 
the result is a lowering, or apparent weakening, of the 
standard. 

Criteria Developed from Laboratory Studies 

The laboratory conditions used to establish many 
water quality standards are not representative of the 
diversity and complexity found in natural stream 
systems. Field response of fish for example, is not 
always the same as that predicted by laboratory 
experiments. For example, fish may avoid adverse 
temperature fluctuations by seeking out groundwa­
ter seeps or cool tributary inlets and thereby survive 
temperatures thought to be lethal (Ice 1989). With 
respect to sediment, laboratory studies have demon­
strated consistent negative effects of sediment on 
growth, emergence and survival of fish. Field studies, 
however, have not produced similarly consistent re­
sults primarily due to the introduction of confounding 
environmental effects in natural setting and ourinabil­
ity to isolate them (Everest et al. 1987, Chapman and 
McLeod 1987). 
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Problems with Background Variability 

NPS pollutants are distinctly different from point 
source pollutants in that NPS pollutants occur in the 
natural environment. For a typical NPS pollutant, 
such as sediment, there is a base level of natural 
sediment plus sQme accelerated amount resulting 
from human activities. By contrast, the base level of 
a human-made toxic pollutant found in natural wa­
ters is zero. Separating the anthropogenic from the 
natural can be difficult especially since precise mea­
surement of sediment, regardless of its source, is a 
technically difficult task. In addition, the availability 
of undisturbed watersheds of approximately compa­
rable size and within similar geologic settings to 
serve as controls is severely limited to nonexistent. 

High Complexity of Natural Systems 

Three elements of natural variability need to be 
addressed: hydrology, site, and vegetation (Ice 1989). 
Hydrologic variability encompasses water quality 
conditions resulting from hydrologic events including 
peak flows, time since last storm event, discharge 
rates, and positionon the hydrograph rising orfalling 
limb as well as effects from episodic and seasonal 
conditions (wildfire, leaf fall). Site variability includes 
geology, soils, and geomorphology as they effect 
water quality response. Vegetationvariabilityconsid­
ered the type and age distribution of vegetation within 
the watershed. Because of the diversity of natural 
landscapes and the different processes operating in 
each, an unlimited number of combinations is pos­
sible. 

Problems Dealing with High Natural Variability 

Most of the criteria affected byforest management 
activities are sediment-related. The current state of 
knowledge about sediment production from forested 
watersheds in managed and unmanaged conditions 
and the movement of sediment through stream sys­
tems exhibits large temporal and spatial variation and 
is poorly understood (King 1992). Existing criteria 
have notadequately recognized the limited precision 
possible in the science of monitoring NPS water 
quality and have not allowed for the full range of 
natural variance found in streams. The variability of 
turbidity, suspended solids, and bedload measure­

ments and measurement difficulties are well docu­
mentedintheliterature (MacDonaldetal. 1991).Many 
of the existing water quality standards related to 
temperature, dissolved oxygen, turbidity, and other 
variables are often exceeded even in undisturbed 
streams (Beschta and Ice 1990). Additional factors 
involving scale and uncertainty of sediment monitor­
ing have only recently been recognized (MacDonald 
1992). The problem of detecting change through moni­
toring is intensified given the variability introduced by 
dilution effects, storage effects, and measurement 
error.. 

High Cost of Monitoring 

Because human-caused water quality conditions 
in forested watersheds are so masked by extremely 
variable natural andbackground conditions, monitor­
ing that accurately detects the true water quality 
condition requires intense, long-term studies. The 
Bull Run Watershed near Portland, Oregon serves as 
an example of a forested watershed where water 
quality standards are being used to directly assess 
forest managementeffects. The current water quali ty 
of this municipal supply watershed is so high that 
sediment filtration is not needed. Annual monitoring 
costs for this one watershed are estimated to be about 
$500,000 (Ice 1989). Routine application ofthis level of 
monitoring to a wide number of watersheds would 
obviously be prohibitively expensive. 

Link Between Land Use and Beneficial Use is 

Poorly Understood 


As has beenpointed autpreviously, water quality 
criteria relevant to forest management are sediment­
relatedand coldwater fisheries is the beneficial use of 
greatest concern. Consequently, sediment and its 
relation to fisheries is of great interest. It is generally 
agreed that our-knowledge about sediment-fish inter­
actions is incomplete. The published record shows 
that researchers have not successfully developed 
useful predictive relationships between fish popula­
tions and alterations of their environment bysediment 
(McIntyre 1992). In a 1987 review of sediment criteria 
funded by EPA, Chapman and McLeod (1987) exam­
ined the relationship between sediment and the effect 
it has on the biology of the fish. They concluded: . i 
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• "We found nofunctional predictors that would 
serve environmental regula tors in evaluating 
quantitative effects of sedimentonthenatural 
incubation, rearing, or wintering phases of 
salmonid life history in thenorthern Rockies." 

The authors suggest that every system should be 
analyzed as a discrete unit and managed based on 
the best available scientific judgement with manag­
ers favoring conservation of the fisheries resource in 
light of existing uncertainty. 

The more holistic analysis of the currentsituation 
is summarized by Everest et al. (1987): 

"The capability of a stream to mobilize and 
transport fine sediment is highly variable 
and dependent on numerous physical fac­
tors, which can vary from reach to reach 
within the same basin. This level of variabil­
ity makes it practically impossible to develop 
useful universal guidelines or criteria for pro­
tecting stream biota from turbidity and fine 
sediment. Past establishment of such guide­
lines stemmed from the assumption that any 
sediment entering streams as a result of land 
management had negative effects on aquatic 
biota. In any situation, this assumption might 
or might not be true." 

The evident conclusion is that based on our 
present understanding and information, environ­
mentalregulatorsarecurrentlywithoutreliablemeth­
ods to assess the quantitative effects of sediment on 
stream salmonids. It would appear obvious that the 
technology does not exist to establish instream sedi­
ment criteria at this time. 

That unanimous opinion however, was not ech­
oed by scientists invited to attend a joint EPA/Forest 
Service Technical Workshop on Sediments (Feb. 3-7, 
1992, Corvallis, Oregon). Discussions among the par­
ticipantsindicated that, in general, physical scientists 
thoughtthe current state of technology was such that 
we do not presently have technology with the preci­
sion and accuracy to establish criteria. In contrast, 
biological scientists generally felt variability was not 
much of a problem and that it could be dealt with 
satisfactorily in the establishment of criteria. These 
divergent viewpoints may be indicators of why 
progress in developing links between land manage­
ment effects and the biological consequences has been 
so slow. 

The development of instream criteria may in 
realitybe more a political exercise than a technical one 
in that it involves value judgements. Involved are 
questions about who bears the cost if criteria are 
incorrectly specified; commodity users or the envi­
ronment. Some would elect to err in favor of fish, 
othersmight choose economic interests over environ­
mental protection, while purists mightdesire a higher 
degree of scientific certainty before making anyjudg­
ments. Ultimately these are poli tical questions which 
must be dealt with through existing institutions. 

ADVANTAGESOFBMPAPPROACH 

The current NPS strategy of relying primarily on 
BMPs as the control mechanism for nonpoint source 
pollution evolved not so much as a result of the 
recognized deficiencies of using instream water qual­
ity standards, but rather because the BMP approach 
appears to work well. NPS assessments have been 
conducted by a number of states to determine the 
effectiveness of forest nonpoint source programs 
and State BMPs for forest management activities (Ice 
1987). Assessments conducted in Oregon, Washing­
ton, California, Idaho, and Montana as well as other 
states all show that most water quality problems are 
avoided if BMPs are properly applied (Ice 1989). 

BMPs have the following advantageous at­
tributes: 

1. A large body of knowledge is available that 
can be used to establish appropriate land 
management practices. Practices can be eas­
ily tailored to fit the diverse site specific con­
ditions encountered in the field including 
soils, topography, geology, vegetation, and 
climate. 

2. Practices can be designed to protect beneficial 
uses while incorporating concepts of risk and 
feasibility. Risk is importantbecause it recog­
nizes that some projects will fail to meet an 
absolu te standardunder extreme natural con­
ditions. Feasibility is an important concept 
which recognizes that absolute control at all 
costs is not possible or desirable. The test of 
feasibility includes political, social, economic, 
and technical aspects. The number or the 
intensity of BMPs to be applied in particular 
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situations can be customized to fit the impor­
tance of the beneficial uses requiring protec­
tion. 

3. Monitoring of BMP effectiveness is relative 
simple compared to monitoring of instream 
criteria. It is relatively easy to document mis­
application or the absence of BMPs. Visual 
inspection is often adequate for many BMPs 
to see if they are working properly. Once 
problems are identified, it is easy to change 
management practices to correct the situa­
tion. 

4. The benefits ofBMP implementation or failure 
are readily understandable by field personnel. 
Because of this, it is easy to communicate 
necessary changes to the people doing the 
work in the field and gain understanding and 
support for needed improvement. 5. Most 
importantly, BMPs are preventive rather than 
curative measures. Beneficial uses are most 
practicably and efficiently protected by using 
a BMP process which prevents pollutants 
from leaving the source through careful site 
specific planning, design, and implementation 
of BMPs before activities take place. Compli­
ance is based onsurveillanceand enforcement 
of how BMPs were applied. Compliance checks 
which depend on attainment of instream crite­
ria are after the fact. Because of the nature of 
land disturbing activities, it may not be pos­
sible ,to correct an unacceptable situation or 
dearly identify the source of the problem. 
Little environmental protection is provided by 
citing an individual for violating water quality 
standards after the damage is done. 

SUMMARY 

The Clean Water Act established an objective of 
restoring and maintaining the Nation's waters. Point 
source problems have largely been solved and greater 
emphasis is nowbeing given to the control of nonpoint 
source pollution. Technical considerations require 
development of management strategies for nonpoint 
sources which are distinctly different from pOint 
source controls. EPAhas devised a strategy relying on 
preventive land managementpractices (BMPs) as the 

primary mechanism to achieve protection ofbenefi­
cial uses. Nevertheless, the agency continues to move 
toward water quality standard based approaches in 
attempting to address emerging nonpoint source 
issues such as Total Maximum Daily Loading or 
TMDL, and coastc:1 zone management, ignoring or 
downplaying the technical difficulties associated with 
instream criteria. 
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