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DISCLAIMER

This manual provides technical guidance to States, Tribes, and other authorized jurisdictions to establish
water quality criteria and standards under the Clean Water Act (CWA), in order to protect aquatic life
from acute and chronic effects of nutrient overenrichment.  Under the CWA, States and Tribes are
required to establish water quality criteria to protect designated uses.  State and Tribal decisionmakers
retain the discretion to adopt approaches on a case-by-case basis that differ from this guidance when
appropriate and scientifically defensible.  While this manual constitutes EPA’s scientific



THIS PAGE INTENTIONALLY LEFT BLANKiv



v

CONTENTS

Contributors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi



vi



vii



THIS PAGE INTENTIONALLY 
LEFT BLANK

viii



ix

CONTRIBUTORS

Sharon Buck (U.S. Environmental Protection Agency)*
Gregory Denton (Tennessee Department of Environment and Conservation)



THIS PAGE INTENTIONALLY 
LEFT BLANK

x



xi

ACKNOWLEDGMENTS

The authors wish to gratefully acknowledge the efforts and input of several individuals.  These include
several additional members of our rivers and streams workgroup:  Susan Davies (Maine Department of
Environmental Protection), Susan Holdsworth (USEPA), Susan Jackson (USEPA), and Latisha Parker
(USEPA).  We also wish to thank Thomas Gardner (USEPA) and James Keating (USEPA) for their
reviews and comments on draft versions of the guidance; Jessica Barrera (Hispanic Association of
Colleges and Universities/University of Miami) for her assistance in compiling references; and Joanna
Taylor (CDM Group, Inc.) for her careful, editorial review.



THIS PAGE INTENTIONALLY 
LEFT BLANK



xiii

EXECUTIVE SUMMARY



xiv

as chlorophyll a [chl a]), and a measure of turbidity.  Measurement of these variables provides a means to
evaluate nutrient enrichment and can form the basis for establishing regional and waterbody-specific 
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Control of nonpoint source pollutants focuses on land management activities and regulation of pollutants
released to the atmosphere (Carpenter et al. 1998).
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enrichment-related problems.  The development of numeric criteria should aid control efforts by
providing clear numeric goals for nutrient and algal/macrophyte levels.  Furthermore, numeric nutrient
criteria provide specific water quality goals that will assist researchers in designing improved best
management practices.

Nutrient impaired waters can cause problems that range from annoyances to serious health concerns
(Dodds and Welch 2000).  Nuisance levels of algae and other aquatic vegetation (macrophytes) can
develop rapidly in response to nutrient enrichment when other factors (i.e., light, temperature, substrate,
etc.) are not limiting.  High macrophyte growth can interfere with aesthetic and recreational uses of
stream systems (Welch 1992). Algae in particular can grow rapidly when the nutrients N and P (primary
nutrients that most frequently limit algal growth, see Section 6.2 Defining the Limiting Nutrient)  are
abundant, often developing into single or multiple species blooms.  Algal bloom development involves
complex relationships that are not always well understood.  However, the relationship between nuisance
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biomass in drinking water sources require greater volumes of water treatment chemicals, increased back-
flushing of filters, and additional settling times to attain acceptable drinking water quality (Nordin 1985).

Adverse ecological effects associated with nutrient enrichment include reductions in dissolved oxygen
(DO) and the occurrence of HABs (harmful algal blooms).  High algal and macrophyte biomass may be
associated with severe diurnal swings in DO and pH in some waterbodies (Wong et al. 1979; Welch
1992; Ed1oodin 94; Cocurllin 98ms).Lowin Dcande lcreaes xic metica fromth dichmeies BenrkDO ach
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ammonium form through a process called biological nitrogen fixation.  Mineral forms of nitrogen can be
taken up by plants and algae, and incorporated into plant or algal tissue.  Nitrogen follows the same
pattern of food web incorporation as phosphorus, and is released in waste primarily as ammonium
compounds.  The ammonium compounds are usually converted to nitrates by nitrifying bacteria, making
it available again for uptake, starting the cycle anew (Figure 2b) (Nebel and Wright 2000).

Nitrogen and P are transported to receiving waterbodies from rain, overland runoff, groundwater,
drainage networks, and industrial and residential waste effluents.  Once nutrients have been received in a
waterbody they can be taken up by algae, macrophytes and micro-organisms (either in the water column
or in the benthos); sorbed to organic or inorganic particles in the water and sediment; accumulated or
recycled in the sediment; or transformed and released as a gas from the waterbody (denitrification).

Nitrogen and P have different chemical properties and therefore are involved in different chemical
processes.  Nitrogen gas dissolved in the water column may be converted to ammonia (a usable form of
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3.  Select variables for monitoring nutrients.  Variables, in the context of this document, are measurable
attributes that can be used to evaluate or predict the condition or degree of eutrophication in a water
body.  Four primary water quality variables that must be addressed are TN, TP, chl a as an estimate of
algal biomass, and turbidity (see Section 3.2).  Measurement of these variables provides a means to
evaluate nutrient enrichment and can form the basis for establishing regional and waterbody-specific
nutrient criteria.  Additional secondary variables may also be monitored.  

4.  Design a sampling program for monitoring nutrients and algal biomass in rivers and streams.  New
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techniques or the criteria themselves.  In  some instances empirical and simulation modeling, or data sets
from adjacent States/Tribes with similar systems may assist in criteria derivation and calibration.

8.  Implement nutrient control strategies.  Much of the management work done by USEPA and the States
and Tribes is regulatory.  Nutrient criteria can be incorporated into State/Tribal standards as enforceable
tools to preserve water quality.  As an example, nutrient criteria values can be included as limits in
NPDES permits for point source discharges.  The permit limits for N, P and other trace nutrients emitted
from wastewater treatment plants, factories, food processors and other dischargers can be appropriately
adjusted and enforced in accordance with the criteria. 

In addition, watershed source reduction responsibilities, especially with respect to nonpoint sources, can



July 2000 Chapter 1.  Introduction 

PAGE 15

nutrient and algal relationships will be expanded as new information is gained and obstacles overcome,
justifying potential refinements to the criteria development process described here. 

1.6  IDENTIFY NEEDS AND GOALS

The overarching goal of developing nutrient criteria is to ensure the quality of our national waters. 
Ensuring water quality may include restoration of impai4o3 quaoms, cionervration ofhighr quality water, 

objecatvepsarbedrefind,  thy shouldl berevisiand regularuly to valuwat  prgrcess and sscess theneedsnfo 
Thefirst task  ofa  water quality mnagter is tosetfa  water quality goa, such  as 
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sub-classification of streams by nutrient condition, in conjunction with an understanding of dose-
response relationships between algae and nutrients, helps define the goals for establishing nutrient
criteria.

The physical and nutrient characterization discussed above can often be complemented by designated use
classifications.  These are socially-based classifications developed in accordance with EPA policy and
based on the predominant human uses that a State or Tribe has concluded are appropriate for a particular
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Figure 5.  Stream ordering of a watershed basin network using the Strahler method. (Adapted from
Strahler [1964]).  
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Planktonic chl a in deep, slow-moving rivers will have an upper limit determined by light attenuation,
which increases with the suspended chl a concentration.  Maximum chl a
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Autotrophic Index
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watershed through decomposition of terrestrial primary production, or from cultural waste production. 
The heterotrophic community will dominate the periphyton in gravel/cobble bed streams and rivers that
have high inputs of labile DOC.  

Inflow and in-stream DOC should be related to the autotrophic index, as discussed previously.  Streams
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experiments by Klotz (1992) support the hypothesis that stream N:P ratio is the important factor in
determining periphyton APA.  In this study, APA varied seasonally, and shading of the stream channel
resulted in lower APA.  Results from studies of cultured algae appear to indicate that phosphatase levels
above 0.003 mmol (micromoles) mg chl a-1-1
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that populations of grazers may fluctuate seasonally or unpredictably, and fail to control biomass at
times.  Consideration of grazer populations may at least explain why some stream systems with high
nutrients have low algal biomass.

Phytoplankton losses in slow-moving rivers due to filter-feeding grazers can also be significant. Bivalve
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Current velocity, sediment type, and light availability to a large extent determine the plant types that
occur in rivers (Hynes 1969; Goldman and Horne 1983; Chambers et al. 1999).

Macrophytes can be an important index of biological health in a waterbody. Their abundance or shortage
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Variability in attached algal biomass estimates due to spatial variability can be reduced by collecting













July 2000  Chapter 5.  Building a Database of Nutrient- and Algae-Related Water Quality Information





July 2000  Chapter 5.  Building a Database of Nutrient- and Algae-Related Water Quality Information

PAGE 66

spreadsheet, statistical analysis, or geographic information systems.  The data may be extracted from one
of the CD-ROMs (the "DOS disc") using the supplied DOS-based software, and output in a variety of
formats.  This software allows the user to search, retrieve, and output data according to user-specified
requirements.  Alternatively, the ASCII form of the WQN data may be accessed on a second CD-ROM
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Nitrogen frequently limits algal growth in streams and some have argued that this might be more common
in streams than it is in lakes (Grimm and Fisher 1986; Hill and Knight 1988; Lohman et al. 1991;
Chessman et al. 1992; Biggs 1995; Smith et al. 1999).  However, there is evidence that P still often limits
stream algae (Dodds et al. 1998; Welch et al. 1998; Smith et al. 1999).  If nonpoint sources of nutrients
predominate (assuming relatively high background levels of N), then N control may be a more important
issue than control of P.  However, if N limits growth in a stream due to point source discharges such as
wastewater with low N:P, then the logical, cost-effective measure to control nuisance biomass is to reduce
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highly variable factors other than nutrients – shading, type oyariadchment surfaces, scour, water level
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It should be kept in mind that there is considerable variance in these relationships, and if extensive data
for a single system are available, tighter predictive relationships may be constructed.  More local,
ecoregion-specific data sets should produce tighter relationships.

The equation suggested by Van Nieuwenhuyse and Jones (1996) is recommended to predict mean
suspended chlorophyll if more local, ecoregion-specific relationships are unavailable:

log Chl = -1.65 + 1.99(log TP) – 0.28(log TP)2  (r2 = 0.67)

Where chl = summer mean chlorophyll and TP are expressed  in mg/m3.
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contamination) includes a broad range of conditions that includes most of a species range.  These
weighted average descriptions of species autecologies have been developed for optimal total phosphorus
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generally concur with that recommendation.  More detailed descriptions of this multimetric index
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by algae, such as DO and pH, should also be characterized.  At least three minimally impaired reference
systems should be identified for each stream class (see Chapter 2).  Highest priority should be given to
identifying reference streams for stream types considered to be at the greatest risk from impact by
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consideration of social, political, and economic factors.  Thus, it is imperative that some thought be
given during the criteria development process of how realistically the criteria can be implemented into
standards that are accepted by the local public.

SAMPLING FOR COMPARISON TO CRITERIA
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Low altitude aerial photos taken on a sunny day in mid-to-late growing season can be used to determine
the longitudinal extent of conditions similar to those at the sampling site.  Floating the stream by boat
can serve a similar purpose.
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• Increasing channel depth and undercut banks to provide protective areas for fish and other
species during periods of low flow, and 

• Increasing groundwater recharge to streams through increased infiltration (e.g., reduced 
imperviousness in recharge areas).

Minimum flows can also be addressed by applying techniques in the surrounding watershed, such as
managing watershed land use to prevent excessive dewatering.  Restoration practices to mitigate low
velocity/low-flow conditions often require close collaboration with other resource management agencies
e.g.,USDA Fo ret Spervce), zongingauthor Tceag (e.gcurrty governagemsce)d laagriculturalent ofsratlow
velocity/ ow-flow conditiingAgriculturallow
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• Modifying land use along buffers and other source areas; and 
• Creating plunge pools and flow baffles to decrease the high energy of discharged waters. 

These in-stream practices may need to be accompanied by techniques applied in the surrounding
watershed, such as upland revegetation or the establishment of nonpoint source best management
practices (BMPs).

Resource management agencies, g5iRd7
/F3 12 canenecurcgenor talow baeavrs ao bcoongiz suream Tj
0 -1.1848 TD
00.0001 Tw
(pse5 the .baeavr dams create wetlands and retain water that supplements low flow during dry periods.)Tj
T*
0.0013 Tc
0 Tw
(Restored w .baeavrisms  in tham th buctuch ahe .baeavr r 8Inrce arhe w flor daw otelow flis baeyds.)Tj
T*
0.0016 Te estends aexctisis  growthsent macrophyteands ary pphytonrce  aommon,ain watrelecreavrs mimicds.ce atreducetatietain watersavrhsur hiw .b-nd uorounanctir 8In decreliedfiltrgetatids andduce aryaklow fsds.

 byrm "nonpoint sou" meanandsytof dernib
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1. The name and geographic location of the impaired waterbody;
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upgrade facility treatment capabilities or trade for nonpoint source reductions in order to meet water
quality goals.

Such a program allows the private sector to allocate its resources to reduce pollutants in the most
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adversely affects the biological and physical integrity of surface waters.  A more detailed discussion of
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To address more specifically the impacts of nonpoint source pollution on coastal water quality, Congress
enacted section 6217, "Protecting Coastal Waters," which was codified as 16 U.S.C. -1455b.  This
section providaEt ncnwhiStl W with an apon pifion coastzone m  Managemept Prog must develop andhis
NOAA) apon pal55b. urcurposects ly tpt Prog "shfic be to develop andhis

sectiwith oly riStl W andlloifi authorities."
(enacted F an on .of noneAth olyCoast nonpoiPe pollutiy, trolent Prog fos aandrequiron ongincludeasuong foroloriSir)Tj
0 -1.1848 TD
0.0013 Tc
-0.0000 TAtmprog fos  ncnwaand“ ”

e e c t i i n  o s " P r e r v o r e o i  a u t h l l y  r i S n a t u r c i a " P r  s o u r f o o r i r

”
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Table 6.  An alphabetical list of States and Territories with Coastal Nonpoint Pollution Control
Programs.

States and Territories with Coastal Nonpoint Pollution Control Programs

Alabama Maine Oregon

Alaska Maryland Pennsylvania 

American Samoa Massachusetts Puerto Rico 

California Michigan Rhode Island

Connecticut Mississippi South Carolina

Delaware New Hampshire Virgin Islands

Florida New Jersey Virginia 

Guam New York Washington

Hawaii North Carolina WiuNHawia 
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conservation practices.  Participants generally must sign a 5- to 10-year contract with USDA which
requires that they maintain the improvement practices.
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APPENDIX A.  NUTRIENT CRITERIA CASE STUDIES

The following five case studies are meant to capture some of the variability of stream systems located
throughout the country.  Although these case studies exhibit varying levels of complexity, they are meant
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to achieve these, suggests likely loading reductions needed to achieve these, and lists some methods
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where: chl a = periphyton chlorophyll a (mg/m2)
2
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stream and the parafluvial and hyporheic ecosystem components vary spatially due to the underlying
geomorphological structure of the stream ecosystem.  As stated earlier, these are areas where important
nutrient processing occurs. The extent and intensity of hyporheic upwelling and downwelling can change
or even reverse in response to flooding or drying (Stanley and Valett 1992; Valett et al. 1994)
considerably affecting concentrations of nitrate in the surface stream and influencing algal community
composition (Valett et al. 1994).

One of the most striking successional events in desert streams is the drying and contraction of the surface
stream ecosystem.  This phenomena can take place either at large spatial and temporal scales, or at the
scale of the reach during a 24 hour period. In Sycamore Creek, as the quantity of water delivered to the
surface stream ecosystem begins to diminish after an extended wet period or post flood, drying begins to
occur. 

During dry periods, the wetted surface stream area can contract as much as eight fold at the scale of the
entire basin. (Stanley et al. 1997).  At the scale of the individual run, drying may begin at the downstream
terminus and continue upstream to the area of hyporheic upwelling at the head of the run (Stanley et al.
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streams where snow melt is common in the spring; this could lead to high levels of TSS and low algal
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filament. The holdfasts spread over the rock and support more massive growths in subsequent years.
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Although time consuming, it may be desireable to determine the types of algae present that are thought to
be creating problems.  The methods necessary for such determinations are described in Lowe and
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APPENDIX C.  STATISTICAL TESTS AND MODELING TOOLS

STATISTICAL ANALYSES

In order to use parametric tests, (Student t test, ANOVA, MANOVA, etc.) assumptions about the
population distribution must be made.  When the data are not normally distributed, transformations of the
data to obtain a normal distribution are commonly made (e.g., log transformation).  Less powerful, non-
parametric tests of significance must be used in cases where the data do not fit the assumption of a
normal distribution (Atlas and Bartha 1993).

STUDENT t TEST

The validity of hypotheses is frequently tested using the Student t test.  There is a family of distributions 
for the t statistic that vary as a function of degrees of freedom.  The t 
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BASINS is made up of five components: (1) national databases; (2) assessment tools (TARGET,
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GLOSSARY

algal biomass
The weight of living algal material in a unit area at a given time (Wetzel 1983). 

allochthonus
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community metabolism
The relationship between gross community production and total community respiration (Odum 1963).

criteria
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Stratification, stratified random sampling
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