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Appendix 3 Technical Approach to Develop Nutrient Numeric Endpoints for California 

The Target Selection allows for 14 variations of methods, which are available from the drop-down box: 

• Standard QUAL2K, max algal density 
• Standard QUAL2K, benthic chl a 
• Revised QUAL2K, max algal density 
• Revised QUAL2K, benthic chl a 
• Revised QUAL2K+accrual adj, max algal density 
• Revised QUAL2K+accrual adj, benthic chl a 
• Dodds '97, mean algal density 
• Dodds '97, mean benthic chl a 
• Dodds '97, max algal density 
• Dodds '97, max benthic chl a 
• Dodds '02, mean algal density 
• Dodds '02, mean benthic chl a 
• Dodds '02, max algal density 
• Dodds '02, max benthic chl a 

Each method allows for the target itself to be specified either as algal density or benthic chlorophyll a. 
The units displayed next to the target entry cell reflect the type of target. The corresponding target, 
calculated from the ratio of chlorophyll a density (mg/m2) to ash-free dry weight (AFDW, g/m2) is shown 
below the specified target.  The previous figure shows an algal density target; if a benthic chlorophyll a 
target is selected, the description and units are updated to reflect the selected method. 

Method & Target Selection

Target Benthic Chl a (mg/m2) 100
Corresponding Algal Density (g/m2 AFDW) 40

Select Method: Standard QUAL2K, benthic chl a

 

 

The RESULTS are divided into two sections. The first section is a table showing estimated algal density 
and benthic chlorophyll a under several variations of the methods. The maximum algal contribution to 
dissolved oxygen deficit  (calculated using the Revised QUAL2K method) is also shown: 

RESULTS

Method
Standard QUAL2K 54 135
Revised QUAL2K 45 113
Revised QUAL2K with accrual adj 32 80
Dodds '97, mean Chl a 13 32
Dodds '97, max Chl a 36 91
Dodds '02, mean Chl a 7 17
Dodds '02, max Chl a 35 86

1.42

Benthic 
chlorophyll a 

estimate (mg/m2)

Max algal density, 
ave conditions 
(g/m2 AFDW)

Max algal contribution to DO deficit (mg/L)
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The second section shows the graph of maximum allowable TN and TP according to the selected numeric 
target and estimation method. The blue line shows the threshold above which the combination of TN and 
TP is estimated to result in a violation of the target. The current TN and TP from the USER INPUTS 
section are shown on the graph for reference. Two example graphs are shown here. The first graph was 
calculated using a QUAL2K method; note that QUAL2K calculates fixed thresholds, reflected by the 
linear relationships shown in the graph. The second graph was calculated using a Dodds method, which 
provides a non-linear relationship. 
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The Sensitivity sheet shows the effect of varying inputs across the chosen minimum and maximum 
ranges, for both the Standard and Revised QUAL2K Methods: 

Vary inorganic nitrogen, keep inorganic phosphorus and solar radiation at mean

Inorganic N 
(mg/L)

Algae 
(g/m2)

0.07 70.9
0.10 87.8
0.12 102.0
0.15 114.2
0.17 124.7
0.19 125.0
0.21 125.0
0.23 125.0
0.25 125.0

Vary inorganic phosphorus, keep inorganic nitrogen and solar radiation at mean

Inorganic P 
(mg/L)

Algae 
(g/m2)

0.003 79.5
0.004 93.4
0.005 105.4
0.005 115.8
0.006 124.7
0.007 124.7
0.008 124.7
0.009 124.7
0.010 124.7

Vary Solar Radiation, keep nitrogen and phosphorus at mean

Unshaded 
Solar 

Radiation
Algae 
(g/m2)

400 113.2
465 117.0
529 120.1
594 122.6
658 124.7
669 125.0
679 125.3
690 125.6
700 125.9

SENSITIVITY ANALYSIS, STANDARD QUAL2K METHOD
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Vary total nitrogen, keep total phosphorus and solar radiation at mean

TN (mg/L)
Algae 
(g/m2)

0.17 23.9
0.25 30.0
0.33 35.5
0.41 40.6
0.49 45.3
0.68 48.1
0.87 48.1
1.06 48.1
1.25 48.1

Vary total phosphorus, keep total nitrogen and solar radiation at mean

TP (mg/L)
Algae 
(g/m2)

0.005 42.1
0.006 43.4
0.007 44.1
0.009 45.3
0.010 45.3
0.012 45.3
0.015 45.3
0.017 45.3
0.020 45.3

Vary Solar Radiation, keep total nitrogen and total phosphorus at mean

Unshaded 
Solar 

Radiation
Algae 
(g/m2)

400 41.2
465 42.6
529 43.7
594 44.6
658 45.3
669 45.5
679 45.6
690 45.7
700 45.8

SENSITIVITY ANALYSIS, REVISED QUAL2K METHOD
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Enabling Macros in Excel 

This tool makes extensive use of Microsoft Visual Basic for Applications (VBA) script, both for 
navigation and for more complicated internal calculations.  The use of these “macros” is essential for 
operating this tool.  However, one of these settings (frequently enabled by default in Excel) prevents all 
macros from running, and also may not warn the user that macros are disabled.   

 

To enable this tool to use its VBA Script, 
please make the following changes to 
your Excel security settings.  On the 
menu, select Tools, choose Macro, and 
then choose Security…  In the window 
that opens, select the Security Level tab. 

 

 

 

 

 

 

 

Select the button next to Medium, and 
click the OK button. Now when you 
open the tool, you should be given a 
choice to enable macros.  You must 
enable macros for the tool to operate 
properly. 

The Security Level will remain set to 
Medium even after you close the 
spreadsheet – this setting applies to 
Excel as a whole, not just the tool.  
You may change the Security Level t
a higher setting after you have 
finished, but you would need to reset it 
to Medium whenever you use the tool. 

o 
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Appendix 4 BATHTUB Spreadsheet Tool User Guide 
and Documentation 

This appendix provides background and instructions for using the California BATHTUB Lake Model 
Tool. The tool is a Microsoft Excel spreadsheet, and is intended to be a simple but effective tool for 
predicting growing season chlorophyll a lake response to a number of inputs. The tool also allows the 
user to specify a chlorophyll a target, and predicts the probability that current conditions will exceed the 
target, as well as showing allowable N and P loading combinations necessary to meet the target. The user-
defined chlorophyll a target can be input directly by the user, or can be calculated based on an allowable 
change in Secchi depth. 

The lake response model is based on the Army Corps of Engineers BATHTUB model.  

The following sections are included:  
0 

2 Calculation of Chlorophyll a Exceedance Probabilities 

3 Calculation of Chlorophyll a Target Based on Water Clarity 

4 Using the BATHTUB Spreadsheet Tool 

5 References 
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1 BATHTUB Model Background 
The objective of the BATHTUB model spreadsheet tool application is to establish screening level nutrient 
loading targets for lakes and reservoirs by estimating algal response to nutrients while accounting for 
hydraulic residence time, light availability, and other key variables.  

The U.S. Army Corps of Engineers’ BATHTUB model (Walker, 1987, 1996) is used to analyze the water 
quality response in lakes and reservoirs to different nutrient loading scenarios.  BATHTUB is designed to 
facilitate application of empirical eutrophication models to reservoirs and was modified for use in a 
spreadsheet application.  The program performs water and nutrient balance calculations in a steady-state, 
spatially-segmented hydraulic network that accounts for advective transport, diffusion, and nutrient 
sedimentation.  Eutrophication-related water quality conditions are expressed in terms of total 
phosphorus, total nitrogen, chlorophyll a, transparency, inorganic nitrogen, ortho-phosphorus, and 
hypolimnetic oxygen depletion rate.  These conditions are predicted using semi-empirical relationships 
developed and tested on a wide range of reservoirs.   

Mass balances are computed in BATHTUB at steady state over an appropriate averaging period.  Steady-
state approximation means that only seasonal or annual average loads and conditions are simulated, 
although the loads and conditions may change from year to year.  In other words, the model does not 
represent day-to-day changes in flow, loads, or nutrient concentrations.  Although this approach 
represents a compromise, it has proven effective in practice:  short-term variations in lake conditions 
reflect variations in flow, including wind and weather effects, which require complex and labor-intensive 
models; such effects tend to average out, however, over longer time frames.  Thus, annual or seasonal 
average conditions can be successfully predicted using data that are insufficient for simulating day-to-day 
variability. 

BATHTUB provides a variety of options for simulating nutrient sedimentation, including several first- 
and second-order representations proposed in the literature, as well as methods developed explicitly for 
BATHTUB.  Also available are five candidate sub-models for chlorophyll a, which depend variously on 
nitrogen, phosphorus, light and flushing rate limitations, and three candidate models relating Secchi depth 
(transparency) to chlorophyll a, turbidity, and nutrient concentrations.  BATHTUB thus provides a highly 
flexible tool for developing a semi-empirical, annual-average analysis of nutrient concentrations and 
eutrophication.  The model also includes extensive diagnostics and capabilities for error analysis. 

Spatial variability in water quality can be simulated with BATHTUB by dividing the lake horizontally 
into segments and calculating transport processes such as advection and dispersion between the segments. 
This is appropriate for large lakes, particularly lakes with multiple sidearms and tributary inflows, that 
have substantially different water quality in different portions of the lake. However, the multiple segment 
option is not implemented in the spreadsheet tool, which is most appropriate for smaller lakes without 
highly complex morphometry.  

Once the BATHTUB application is set up, lake responses to variations in other parameters can then be 
analyzed in a sensitivity analysis.  The 2003-2004 Progress Report (Tetra Tech, 2004) used BATHTUB to 
establish a three-dimensional allowable loading response surface in which the boundary of predicted 
acceptable and unacceptable conditions is plotted as a function of residence time, nitrogen load, and 
phosphorus load. Acceptable and unacceptable conditions can then be defined based upon whether the 
receiving waters exceed target criteria for planktonic chlorophyll a density. 
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2 Calculation of Chlorophyll a Exceedance 
Probabilities 

Selection of a target summer mean chlorophyll a concentration also has implications for the frequency of 
severe bloom conditions (defined as concentrations greater than 30 µg/L).  In work on USACE reservoirs, 
Walker (1985, 1987) determined that the distribution of chlorophyll a concentrations in an impoundment 
could generally be described as lognormal.  An estimate of the frequency of time that concentrations are 
greater than 30 µg/L can then be made from the arithmetic mean target concentration and a coefficient of 
variation on the log-transformed values (CV; standard deviation divided by the mean), using the 
algorithm found in Walker (1985).   

Results of the analysis depend on the selection of an appropriate CV value.  Walker (1987) states that the 
temporal CV for chlorophyll a concentrations in ACOE reservoirs was 0.62; however, the accompanying 
computer program defaults to 0.26.  In an apparent later reanalysis, Figure 7.6 in Welch and Jacob, (2004) 
appears to have been calculated with a CV of 0.17, citing personal communication from Walker “for 
calibration to Corps of Engineers reservoirs.”  Temporal CVs will likely differ for other datasets. 

0} shows the frequency of severe bloom conditions (concentrations greater than 30 µg/L) for different 
summer mean chlorophyll a targets and various assumptions regarding CV.  Based on this analysis, 
setting a summer mean target of 5 µg/L means that blooms will almost never occur, while a target of 10 
µg/L implies that such blooms will be rare.  A target of 20 µg/L suggests blooms will occur about 15-20 
percent of the time, which is suggested as the maximum allowable level consistent with full support of 
contact recreation use.  A target mean concentration of 25 corresponds to blooms about one quarter of the 
time. 

Table 1 
Frequency of Chlorophyll a Concentrations Greater than 30 µg/L Using the  

Method of Walker (1985) 

Summer Mean 
Chlorophyll a (µg/L) CV = 0.62 CV = 0.26 CV = 0.17 

5 0.4 % 0.0 % 0.0 % 

10 5.9 % 1.2 % 0.1 % 

20 16.7 % 17.7 % 14.1 % 

25 20.4 % 26.8 % 27.1 % 
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3 Calculation of Chlorophyll a Target Based on 
Water Clarity 

In addition to the chlorophyll a target, another endpoint of potential interest in lakes and slow moving 
rivers is the effect of algal density on water clarity, especially light transmission.  This has important 
consequences for both ecological uses (e.g., support of submerged aquatic vegetation) and aesthetic uses 
(appearance of the water column).  Light transmission is measured in various ways, including the 
extinction coefficient (rate at which light is attenuated in the water column), the depth to 1 percent light, 
turbidity, and Secchi depth (the depth to which a disk of specific characteristics can be seen).  Turbidity is 
actually a measure of light scattering, rather than light transmission, and is thus not an optimal measure 
for evaluating water clarity in lakes and reservoirs.  The extinction rate is most satisfying from a technical 
perspective; however, Secchi disk depth is the most commonly used and most easily understood measure. 

These various measures are related to one another.  The depth to 1 percent light penetration, z, is related 
to the extinction coefficient, Ke, through (Thomann and Mueller, 1987): 

eK
61.z 4= , 

while the extinction coefficient is also approximately related to Secchi disk depth (SD, m) through 
(Sverdrup et al., 1942; Becton, 1956; cited in Thomann and Mueller, 1987): 

SDKe ≈

,054.00088.0' 3/2BBK e +=

8.1 . 

The extinction coefficient in turn can be partitioned into portions due to algal and non-algal components.  
While several relationships have been proposed, Thomann and Mueller recommend use of the equation of 
Riley (1956): 

 

where Ke’ is the contribution to the extinction coefficient (m-1) due to algae, and B is the chlorophyll a 
concentration (µg/L). 

We assume that targets for water clarity changes due to algal growth are most likely to be expressed as an 
allowable decline in Secchi depth (e.g., a decline of 0.5 m is the maximum acceptable decline).  From the 
equations above, the contribution of algae to a decline in Secchi depth is a nonlinear function such that 
determination of an acceptable change in algal density to meet a target specified as a change in Secchi 
depth is dependent on the baseline conditions.  Let the baseline (optimal target) value of Secchi depth be 
SD0 at chlorophyll a concentration B0, with corresponding contribution to extinction coefficient of Ke’0.  
Then, the allowable change in extinction coefficient, ΔKe, in response to the allowable change in Secchi 
depth, ΔSD is given by 

Tetra Tech, Inc. A4-9 

00

1

SD
Ke =Δ

3/2
0 054.00088.0' BBKK ee +=Δ+

8.18.

SDSD
−

Δ+
, 

and the target chlorophyll a criterion can be obtained by solving for B in 

. 

Rather than solving the equation directly for B, the BATHTUB spreadsheet tool uses an optimization 
routine to find the value of B for a given ΔKe and Ke’0 . 



 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

(This page left intentionally blank.) 



4 Using the BATHTUB Spreadsheet Tool 
This section provides instructions for using the California BATHTUB Lake Model Tool. The tool is a 
Microsoft Excel spreadsheet, and is intended to be a simple but effective tool for predicting growing 
season chlorophyll a lake response to a number of inputs. The tool also allows the user to specify a 
chlorophyll a target, and predicts the probability that current conditions will exceed the target, as well as 
showing allowable N and P loading combinations necessary to meet the target. The user-defined 
chlorophyll a target can be input directly by the user, or can be calculated based on an allowable change 
in Secchi depth. 

The tool has two sheets for user input and viewing results and two sheets for calculations. The majority of 
the user input fields and model results are located on the Main sheet. The user input section has the 
following inputs: 

USER INPUTS

Lake Volume 0.6 106 m3
Surface area 72050 m2
Average Depth (calc) 8.33 m
Mixed depth 2 m
Net Evap-Precip rate 10 in/per
Secchi depth at typical Chl a 1.5 m
Typical Chl-a 10 µg/L

BATHTUB Calibration Factors
Phosphorus (Kp) 1
Nitrogen (Kn) 1
Chlorophyll a (Kc) 1
Secchi Depth (Ks) 1
Oxygen Depletion (Khod) 1

Delivered Loads for Period of Interest
P Load 640.00 kg
N Load 6405.60 kg
Ortho P 609.73 kg
Inorg N 6048.29 kg
Inflow 1.36 hm3

Target Value for Chlorophyll-a
Chl-a target 25.0 µg/L

Other Parameters

Initial Concentration of Dissolved Oxygen
(affects the calculation of oxygen demand)
Initial DO 10 mg/L

Covariance of Natural Log of Chl-a
(affects the calculation of exceedance probabilities)
CV(lnChla) 0.42

Calculate Target from water clarity: Click Here
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Instead of specifying a chlorophyll a target directly, the user might want to calculate the target based on 
an allowable reduction in Secchi depth. To do this, the user must click the button in the Target Value for 
Chlorophyll a section:  

Click Here
 

This transfers the user to the Target sheet: 

USER INPUTS

1.5 Use lake defaults
10 Specify values

0.25

Default Secchi Depth (m)
Default Chlorophyll a  (µg/L)

Delta Secchi Depth (m) Calculate Target

 

By default, the Secchi depth and chlorophyll a entered on the Main sheet is transferred to the Target 
sheet. The user may also test a different Secchi depth and chlorophyll a combination by selecting Specify 
Values: 

USER INPUTS

Use lake defaults
Specify values

0.25

Default Secchi Depth (m)
Default Chlorophyll a  (µg/L)

Delta Secchi Depth (m) Calculate Target

 

Once values have been chosen, the user clicks the Calculate Target button. The user is returned to the 
Main sheet, and the calculated chlorophyll a target is transferred to the Chl-a target entry: 

 

Target Value for Chlorophyll-a
Chl-a target 27.5 µg/L

Calculate Target from water clarity: Target Set
 

The button now reads Target Set to indicate that the selected target is based on the water clarity 
calculation. 

 

Results are displayed in three section on the Main sheet: 

• Summary Results. 

• Chl-a Exceedance Probabilities – the probability that daily chlorophyll a concentrations will 
exceed specific levels. 

• N-P Frontier – those combinations of N and P loads that just meet the chlorophyll a target. 

Examples of each follow: 

The Summary Results section gives the BATHTUB predictions of average concentrations.  The user can 
adjust the calibration factors to achieve a better agreement with observations. 

A4-12 Tetra Tech, Inc. 
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Summary Results
Growing Season Average Chl a 53.4 µg/L
Predicted Median Secchi Depth 0.6 m
Growing Season P Conc. 0.15 mg/L
Growing Season N Conc. 1.85 mg/L
Oxygen Depletion, hypolimnion 11.4 d
Oxygen Depletion, metalimnion 21.9 d

California BATHTUB Lake Model Tool, v11 (3-21-06)  

The Results section provides the bloom probabilities, while the N-P Frontier sections shows the allowable 
load combinations to meet the target. 

RESULTS

Chl-a Exceedance Probabilities
Existing Conditions

0 1
5 86.44%

10 70.84%
15 58.95%
20 49.88%
30 37.24%
40 28.96%
50 23.21%

100 9.96%
200 3.32%

25 42.83%

N-P Frontier (Allowable N-P Loading to Meet Chl-a Target)

P Load (kg) N load (kg)
70 ##############
90 2,838

110 1,958
140 1,644
170 1,530
220 1,447
270 1,409
340 1,381
420 1,364
530 1,350
660 1,342
830 1,335

1,040 1,330
1,300 1,326
1,630 1,323
2,040 1,321
2,560 1,320
3,200 1,318
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Technical Approach to Develop Nutrient Numeric Endpoints for California Appendix 4 

The N-P Frontier calculations cannot be performed on-the-fly in Excel and require the use of a back-end 
Visual Basic routine embedded in the Excel workbook, executed by clicking the following button: 

Update Calculation of N-P Frontier

 

Whenever the user adds or changes input fields affecting the frontier calculation, the tool alerts the user to 
click the button and run the routine to obtain new results: 

Inputs Have Changed. Update N-P Frontier by Clicking Button Below.

Update Calculation of N-P Frontier
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MEMORANDUM 

SUBJECT : Nutrient Pollution and Numeric Water Quality Standards 

FROM: Benjamin H. Grumbl 
Assistant Administrator 

TO : Directors, State Water Programs 
Directors, Great Water Body Programs 
Directors, Authorized Tribal Water Quality Standards Programs 
State and Interstate Water Pollution Control Administrators 

This memo provides a national update on the development of numeric nutrient water quality 
standards and describes EPA's commitment to accelerating the pace for progress . EPA published 
its June 1998 national nutrient criteria strategy and some States and Territories have made 
notable progress in establishing numeric nutrient standards - most recently in connection with the 
Chesapeake Bay and Tennessee streams . However, overall progress has been uneven over the 
past nine years. Now is the time for EPA and its partners to take bold steps, relying on a 
combination of science, innovation and collaboration . 

Why Action is Needed 

High nitrogen and phosphorus loadings, or nutrient pollution, result in harmful algal blooms, 
reduced spawning grounds and nursery habitats, fish kills, oxygen-starved hypoxic or "dead" 
zones, and public health concerns related to impaired drinking water sources and increased 
exposure to toxic microbes such as cyanobacteria . Nutrient problems can exhibit themselves 
locally or much further downstream leading to degraded estuaries, lakes and reservoirs, and to 
hypoxic zones where fish and aquatic life can no longer survive. 

Nutrient pollution is widespread . The most widely known examples of significant nutrient 
impacts include the Gulf of Mexico and the Chesapeake Bay. For these two areas alone, there are 
35 States that contribute the nutrient loadings . There are also known impacts in over 80 
estuaries/bays, and thousands of rivers, streams, and lakes . The significance of this impact has 
led EPA, States, and the public to come together to place an unprecedented priority on public 
partnerships, collaboration, better science, and improved tools to rediace nutrient pollution. 

Virtually every State and Territory is impacted by nutrient-related degradation of our 
waterways . All but one State and two Territories have Clean Water Act Section 303(d) listed 
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impairments for nutrient pollution . States have listed over 10,000 nutrient and nutrient-related 
impairments. Fifteen States have more than 200 nutrient-related listings each. For these reasons, 
Regions have identified nutrient pollution reduction as a priority for EPA. 

Why Numeric Criteria are Important 

Numeric nutrient water quality standards will drive water quality assessments and watershed 
protection management. They will support improved development of nutrient Total Maximum 
Daily Loads (TMDLs). Perhaps most importantly, they will create state- and community-
developed environmental baselines that allow us to manage more effectively, measure progress, 
and support broader partnerships based on nutrient trading, Best Management Practices (BMPs), 
land stewardship, wetlands protection, voluntary collaboration, and urban storm water runoff 
control strategies . The progress of States and Territories in setting numeric nutrient water 
quality standards is extremely important to help address nutrient pollution. 

Numeric nutrient standards will facilitate more effective and efficient program 
implementation . Notable progress has been made relying on site-specific application of narrative 
standards to develop nutrient TMDLs. But this can often be difficult, resource-intensive and 
time-consuming . Adopting numeric standards, however, has a number of key advantages : 

" easier and faster development of TMDLs; 
" quantitative targets to support trading programs ; 
" easier to write protective NPDES permits ; 
" increased effectiveness in evaluating success of nutrient runoff minimization programs ; 

and 
" measurable, objective water quality baselines against which to measure environmental 

progress . 

What Action is Needed 

Today, EPA is encouraging all States, Territories and authorized Tribes to accelerate their 
efforts and give priority to adopting numeric nutrient standards or numeric translators for 
narrative standards for all waters in States and Territories that contribute nutrient loadings to our 
waterways. Incremental progress can be an effective way to accelerate progress . If a State needs 
to implement numeric nutrient criteria incrementally, EPA strongly recommends that States 
adopt numeric nutrient standards for their priority waters - i .e ., waters at greatest risk of nutrient 
pollution (such as those identified through the EPA-USGS SPARROW modeling effort) or of 
greatest consequence (such as drinking water sources) - first. States may also choose to 
prioritize their actions for waters where sufficient information is available to move quickly to 
adopt numeric criteria in the near-term . The State's nutrient criteria plan should reflect the 
State's approach to setting standards for its waters, and include schedules for adopting those 
standards. 

To be effective, nutrient criteria should address causal (both nitrogen and phosphorus) and 
response (chlorophyll-a and transparency) variables for all waters that contribute nutrient 
loadings to our waterways . EPA encourages the adoption of standards for all four parameters 
because of the interrelationships between these parameters and its experience showing that 



controlling both nitrogen and phosphorus is important to successfully combating nutrient 
pollution in all waters . As always, States, Territories and authorized Tribes have the flexibility 
to address nutrient pollution using a subset of or alternatives to these parameters if they are 
shown to be scientifically defensible and protective of designated uses . Where a State, Territory 
or authorized Tribe shows that one causal variable (nitrogen or phosphorus) is the limiting 
nutrient, it should develop criteria for at least that nutrient . However, if the non-limiting nutrient 
is likely contributing to a downstream impairment, numeric criteria for that nutrient should be 
considered as well . 

By accelerating the establishment of numeric nutrient standards, state governments and local 
communities can set goals, establish controls, agree on risk management approaches, measure 
performance, demonstrate progress, and learn from each other. In a time of scarce resources and 
competing priorities, we cannot afford delayed or ineffective responses to this major source of 
environmental degradation. As any environmental professional understands, we can't effectively 
manage what we can't measure. Numeric environmental baselines help us to measure success, 
gauge effectiveness, and evaluate alternative approaches . 

Current Status 

Over the last nine years, EPA has taken a number of steps to provide leadership and 
articulate its goal of working in partnership with States, Territories and authorized Tribes to 
establish quantitative endpoints to minimize excess nutrient loadings in our Nation's waters . 
EPA issued a National Strategy for Development of Regional Nutrient Criteria in June 1998, and 
followed with a November 2001 national action plan for the development and establishment of 
numeric nutrient criteria. EPA published technical guidance for developing criteria for lakes and 
reservoirs in May 2000, rivers and streams in June 2000, and estuaries and coastal waters in 
October 2001 . EPA also published recommended nutrient criteria for most streams and lakes in 
2001. This combined strategy of EPA, State, Territorial, and Tribal partnership supported by 
technical assistance was intended to jump-start progress on a difficult and challenging problem. 

We have made progress, but we need to move more quickly and more comprehensively in 
order to meet the growing challenges from increasing population, expanding and more intensive 
agricultural activities, and spreading urbanization . A number of States and Territories have 
already moved ahead to establish numeric standards for priority waterbodies . Others are in the 
process of collecting data and preparing to develop them. Still others are in the earlier stages of 
planning and deciding which standards development approach will work best for them. A 
summary of the current status is attached . 

Next Steps 

EPA remains committed to supporting States' and authorized Tribes' efforts to adopt 
numeric water quality standards for nutrient pollution that are protective of designated uses . As 
outlined in more detail in the attached numeric nutrient standards strategy, EPA will : 

" Provide direct assistance to States close to adopting numeric criteria . For these States, 
EPA will provide implementation guidance addressing technical and policy issues that 
States raise, and technical information to support States' rulemaking for standards . 



" Build capacity for States that are not as close to adopting numeric criteria . For these 
States, EPA will provide sampling/monitoring, training, data/statistical analysis, and 
modeling assistance for developing criteria numbers. 

" Build a science-based foundation for developing new criteria in estuaries wetlands and 
large rivers . EPA will complete its suite of nutrient criteria manuals for nutrient criteria, 
and continues to work to meet the goals of the federal and state Mississippi River/Gulf of 
Mexico Watershed Nutrient Task Force. 

" Clearly and effectively communicate data and information on nutrient pollution . EPA 
will integrate nutrient messages in water quality standards communications products and 
outreach . 

Conclusion 

We can take steps now that will make a difference in addressing the challenges of growing 
nutrient pollution . The first step is to have numeric nutrient criteria in place to enable action . 
EPA is committing itself to support development of numeric nutrient criteria, and to use EPA's 
tools and metrics to help States, Territories, and authorized Tribes adopt numeric nutrient 
standards more quickly. EPA will also continue to do research, develop new tools, and 
collaborate to strengthen partnerships for consensus solutions . 

EPA will work with States and Territories to review their nutrient criteria plans developed 
over five years ago to ensure they reflect current expectations, realistic goals, and clear interim 
milestones . Working together, we should ask ourselves what is needed to meet these milestones 
and then take appropriate action . 

We should also continue to advance performance measurement and public accountability . 
EPA recognizes the importance of keeping the public informed of our joint progress . EPA will 
periodically publish a report of the status of our joint efforts, including the actions EPA has 
completed and the progress that States have made in adopting numeric nutrient water quality 
standards . EPA will also continue to track progress regarding nutrient pollution reduction, such 
as quarterly reporting of the number of TMDLs completed in nutrient impaired waters in the 
Mississippi River Basin. 

Attachments: 
1. OW Numeric Nutrient Standards Strategy 
2. Current Status of States & Territories: Numeric Nutrient Criteria for Class of Waters 

cc : Marcus Peacock 
Regional Administrators 



OW Numeric Nutrient Standards Strategy 

What is the Environmental Problem? 
" Excessive nutrients (nitrogen and phosphorus) can cause negative ecological impacts to 

waterbodies on a national scale by stimulating harmful algal blooms . 
o Algal blooms block sunlight and result in the destruction of submerged aquatic vegetation 

(SAV). SAV serves as critically important habitat and food for many organisms . 
o Algal blooms eventually die off and consume dissolved oxygen (DO) from the water 

column. Low DO concentrations lead to die off of aquatic organisms . 
o One result of algal blooms is decreased biological diversity and populations, including 

smaller populations of game and commercial fish . 
" Excessive nutrients also pose public health risks . 

o Algal blooms can cause taste and odor problems in drinking water . 
o Hazardous algal blooms can cause respiratory distress and neurological problems in 

swimmers. 
o Excessive nitrates can cause blue baby syndrome. 

" Nutrient pollution is occurring at a national scale and has not been completely addressed . 
0 49 states and 4 territories have 303(d) listings due to nutrients, and about 50% of the 

states have greater than 100 water quality impairments due to nutrients . 
o Over 10,000 impairments are a result of nutrient pollution . 

What is OW's Role in Reversing Nutrient Pollution? 
" The Office of Water, through its Office of Science and Technology (OST), applies science and 

technology to build a comprehensive framework of state water quality standards, drinking water 
goals, public health programs, and technology-based solutions to implement the national clean 
and safe water program in collaboration with national, state, and public partners . As part of this 
mission, OST develops nutrient water quality criteria recommendations, ensures state adoption of 
protective nutrient water quality standards, develops tools to aid states in implementing their 
nutrient standards, and publishes regulations that reduce the discharge of nutrients by industries . 

" Over the last 10 years, OST has implemented a strong technical approach to address the 
negative impacts of nutrient pollution, which includes : 

" Creating a National Nutrient Team and Regional Technical Assistance Groups (RTAGs) 
with 10 Regional Nutrient Coordinators to support states in the management and 
evaluation of nutrient pollution . 

" Publishing 26 Ecoregional Nutrient Criteria documents for 131akes/reservoirs, 12 
rivers/streams, and 1 wetland (Florida Everglades) . 

" Publishing technical guidance documents for lakes/reservoirs (2000), rivers/streams 
(2000), coastal marine waters (2001), and wetlands (released for comment in 2006), and 
14 wetland method modules to assist states in assessing wetland conditions . 

" Providing policy recommendations to states to develop nutrient plans which outline 
parameters they will set, the approach they will use, and the schedule they will follow . 

" Developing tools designed to aid states in developing numeric criteria (e .g ., nutrient 
database for selecting reference conditions, N-Steps to provide scientific assistance on 
sampling and data analysis, a periphyton sampling methodology for rivers) . 

What is the OW National Nutrient Strategy? 
" Water quality standards (WQS) are the backbone of water quality improvements . Once 

established, numeric standards reduce States' time and effort to establish TMDLs and permits to 
control nutrient levels . 



" Thus, our goal is to accelerate the progress of state adoption of numeric WQS while building the 
scientific and technical infrastructure for developing new nutrient criteria . To accomplish this 
goal, we have four general themes : 
l . Provide direct assistance to states close to adopting numeric criteria. 
2 . Build capacity of states that are further from adopting numeric criteria . 
3 . Build a science-based foundation for developing new section 304(a) criteria for estuaries, 

wetlands, and large rivers . 
4 . Clearly and effectively communicate the dangers of nutrient pollution and the merits of 

numeric nutrient criteria to states, nutrient sources, and the general public . 
" Work conducted under these themes should reflect a collaborative effort/partnership between 

EPA Offices/Regions, and States that builds on work to date and coordination/relationships 
between EPA and States . 

" We've developed specific projects under each of these themes based on input from states at the 
All States meeting in February 2006, subsequent discussions with regions, and the discussion 
with selected state managers at the WQSMA meeting in August 2006. 

Theme 1: Direct Assistance to States Close to Adopting Numeric Criteria . 
" We've identified states that are further along in criteria development for some or all of their 

waters . These states identified implementation and policy support as their primary need. Under 
this theme, OST is : 

o Developing implementation guidance that addresses technical and policy issues raised by 
these states . 

o Issuing a policy memorandum that clarifies EPA'srecommendations, thus providing 
states with a clear statement supporting their work . EPA will foster adoption of standards 
reflective of States' priorities, and recognizing the importance of incremental progress . 

o Assessing the benefits and costs of reducing nutrients, thus providing states with 
information to support their rulemaking to adopt nutrient criteria . 

o Compiling information on treatment and BMP effectiveness, thus providing states with 
information supporting that their criteria can be attained . 

o Developing common principles for EPA review of state nutrient standards submittals, 
thus providing assurance to states that EPA review will be consistent among regions . 

o Making all tools more accessible to states via the OST website . 

Theme 2 : Build Capacity of States That Are Further From Adopting Numeric Criteria . 
" We've identified states that are further along in criteria development for some or all of their 

waters . These states identified sampling/monitoring, data/statistical analysis, and assistance in 
developing criteria numbers as their primary needs . Under this theme, OST is : 

o Providing states with on-demand statistical, sampling and data analysis support through 
N-STEPS . 

o Providing additional statistical, sampling and data analysis support through a variety of 
financial vehicles, with funds targeted towards progress with specific states . 

o Holding technical transfer workshops and training in regional offices to provide on-site 
hands-on training on OST technical tools . 

o Developing modeling tools that allow states to evaluate a causative approach for 
developing criteria and assessing the likelihood of criteria being attained . 

o Making all tools more accessible to states via the OST website . 
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Theme 3: Build a science-based foundation for developing new section 304(a) criteria for estuaries, 
wetlands, and large rivers . 

" We've published technical guidance documents for developing criteria for lakes and reservoirs, 
rivers and streams, and estuaries and coastal waters . We still need to publish criteria or develop 
targets for other waters . Under this theme, OST is : 

o Completing technical guidance for developing wetland criteria. 
o Developing demonstration projects for estuarine and wetland criteria development. 
o Developing the scientific underpinnings for criteria for large rivers . 
o Supporting data collection to support developing criteria for estuaries and watersheds in 

the northern Gulf of Mexico . 
o Working to meet the goals of the Hypoxia Task Force . 

Theme 4: Clearly and effectively communicate the dangers of nutrient pollution and the merits of 
numeric nutrient criteria to states, nutrient sources, and the general public. 

" To be successful, we must engage the general public in understanding the consequences of 
nutrient pollution and the benefits of nutrient controls . Under this theme, OST is : 

o Building web-based and printed materials on the dangers of nutrient pollution . 
o Creating training materials for NGOs on the dangers of nutrient pollution . 
o Improving the OST website to attract more students looking for information on nutrient 

pollution . 
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Current Status of States & Territories Numeric Nutrient Criteria for Class of Waters 
Adopted Post-1997 : Updated May 14, 2007 

Entire Class of Rivers and Streams 
Stage Num States 
Has approved criteria for all 5 
parameters TN, HI, AS, GU, CN 
Has approved criteria for N, 4 DC, FL, OK*, NV 
P, or Chlorophyll 
Engaged in developing 6 MA, ME, VT, KY, MI, WI 
criteria for all parameters and 
waters 
Collecting data for all 34 CT, NH, RI, NJ, NY, PR, DE, MD, PA, VA, AL, 
parameters or waters FL, GA, MS, NC, SC, IL, IN, MN, OH, AR, LA, 

OK, NM, TX, IA, KS, MO, NE, CO, MT, UT, AZ, 
CA 

Just starting criteria process 8 WV, ND, SD, WY, AK, ID, OR, WA 
Notes: OK* : scenic rivers only 

Entire Class of Lakes and Im oundments 
Stage Num States 
Has approved criteria for all 4 HI, AS, GU, CN 
parameters 
Has approved criteria for N, 3 RI, FL, IL 
P, or Chlorophyll 
Engaged in developing 15 MA, ME, VT, VA, WV, SC, MI, MN, WI, TX*, 
criteria for all parameters and OK*, IA, MO, NE, AZ 
waters 
Collecting data for all 34 CT, NH, RI, NJ, NY, PR, DE, MD, PA, AL, FL, 
parameters or waters GA, KY, MS, NC, SC, TN, IL, IN, OH, AR, LA, 

NM, OK, TX, KS, CO, MT, UT, CA, NV, ID, OR, 
WA 

Just starting criteria process 4 ND, SD, WY, AK 
Notes: OK* : drinking water lakes; TX* : large lakes ; NE & VA packages in regions for 
review 
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Nutrient Criteria Development; Notice of 
Ecoregional Nutrient Criteria  

[Federal Register: January 6, 2003 (Volume 68, Number 3)]
[Notices]
[Page 557-560]
From the Federal Register Online via GPO Access [wais.access.gpo.gov]
[DOCID:fr06ja03-58]

========================================================
-----------------------------------------------------------------------

ENVIRONMENTAL PROTECTION AGENCY
[OW-FRL-7435-7]
 
Nutrient Criteria Development; Notice of Ecoregional Nutrient Criteria

AGENCY: Environmental Protection Agency (EPA).
ACTION: Notice of ecoregional nutrient criteria for lakes and 
reservoirs, and rivers and streams.

-----------------------------------------------------------------------

SUMMARY: Pursuant to section 304(a) of the Clean Water Act (CWA), the 
Environmental Protection Agency (EPA) announces two actions: (1) The 
finalization of nine section 304(a) ecoregional nutrient criteria 
documents for lakes and reservoirs, and rivers and streams within 
specific geographic regions (ecoregions) of the United States; and (2) 
a request for significant scientific information on three new section 
304(a) ecoregional nutrient criteria documents. These documents serve 
as recommendations for States, Territories and authorized Tribes \1\ to 
use as they develop nutrient criteria to protect designated uses and 
adopt these criteria into water quality standards.
---------------------------------------------------------------------------

    \1\ Hereafter, this Federal Register Notice refers to these 
entities as ``States and authorized Tribes.'' Throughout this 
document, reference to States and authorized Tribes is intended to 
include Territories.
---------------------------------------------------------------------------

For Which New Documents Is EPA Requesting Significant Scientific 
Information From the Public?

    EPA invites the public to provide scientific views on three new 
ecoregional nutrient criteria documents: Lakes and reservoirs in 
ecoregions 1 and 10, and rivers and streams in ecoregion 13. EPA 
requests significant scientific information pertaining to the 
derivation of the draft criteria. EPA will accept significant 
scientific information submitted to the Agency within 90 days of 
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publication of this notice in the Federal Register. Written significant 
information to: Robert Cantilli, U.S. EPA, Health and Ecological 
Criteria Division (4304), Office of Science and Technology, Ariel Rios 
Building, 1200 Pennsylvania Ave., NW., Washington DC 20460. You may 
also send comments by e-mail to: cantilli.robert@epa.gov.

What Are the Criteria Recommendations for These Three Ecoregions?

                            Aggregate Ecoregional (Agg. ER) Criteria Recommendations
----------------------------------------------------------------------------------------------------
                            Parameter                                Agg. ER I       Agg. ER X     Agg. ER X
----------------------------------------------------------------------------------------------------
TP [mu]g/L......................................................           55.00           60.00           15.00
TN mg/L.........................................................           *0.66            0.57            1.44
Chl a [mu]g/L...................................................            4.88            5.47
Secchi/Turbidity**..............................................            2.55            0.77           1.49
----------------------------------------------------------------------------------------------------
*Calculated--a value for TN was not available, so TN was calculated based on measureme
  Nitrogen (TKN), and Nitrate + Nitrite (NO2+NO3).
**Secchi depth (m) is applicable to the values in Agg. ER's I and X. Turbidity (FTU) is app
  XIII.

Which Documents Are Final?

    The nine documents being finalized today represent nutrient 
criteria recommendations for lakes and reservoirs in ecoregions 3, 4, 
5, and 14 and nutrient criteria recommendations for rivers and streams 
in ecoregions 1, 4, 5, 8, and 10. EPA announced the availability of 
these documents in the Federal Register on February 28, 2002. These 
documents have undergone external peer review and have been reviewed by 
the public.

What Are the Nutrient Criteria Recommendations for Those Ecoregions?

    The following tables summarize criteria recommendations for lakes 
and reservoirs and rivers and streams, respectively. Table 3 of each 
document also provides values for each of the subecoregion (level III) 
within each Aggregate ecoregion.

                Aggregate Ecoregional (Agg. ER) Criteria Recommendations for Lakes and Rese
----------------------------------------------------------------------------------------------------
                    Parameter                       Agg. ER III     Agg. ER IV       Agg. ER V      Agg. 
----------------------------------------------------------------------------------------------------
TP [mu]g/L......................................           17.00           20.00           33.00            8.0
TN mg/L.........................................            0.40            0.44            0.56            0.32
Chl a [mu]g/L...................................            3.40        2.00 (S)        2.30 (S)            2.
Secchi (m)......................................            2.70            2.00            1.30           4.50
----------------------------------------------------------------------------------------------------
Chl a--Chlorophyll a measured by Flourometric method, unless specified. S is for Spectrop

[[Page 558]]

                 Aggregate Ecoregional (Agg. ER) Criteria Recommendations for Rivers and Str
----------------------------------------------------------------------------------------------------
            Parameter                Agg. ER 1      Agg. ER IV       Agg. ER V     Agg. ER VIII      A
----------------------------------------------------------------------------------------------------
TP [mu]g/L......................           47.00           23.00           67.00           10.00            *
TN mg/L.........................            0.31            0.56            0.88            0.38            0.76
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Chl a [mu]g/L...................            1.80            2.40            3.00            0.63         2.10
Turb (FTU)......................            4.25            4.21            7.83            1.30          17.50
----------------------------------------------------------------------------------------------------
* This number appears inordinately high and may either be a statistical anomaly or reflect
  In any case, further regional investigation strongly encouraged to determine the sources
  error, notational error, statistical anomaly, natural enriched conditions, or cultural impac
  human activities).
Turb = Turbidity, FTU are nephelometric turbidity units, calibrated with formazin suspensi

    What were the Main Submissions of Significant Scientific 
Information Provided by the Public?
    Many of the concerns raised by the public about EPA's approach for 
developing nutrient criteria were raised earlier during the development 
of EPA's Technical Guidance Manuals. At that time, questions were 
raised about EPA's use of a statistical derivation of a reference 
condition. EPA continues to believe these approaches are reasonable for 
the purpose of making today's criteria recommendations. The Science 
Advisory Board (SAB) endorsed the reference condition approach used by 
EPA. The SAB stated in its review of ``Biological Criteria: Technical 
Guidance for Streams and Small Rivers'' (EPA, 1993) that ``the 
definition of reference condition using reference sites is appropriate 
when used in conjunction with historical data, empirical models, and 
expert opinion/consensus.'' EPA's Nutrient Criteria Program later 
adopted the reference condition approach and continues to recommend it 
in all of its nutrient criteria guidance manuals. Additionally, the 
statistical derivation approach to developing nutrient criteria was 
favorably reviewed by peer reviewers as well. Consequently, EPA did not 
change its fundamental approach to nutrient criteria development or 
change the documents significantly beyond responding to comments of 
peer reviewers. Following is a summary of the most significant 
scientific information submitted by the public. The issues are grouped 
by topic, and then followed by EPA's response:

Percentile Approach

    (1) The criteria are based on a statistical analysis of current 
nutrient levels in the Nation's waters rather than on the latest 
scientific knowledge and therefore are inconsistent with section 304(a) 
of the Clean Water Act.
    (2) The use of the 25th percentile of all data or the 75th 
percentile of all reference data as criteria by States is undocumented, 
not scientifically valid, and results in meaningless numerical criteria 
values.
    (3) Many data gaps exist in the nutrient database (for example a 
lake with only one reading for a parameter in a given year). Some 
screening techniques should have been done so that only those 
waterbodies were included for which there are sufficient representative 
data.
    (4) The statistical approach used to develop the nutrient criteria 
is statistically flawed because it ignores the relationship between 
nutrient levels and in-stream/in-lake effects. As a result, there is no 
way of knowing the environmental benefit or the level of protection of 
designated uses gained by attaining the nutrient criteria levels set 
forth in the documents. As a result, EPA's statistical derivation of 
numerical nutrient criteria are meaningless to real world situations 
and are not helpful in making watershed management decisions, TMDL 
allocations, or in developing Water Quality Standards for nutrients at 
the State level. Therefore, they should be withdrawn.
    EPA Response: The mean, median and mode are measures of central 
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tendency commonly used in science to represent the distribution of a 
population of observations. The frequency distribution approach is not 
used to establish criteria; rather it is used to determine one of the 
components of a criterion, the reference condition. This reference 
condition is one element of a criterion which should be considered 
along with historical background information, possible model 
extrapolations of data, and consideration of possible downstream 
impacts on those waters by a regional panel of experts (Regional 
Technical Assistance Group--RTAG).
    Further, the scientific community uses frequency distributions as a 
common basic interpreter of data with the upper and lower quartiles as 
an admittedly subjective, but traditional, approach to viewing the 
extent of a distribution about a central tendency. It is not mandatory 
or expected that the reference condition so derived be translated 
directly into a criterion. The selection of an upper quartile (or lower 
quartile with mixed water quality samples) is also consistent with the 
EPA policy to set levels protective of the majority of waters and has 
been peer reviewed both by EPA's SAB and external peer reviewers of our 
water body type technical guidance.
    Finally, EPA's technical guidance manuals provide examples of 
alternate approaches to frequency distributions to assess reference 
conditions and determine relationships among causal response variables.

Model Based Approach

    The percentile-based nutrient criteria proposed by EPA are 
acceptable only as a way to initiate a model-based, decision-theoretic 
approach to standard setting (as described in submission) to be 
undertaken by the effected States and Tribes with the assistance of 
EPA.
    EPA Response: The presumption underlying EPA's use of a reference 
condition approach is that reference conditions reflect conditions 
conducive to the protection of most aquatic life in the given water 
body type and geographic region. The upper quartile of the reference 
data distribution is an accommodation to variability of the reference 
condition, and the lower quartile of a mixed sample is an effort to 
approach this reference condition when insufficient a priori sites 
exist. Therefore, the percentiles serve as recommended starting points 
to be further refined by in the absence of refinements that may be 
employed by the States, authorized Tribes and RTAGs.

Need for Site Specific Criteria

    (1) Establishing a single nutrient criterion for all waters of a 
geographically diverse region based on inadequate data is not an 
appropriate approach. Numeric criteria should be developed at a site-
specific level.
    (2) Regarding the chlorophyll standard: annual cycle of circadian 
photo-periods vary significantly from southern Georgia to southern 
Maine. Hours of daylight affect the growth of the chlorophyll in a 
water body not only in photons activating chlorophyll but in
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water temperature. It is difficult to understand how a single standard 
for chlorophyll or Secchi depth could be set over this geographic 
distance.
    (3) The recommended criteria are lower than concentrations that may 
be needed to support fisheries and may result in a reduction of fish 
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biomass.
    EPA Response: EPA is using an ecoregion approach as an initial 
attempt to assess nutrient conditions in a broad geographic context. 
The Agency encourages RTAGs, including member States and authorized 
Tribes, to refine and further subdivide the initial ecoregions. If time 
and resources permit, States and authorized Tribes should also consider 
adopting nutrient criteria that are tailored to specific sites. EPA 
believes that recommending nutrient criteria on an ecoregion basis, 
with the use of ecoregional reference conditions, is a reasonable 
alternative to recommending a single nation-wide criterion that may 
fail to account for regional variability or to recommending criteria on 
an individual water body basis, which would be very resource-intensive. 
The EPA SAB has endorsed this region and water body-type specificity 
for biological criteria, and nutrient criteria share a similar 
ecological orientation.
    One of the concerns expressed to EPA was that if the recommended 
nutrient criteria were met, there would not be sufficient nutrients to 
support fisheries. Generally, however, cultural eutrophication has been 
identified by States' section 303 (d) reports as one of the top 
national water quality problems. Where enrichment is documented as 
beneficial by regional specialists, EPA recommends that nutrient 
criteria be developed to promote the removal of that amount of ambient 
total nitrogen and phosphorus in excess of optimal fish production as 
determined by consultation of the RTAG with State and Federal fisheries 
biologists and water resource managers.

Total Nitrogen Criteria

    Total Nitrogen criteria are not necessary and should not be 
required unless EPA can show site-specific reasoning for applying 
nitrogen criteria to all water bodies.
    EPA Response: As a threshold matter, it should be noted that EPA's 
choice of parameters and criteria values are recommendations. The 
documents announced today impose no requirements. States and authorized 
Tribes have considerable flexibility in adopting nutrient criteria, 
provided that the criteria meet the requirements of the CWA and EPA's 
regulations (that is, they are based on sound scientific rationale and 
contain sufficient parameters to protect the designated uses).
    With respect to EPA's recommendation that States and authorized 
Tribes adopt nutrient criteria for nitrogen, EPA notes that while 
phosphorus is often considered the limiting nutrient determining the 
extent of vegetative growth in fresh waters, nitrogen is often 
considered to be the limiting nutrient in the lower reaches of 
estuaries and in coastal marine waters. However, there are cases where 
phosphorus limits algal growth in estuaries and nitrogen performs a 
similar role in some freshwater systems. While nitrogen itself will not 
usually cause water quality impairments in the near-field in 
phosphorus-limited systems, if phosphorus supplies are reduced to 
attenuate symptoms of eutrophication within freshwater segments of a 
given river system, corresponding reductions in freshwater algal blooms 
will allow the highly soluble dissolved forms of nitrogen to be 
transported downstream. This downstream nitrogen transportation to 
estuaries or costal waters may support larger algal blooms resulting in 
water quality impairments. The practice of setting criteria for only 
nitrogen or phosphorus in a given region could displace the 
responsibility for nutrient abatement from the area of the source to a 
downstream jurisdiction. This places an undue burden on the recipient 
of this imported material and increases the abatement costs because 
source control is lost as a management option. EPA suggests, therefore, 
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that where downstream effects take place, States and Tribes describe 
technologies or best management practices in their plans to begin 
nitrogen control.

Grouping of Reservoirs and Lakes

    The final document should clarify whether Reservoir means impounded 
stream or river. If impoundments were sampled with natural lakes, the 
75th percentile number may be too high as a standard for historic 
conditions in natural lakes.
    EPA Response: EPA agrees that, if possible, reservoirs should not 
be grouped with lakes and recommends in the Technical Guidance Manual 
that, wherever feasible, criteria for reservoirs and lakes should be 
developed separately. Using the National Nutrient Database, one can 
separate data by lake or reservoir and determine reference conditions 
for each.

How Can I Get Copies of These Documents?

    You can get copies of the set of three new criteria documents or 
any nutrient criteria document from the U.S. National Service Center 
for Environmental Publications (NSCEP), 11029 Kenwood Road, Cincinnati, 
OH 45242; (513) 489-8190 or toll free (800) 490-9198. The documents are 
also available electronically at http://www.epa.gov/waterscience/standards/
nutrient.html. The waterbody-specific technical guidance 
manuals are also available from EPA's nutrient Web site. EPA's Office 
of Water, Office of Science and Technology prepared this document. 
Mention of trade names or commercial products does not constitute 
endorsement or recommendation for use.

Can the Public Continue To Provide Input After the Documents Are 
Finalized?

    EPA encourages the public to provide additional scientific 
information that could help States and or authorized Tribes refine 
these recommended nutrient water quality criteria. EPA identified 
specific sections within each document where the public could greatly 
assist States and authorized Tribes in the task of augmenting the 
database for deriving ecoregional nutrient water quality criteria. For 
example, the public can provide information about the historical 
conditions and trends of the water resources within an ecoregion 
related to eutrophication resulting from human activities. EPA will 
forward all comments received on a particular ecoregional criterion or 
set of criteria to the appropriate State or authorized Tribe to help 
foster water quality criteria refinement.

SUPPLEMENTARY INFORMATION:

What Are Water Quality Criteria?

    Section 304(a) of the Clean Water Act (CWA) requires the EPA to 
develop and publish and, from time to time, revise criteria for water 
quality accurately reflecting the latest scientific knowledge. Water 
quality criteria recommendations developed under section 304(a) are 
based solely on data and scientific judgments. They do not consider 
economic impacts or the technological feasibility of meeting the 
criteria in ambient water.

What Is the Purpose of These Documents?
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    These documents give State and Tribal decision makers and others 
information to support the development
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of numeric nutrient criteria for lakes and reservoirs and rivers and 
streams within several different nutrient ecoregions. An ecoregion is a 
geographic area with assumed relative homogeneity of ecological 
characteristics. EPA's section 304(a) criteria recommendations for 
phosphorous, total nitrogen, chlorophyll a and some form of water 
clarity, i.e. Secchi depth or turbidity represent reference conditions 
of surface waters that are minimally affected by human activities and 
provide for the protection and propagation of aquatic life and 
recreation.
    These recommendations do not substitute for the CWA or EPA's 
regulations; nor are the documents themselves regulations. Thus, they 
cannot impose legally binding requirements on EPA, States, Indian 
tribes or the regulated community. Indeed, there may be other 
approaches that would be appropriate in particular situations or 
circumstances. When EPA reviews a new or revised nutrient water quality 
criterion submitted by a State or authorized Tribe under CWA section 
303(c), EPA will decide to approve or disapprove that submission on a 
case-by-case basis and will be guided by the applicable requirements of 
the Clean Water Act and implementing regulations, taking into account 
comments and information presented at that time by interested persons 
regarding the appropriateness of applying these recommendations to the 
particular situation.

Why Does EPA Develop Ecoregional Nutrient Criteria?

    States and authorized Tribes consistently identify excessive levels 
of nutrients as a major reason why as much as half of the surface 
waters surveyed in this country do not meet water quality objectives, 
such as full support of aquatic life. In 2000, EPA published nutrient 
criteria technical guidance manuals for lakes and reservoirs and for 
rivers and streams. In 2001, EPA published a draft guidance manual for 
estuarine and coastal marine waters. These manuals provide techniques 
for assessing nutrient conditions as well as methods for developing 
nutrient criteria for specific water body types. These and related 
documents are also available from EPA's nutrient Web site: 
http://www.epa.gov/waterscience/standards/nutrient.html. EPA is developing a 
guidance manual for wetlands.

What Is the Total Set of Ecoregional Nutrient Criteria That EPA Has 
Published?

    On January 9, 2001, EPA announced the availability of ecoregional 
nutrient criteria documents for lakes and reservoirs in eight 
ecoregions, for rivers and streams in eight ecoregions (several of 
which overlap with the eight ecoregions for lakes and reservoirs), and 
for wetlands in one ecoregion. Those ecoregions were chosen based on 
the availability of nutrient data within each ecoregion. On February 
28, 2002, EPA announced the availability of nine ecoregional nutrient 
criteria documents for lakes and reservoirs, and rivers and streams. 
Today, EPA announces the availability of three additional ecoregional 
nutrient criteria documents for lakes and reservoirs, and rivers and 
streams. This brings the total number of ecoregional nutrient criteria 
documents to 29 and results in nutrient criteria covering almost 100% 
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of the freshwater waterbodies of the U.S. (excluding wetlands).
    EPA also provided guidance on development and adoption of nutrient 
criteria into water quality standards. More recently, on November 14, 
2001, Geoffrey H. Grubbs, Director of the Office of Science and 
Technology, in EPA's Office of Water provided this guidance to EPA, and 
State and Interstate Water Program Directors. This memorandum can be 
viewed electronically at: http://www.epa.gov/waterscience/standards/
nutrient.html.

    Dated: December 20, 2002.
Geoffrey H. Grubbs,
Director, Office of Science and Technology.
[FR Doc. 03-176 Filed 1-3-03; 8:45 am]
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FOREWORD

This document presents EPA’s nutrient criteria for Lakes and Reservoirs in Nutrient
Ecoregion III.  These criteria provide EPA’s recommendations to States and authorized Tribes
for use in establishing their water quality standards consistent with section 303(c) of the Clean
Water Act (CWA).  Under section 303(c) of the CWA, States and authorized Tribes have the
primary responsibility for adopting water quality standards as part of State or Tribal law or
regulation.  Federal regulations require State and Tribal standards to contain scientifically
defensible water quality criteria that are protective of designated uses.  EPA’s recommended
section 304(a) criteria are not laws or regulations; they are guidance that States and Tribes may
use as a starting point in creating their own water quality standards.   

The term “water quality criteria” is used in two sections of the CWA, section 304(a)(1) and
section 303(c)(2).  The term has a different impact in each section.  On the one hand, in section
304, the term represents a scientific assessment of ecological and human health effects that EPA
recommends to States and authorized Tribes for establishing water quality standards that
ultimately provide a basis for controlling discharges or releases of pollutants or related
parameters.   On the other hand, in section 303, ambient water quality criteria are developed by
States and Tribes as part of their water quality standards, to define the level of a pollutant (or in
the case of nutrients, a condition) necessary to protect designated uses in ambient waters. 

 Quantified water quality criteria contained within State or Tribal water quality standards
are essential to a water quality-based approach to pollution control.  Whether expressed
numerically or as quantified translations of narrative criteria within State or Tribal water quality
standards, quantified criteria are critical for assessing attainment of designated uses and
measuring progress toward meeting CWA goals.

EPA is developing section 304(a) water quality criteria for nutrients because States and
Tribes consistently identify excessive levels of nutrients as a major reason that as many as half of
the Nation’s surface waters surveyed do not meet water quality objectives, such as full support of
aquatic life.   EPA expects to develop nutrient criteria that cover four major types of
waterbodies—lakes and reservoirs, rivers and streams, estuarine and coastal areas, and
wetlands—across 14 major ecoregions of the United States.   EPA’s section 304(a) criteria are
intended to provide for the protection and propagation of aquatic life and recreation.  To support
the development of nutrient criteria, EPA has published and will continue to publish technical
guidance manuals that describe a process for assessing nutrient conditions in the four waterbody
types listed above. 

EPA’s section 304(a) water quality criteria for nutrients provide numeric water quality
criteria and procedures to help establish quantified criteria within State or Tribal water quality
standards.  In the case of nutrients, EPA section 304(a) criteria establish values for causal
variables (e.g., total nitrogen and total phosphorus) and response variables (e.g., Secchi depth
and chlorophyll a).  EPA believes that State and Tribal water quality standards need to include
quantified endpoints for causal and response variables to provide sufficient protection of uses
and to maintain downstream uses.  These endpoints will most often be expressed as numeric
water quality criteria or as procedures to translate a State or Tribal narrative criterion into a
quantified endpoint.
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States and authorized Tribes have several options in adopting these criteria.  EPA
recommends the following approaches, in order of preference:

1. Wherever possible, develop nutrient criteria that fully reflect local conditions and protect
specific designated uses through the process described in EPA’s technical guidance
manuals for nutrient criteria development.  Such criteria may be expressed either as
numeric criteria or as procedures to translate a State or Tribal narrative criterion into a
quantified endpoint in State or Tribal water quality standards.

2. Adopt EPA’s section 304(a) water quality criteria for nutrients, either as numeric criteria or
as procedures to translate a State or Tribal narrative nutrient criterion into a quantified
endpoint.

3. Develop nutrient criteria protective of designated uses using other scientifically defensible
methods and appropriate water quality data.

EPA developed the nutrient criteria recommendations in this document with the intent that
they serve as a starting point for States and Tribes to develop more refined criteria, as
appropriate, to reflect local conditions.  The values presented in this document generally
represent nutrient levels that protect against the adverse effects of nutrient overenrichment.  They
are based on the information that was available to the Agency at the time of this publication. 
EPA expects States and Tribes may have additional information and data that may be utilized in
the refinement of these criteria.  EPA offers to work with States and authorized Tribes to
establish the necessary quantitative endpoints to reduce the excess nutrient inputs into our
nation's waters and to prevent any further impairments.

                                                            
Geoffrey H. Grubbs, Director

Office of Science and Technology
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DISCLAIMER

This document provides technical guidance and recommendations to States, authorized
Tribes, and other authorized jurisdictions to develop water quality criteria and water quality
standards under the Clean Water Act (CWA) to protect against the adverse effects of nutrient
overenrichment.  Under the CWA, States and authorized Tribes are 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.   Even though this document contains EPA’s scientific
recommendations regarding ambient concentrations of nutrients that will protect aquatic resource
quality, it does not substitute for the CWA or EPA regulations, nor is it a regulation itself.  Thus
it cannot impose legally binding requirements on EPA, States, authorized Tribes, or the regulated
community, and it might not apply to a particular situation or circumstance.  EPA may change
this guidance in the future.
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EXECUTIVE SUMMARY

Nutrient Program Goals

EPA developed the National Strategy for the Development of Regional Nutrient Criteria
(National Strategy) in June 1998.  The strategy presents EPA’s intentions to develop technical
guidance manuals for four types of waters (lakes and reservoirs, rivers and streams, estuaries and
coastal waters, and wetlands) and produce section 304(a) criteria for specific nutrient Ecoregions
by the end of 2000.  In addition, the Agency formed Regional Technical Assistance Groups
(RTAGs), which include State and Tribal representatives working to develop more refined and
localized nutrient criteria based on approaches described in the waterbody guidance manuals. 
This document presents EPA’s current recommended criteria for total phosphorus (TP), total
nitrogen (TN), chlorophyll a, and turbidity for lakes and reservoirs in Nutrient Ecoregion III
(Xeric West), which were derived using the procedures described in the Lakes and Reservoirs
Nutrient Criteria Technical Guidance Manual (U.S. EPA, 2000a).  

EPA’s ecoregional nutrient criteria address cultural eutrophication—the adverse effects of
excess human-caused nutrient inputs.  The criteria are empirically derived to represent surface
waters that are minimally impacted by human activities and protective of aquatic life and
recreational uses.  The information contained in this document represents starting points for
States and Tribes to develop (with assistance from EPA) more refined nutrient criteria.

In developing these criteria recommendations, EPA followed a process that included, to the
extent they were readily available, the following critical elements: 

C Historical and recent nutrient data in Nutrient Ecoregion III.  Data sets from Legacy
STORET, EPA Region 8 and Colorado Reservoir, EPA Region 10 were used to assess
nutrient conditions from 1990 to 2000.

C Reference sites/reference conditions in Nutrient Ecoregion III.  Reference conditions
presented are based on 25th percentiles of all nutrient data, including a comparison of
reference conditions for the Aggregate Ecoregion versus the subecoregions.  States and
Tribes are urged to determine their own reference sites for lakes and reservoirs at different
geographic scales and to compare them to EPA’s reference conditions.

C Models employed for prediction or validation.  EPA did not identify any specific models
to develop nutrient criteria.  States and Tribes are encouraged to identify and apply
appropriate models to support nutrient criteria development. 

C RTAG expert review and consensus.  EPA recommends that when States and Tribes
prepare their nutrient criteria, they obtain the expert review and consent of the RTAG.

C Downstream effects of criteria.  EPA encourages the RTAG to assess the potential effects
of the proposed criteria on downstream water quality and uses.
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In addition, EPA followed specific QA/QC procedures during data collection and analysis. 
All data were reviewed for duplications.  All data were from ambient waters that were not
located directly outside a permitted discharger.  The following States indicated that their data
were sampled and analyzed using either standard methods or EPA-approved methods:
Washington, Oregon, Idaho, Wyoming, Montana, Utah, Colorado, Arizona, and Texas. 
California indicated that standard or EPA-approved methods were used for some specific
nutrient parameters.

The following tables contain a summary of aggregate and level III Ecoregion values for
TN, TP, water column chlorophyll a, and Secchi.

BASED ON 25th PERCENTILES ONLY

Nutrient Parameters Aggregate Nutrient Ecoregion III
Reference Conditions

Total phosphorus (µg/L) 17

Total nitrogen (mg/L) (reported) 0.40

Chlorophyll a (µg/L) (fluorometric method) 3.4

Secchi (m) 2.7

For subecoregions 6, 10, 12, 13, 14, 18, 20, 22, 24, 79, 80, and 81, the ranges of nutrient
parameter reference conditions are as follows:

BASED ON 25th PERCENTILE ONLY

Nutrient Parameters Range of Level III Subecoregions
Reference Conditions

Total phosphorus (µg/L) 3-172*

Total nitrogen (mg/L) (calculated) 0.15-1.44

Chlorophyll a (µg/L) (fluorometric method) 0-24.6*

Secchi (m) 1.4-3.1

* This value appears inordinately high and may either be a statistical anomaly or reflect a unique condition.  In any case, further
regional investigation is indicated to determine the sources, i.e., measurement error, notational error, statistical anomaly,
naturally enriched conditions, or cultural impacts.
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NOTICE OF DOCUMENT AVAILABILITY

This document is available electronically to the public through the Internet at
http://www.epa.gov/OST/standards/nutrient.html.  Requests for hard copies of the document
should be made to EPA’s National Service Center for Environmental Publications (NSCEP),
11029 Kenwood Road, Cincinnati, OH 45242; telephone (513) 489-8190 or toll free (800) 490-
9198.  Please refer to EPA document number EPA-822-B-01-008.
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1.0  INTRODUCTION

Background

Nutrients are essential to the health and diversity of surface waters.  However, in excessive
amounts nutrients cause eutrophication or hypereutrophication, which results in overgrowth of
plant life and decline of the biological community.  Excessive nutrients can also result in human
health risks, such as the growth of harmful algal blooms, most recently manifested in the
Pfiesteria outbreaks on the Gulf and East Coasts.  Chronic nutrient overenrichment of a
waterbody can lead to the following consequences:  algal blooms, low dissolved oxygen, fish
kills, overabundance of macrophytes, likely increased sedimentation, and species shifts of both
flora and fauna. 

Historically, National Water Quality Inventories have repeatedly shown that nutrients are a
major cause of ambient water quality use impairments.  EPA’s 1996 National Water Quality
Inventory report identifies excessive nutrients as the leading cause of impairment in lakes and
the second leading cause of impairment in rivers (behind siltation).  In addition, nutrients were
the second leading cause of impairments after siltation reported by the States in their 1998 lists
of impaired waters.  Where use impairment is documented, nutrients contribute roughly 25%-
50% of the impairment nationally.  The Clean Water Act (CWA) establishes that, wherever
possible, water quality must provide for the protection and propagation of fish, shellfish, and
wildlife, and recreation in and on the water and/or protecting the physical, chemical, and
biological integrity of those waters.  In adopting water quality standards, States and Tribes
designate uses for their waters in consideration of these CWA goals, and establish water quality
criteria that contain sufficient parameters to protect that integrity and those uses.  To date, EPA
has not published information and recommendations under section 304(a) for nutrients to assist
States and Tribes in establishing numeric nutrient criteria to protect uses when adopting water
quality standards.

In 1995, EPA gathered a set of national experts and asked them how best to deal with the
national nutrient problem.  The experts recommended that the Agency not develop single criteria
values for phosphorus (P) or nitrogen (N) applicable to all waterbodies and regions of the
country.  Rather, they recommended that EPA put a premium on regionalization, develop
guidance (assessment tools and control measures) for specific waterbodies and ecological
regions across the country, and use reference conditions (conditions that reflect pristine or
minimally impacted waters) as a basis for developing nutrient criteria.

With these suggestions as starting points, EPA developed the National Strategy for the
Development of Regional Nutrient Criteria (National Strategy), published in June 1998.  This
strategy presented EPA’s intentions to develop technical guidance manuals for four types of
waters (lakes and reservoirs, rivers and streams, estuaries and coastal waters, and wetlands), and
thereafter to publish section 304(a) criteria recommendations for specific nutrient Ecoregions. 
Technical guidance manuals for lakes/reservoirs and rivers/streams were published in April 2000
and July 2000, respectively.  The technical guidance manual for estuaries/coastal waters was
published in fall 2001, and the draft wetlands technical guidance manual will be published by
December 2001.  Each manual presents EPA’s recommended approach for developing nutrient
criteria values for a specific waterbody type.  In addition, EPA is committed to working with
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States and Tribes to develop more refined and localized nutrient criteria based on approaches
described in the waterbody guidance manuals and this document.  

Overview of the Nutrient Criteria Development Process

For each nutrient Ecoregion, EPA developed a set of recommendations for two causal
variables (total nitrogen and total phosphorus) and two early indicator response variables
(chlorophyll a [chl a] and Secchi).  Other indicators such as dissolved oxygen, macrophyte or
benthic algal growth or speciation, and other fauna and flora changes are also useful.  However,
the first four variables are considered to be the best suited for protecting designated uses.

The technical guidance manuals describe a process for developing nutrient criteria that
involves consideration of five factors.  The first of these is the Regional Technical Assistance
Group (RTAG), which is a body of qualified regional specialists able to objectively evaluate all
of the available evidence and select the value(s) appropriate to nutrient control in the water
bodies of concern.  These specialists may come from such disciplines as limnology, biology, or
natural resources management—especially water resource management, chemistry, and ecology. 
The RTAG evaluates and recommends appropriate classification techniques, usually physical,
for criteria determination within an ecoregional construct.

The second factor is the historical information available to establish a perspective of the
resource base.  This is usually data and anecdotal information available within the past 10-25
years.  This information gives evidence about the background and enrichment trend of the
resource.

The third factor is the existing reference condition, a selection of reference sites chosen to
represent the least culturally impacted waters of the class at the present time.  The data from
these sites are combined and a value is selected to represent the reference condition, the best
attainable, most natural condition of the resource base at this time.

The RTAG comprehensively evaluates these three elements to propose a candidate criterion
(initially one each for TP, TN, chl a, and Secchi).

A fourth factor often employed is mechanistic or empirical models of the historical and
reference condition data to better understand the condition of the resource.

The final element of the process is assessment by the RTAG of the likely downstream
effects of the criterion.  Will there be a negative, positive, or neutral effect on the downstream
waterbody?  If the RTAG judges that a negative effect is likely, then the proposed State/Tribal
water quality criteria should be revised to ameliorate the potential for any adverse downstream
effects.

Although States and authorized Tribes do not necessarily need to incorporate all five
elements into their water quality criteria setting process (e.g., modeling may be significant in
only some instances), the best assurance of a representative and effective criterion is a balanced
incorporation of all five elements.
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Because some parts of the country have naturally different soil and parent material nutrient
content and different precipitation regimes, the application of the criterion development process
should reflect this regional variation.  Therefore, an ecoregional approach was chosen.  Initially,
the continental United States was divided into 14 separate Ecoregions of similar geographical
characteristics and similar nutrient condition (Figure 1a).  Ecoregions are defined as regions of
relative homogeneity in ecological systems; they depict areas within which the mosaic of
ecosystem components (biotic and abiotic as well as terrestrial and aquatic) is different from
adjacent areas in a holistic sense.  Geographic characteristics such as soils, vegetation, climate,
geology, and land cover are relatively similar within each Ecoregion (Omernik, 2000).  

The nutrient Ecoregions are aggregates of EPA’s hierarchical level III Ecoregions (see
Figure 1b for a map of level III Ecoregions).  As such, they are more generalized and less
defined than level III Ecoregions.  EPA determined that setting ecoregional criteria for the large-
scale aggregates is not without its drawbacks:  variability is high because of the lumping of many
waterbody classes, seasons, and years worth of multipurpose data over a large geographic area. 
For these reasons, the Agency recommends that States and Tribes develop nutrient criteria at the
level III ecoregional scale and at the waterbody-class scale, where those data are readily
available.  Data analyses and recommendations on both the large Aggregate Ecoregion scale and
the more refined scales (level III Ecoregions and waterbody classes), where data were available
to make such assessments, are presented for comparison and completeness of analysis.   

Comparison of Nutrient Criteria to Biological Criteria

Biological criteria are quantitative expressions of the desired condition of the aquatic
community.  Such criteria can be based on data from sites that represent the least impacted
attainable condition for a particular waterbody type in an Ecoregion, subecoregion, or watershed. 
EPA’s nutrient criteria recommendations and biological criteria recommendations have many
similarities in their basic approaches to development and data requirements.  Both are
empirically derived from statistical analysis of field-collected data and expert evaluation of
current reference conditions and historical information.  Both use direct measurements from the
environment to integrate the effects of complex processes that vary according to type and
location of waterbody.  The resulting criteria recommendations, in both cases, are efficient uses
of existing resources and are holistic indicators of the water quality necessary to protect uses.

States and authorized Tribes can develop and apply nutrient and biological criteria in
tandem, with each providing important and useful information to interpret both the nutrient
enrichment levels and the biological condition of sampled waterbodies.  For example, using the
same reference sites for both types of criteria can lead to efficiencies in both sample design and
data analysis.  In one effort, environmental managers can obtain information to support
assessment of biological and nutrient condition, either through evaluating existing data sets or
through designing and conducting a common sampling program.  The traditional biological
criteria variables of benthic invertebrate and fish sampling can be readily incorporated in a
nutrient assessment.  To investigate the effectiveness of this tandem approach, EPA has initiated
pilot projects in both freshwater and marine environments to pursue the relationship between
nutrient overenrichment and apparent declines in diversity of benthic invertebrates and fish.
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