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INTRODUCTION 
 

The EPA Science Advisory Board (SAB) will meet on September 9 – 11, 2009 to 
consider the charge questions posed by the EPA Office of Water, Office of Science and 
Technology to review EPA’s draft guidance on Empirical Approaches For Nutrient Criteria 
Derivation (hereafter "EPA Criteria Derivation Report"). The basic purpose of Section 303(c) 
criteria is to establish the level of water quality that is required to protect designated uses from 
specific adverse impacts associated with a pollutant. This document was released for public 
review on August 17, 2009 and it presents six statistical methods for analyzing nutrient data to 
relate the effect of nutrients to indicators of invertebrate use impairment.  The guidance also 
presents a chapter on evaluating candidate stressor-response criteria from a consideration of the 
various statistical methods (See Guidance, Chapter 5 at 46).  Together, these statistical 
approaches and the evaluation method are intended to serve as the primary basis for deriving 
Clean Water Act Section 303(c) numeric nutrient criteria.  Where uncertainty exists in the 
regression analyses, EPA recommends that the lower confidence bound of the regression 
analysis be used to select the numeric nutrient criteria applicable to all similarly classified 
waters.  EPA further indicates that even if an impairment threshold cannot be identified for a 
water body type, statistical “change point analyses” are sufficient to identify the necessary level 
of water quality that must be achieved.  These criteria will serve as the basis for identifying 
waters as nutrient impaired and for preparing TMDLs to restore designated uses to nutrient-
impaired waters.   

 
The methods discussed in the draft EPA Criteria Derivation Report have already been 

used by EPA, as part of a “weight of evidence” analysis to derive numeric nutrient endpoints for 
several TMDL applications.  (Attachment 1 (Piedmont End Point Report), Attachment 2 
(Allegheny Plateau and Ridge and Valley Ecoregions of Pennsylvania:  TMDL Application)).  
This “weight of evidence” analysis also considers distributional statistics and “literature” 
recommendations, in addition to stressor-response data, as the basis for selecting numeric 
nutrient endpoints for TMDL application.  See EPA Criteria Derivation Report at 18.  Objections 
raised on these TMDLs initiated an appeal of these methods and a request, supported by the 
Pennsylvania delegation, that the entire procedure undergo SAB review.  (Attachment 3 (Request 
for SAB review) and Attachment 4 (support letter from Senators Specter/Casey)).  In response, 
EPA agreed to conduct a SAB review of the new statistical methods being employed to derive 
nutrient criteria.  EPA confirmed that SAB approval would allow nationwide implementation of 
the new approach (Attachment 5).  In advance of this review, a detailed history of the 
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misapplication of these various statistical concepts in nutrient TMDL development was prepared 
by Hall & Associates and published in BNA.  (Attachment 6).  This analysis, which 
demonstrated that specific application of simplified methods misdirected resources and failed to 
identify appropriate solutions for invertebrate impairments,  provides insight to the Board on 
why EPA is seeking SAB approval of these new methodologies. 

 
It is axiomatic that the Section 303(c) water quality criteria be based on clearly 

demonstrated cause and effect relationships.  “Guidelines for Deriving Numerical National 
Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses”, USEPA 1985.   
The draft EPA Criteria Derivation Report and the charge to the SAB seeks SAB confirmation 
that the stressor-response data and framework provide this demonstration.  We believe that the 
statistical methods presented by EPA for evaluating the stressor-response data are wholly 
inadequate for deriving water quality criteria, will misdirect state and local resources on a 
nationwide basis and more comprehensive methods in a mechanistic framework are necessary to 
properly address nutrient impairment issues.  Moreover, statistical methods do not demonstrate 
that a scientifically defensible cause-and-effect relationship exists between stressors and 
recognized use impairment metrics (e.g., distributional statistics).  The analyses fail to address a 
host of well understood plant growth mechanisms as well as the other ecological factors that 
influence invertebrate population dynamics.  What is presented is merely a correlation analysis 
and correlations do not prove causation.  Moreover, the alleged correlations presented are 
demonstrably flawed.  Therefore, these methods cannot serve as the basis for deriving either 
necessary or protective numeric water quality criteria.   
 
CRITERIA DEVELOPMENT REQUIREMENTS 

 
By statute, criteria must be based on the latest available science and set at the level 

necessary to protect aquatic life and human health uses (CWA Section 304(a)).  To achieve this 
requirement it is essential that criteria possess two attributes: (1) the criteria must be based on 
data that confirm the pollutant is causing use impairment at ambient concentrations, and (2) the 
level at which the numeric criteria is set is both sufficient and necessary to protect designated 
uses.  See, 40 CFR 131.2 (Purpose) and 131.3 (Definitions – “Criteria”, “Section 304(a) 
Criteria”). Thus, criteria are, in general, set at the threshold level where the pollutant exposure is 
demonstrated not to pose a significant threat to aquatic life (Section 304(a); 40 CFR 131.2 131.3 
(b), (c)). 
 

Since 1985, EPA has had a well-defined procedure for developing scientifically 
defensible water quality criteria when it published the “Guidelines for Deriving Numerical 
National Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses”, 
USEPA 1985 (hereafter “Guidelines”).  The Guidelines establish a number of very specific 
scientific screening procedures that must be met to establish criteria that meet Section 304(a) 
mandates, as follows: 
 
• Water quality criteria must ensure use protection “with a small probability of 

considerable overprotection or under-protection.” (Guidelines p. 5). 
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• It is not enough that the criterion is the best estimate given the available data.  Criteria 

should be derived “only if adequate appropriate data are available to provide reasonable 
confidence that it is a good estimate.”  (Guidelines p. 5).   
 

• Criteria must be based upon studies showing a clear close/response relationship to 
determine effect concentration.  Data from confounded studies (i.e., results that are 
influenced by factors other than the pollutant of concern) should not be used. (Guidelines 
p. 15, 16, 21). 
 

• All decisions should be based on a thorough knowledge of aquatic toxicology and criteria 
decisions must be altered if there is a substantial probability of over or under protection 
of aquatic organisms and their uses. (Guidelines p. 18). 
 

• Based on “all available laboratory and field information”, it must be determined that 
proposed criteria are “consistent with sound scientific evidence.”  If not, another criterion 
should be derived. (The concluding recommendation of the Guidelines p. 57). 
 

The new approach recommended for nutrient criteria development, however, fails to 
reflect these long established principles.  While the focus of the Guidelines requirements was on 
parameters that cause direct toxicity, the scientific principles summarized above apply to all 
criteria development, including to nutrient criteria.  A demonstrated cause-effect relationship is a 
requirement of all criteria.  The EPA Criteria Derivation Report nowhere makes such a 
demonstration with regard to invertebrate impacts.  The regressions and statistical methods 
simply assume the nutrient plotted is the cause of the changed condition, even under 
circumstances where the nutrient levels could not rationally be expected to be causing increased 
plant growth.  Regardless of the method of derivation, nutrient criteria must ensure use 
protection with a small probability of considerable overprotection or under-protection.  If there is 
a substantial probability that the criteria derived using the proposed method are over or under-
protective, such criteria must be rejected.  It is apparent, however, that large uncertainties are 
associated with the suggested methods, as the nutrient concentration alleged to be causing the 
metric response may vary by a factor of 50. (See EPA Report Figures 13, 14, 16, 25).  If the 
available data are insufficient to ensure that the resultant criteria are reasonable, those data need 
to be augmented or discarded in favor of more appropriate data.  Finally, if field data confirm the 
approach is misplaced, it should not be utilized.  Unfortunately, the recommended approach 
makes no allowance for consideration of actual conditions and will result in regulating nutrients 
even where it is apparent that the metric level is already achieved. (See, Figure 33). 
 
Expert Opinion Surveys are Inadequate to Derive Criteria 
 

The draft EPA Criteria Derivation Report addresses the development of numeric criteria 
in Section 3.1.  In the first case, it notes that states may already have designated use criteria (e.g., 
biological criteria) that can be related to numeric nutrient levels.  If such relationships can be 
developed that ensure the designated use criteria are achieved with a small probability of 
considerable overprotection or under-protection, the resulting numeric nutrient criteria would be 
appropriate.  The draft EPA Criteria Derivation Report also provides an alternative case:  
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Also, expert opinion regarding protective levels of variables can be methodically 
collected (Reckhow et al. 2005), and surveys can identify conditions that support user 
expectations for different waterbodies (Heiskary and Walker 1988). (EPA Criteria 
Derivation Report at 18). 

 
Such an approach is not supported by Federal or State law and must be rejected as 

inappropriate for criteria development.  Expert opinion surveys cannot replace specific 
requirements in federal and state law for deriving appropriate water quality criteria.  The draft 
EPA Criteria Derivation Report is full of examples that derive candidate numeric nutrient criteria 
from metrics that are not recognized as a priori use impairments, particularly with regard to 
streams.  These metrics include total taxa richness, number of EPT taxa, chlorophyll-a 
concentration, and diatom trophic state index.  Such response metrics cannot be used as the basis 
for establishing numeric nutrient criteria unless those metrics are first designated as use 
impairment thresholds (i.e., criteria).   
 
Failure to Consider Relevant Factors Influencing Plant Growth and Invertebrate Metrics 
 

The EPA Criteria Derivation Report recognizes that biological metrics, in particular, may 
change dramatically in streams due to a host of conditions, natural and man-induced.  (Report @ 
14,17, 24, 25, 30, 34, etc.)  Therefore, selection of a single metric is not scientifically defensible.  
The metric must be related to specific physical conditions that support the metric and its 
threshold.  When criteria are met, water quality will generally protect the designated use.  (See 
the definition of “criteria” in the draft EPA Criteria Derivation Report, at 76).  If the methods 
contained in the draft EPA Criteria Derivation Report are appropriate, then compliance with the 
candidate numeric nutrient criterion will ensure that the biological metric is achieved.  If the 
metric is not a use-impairment threshold (i.e., a criterion), then use restoration cannot be 
demonstrated and the Guidelines requirement is not met.  However, it is not apparent that any of 
the examples presented in the draft EPA Criteria Derivation Report demonstrate an appropriate 
linkage between nutrients and the response variables.  First, there is no linkage presented 
between plant growth and invertebrate impairment.  Without this linkage, all other relationships 
are simply speculative.   
 

In several cases presented, the stressor is identified as a nutrient concentration derived 
from a grab sample measurement (e.g., a measure of the instantaneous concentration at one point 
in time).  (See, Figure 14).  The response variable (e.g., total taxa richness) represents an 
instream condition that develops over an extended period of time unrelated to the time frame 
associated with the grab sample.  In the case of stream macroinvertebrates, the community 
develops over time in response to antecedent conditions and the measure of total taxa richness 
reflects an averaging period consistent with the life cycle of the individual organisms, with some 
organisms living a year or more.  Unless the grab sample measurement reflects the average 
condition over a period of time relevant to the biological response metric and other factors are 
not influencing the response metric (e.g., habitat), there is no reason to believe that the stressor 
measurement bears any relationship to the response.  Since no evidence is presented in the EPA 
Criteria Derivation Report to suggest that stressor grab sample concentrations are representative 
of average conditions relevant to the response metric, the evaluation methods presented in the 
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draft EPA Criteria Derivation Report are not consistent with sound scientific evidence and 
cannot be used to derive criteria.   
 

Finally, the draft EPA Criteria Derivation Report advocates the development of numeric 
nutrient criteria for nitrogen and phosphorus regardless of need.  (See, Figure 33).  The EPA 
Criteria Derivation Report ignores plant growth mechanics and suggests that reducing nutrient 
levels that are far above saturation growth levels will somehow limit plant growth and thereby 
improve the invertebrate metrics.  This is not scientifically defensible.  Moreover, while nitrogen 
and phosphorus are both needed to sustain growth if either one is sufficiently limited growth will 
be limited.  This scientifically validated concept has served as the basis for nutrient control for 
decades and establishing criteria for both parameters where control on only one parameter is 
needed to restore designated uses guarantees that such an approach provides significant 
overprotection in violation of the Guidelines.   
 
PROBLEM DEFINITION 
 

The draft EPA Criteria Derivation Report provides a reasonable problem definition with 
regard to nutrients and water quality criteria.  It notes:  
 

Nutrients are essential for plant and microbial growth and at natural concentrations are 
generally considered beneficial. Over-enrichment by nitrogen and phosphorus stimulates 
excessive rates of plant and microbial growth and can produce biological and physical 
responses in surface water that adversely affect water quality and aquatic life.  (EPA, 
2009 at 1). 

 
Simply stated, nutrients are not toxic to aquatic life at the concentrations typically 

encountered in receiving waters.  However, depending upon the physical setting, they can 
stimulate excessive plant growth which, under certain conditions, can cause designated use 
impairments with regard to aquatic life, drinking water supply, or recreation.  Use impairment is 
not caused by an “excessive” nutrient concentration.  Rather, use impairment (e.g., recreation, 
fishery) is attributed to the presence of excessive levels of plant growth.  In addition, elevated 
levels of plant growth may cause aquatic life impairments (e.g., low dissolved oxygen, pH out of 
range, habitat impairment).  However, the linkage between nutrients and the impairments 
associated with them is highly complex and affected by a multitude of factors as suggested in 
Figure 10 from the draft EPA Criteria Derivation Report (at 16; presented below).   
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Thus, two steps are required to link nutrient to invertebrate impairments:  (l) demonstrate 
that nutrients are causing the excessive plant growth, and (2) demonstrate the level of excessive 
plant growth that will cause invertebrate population impairment.  The degree of understanding of 
this complex linkage depends upon the type of receiving water being considered and the site-
specific habitat.  In the case of lakes and other receiving waters with extended residence times, 
this understanding is more advanced (relatively speaking with respect to plant growth) and 
numerous mechanistic models exist that reasonably predict the level of phytoplankton growth in 
response to nutrient loading.  The degree of variability (a key Guidelines criteria development 
issue) associated with phytoplankton chlorophyll-a levels and nutrients is about a factor of 4, as 
illustrated in Figure 12 from the draft EPA Criteria Derivation Report.  This figure shows that 
the target chlorophyll-a level of 15 µg/L spans TP concentrations ranging from approximately 16 
– 64 g/L .  Mechanistic considerations of lake processes are required on a site-specific basis to 
reduce this variability and set appropriate TP targets for use restoration, because a given TP level 
(e.g., 35 ug/L) could easily produce both unimpaired (< 15u/L  chl "a") or impaired (>15 ug/L 
chl "a") results.   Thus, even for lakes, simply knowing the nutrient concentration present is not 
sufficient information to determine what, if anything, needs to be done though the range of 
uncertainty is relatively small. 
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In the case of rivers and streams, the ability to predict plant growth responses is 
significantly reduced and the uncertainty in nutrient effects increases markedly. For large rivers 
with phytoplankton growth issues, compared to lakes, increases to about a factor of 10.   
 

 
 

Total Phosphorus Vs. Benthic Chlorophyll-a 
(From Dodds. W. K., Smith, V. H., and Lohman, K., 2006) 

 
The work of Dodds regarding periphyton growth regressions was referenced in several 

places in the document, though the actual data and results were not presented.  Dodds’ work 
demonstrates that the uncertainty in periphyton growth for streams is far greater than 
phytoplantkton growth in rivers.  The graph below indicates that periphyton responses vary by a 
factor of 25 with regard to nutrient level.  While not presented in this report, EPA has 
extensively assessed the relationship between periphyton growth and nutrient levels.  The results 
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generally confirm there is no demonstrable "regression" relationship between nutrient levels and 
periphyton response.  
 

 
 
Total Phosphorus Vs. Benthic Chlorophyll-a 
(From Dodds. W. K., Smith, V. H., and Lohman, K., 2006) 
 

In fact, it was analyses such as these that led EPA to abandon its earlier recommendations 
that Dodd’s simple regression equations be used to predict periphyton growth.  Mechanistic 
models to predict the level of periphyton growth (i.e., benthic algae) are available and many 
factors that are unimportant in lakes and large rivers significantly affect such growth in streams 
(e.g., canopy, scour, substrate) are addressed in those model frameworks.  This information 
confirms that there is no reasonable confidence in setting a river or stream nutrient objective, 
given the lack of cause and effect relationship presented by the periphyton data and wide range 
in phytoplankton responses.  Thus, the following is apparent with regard to plant growth 
responses to elevated nutrient levels: 
 

(1) simplified approaches used for lakes do not apply to rivers and streams, as the 
variability in response increases greatly for these waters; and, 

 
(2) a scientifically defensible approach to rivers and streams must account for the factors 

influencing plant growth dynamics. 
 

Regarding the “relationship” between nutrient levels and invertebrate populations, the 
uncertainty increases even further.  This is evidenced by the extremely poor r2 that results from 
the attempted correlation analyses (See, Figures 14, 16).  In most instances, EPA does not even 
provide this basic statistical information for the SAB review.  The poor correlation coefficient is 
indicative of a very weak relationship.  For example, Figure 13 from the draft EPA Criteria 
Derivation Report illustrates total taxa richness in West Xeric region streams as a function of 
nutrient concentration.  This figure shows that the target richness level of 40 spans TN 
concentrations ranging over two to three orders of magnitude (based on the 90% prediction 
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interval).  Even at quite high nutrient levels (TN> 2 mg/l) taxa richness response ranges from 
less than 10 (very poor) to 70 (excellent).  Such information confirms that some other factors, 
unrelated to nutrient level are responsible for these widely varying results.  Similar results are 
found for phosphorus and EPT richness.  See EPA Report Figure 14.  This type of data scatter 
prevent the reasonable selection of a nutrient target level that is necessary to ensure use 
protection. 
 

 
 
EPA’S REPORT IS MISSING CRITICAL FOUNDATION ANALYSES 
 

The draft EPA Criteria Derivation Report does not provide any analysis showing the 
most critical relationship needed to establish an invertebrate-based nutrient criteria– the 
relationships between algal growth and invertebrate metrics.  Moreover, the EPA Report is 
devoid of information showing a reliable connection between nutrient level and benthic plant 
growth for streams or rivers.  The Report does cite on several occasions to the work of Dodds 
(relating periphyton growth to nutrient concentrations), though as shown above, such 
relationships are simply misplaced.  (See also Attachment 6 confirming Dodds’ equations fail to 
reliably predict periphyton growth in the PA TMDL action). This is rather dramatic oversight 
considering that nutrient criteria development is primarily targeted at excessive plant growth.  If 
such a relationship was presented, it would likely show variability exceeding two orders of 
magnitude.  This extreme level of variability is due to the fact that other factors tend to control 
plant growth in streams and invertebrate responses are more influenced by factors other than 
nutrients.  
 

Tetra Tech (2008) (EPA’s contractor on the EPA Criteria Derivation Report) conducted a 
literature review of nutrient – algal growth relationships for EPA in conjunction with the 
development of five nutrient TMDLs in Pennsylvania, and concluded the following:  
 

 “Study results summarized as part of this literature review support the assertion that 
while a relationship may exist between periphyton growth and nutrients, the dynamics 
change as a function of multiple factors. These factors include antecedent conditions, 
water temperature, pH, light availability, flow regime, and grazing, among others. 
Nutrient levels may be secondary to other determinants of biomass and growth such as 
light, disturbance, and grazing.”  (Tetra Tech (2008a) at 18). 
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The linkage between nutrients and aquatic life is more indirect than that for plant growth.  
As depicted in Figure 10, algal growth and microbial growth are more directly affected by 
nutrients.  These effects filter through the receiving water ecology and influence 
macroinvertebrate and fish communities.  However, this linkage is more subtle because of the 
intervening steps that separate the animal communities from nutrients and the numerous other 
factors influencing the presence of these higher order organisms.  For this reason, prior EPA 
nutrient criteria development guidelines have recommended that nutrient criteria development 
focus on the relationship between nutrients and plant growth (EPA, 2000).  Once that 
relationship is defined, the more indirect impacts on macroinvertebrates and fish can be explored 
if necessary.   
 

“fish and macroinvertebrates do not directly respond to nutrients, and therefore may not 
be as sensitive to changes in nutrient concentrations as algal assemblages.  6It is 
recommended that relations between biotic integrity of algal assemblages and nutrients 
be defined and then related to biotic integrity of macroinvertebrate and fish assemblages 
in a stepwise, mechanistic fashion.”  Nutrient Criteria Technical Guidance Manual – 
Rivers and Streams, USEPA July 2000 @ 85.  

 
Contrary to the Technical Guidance Manual, the draft EPA Criteria Derivation Report 

provides multiple examples attempting to relate macroinvertebrate metric response directly to 
nutrient concentrations even though the response is far removed from the stressor and none of 
the necessary intervening plant growth responses were documented.  Clearly, the candidate 
numeric nutrient criteria that result from this approach will be either too restrictive or not 
restrictive enough, and, with EPA’s recommended approach, there will be no way of knowing 
which error has been made until the numeric criteria are achieved and the response is re-
evaluated.  Thus, it is apparent that the new recommended approach is guaranteed to misallocate 
resources on a large scale if applied to the regulatory process.  Such an approach fails to meet 
National Guidelines prerequisites.   
 
ESTABLISHMENT OF FIXED NUTRIENT CONCENTRATIONS AS CRITERIA IS 
INAPPROPRIATE 
 

The expressed purpose of the draft EPA Criteria Derivation Report is to facilitate the 
development of nutrient criteria.  Criteria are defined as constituent concentrations, levels, or 
narrative statements representing a quality of water that supports a particular use.  When criteria 
are met, water quality will generally protect the designated use.  With respect to Figure 10, the 
quality of water that supports a particular use is defined by the algal growth in the receiving 
water, constituent concentrations that may impair uses, affected by algal growth (i.e., DO, pH, 
clarity), and the aquatic life present.  These measures are a direct indication of whether a 
designated use is impaired or not.  The nutrient level is not the parameter that describes use 
impairment.   
 

This situation is analogous to the relationship between dissolved oxygen and biochemical 
oxygen demand.  Low dissolved oxygen level directly causes toxicity to aquatic life and water 
quality criteria are established to protect aquatic life by setting numeric DO requirements.  
Although BOD affects DO, there are no BOD water quality criteria because BOD, itself, is not 
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toxic and multiple factors affect how BOD is expressed in the water column.  These factors are 
reasonably well known and site-specific, mechanistic models are used to account for them in 
setting appropriate effluent limitations.  This well known approach should serve as a model for 
addressing nutrient-related impairments. 
 

Consequently, nutrient criteria should be expressed as a level of algal growth or an 
aquatic life metric that reflects the designated use, impacted by algal growth (e.g., secchi depth 
in lakes, periphyton growth level that impairs invertebrate populations).  Then, based on a 
mechanistic understanding of the waterbody, the concentrations of nitrogen and/or phosphorus 
necessary to achieve the target water quality may be ascertained because there are no uniform 
system responses to this pollutant.  Mechanistic models that relate the significant determinants of 
criteria response must be applied to ensure the correct cause of impairment and solution are 
related.  Then, the controls necessary to eliminate use impairment, as evidenced by the numeric 
criteria, can be implemented on a site-specific basis.   

 
CONCLUSIONS AND RECOMMENDATIONS 
 

The statistical procedures presented in the EPA Report are not a scientifically defensible 
substitute for developing a clear, reproducible relationship between a pollutant and the stressor of 
concern.  Such information must exist to develop scientifically defensible Section 303(c) criteria.  
Moreover, it is apparent that extreme uncertainty exists under EPA’s suggested approach such 
that there is no reasonable basis to believe that nutrients are either (1) the cause of a 
macroinvertebrate impairment or (2) that reducing nutrients to the levels described in the report 
would remedy such impairment.  Where regression analyses are completed, the r2 values all 
appear to be 0.1 or less.  Thus, more than 90% of the “impairment” is NOT explained by the 
nutrient level.  Using alternative statistical tools does not “improve” the lack of relationship 
contained in the dataset. The scientific community generally recognizes that such weak 
relationships are not a basis for concluding that a cause and effect relationship has been 
established. Such weak relationships cannot be used to develop necessary, sufficient and 
scientifically defensible water quality criteria. 
 

Perhaps the greatest flaw in the suggested approach is that it assumes that nutrients are 
the cause of the impacts being assessed, ignoring (1) other factors that influence the metric being 
measured (e.g., habitat and other common stressors) and (2) known plant growth kinetics that 
confirm the measured impacts at high nutrient levels cannot be the cause of reduced invertebrate 
populations.  In particular, where the saturation growth rate concentration is exceeded (generally 
above 50 ug/l TP or 300 ug/l TN), increased  nutrient concentrations are not expected to cause 
additional plant growth.  For these high nutrient levels, the sometimes measured dramatic 
decrease in invertebrate metrics must be caused by a co-occurring phenomena – such as 
excessive sedimentation or habitat alteration, not nutrients.  Ignoring these well established 
factors that may control the type and richness of invertebrate populations is not scientifically 
defensible.  Conversely, the analysis entirely failed to assess how the invertebrate metrics change 
in the range where nutrients may be the primary factor controlling plant growth – assuming 
excessive plant growth is occurring.  Such analyses, as discussed herein, indicate that there is no 
demonstrable nutrient: invertebrate population relationship in this range of nutrient 
concentration.  
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Lastly, it is apparent from the extensive stream and river databases that attempts to select 

a single nutrient value to be applicable in all such waters is not rational.  Plant growth responses, 
the primary concern of nutrient control, are not uniform, and are primarily controlled by the 
physical setting.  Even in lakes where light is not generally limited and sufficient detention time 
is not an issue, selection of a single target value will allow the actual plant growth level to vary 
by a factor of 4.  Selecting the target nutrient level from the lower end of the uncertainty range, 
as suggested by EPA, will ensure that a very substantial number of situations are over regulated.   
For streams, the range of plant growth responses increases to a factor of 20 or greater.  
Invertebrate responses that are even more remotely related to nutrient levels have a 2 order of 
magnitude range.  A more rational approach would be to identify appropriate plant and 
biological response levels that represent impaired and unimpaired conditions over a range of 
habitat types.  Such indices could be used to appropriately identify waters that need remediation.  
Based upon the factors influencing the impairment, as appropriately assessed with site-specific 
information, the proper remedial measures would be identified. Where “excessive” plant growth 
is occurring, particularly with streams, the solution may not be nutrient reduction.  Rather, 
various forms of canopy or stream bank restoration or flow/depth modification may be the more 
effective and possibly the only solution to address the condition.  Again, this would be 
determined on a case-specific basis, not through a one-size-fits-all nutrient criteria that is certain 
to misallocate and misidentify impairments and appropriate solutions. 
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C L E A N W AT E R A C T

N U T R I E N T S TA N D A R D S

The authors of this article explore the Environmental Protection Agency’s historical ap-

proach to nutrient regulation in streams and explain why they believe prior efforts were un-

successful. They also provide a critique of EPA’s latest proposal and say they hope a more

effective and comprehensive approach to stream restoration can be established. The au-

thors say the federal government’s single-minded focus on nutrient discharges needs to be

rethought if real progress is to be attained. In many circumstances, they suggest, alterna-

tive approaches such as bank and canopy restoration and other non-point source control

efforts would produce far greater ecological benefits at far lower costs.

Critical Evaluation of EPA Stream Nutrient Standard Initiatives

BY JOHN C. HALL AND WILLIAM T. HALL

S ince promulgation of the Clean Water Act in the
1970s and implementation of technology-based
treatment requirements, such as secondary treat-

ment for publicly owned treatment works, the nation’s
water quality has improved dramatically. Current water
quality concerns are rarely attributed to excessive point
source loads of oxygen-demanding pollutants or toxics.
Rather, the largely uncontrolled discharge of nutrients
from point and non-point sources continues to contrib-
ute to designated use impairments due to the anthropo-
genic eutrophication of lakes and streams, character-
ized by excessive plant growth. In a 1996 report to Con-

gress, the Environmental Protection Agency estimated
that forty percent of the rivers were impaired due to nu-
trient enrichment, fifty-one percent of the surveyed
lakes, and fifty-seven percent of the surveyed estuaries
were similarly adversely affected. Nutrients have also
been implicated with the large hypoxic-zone in the Gulf
of Mexico and hypoxia observed in several coastal wa-
ters (e.g., Long Island Sound, Chesapeake Bay).1

1 Fact Sheet, National Strategy for the Development of Re-
gional Nutrient Criteria (June 1998), available at http://
www.epa.gov/waterscience/criteria/nutrient/strategy/
nutsi.html.
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Historically, eutrophication issues have been ad-
dressed on a watershed basis through total maximum
daily loads (TMDLs) targeting compliance with dis-
solved oxygen (DO) standards. In freshwater streams,
these TMDLs typically target reductions in phosphorus
to limit plant growth such that diurnal DO swings do
not result in an excursion of the minimum DO standard.
However, plant growth dynamics in smaller streams are
very complicated and good predictive relationships are
not available. Numerous factors other than nutrient lev-
els may control the degree of plant growth occurring in
streams. As a consequence, this approach has not
worked to define appropriate nutrient water quality cri-
teria for flowing waters.

In response to criticisms that state’s have been un-
able to define reasonable relationships between exces-
sive plant growth and nutrient loads, EPA has aban-
doned this primary objective of nutrient control. EPA is
now recommending that states use a ‘‘weight-of-
evidence’’ approach to develop nutrient standards. This
new approach to stream nutrient criteria development
represents a very disturbing change in EPA’s philoso-
phy toward criteria development. The ‘‘cause and ef-
fect’’ basis underlying all other water quality standards
has been abandoned in favor of an approach that has no
specific linkage to use impairment. As a result, the abil-
ity of the resulting endpoints to mitigate nutrient-
related impairments is even more uncertain. Applica-
tion of the weight-of-evidence approach has resulted in
extremely restrictive nutrient limitations unrelated to
site-specific needs. In response to concerns raised by
affected parties on several TMDL actions, EPA has
agreed to a full Science Advisory Board (SAB) peer re-
view of the agency’s new approach and has requested
nominations of experts for this review (74 Fed. Reg. 19,
085, 4/27/09). This review is expected to take place later
this year.

The authors believe that the federal government’s
single-minded focus on nutrient discharges needs to be
rethought if real progress is to be attained. In many cir-
cumstances, alternative approaches such as bank and
canopy restoration and other non-point source control
efforts would produce far greater ecological benefits at
far lower costs. This analysis explores EPA’s historical
approach to nutrient regulation in streams and explains
why prior efforts were unsuccessful. It also provides a
critique of the agency’s latest proposal with the hope
that a more effective and comprehensive approach to
stream restoration may be established.

Background

Requirements for Water Quality Standards
By statute, criteria must be based on the latest avail-

able science and set at the level necessary to protect
aquatic life and human health uses.2 To achieve this re-
quirement it is essential that criteria possess two at-
tributes: (1) the criteria must be based on data that con-
firm the pollutant is causing use impairment at given
concentrations, and (2) the level at which the numeric
criteria is set is both sufficient and necessary to protect
stream uses. Thus, criteria are, in general, set at the

threshold level where the pollutant exposure is demon-
strated not to pose a significant threat to aquatic life.3

Since 1985, EPA has had a well defined procedure for
developing water quality criteria when it published the
Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquatic Organ-
isms and Their Uses (1985) (hereafter Guidelines).4 The
Guidelines establish a number of very specific scientific
requirements for the establishment of numeric criteria
germane to EPA’s new weight-of-evidence approach:

s All decisions should be based on a thorough
knowledge of aquatic toxicology and criteria deci-
sions must be altered if there is a substantial prob-
ability of over or under protection of aquatic or-
ganisms and their uses.5

s It is not enough that the criterion is the best esti-
mate given the available data. Criteria should be
derived ‘‘only if adequate appropriate data are
available to provide reasonable confidence that it
is a good estimate.’’6

s Criteria must be based upon studies showing a
clear dose/response relationship to determine ef-
fect concentration. Data from confounded studies
(i.e., results that are influenced by factors other
than the pollutant of concern) should not be used.7

s Where the effects of a pollutant are shown to be re-
lated to other water quality characteristics, the
standard should be derived with consideration for
that water quality characteristic.8

s Based on ‘‘all available laboratory and field infor-
mation’’, it must be determined that proposed cri-
teria are ‘‘consistent with sound scientific evi-
dence.’’ If not, another criterion should be de-
rived.9

A numeric water quality standard represents the
quality of water that supports a particular use. It is well
recognized that use impairment is not caused directly
by nitrogen or phosphorus.10 Rather, use impairment
results from nuisance levels of algae and other alter-
ations in aquatic vegetation that may develop in re-
sponse to nutrient enrichment.11 EPA reiterated this
primary concern in its updated national nutrient strat-
egy in May 2007. However, excess nutrients do not al-
ways stimulate excessive plant growth. Many physical
factors and several biological factors either allow or
prevent nutrients from stimulating excessive plant
growth.12 Thus, it is essential to understand the conflu-

2 Clean Water Act Section 304(a)

3 Clean Water Act Section 304(a); 40 CFR 131.2 131.3 (b),
(c)

4 This document is available at http://www.epa.gov/
waterscience/criteria/library/85guidelines.pdf.

5 Guidelines at 5, 18.
6 Id. at 5.
7 Id. at 15, 16, 21.
8 Id. at 29, 40.
9 The concluding recommendation of the Guidelines at 57.
10 Nutrient Criteria Technical Guidance Manual: Rivers

and Streams, EPA-822-B-00-002 (July 2000), hereafter, the
Rivers and Streams Document, available at http://
www.epa.gov/waterscience/criteria/nutrient/guidance/rivers/
rivers-streams-full.pdf.

11 Id. at 4.
12 Plant growth can become excessive, even under nutrient

poor conditions, when canopy is removed and streams are ex-
posed to sunlight. Well shaded streams may not exhibit exces-
sive plant growth, even when nutrient concentrations are high;
zebra mussels populations (aggressive filter feeders) have sig-
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ence of factors that control excessive plant growth in
different ecosystems to develop effective restoration
measures.

Based on the Guidelines requirements and the man-
ner in which nutrients affect designated uses, one
would expect that any numeric nutrient water quality
criteria must be based on the stimulation of plant
growth. The level of plant growth that causes desig-
nated use impairments, whether to aquatic life, drink-
ing water, or recreational uses, would need to be de-
fined. Then, the nutrient concentrations necessary to
support such growth would be identified and confound-
ing factors that influence that relationship, such as
shading, biological influences, scour or other relevant
physical factors would be taken into account. Alterna-
tively, the level of plant growth associated with the use
impairment could become the water quality standard
and confounding factors could be addressed through
the TMDL process, thus bypassing the difficult task of
relating nutrient levels and plant growth. EPA’s guid-
ance, discussed below, recommends such approaches.

EPA Guidance
EPA has developed extensive guidance on developing

numeric nutrient criteria and related TMDLs. For ex-
ample, see:

s Protocol for Developing Nutrient TMDLs: First
Edition, EPA 841-B-99-007 (November 1999),
available at http://www.epa.gov/owow/tmdl/
nutrient/pdf/nutrient.pdf.

s Nutrient Criteria Technical Guidance Manual: Riv-
ers and Streams, EPA-822-B-00-002 (July 2000),
available at http://www.epa.gov/waterscience/
criteria/nutrient/guidance/rivers/rivers-streams-
full.pdf.

s Ambient Water Quality Criteria Recommenda-
tions: Information Supporting the Development of
State and Tribal Nutrient Criteria for Rivers and
Streams in Nutrient Ecoregions I - XIV (December
2000), available at http://www.epa.gov/
waterscience/criteria/library/.

The basic scientific premise underlying all published
EPA nutrient criteria development documents is that
nutrient control is intended to reduce excessive plant
growth that results in use impairment. Consistent with
the Guidelines’ requirements for a clear demonstration
of causation, the various EPA nutrient criteria docu-
ments all specify that dose/response demonstrations are
required to set scientifically defensible nutrient stan-
dards. Nutrient levels must be documented to ‘‘cause’’
specific changes in plant growth (typically measured as
chlorophyll ‘a’) and other physical variables directly af-
fected by excessive plant growth (secchi depth, DO,
transparency, etc.).13

Nutrient criteria development should relate nutrient
concentrations in streams, algal biomass and
changes in ecological condition (e.g., nuisance algae
accrual rate and deoxygenation). . . . Initial criteria
should be verified and calibrated by comparing crite-
ria in the system of study to nutrients, Chl-a and tur-

bidity values in water bodies of known condition to
ensure that the system of interest operates as ex-
pected.14

Predictive relationships between nutrients and per-
iphyton (or phytoplankton) biomass are required to
identify the critical or threshold concentrations that
produce nuisance algal biomass.15

The various EPA nutrient criteria development docu-
ments also acknowledge that nutrients may cause eco-
system impacts to upper level organisms (invertebrates,
fishes), but never directly:

However, fish and macroinvertebrates do not di-
rectly respond to nutrients, and therefore may not be
as sensitive to changes in nutrient concentrations as
algal assemblages. It is recommended that relations
between biotic integrity of algal assemblages and nu-
trients be defined and then related to biotic integrity
of macroinvertebrate and fish assemblages in a step-
wise, mechanistic fashion.16

EPA’s published guidance indicates that invertebrate
populations may be impacted only when plant growth
rises to a level where extensive/excessive plant growth
causes those ecosystem changes. These changes are not
documented to occur directly due to nutrients as this
parameter is not a toxicant and does not have a direct
impact on sensitive organisms.17 This fact also was well
documented by EPA’s field studies under the whole ef-
fluent toxicity program. Thus, proper criterion develop-
ment requires confirmation that (1) nutrients are caus-
ing excessive plant growth in the system of interest and
(2) the growth is above some acceptable level that will
cause environmental harm.

While phosphorus and nitrogen have been targeted
as the agents responsible for excessive plant growth,
nutrients are not the sole determinants of plant growth,
as noted in a recent EPA document to support several
stringent nutrient TMDLs:

Study results summarized as part of this literature
review support the assertion that while a relationship
may exist between periphyton growth and nutrients,
the dynamics change as a function of multiple fac-
tors. These factors include antecedent conditions,
water temperature, pH, light availability, flow re-
gime, and grazing, among others. Nutrient levels
may be secondary to other determinants of biomass
and growth such as light, disturbance, and grazing.18

Over the last decade, EPA and the states have made
limited progress toward developing numeric nutrient

nificantly reduced the level of phytoplankton in Lake Erie, but
the loss of oyster populations in the Chesapeake Bay is largely
responsible for the eutrophication problems experienced
there.

13 See, Rivers and Streams Document.

14 Id. at 13.
15 Id. at 76 (emphasis supplied).
16 Id. at 85.
17 See, Development and Adoption of Nutrient Criteria into

Water Quality Standards (2001) at 14, response 4, available at
http://www.epa.gov/waterscience/criteria/nutrient/files/
nutrientswqsmemo.pdf.

18 Literature Review to Support Selection of Nutrient TMDL
Endpoints for Northern Piedmont Ecoregion Streams in
Southeastern Pennsylvania (January 2008) Prepared by Tetra
Tech Inc. for EPA Region III., from Response Document for
Nutrient and Sediment TMDLs in Pennsylvania for Southamp-
ton Creek, Indian Creek, Chester Creek, Paxton Creek and
Sawmill Run (June 30, 2008) available at http://www.epa.gov/
reg3wapd/tmdl/pa_tmdl/NutrientEndPoint/Response_
Document_Part_A.pdf.
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water quality standards for streams. In 2001, EPA pub-
lished recommended water quality criteria, based on an
eco-regional evaluation of ‘‘reference conditions’’
wherein EPA presumed that meeting reference stream
nutrient concentrations would prevent adverse effects
for all designated uses. EPA developed these criteria
with the intention that they serve as a ‘‘starting point,’’
from which the states would develop more refined ‘‘ef-
fects based’’ nutrient criteria using other scientifically
defensible approaches. In a 2001 memorandum to the
states, EPA urged the states to adopt their own nutrient
water quality standards.19 Many states began their own
nutrient impact assessments, in the hope of identifying
threshold levels for nutrient impairment; however, due
to the scientific complexity, few identified appropriate
stream objectives. On May 25, 2007, , EPA sent a memo-
randum to the states urging that they take ‘‘bold steps’’
in adopting numeric nutrient water quality criteria.20

However, the simplistic approaches specified in federal
guidance faced a harsh reality—nutrient control was
not always the answer. Several leading scientists had
informed EPA of this fact, but to no avail.

State Concerns with Federal Approach
Following years of analyses using EPA’s recom-

mended approaches, on July 18, 2007, the Association
of State and Interstate Water Pollution Control Admin-
istrators (ASIWPCA) submitted a letter to EPA’s Office
of Water, concerning the development of nutrient water
quality standards.21 This letter was precipitated by
EPA’s May 25, 2007, memorandum which urged accel-
erated promulgation of numeric nutrient water quality
criteria by the states. In part, ASIWPCA’s comments re-
butted EPA’s suggestion that the states were not being
diligent with regard to nutrient criteria development.
More importantly, this letter highlighted the problems
that states encountered in developing scientifically de-
fensible numeric nutrient standards:

During their considerable development processes,
many States are failing to find a strong linkage be-
tween the EPA recommended cause variables (N and
P) and response variables of chlorophyll-a and trans-
parency, but are finding wide variations in param-
eters that seem unrelated to professional assess-
ments of ‘‘trophic health’’ status. In many cases, a re-
lationship cannot be demonstrated between causal
variables N and P, and factors such as turbidity, light
limitation, canopy cover, substrate, aquatic commu-
nity structure, bioavailability, reservoir sequestra-
tion, micronutrient limitations and other ‘‘response’’
variables. These problems can only lead to mis-cues
in impairment identification and mis-direction of
scarce management and implementation resources.

Consequently, ASIWPCA asked EPA to continue to re-
fine and enhance the scientific basis for numeric nutri-

ent criteria, including reevaluating the potential diffi-
culties with statistically-derived generic criteria that
may be over or under protective. The ASIWPCA letter
even suggested that technology-based requirements for
nutrients may be a more appropriate approach. In No-
vember 2007, the NRDC and others filed a petition for
rulemaking with EPA22 to incorporate nutrient removal
(state-of-the-art nitrogen and phosphorus removal) into
the secondary treatment standards and bypass the need
to demonstrate such limitations are necessary to protect
the environment as the act currently requires.23

EPA Unveils ‘Weight-of-Evidence’ Approach
In December 2007 EPA unveiled a radical new ap-

proach to establishing nutrient endpoints in TMDLs.
This approach applied a ‘‘weight of evidence’’ analysis
to derive instream nutrient endpoints that are not asso-
ciated with any site-specific designated use impair-
ments. The weight-of-evidence approach was used to
set endpoints for total phosphorus (TP) in five water-
sheds across Pennsylvania.24 These endpoints, ranging
from 25 – 40 µg TP/L as growing season averages, were
by far the most restrictive endpoints developed to date
in these watersheds and will require nutrient reductions
up to 90 percent from stormwater outfalls and in excess
of 98 percent from POTWs. The cost for compliance is
staggering and, in the case of MS4 (storm runoff) dis-
charges, is likely unachievable. The weight-of-evidence
analysis also was used to develop TN reduction require-
ments; although the TMDL analyses did not indicate TN
was affecting plant growth or invertebrate populations.

EPA has confirmed that it intends to use this ap-
proach nationwide. A June 11, 2008, memorandum
stated that the ‘‘multiple lines of evidence’’ (or weight-
of-evidence) approach was scientifically defensible and
consistent with EPA guidance for deriving nutrient cri-
teria. 25 This approach is featured in EPA’s N-STEPS
Web site and, as such, is being made available for na-
tionwide application and has already been applied by
EPA to assess potential stream standards for Illinois26.
In August 2008, the group of Pennsylvania municipali-
ties affected by the new criteria development methodol-
ogy filed a request for SAB Peer Review.27 The request
was supported by more than 20 public and private orga-
nizations. In December 2008, EPA agreed to the peer
review, but made it clear the agency intended to use the

19 Memorandum from Geoffrey Grubbs, Development and
Adoption of Nutrient Criteria into Water Quality Standards
(Nov. 14, 2001), available at http://www.epa.gov/waterscience/
criteria/nutrient/files/nutrientswqsmemo.pdf.

20 Memorandum from Benjamin H. Grumbles, Nutrient Pol-
lution and Numeric Water Quality Standards (May 25, 2007),
available at http://www.epa.gov/waterscience/criteria/nutrient/
files/policy20070525.pdf.

21 Letter from the Association of State and Interstate Water
Pollution Control Administrators (ASIWPCA) to Ben Grumbles
(July 18, 2007) available at http://www.asiwpca.org/home/docs/
Ltr2EPANutrients.pdf.

22 Petition for Rulemaking under the Clean Water Act—
Secondary Treatment Standards for Nutrient Removal (Nov.
27, 2007), available at http://elpc.org/wp-content/uploads/2008/
08/nutrientpetitionfinal.pdf.

23 See, Clean Water Act § 301(b)(1)(C).
24 See Nutrient TMDLs for Goose Creek, Indian Creek Wa-

tershed, Paxton Creek Watershed, Sawmill Run, and
Southampton Creek (June 30, 2008) available at http://
www.epa.gov/reg3wapd/tmdl/.

25 Memorandum from William Swietlik, Chief, Ecological
and Health Processes Branch, EPA Office of Water to Robert
Koroncai, Associate Director, Water Protection Agency, EPA
Region III, Development of Nutrient Endpoints for TMDLs in
Pennsylvania (June 11, 2008).

26 Tetra Tech Inc., Data Analysis Report for Analysis of Illi-
nois Stream and River Nutrient and Biological Data for the
Nutrient Scientific Technical Exchange Partnership Support
(N-STEPS) (Oct. 2, 2008).

27 Letter from John Hall to Stephen Johnson, USEPA Ad-
ministrator, Request for Peer Review of New EPA Region III
Approach to Developing Instream Standards for Nutrients
(Aug. 21, 2008).
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new nutrient criteria derivation methodology nation-
wide.

The cost and environmental implications of the new
methodology are staggering. Several hundred billion
dollars in nutrient controls will be dictated by such
analyses. Stormwater limits will be unattainable and
therefore may require that no growth be allowed in
many watersheds. Costs notwithstanding, because the
new approach does not require a direct connection to
environmental need or a showing that environmental
protection results from the method, such resource ex-
penditures may not produce discernable environmental
benefits. Consequently, decades may pass before the
necessary environmental improvements are initiated.
To understand why the peer review request was filed,
the reasons behind EPA’s development of this method-
ology must be reviewed. The development of the
weight-of-evidence approach followed several failed al-
ternative approaches to nutrient standard development.
These approaches, and the problems encountered in
their application, are discussed below.

Nutrient TMDL Evolution: Problems, Failures
It is fairly well understood that nutrients, combined

with a multitude of other factors, may stimulate exces-
sive plant growth. As the plant biomass increases, it re-
sults in pronounced diurnal variation in dissolved oxy-
gen levels in response to the photosynthesis – respira-
tion cycle, with the primary concern being DO
depletion prior to dawn, when the effects of plant respi-
ration reach a peak. Low DO levels may significantly
impair a host of sensitive vertebrate and invertebrate
species. In medium to small streams, these variations
are caused by attached plant growth (periphyton and
macrophytes), not floating algae (phytoplankton). Al-
though the underlying science is understood, imple-
mentation of effective nutrient TMDLs in river and
stream systems was still uncertain because the dynam-
ics of periphyton and macrophyte growth are very com-
plicated and good predictive models are not available,
as acknowledged in EPA’s guidance documents:

[D]eveloping predictive relationships between nutri-
ent load and periphyton biomass can present consid-
erable challenges because well-known and validated
water quality models are not available.28

Macrophytes depend primarily on sediments for nu-
trient uptake, and are relatively unaffected by nutri-
ent water column concentrations. However, attempts
to relate macrophyte growth or biomass with sedi-
ment nutrient content have been largely unsuccess-
ful.29

Nonetheless, EPA’s published guidance, citing publi-
cations from Dodds and Welsh, assumed periphyton
levels would be affected directly by reducing nitrogen
and phosphorus levels. Apparently, EPA presumed per-
iphyton respond like phytoplankton to nutrient con-
trols. Based on this assumption, EPA began preparing
TMDLs in 2005 that regulated phosphorus in an effort
to control ‘‘nuisance’’ periphyton growth in several
Pennsylvania streams. The approach used in these
TMDL efforts was eventually shown to be misplaced

and all of these TMDLs were either withdrawn or not fi-
nalized.30 Eventually, it came to be understood that pe-
riphyton do not respond like phytoplankton. The
stream data confirmed high periphyton growth even at
very low nutrient levels if other environmental factors
were favorable for plant growth (e.g., light, substrate).
While this was happening in Pennsylvania, other states
attempted similar approaches or pushed ahead with
EPA’s distribution/regression-based approach (e.g.,
Montana). EPA began receiving numerous complaints
that the methods recommended in the published crite-
ria development documents just did not work. Conse-
quently, in 2008, EPA unveiled a radically new ap-
proach that divorced nutrient water quality standards
from plant growth. This approach apparently was de-
veloped to jump over the difficulty states were encoun-
tering in attempting to derive plant growth-nutrient re-
lationships. This weight of evidence approach currently
is being promoted as the ‘‘state of the art’’ approach to
nutrient criteria development.31 The evolution of these
approaches and the context in which they were applied
is detailed below.

Nuisance Algal Growth

s Pennsylvania Experience (Generic Regressions
Don’t Work)

From 2005-2008, EPA Region III and the Pennsylva-
nia DEP began development of several nutrient TMDLs,
targeting ‘‘nuisance algae’’ on effluent-dominated
streams in southeastern Pennsylvania in 2005 to control
periphyton growth and Cladophora (a filamentous
green algae).32 Initially, these TMDLs used an interpre-
tation of the state’s narrative standard to set a thresh-
old of 100 mg Chl-a/m2 (growing season average) as the
‘‘nuisance algae’’ threshold, above which uses were im-
paired.33 Literature data from a ‘‘world database’’ was
used in a regression analysis34 to equate the ‘‘nuisance
algae’’ level with a maximum instream phosphorus con-
centration. This resulted in an endpoint estimate of
~0.20 mg/L for total phosphorus, although the regres-
sion factor indicated that over 80 percent of the variabil-
ity in periphyton biomass was attributed to factors un-

28 Nutrient TMDL Protocol at 4-6.
29 Rivers and Steams Document at 73.

30 The Skippack Creek TMDL was prepared by EPA and fi-
nalized in 2005 and withdrawn in 2008. The Pennsylvania De-
partment of Environmental Protection prepared a similar draft
TMDL for the Neshaminy Creek in 2006 which was never fi-
nalized. EPA also prepared a draft TMDL for Wissahickon
Creek in 2006 that was withdrawn.

31 The more accurate description is that this is a step back-
wards to the Dark Ages, prior to the time when empirical evi-
dence was needed to confirm scientific conclusions.

32 A 1997 EPA analysis of the Clark Fork River in Montana
determined that Cladophora could not be controlled. Appar-
ently, Cladophora were found abundant in nutrient poor wa-
ters but largely absent in nutrient rich waters. Dodds, W.K.,
V.H. Smith, and B. Zander, Developing Nutrient Targets to
Control Benthic Chlorophyll Levels in Streams: A Case Study
of the Clark Fork River. Water Research 31(7):1738 – 1750
(1997).

33 Carrick, H.J. and C.M. Godwin, TMDL Endpoint Esti-
mates for an Urban-Suburban Stream Based Upon In-stream
Periphyton Assemblages (Neshaminy Creek, Pennsylvania):
Final Report (Submitted to the Pennsylvania Department of
Environmental Protection, Dec. 15, 2005).

34 Dodds, W.K., V.H. Smith, and K. Lohman, Nitrogen and
Phosphorus Relationships to Benthic Algal Biomass in Tem-
perate Streams, Can. J. Fish. Aquat. Sci. 59:865-874 (2002).
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related to nutrient concentration (i.e., in all likelihood,
this approach would not reduce plant growth or restore
uses). Using this approach, EPA established a TMDL
for the Skippack Creek (2005). The same approach was
used to develop draft TMDLs for Neshaminy Creek
(DEP, 2006) and Wissahickon Creek (EPA, 2006). The
approach was premised on the assumption that
Cladophora growth would be limited under these con-
ditions although none of the projections for reduced
plant growth were based on site-specific information.35

The primary problem with this approach was that (1)
‘‘nuisance’’ periphyton thresholds for use impairment
have never been defined in Pennsylvania’s water qual-
ity standards and (2) the predicted benefits of nutrient
control were at odds with the available site-specific
data. Although the Pennsylvania DEP claimed that the
watersheds were impaired by nutrients for aquatic life,
the algal threshold (100 mg Chl-a/m2) was traced in the
literature as an aesthetics issue (an impediment to fish-
erman foot traffic if the algae exceeded 150 mg Chl-
a/m2 and exceeded 20 percent filamentous forms).
Thus, the nuisance algal threshold was not related to
aquatic life impairment nor was it apparent how this
level of plant growth compared with natural conditions

35 TMDL rules require the TMDL to be based on site-
specific data. 40 CFR 130.7 (c) (1).

Figure 1

Neshaminy Creek Periphyton Data
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Jackson River, VA - Periphyton Data for 2001 Growing Season
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in Pennsylvania that exceed these levels. Data on
Cladophora showed that even in the cleanest of waters
(10 – 20 µg TP/L) this plant could thrive if other condi-
tions were favorable. Moreover, the ‘‘world database’’
regression relationship used to establish the TP end-
point did not match the site-specific data for any of the
watersheds, as illustrated in Figure 1. Consequently,
the endpoint level selected (0.2 mg TP/L) could not pos-
sibly limit plant growth to targeted levels. Some of the
highest periphyton biomass levels were observed in
conjunction with much lower TP concentrations occur-
ring above all wastewater inputs. For unexplained rea-
sons, although EPA/DEP had embarked on an extensive
site-specific data collection campaign, the regulatory
agencies chose to ignore that information in relying on
the ‘‘Dodds Regression.’’

These various TMDLs were eventually withdrawn,
not because the model obviously did not fit the site spe-
cific data, but because the author of the original regres-
sion equation (Dodds et al., 2002) subsequently pub-
lished an addendum (Dodds, 2006), citing errors in the
original data base and revising the regression.

s Jackson River, Virginia (Site-Specific Regressions
Also Don’t Work)

In a similar effort, also using EPA’s recommended re-
gression approach, the Virginia DEQ developed a 2006
nutrient control strategy for the Jackson River. The goal
was to reduce periphyton growth to address dissolved
oxygen and biotic index impairments. First, a literature
survey was completed, indicating a periphyton—TP re-
lationship could be developed. In this case, unlike the
Pennsylvania TMDLs, a site-specific regression equa-
tion was developed based on detailed sampling to quan-
tify periphyton growth in relation to TP exposure in the
Jackson River. The regression was developed from an
extensive database, collected by VDEQ in 2001, which
indicated a high correlation between total dissolved
phosphorus and periphyton biomass (R2 = 0.6). In this
respect, the analysis represented a significant improve-
ment over the earlier ‘‘world database’’ regression
analysis and suggested that site-specific data were nec-

essary to develop useful relationships (Figure 2). The
data analysis indicated that controlling TP would cause
significant reductions in periphyton growth. The sur-
prising aspect of this analysis was the very high corre-
lation coefficient, which indicated a much greater per-
iphyton growth dependency on TP levels than prior
published values. If accurate, this would have been a
reasonable basis for TP reduction in these waters.

The state’s narrative water quality standard was in-
terpreted to set a periphyton biomass target of 80 mg
Chl-a/m2 to ensure meeting the growing season average
100 mg Chl-a/m2 impairment threshold. The regression
yielded a growing season total dissolved phosphorus
(TDP) endpoint of 0.047 mg/L (equivalent to 0.063 mg
TP/L). The TMDL was implemented and periphyton
growth was subsequently evaluated in 2006. The site-
specific data for 2006 demonstrated that, although in-
stream TP now averaged about 0.02 mg/L, well below
the regression-based TP target, there was no material
change in the periphyton biomass between 2001 and
2006. A subsequent review of the original regression in-
dicated that certain data, available in 2001, were over-
looked36 and that the manner in which the data were
evaluated created an impression of greater certainty
than actually existed. A closer review of the data indi-
cated that the range of periphyton growth, in response
to TP concentrations greater than 20 µg/L, is not mean-
ingfully different, regardless of TP concentration.
Moreover, most researchers evaluate periphyton bio-
mass and nutrient levels on a growing season average
basis, as opposed to the individual observations pre-
sented in Figure 2. This helps to dampen out data scat-
ter which is not related to changing nutrient levels. The
growing season averages for the 2001 and 2006 data are
presented in Figure 3 to illustrate that the TP reduction
did not have any effect on periphyton growth.

36 Data left out of the original regression analysis showed
chlorophyll-a levels well above 200 mg/m2 in associated with
TDP levels below 0.01 mg/L.

Figure 3
Jackson River, VA - 2001, 2006 Growing Season Average Periphyton Data
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Figure 3 shows that the significant reductions in
TDP, over an order of magnitude and well below the
regression-based endpoint estimate of 0.047 mg TDP/L,
did not result in any significant change in periphyton
biomass. Although the regression model predicted a pe-
riphyton chlorophyll-a concentration of 80 mg/m2 at
0.047 mg TPD/L, the results indicate that periphyton
levels exceeded 200 mg Chl-a/m2 with TDP levels less
than 0.020 mg/L (growing season average). Clearly, pe-
riphyton were not responding to nutrient reduction as
anticipated and the intended benefits of nutrient regu-
lation – increased minimum DO, biotic index improve-
ment – did not occur.

s East Canyon Creek, Utah
Another nutrient TMDL, originally prepared by an

EPA Contractor in 2000 for East Canyon Creek in Utah,
was developed to address dissolved oxygen impair-
ments attributed to macrophyte (e.g., rooted, vascular
plants) growth in the stream.37 The Utah DEQ did not
have stream nutrient standards to apply in the TMDL
and elected to use an interim TP concentration of 0.05
mg/L until the assimilative capacity of the creek was
better understood. To comply with the limits specified
in the TMDL, Park City (the only point source on the
stream) implemented a $12 million upgrade to provide
biological and chemical nutrient removal for the waste-
water treatment facility. After these upgrades, the facil-
ity effluent averaged 0.04 mg/L TP in 2004/2005 and ef-
fluent quality was generally equal to or better than the
ambient stream water quality. In spite of these improve-
ments, the stream still experienced dissolved oxygen
impairments and extensive macrophyte growth. Subse-
quent research, completed by the University of Utah,
confirmed that macrophytes rely primarily on the sedi-
ment for nutrients. Thus, changes in overlying water
column levels of phosphorus are largely irrelevant.

This result should have been expected given that the
dissolved oxygen impairment was attributed to macro-
phytes. As noted previously, macrophytes are able to
obtain nutrients from the sediment38 and water column
nutrient concentration is unlikely to affect their growth.
The dominance of macrophytes in this system can be at-
tributed to sedimentation that has created a favorable
habitat for these plants. Without this habitat, the stream
would likely support robust periphyton growth similar
to that seen in the Jackson River. Finally, like the per-
iphyton situation in Pennsylvania, macrophyte growth
above the Park City facility was often as robust as that
occurring below the facility. This should have alerted
the consultant preparing the TMDL that regulating the
point source would likely produce no discernible ben-
efit. However, EPA’s single-minded focus on nutrient
reduction as the solution to all plant growth problems
seems to blind Agency consultants to otherwise contra-
dictory information.

s Wenatchee River, Washington
In 2008, the Washington Department of Ecology re-

leased a draft nutrient TMDL for the Wenatchee River
to address dissolved oxygen and pH variations associ-

ated with periphyton growth. The Wenatchee is a fairly
large river with a typical summer average flow greater
than 1,000 cubic feet per second (cfs), and a late grow-
ing season (July—October) 7Q10 flow of 344 cfs. Three
relatively small wastewater facilities discharge in the
basin, with design flows ranging from 0.1 – 1.9 million
gallons per day (MGD). A review of the data used to
support the TMDL findings indicates that impressive
amounts of periphyton biomass develop under exceed-
ing low levels of nutrients. The Washington Department
of Ecology provided information indicating that up-
wards of 35 g AFDM/m2 (ash-free dry mass; equivalent
to about 150 – 300 mg Chl-a/m2) periphyton biomass de-
veloped in response to ortho-phosphorus concentra-
tions averaging about 0.004 mg/L.39 Moreover, periphy-
ton growth did not appear to respond to increases in in-
stream ortho-phosphorus concentration beyond that
observed due to natural background conditions. These
observations further support the conclusion that per-
iphyton growth reaches high levels in response to ex-
tremely low levels of phosphorus, and point source con-
trol may not be effective in reducing periphyton growth
below the outfalls.

This is not unexpected since periphyton consist of a
community of aquatic plants that compete for resources
and adapt to changing environmental circumstances.
Several years after publishing his world data base re-
gression, Dodds40 noted ‘‘attached algae might be able
to attain impressive biomass in nutrient poor water be-
cause periphyton can use the small amounts of nutri-
ents that continuously flow by.’’ This ability is quite ob-
vious in the Wenatchee River. Thus, it is apparent that
regulatory agency attempts to restrict periphyton
growth have misunderstood how these organisms re-
spond to nutrient levels and what factors control their
growth. Nonetheless, DOE proposed TP reductions of
99 percent from the point sources.

s Summary on Nuisance Algal Growth Approaches
As discussed above, regression analyses to related

periphyton growth (as Chlorophyll-a) to TP have not
been successful in their ability to predict how to regu-
late such growth. If excessive plant growth is not re-
duced, the secondary impacts of such growth – low
minimum DO, altered invertebrate populations – will
not be improved. The available data suggest that per-
iphyton can achieve high densities in response to ex-
tremely low TP concentrations, as illustrated in the Ne-
shaminy Creek, the Jackson River, and the Wenatchee
River. Based on these results, TP levels would need to
be well below 10 µg/L to limit such growth if growing
conditions are favorable. Alternatively, the data also in-
dicate that other conditions, unrelated to nutrients, may
be far more effective in limiting periphyton growth,
even when TP concentrations are well above 100 µg/L.
(See Figures 4 and 5)

Measurements made by the Pennsylvania DEP on
Wissahickon Creek illustrate the overriding influence of
sunlight on periphyton growth (Figure 4). When the
tree canopy along the stream bank is intact, with

37 Utah Department of Environmental Quality, Division of
Water Quality, Total Maximum Daily Load for East Canyon
Creek, (April 1, 2000), available at http://
www.waterquality.utah.gov/TMDL/East_Canyon_Creek_
TMDL.pdf.

38 Rivers and Streams Document at 73.

39 See, http://www.ecy.wa.gov/programs/wq/tmdl/
WenatcheeMulti/DOpH.html.

40 Walter K. Dodds, Eutrophication and Trophic State in
Rivers and Streams, Limnol. Oceanogr. 51(1, part 2) p. 671-680
(2006), available at .http://www.aslo.org/lo/toc/vol_51/issue_1_
part_2/0671.pdf.
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canopy coverage greater than 39 percent, periphyton
growth is not excessive, even when phosphorus concen-
trations exceed 1,000 µg/L. However, when the canopy
cover is 32 percent or less, periphyton growth generally
exceeds 200 mg Chl-a/m2. The same data, when plotted
as a function of canopy cover, show a strong relation-
ship between the amount of canopy cover and periphy-
ton growth (Figure 5). This relationship is much stron-
ger than any presented for TP, suggesting that canopy
restoration would be much more effective as a mitiga-
tion approach to reduce plant growth in streams.

Distribution-based Endpoint (Assumed
Impairment Approach)

Following one of EPA’s recommended approaches,
the Montana Department of Environmental Quality
(DEQ) recently prepared a document outlining the De-
partment’s approach to developing statewide nutrient

Figure 4
Periphyton Chlorophyll-a versus Total Reactive Phosphorus

Wissahickon Creek Watershed, Pennsylvania
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Periphyton Chlorophyll-a versus Canopy Cover
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criteria.41 This document presents a detailed evaluation
of ecoregions within the State, identifies reference
streams within those ecoregions, and presents statisti-
cal distributions for the data similar to the distribution-
based approach presented by EPA in the 2001 Rivers
and Streams Document. DEQ then considered stressor-
response study data to determine a target criterion and
associated that target with its corresponding percentile
from the distribution data. In the case of the mountain-
ous ecoregions, DEQ set a daily maximum instream
benthic algae (periphyton) concentration of 150 mg
Chl-a/m2 and 36 g AFDM/m2 as a use impairment
threshold, based on a public perception survey on rec-
reational aesthetics. DEQ then derived an instream
phosphorus concentration associated with the public
perception impairment threshold from literature studies
(0.010 mg soluble reactive phosphorus (SRP)/L). These
literature studies used regression-type analyses to asso-
ciate phosphorus concentrations with the target per-
iphyton concentrations. The regression-based phospho-
rus concentration was equivalent to the 90th percentile
TP concentration for reference streams. Consequently,
DEQ recommended TP, TN, and nitrate-nitrogen crite-
ria equal to the 90th percentile of the reference stream
distributions (Table 1).

Table 1
Nuisance Algae-based Numeric Nutrient Criteria (mg/L)

Level III Ecoregion TP TN NO3

Northern Rockies 0.012 0.233 0.081
Canadian Rockies 0.006 0.209 0.020
Middle Rockies 0.048 0.320 0.100
Idaho Batholith 0.011 0.130 0.049

In the case of the eastern Montana prairie streams,
the department attempted to generally relate compli-
ance with existing water quality criteria (dissolved oxy-
gen) to nutrient level as the basis for its ‘‘stressor-
response’’ evaluation. The analysis, however, did not
look at dissolved oxygen. Rather, it looked at diatom
communities and inferred compliance with the DO
standards based on a diatom oxygen tolerance index
(OTI). Finally, DEQ also evaluated diatom OTI versus
TN concentration to define the threshold TN level,
above which, DO impairments might be inferred to ex-
ist. This regression-based TN threshold was near the
75th percentile of the reference stream distribution.
Consequently, DEQ recommended nutrient criteria
based on the 75th percentile concentrations (Table 2).

Table 2
DO-inferred Numeric Nutrient Criteria (mg/L)

Level III Ecoregion TP TN NO3

Northwestern Glaciated Plains 0.123 1.311 0.020
Northwestern Great Plains 0.124 1.358 0.076

Notwithstanding the arbitrary assumption that, once
a reference stream percentile is established for one pa-
rameter, it can be applied to all other nutrient param-

eters of concern as necessary to ensure use protection,
this approach is only reasonable if the linkage between
use impairment and nutrient level is clearly established.
However, DEQ’s approach depends entirely on the
stressor-response relationships and assumes various
impairment relationships. Presume, for example, that
the public perception periphyton concentration (150 mg
Chl-a/m2) is an appropriate use impairment threshold.
The literature relationships cited as the basis for defin-
ing phosphorus level, above which the periphyton
threshold is exceeded, is based on a regression. These
regressions have a high degree of error associated with
them and have been shown in other situations to be use-
less for deriving TMDL endpoints42 The diatom in-
ferred oxygen concentration is even more esoteric and
prone to error. Moreover, regulating one nutrient (e.g.,
TN, nitrate) because TP requires control is not a ratio-
nal scientific approach and greatly increases the cost
and energy usage for regulation plant growth.

The Montana approach shows that the consequence
of setting water quality standards based on a series of
tenuous assumptions (i.e., setting a TN standard based
on the TP percentile) can be enormous, particularly for
smaller communities. For example, Philipsburg, Mont.
is located in the Middle Rockies Level III Ecoregion, has
a population of 930 residents (about 450 households),
and wastewater from the town’s lagoon system dis-
charges to a small stream, Flint Creek. DEQ has esti-
mated that, to comply with the nutrient standards, Phil-
ipsburg will need to replace the simple-to-operate la-
goon system with a new, mechanical BNR facility. The
cost of this replacement is estimated at $6.1 million and
per household sewer rates will rise from approximately
$15 per month to more than $70 per month, nearly a
400 percent increase. This increase represents more
than 2 percent of the median household income in Phil-
ipsburg. Consequently, it is likely to result in economic
distress for the town residents. Moreover, the new treat-
ment facility will still not be able to achieve the TN and
nitrate-nitrite limits that will result from imposing wa-
ter quality standards of 0.32 mg/L and 0.10 mg/L, re-
spectively. Only zero discharge facilities could be ex-
pected to comply with such effluent quality require-
ments.

Perhaps more disturbing is the likelihood that the
designated use impairment will not be corrected by
these exorbitantly expensive measures. The ‘‘Ecore-
gion’’ TP criterion for the Middle Rockies ecoregion is
0.048 mg TP/L. The stressor-response evaluation used
to relate periphyton chlorophyll-a to phosphorus con-
centration was attributed to several authors, including
Welch et al.43 Welch reported ‘‘there is little hope that
biomass at any stream point could be controlled by con-
trolling ambient SRP’’ for his study of the Spokane
River. This study reported that ‘‘nuisance’’ biomass lev-
els of 150 mg Chl-a/m2 would be exceeded in the Spo-
kane River over distance of 13 – 20 kilometers at an
SRP of 0.010 mg/L. But, the proposed criterion is poten-
tially five times higher (0.048 mg TP/L) and DEQ in-
tends to apply the 150 mg Chl-a/m2 threshold as a daily
maximum value. Based on the more current work of
Dodds and Welsh, there is little likelihood that periphy-

41 Suplee, M, V. Watson, A. Varghese, and J. Cleland, Sci-
entific and Technical Basis of the Numeric Nutrient Criteria
for Montana’s Wadeable Streams and Rivers (November
2008), available at http://www.deq.state.mt.us/wqinfo/
Standards/WhitePaper_FNL3_Nov12-08.pdf.

42 See, supra discussions regarding Nuisance Algal Growth.
43 Welch, E.B., Horner. R.R., and Patmont. C.R., Prediction

of Nuisance Periphytic Biomass: A Management Approach,
Water Research 23, 401-405 (1989).

10

7-3-09 COPYRIGHT � 2009 BY THE BUREAU OF NATIONAL AFFAIRS, INC. ER ISSN 0013-9211

http://www.deq.state.mt.us/wqinfo/Standards/WhitePaper_FNL3_Nov12-08.pdf
http://www.deq.state.mt.us/wqinfo/Standards/WhitePaper_FNL3_Nov12-08.pdf


ton levels in Flint Creek could be controlled, assuming
they are excessive at this time. Nonetheless, the local
community will be forced into major resource expendi-
tures.

Weight of Evidence/Conditional Probability
Approach

In response to extensive criticism and concern raised
over the scientific basis for selecting nutrient endpoints
to control nuisance algae in TMDLs, EPA developed a
new approach to nutrient criteria development in 2007.
This new approach can best be characterized as claim-
ing, without specific proof, that various unrelated infor-
mation supports the need for a specific nutrient end-
point while ignoring site-specific data that contradicts
that claim. EPA Region III applied this new approach
when it released nutrient TMDLs for five Pennsylvania
watersheds in 2008. These TMDLs established phos-
phorus endpoints (e.g., instream nutrient criteria) using
a weight-of-evidence approach that resulted in end-
points for TP ranging from 0.040 – 0.025 mg/L. These
values were applied even in watersheds never listed as
nutrient impaired and where site-specific data demon-
strated that plant growth was not excessive. The
weight-of-evidence cited by EPA in these TMDLs in-
cluded distribution-based evaluations of instream nutri-
ent concentrations, decisions of nearby states, literature
review, and stressor-response analyses. Data that pre-
sented contrary conclusions were removed from the
weight of evidence evaluation, such that all information
presented supported the need for nutrient reduction.

Individual weight-of-evidence evaluations were pre-
pared for three Pennsylvania ecoregions: the Allegheny
Plateau Ecoregion (Sawmill Creek TMDL), the Ridge
and Valley Ecoregion (Paxton Creek TMDL), and the
Northern Piedmont Ecoregion (TMDLs for Goose
Creek, Indian Creek, and Southampton Creek). The dis-
cussion below addresses the Northern Piedmont Ecore-
gion evaluation (hereafter, the Endpoint Report).44 This
was the first report prepared by EPA’s contractor, Tetra
Tech. This weight-of-evidence evaluation cited 17 lines
of evidence among the three groups: distribution-based
evaluations (3), stressor-response evaluations (4), and
literature surveys (10) (Table 3). These comments are
generally applicable to the other weight-of-evidence
evaluations since all three were prepared by the same
authors and relied on similar approaches.

One might think that a final TP endpoint, based on 17
different lines of evidence should have a reasonable
amount of scientific validity and confidence it is (1) nec-
essary to protect the environment and (2) will result in
use restoration. However, a review of the various lines
of evidence demonstrates this is not the case because
none of the lines of evidence are based on a scientific
demonstration of cause and effect. Merely tabulating a
group of studies does not demonstrate that those stud-
ies are relevant and sufficient to establish a water qual-
ity criterion or to specify an endpoint in a TMDL that is
necessary and sufficient to restore designated uses. As

discussed below, most of these lines of evidence do not
present cause-and-effect type relationships that link a
potential endpoint with a use restoration. More impor-
tantly, the analysis acknowledges that the selected TP
endpoints, ranging from 25 – 40 µg/L, will not limit plant
growth. Consequently, the primary EPA objective for
nutrient criteria cannot be achieved by the selected end-
points. One of the most troubling aspects of this new
approach is that it purposefully ignores the available
site-specific data from the various watersheds, even
where such data confirm that on implementation, the
TMDLs will not achieve their objectives.

Table 3
Summary of Candidate TP Endpoints

(from Endpoint Report Table 7)

Line Approach – Description Endpoint
(µg/L)

Reference 2 – 37
1 Reference Site 75th Percentile 16 – 17
2 All Sites 25th Percentile 17
3 Modeled Reference Expectation 2 – 37

Stressor-Response 36 – 64
4 Conditional Probability – EPT taxa 38
5 Conditional Probability - % Clingers 39
6 Conditional Probability - % Urban Intolerant 64
7 Conditional Probability – Diatom TSI 36

Other Literature 13 – 100
8 USEPA Recommended Regional Criteria 37
9 USEPA Regional Criteria – local data 40 – 51
10 Algal Growth Saturation 25 – 50
11 Nationwide Meta-Study TP – Chlorophyll 21 – 60
12 USGS Regional Reference Study 20
13 USGS National Nutrient Criteria Study 13 – 20
14 New England Nutrient Criteria Study 40
15 Virginia Nutrient Criteria Study 50
16 New Jersey TDI 25 – 50
17 Delaware Criteria 50 - 100

s Detailed Evaluation of New Criteria Development
Approach

The Endpoint Report divided the lines of evidence
into three categories: reference approach, stressor-
response, and literature. The ‘‘Reference Approach’’
consists of three different evaluations of regionally-
specific data. The Reference Approach yields endpoints
that attempt to reflect ‘‘natural’’ conditions, without
demonstrating that ‘‘natural’’ conditions are required to
restore designated uses. The Endpoint Report indicated
that this line of evidence was given less weight because
the distribution-based approach is less easy to link di-
rectly to use protection, given that it is based on percen-
tiles of a frequency distribution.45 In fact, the Endpoint
Report made no attempt to relate these reference ap-
proaches to use impairment. While the Endpoint Report
characterized these methods of evaluation as different
lines of evidence, it would be more appropriate to state
that the regional data set was evaluated three different
ways to yield similar results. At most, this represents a
single line of evidence that is unrelated to use impair-

44 Paul, Michael J. and Lei Zheng, Development of Nutrient
Endpoints for the Northern Piedmont Ecoregion of Pennsylva-
nia: TMDL Application (Nov. 20, 2007), available at http://
www.epa.gov/reg3wapd/tmdl/pa_tmdl/NutrientEndPoint/
Nutrient_End_Point_Study_for_Pittsburgh_and_
Harrisburg.pdf. 45 Endpoint Report at 26.
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ment or protection and provides no objective basis to
conclude that achieving this nutrient level will protect
stream uses.

The literature-based approach consisted of 10 differ-
ent lines of evidence (See Table 3, lines 8 – 17). These
lines of evidence include reference-based evaluations as
well as miscellaneous reports that are unrelated to use
impairments. Five lines of evidence (See Table 3, Line
number 8, 9, 12, 13, and 14) apply the reference-based
approach discussed above. Again, no cause and effect
analysis is attempted. Algal growth saturation is ac-
knowledged to occur when TP reaches 25 – 50 µg/L (See
Table 3, line 10), the level at which the nutrient end-
points are set. Obviously, plant growth will not be lim-
ited by TP at these endpoint levels.

The last three of these reference-based approaches
(Lines 12 - 14) presented an evaluation of TP data for a
broad area of the United States. These three lines of evi-
dence are based on distribution data from areas outside
of the area of concern. These additional data are best
described as a ‘‘polling’’ of adjacent states regarding
their reference stream phosphorus concentrations.
Such a survey is not a substitute for a clear scientific
demonstration of cause and effect that must underlie all
criteria development.

s Stressor-Response Evaluations Flawed
The Stressor-Response approach was intended to

demonstrate a cause-and-effect relationship between
nutrient concentration and impairment threshold, using
conditional probability analysis and change-point
analysis to derive TP endpoints for three macroinverte-
brate metrics and one algal metric. These metrics and
the conditional probability basis for the analysis are
summarized in Table 4.

Table 4
Stressor-Response Impairment Thresholds

Line Metric Impairment
Threshold

4 Number of EPT Macroinvertebrates Taxa present <8

5 Percent of Clinger Macroinvertebrates present <52.5%

6 Percent of Urban Intolerant Macroinvertebrates <31.5%

7 Diatom Trophic State Index >4.5

EPT – Ephemeroptera, Plecoptera, and Trichoptera (mayflies, stoneflies,
and caddisflies).

Clinger and Scrapper designations refer to behavioral and feeding charac-
teristics.

The Endpoint Report indicated that these analyses
were given more weight because nutrient concentra-
tions were ‘‘linked to specific aquatic life endpoints’’.46

This statement suggests that uses are impaired when
the various metrics are not achieved. However, no
evaluation was provided to demonstrate that designated
uses are impaired if the macroinvertebrate or diatom
metrics are not achieved. In fact, the thresholds levels
identified above are not recognized by the Pa DEP as
impairment levels. These values are merely the mid-
points of metric scales used by the State of Maryland to
characterize biological data. To our knowledge, Mary-
land does not use these metrics as impairment thresh-
olds either. Merely selecting the midpoint of a data dis-
tribution provides no scientific basis to demonstrate
need or reasonableness. As recently confirmed by
EPA’s then-existing TMDL coordinator, these nutrient
endpoints might be too stringent or not stringent
enough – one doesn’t know.

Moreover, the report authors acknowledged that they
did not determine whether TP actually was the cause of
any macroinvertebrate or diatom responses being
evaluated (a prerequisite for applying the conditional
probability analysis) and they acknowledged that at-
taining the numeric instream nutrient criteria did not

46 Id. at 27.

Figure 6
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assure that the target metrics would be achieved (a
TMDL requirement). Such a conclusion is obvious from
a cursory examination of the data used to develop the
endpoint. The data for EPT Taxa from the Endpoint Re-
port, presented in Figure 6, illustrate this point.

Figure 6 shows that, even at the lowest levels of TP,
the number of EPT taxa can range down to zero. At the
selected ‘‘water quality criteria,’’ 0.040 mg/L, the data
scatter confirms that there is no assurance that any par-
ticular EPT taxa level will be assured. This observation
strongly indicates that TP is not responsible for the
number of EPT taxa present. Moreover, if a stream is
considered impaired if the number of EPT taxa is less
than 8, it is apparent that regulating TP cannot ensure
that designated uses will be restored regardless of the
TP level chosen. The other lines of evidence in this
group suffer similar deficiencies.

The Endpoint Report cited these stressor-response
evaluations as the only evaluations relating nutrient
concentration to environmental effect. Therefore, these
evaluations should be most relevant for establishing nu-
trient water quality standards in accordance with the
Guidelines. To the naked eye, the conclusions reached
in the Endpoint Report as illustrated in Figure 6 seem
unbelievable.47 However, the analysis presented to as-
sess the stressor-response uses complex statistics to
bolster the scientific validity of the proposed nutrient
endpoints. Consequently, two nationally recognized ex-
perts, Dr. Domenic Di Toro48 and Dr. Stephen Cha-
pra49, were asked their opinion of the new EPA analy-
sis procedure. Excerpts of these opinions are presented
below.

Dr. Dominic Di Toro (University of Delaware):

It is not appropriate to directly compare nutrient lev-
els in general and TP in particular to invertebrate re-
sponses. A scientifically defensible analysis must
show how nutrients are affecting plant growth and
then, how such plant growth is adversely impacting
the ecology.

***

The conditional probability approach suggested for
use in Pennsylvania has, to my knowledge, never
been used to derive a federal numeric water quality
objective. The problem is whether the variable in
question, total phosphorus concentration, is directly
related to the effect that is being evaluated. Or to put
it another way, is it clear that reducing the total
phosphorus concentration would reduce the adverse
effect, i.e., loss of benthic biota. This issue arose dur-
ing the Science Advisory Board (SAB) review of the
sediment criteria for which I was the Technical direc-
tor on behalf of EPA. We rejected this approach in fa-
vor of a method that directly links cause to effect.

***

The scientific basis for the EPA water quality criteria
is one on the landmark achievements of the agency.
The methodology has been adopted almost univer-
sally. It has been reviewed many times. It is based
squarely on the causal relationships between the
chemical being regulated and the effects being pro-
tected. The proposed nutrient criteria would be a re-
treat from scientifically defensible criteria to simply
an expedient solution for which little or no support
exists.

Dr. Steven Chapra (Tufts University):

I have carefully read Prof. Di Toro’s critique and
wholeheartedly concur with all his conclusions. In
particular, I strongly support his observations re-
garding the complexity of linking total P and inverte-
brate levels in streams.

***

As I understand it, the proposed approach seeks to
directly correlate total phosphorus (TP) concentra-
tions with the health of invertebrate populations.
Thus, phosphorus is treated as if it were a toxic sub-
stance that directly interferes with the viability and
functioning of the biota. This is such a scientifically
indefensible representation of the connection be-
tween nutrients and ecosystem health that I believe
this its adoption would represent a grave mistake.
Beyond being vulnerable to legal challenge, I am
much more concerned that its adoption would ulti-
mately be ineffective. That is, it could lead to costly
controls that would not protect our precious stream
ecosystems.

In response to these criticisms, EPA asked its con-
tractor to re-evaluate the TP endpoint by assuming that
the stressor-response category would not withstand
scrutiny. The subsequent analysis50 concluded that,
even without the stressor-response lines of evidence,
the remaining 13 lines of evidence would still support
the original TP endpoint of 40 µg/L. Based on this re-
view, EPA concluded that the criticism of the proce-
dures is unfounded and imposing stringent TP limita-
tions is scientifically defensible. In making this determi-
nation, EPA appears to be abandoning any need for
causal relationships to set water quality standards for
nutrients. Such an approach is contrary to all of the
agency’s prior nutrient criteria development guidance
and undermines the basic purpose of the TMDL pro-
cess.

Critical Evaluation of New EPA Method

s Endpoint Derivation Flawed and Misleading
The Guidelines is quite clear that a simple weight-of-

evidence approach is not a sufficient basis for setting a
water quality criterion. Furthermore, the Guidelines
provide that a simple regression approach between two
variables (one a field response) would not suffice as a
demonstration that the input variable caused the effect
measured in the field. The rational behind this position
is the commonly referenced scientific axiom—
‘‘correlation does not demonstrate causation.’’ A re-

47 It also is apparent that a few data point above 0.15 mg/L
TP control and skew the regression line. Evaluation of the data
below 0.1 mg/L shows there is no relationship between EPT
taxa present and TP concentration as one would expect.

48 Letter from Dr. Dominic M. Di Toro, University of Dela-
ware, to John C. Hall, Determining Appropriate Nutrient Re-
duction Requirements for Streams (June 17, 2008).

49 Letter from Dr. Stephen C. Chapra, Tufts University, to
John C. Hall, In Response to Inquiry Regarding the Determi-
nation of Appropriate Nutrient Reduction Requirements for
Streams (July 8, 2008).

50 Memorandum from Michael Paul and Lei Zheng to Tom
Henry, PA TMDL Endpoints (Nov. 10, 2008).
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cently published EPA Office of Research and Develop-
ment (ORD) paper51 explains what is required to de-
velop a scientifically acceptable criterion using a weight
of evidence approach.

Development of numeric WQC is based on 3 basic
assumptions. First, causal relationships exist be-

tween agents and environmental effects. Second,
these causal relationships can be quantitatively mod-
eled. Finally, if exposures to the causal agent remain
within a range predicted by the quantitative model,
unacceptable effects will not occur, and designated
uses will be safeguarded. Therefore, for criteria to be
valid, there must be evidence that the criteria are
based on reasonably consistent and scientifically de-
fensible causal relationships.’’5251 Cormier, S.M., J.F. Paul, R.L. Spehar, P.Shaw-Allen, W.J.

Berry, and G.W. Suter, Using Field Data and Weight of Evi-
dence to Develop Water Quality Criteria. Integrated Environ-
mental Assessment and Management 4(4): 490 – 504 (2008). 52 Id. at 490.

Figure 7
Goose Creek/Chester Creek Periphyton Data versus TP Concentration
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East Branch Chester Creek below Goose Creek
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EPA’s published nutrient criteria development docu-
ment does not indicate that a conditional probability ap-
proach may be used for derivation of a numeric stan-
dard. This is not unexpected since that statistical
method cannot provide a demonstration that regulating
a pollutant at a given level provides assurances that use
protection will or will not be achieved at that pollutant
level. At best the method indicates the likelihood (i.e.,
the probability) of encountering the condition being
evaluated for a given pollutant concentration used in
the regression. Finally, both the Guidelines and the Riv-
ers and Streams Document are replete with statements
underscoring the need to understand the toxicology
(cause and effect) of the substance. To set a numeric
standard, a state must determine that the pollutant of
concern is the direct cause of the adverse effect being
measured. Simple regressions, conditional probability,
and weight-of-evidence analyses provide no such con-
firmation.

Another critical flaw in the weight of evidence ap-
proach is that it fails to consider relevant site-specific
information. The basic purpose of a TMDL action is to
restore a documented use impairment. EPA’s Protocol
for Developing Nutrient TMDLs: First Edition states
that TMDL development is site-specific.53 The selection
of the TMDL indicator (e.g., the parameter indicative of
designated use attainment) is similarly site-specific.
These indicators include ‘‘both causal factor indicators
(primarily, the nutrients that stimulate plant growth)
and biological response indicators (which provide infor-
mation concerning the impacts of nutrients on water
quality). Because of the site-specific nature of TMDLs
and the complexity of watershed processes, no one in-
dicator will satisfactorily meet all of the requirements
above.’’54 The Guidelines, the Rivers and Streams
Document, and TMDL rules are clear that site-specific
information must be considered if it shows that the sug-
gested standard is misplaced. The new EPA approach
expressly ignores such information if it contradicts the
outcome of the analysis. In each case where the new
standards were applied in Pennsylvania, it was ac-
knowledged that habitat degradation (sedimentation/
channelization) was the root cause of any documented
changes in invertebrate populations. Site-specific re-
gressions were provided for each watershed to demon-
strate that, in fact, there was no relationship between
nutrient levels and invertebrate populations in the vari-
ous streams where such data were available. EPA sim-
ply chose to ignore those data and analyses, claiming
the new procedures provided sufficient confirmation
that nutrients were the cause of stream impairments.
Rules aside, this approach is certain to squander local
and state resources on ineffective pollution reduction
measures.

s TMDL Development Requirements
Adverse biological effects are caused by excessive

plant growth which, it turn, is controlled by multiple
physical and biological factors in addition to nutrient
levels. Algal growth should be the controlling consider-
ation with regard to developing appropriate TMDL cor-
rective measures. In many situations, nutrients may not
be the controlling factors regulating plant growth. In
defense of the new approach, Tetra Tech conducted a

literature review of nutrient-algal growth relation-
ships55

‘‘Study results summarized as part of this literature
review support the assertion that while a relationship
may exist between periphyton growth and nutrients,
the dynamics change as a function of multiple fac-
tors. These factors include antecedent conditions,
water temperature, pH, light availability, flow re-
gime, and grazing, among others. Nutrient levels
may be secondary to other determinants of biomass
and growth such as light, disturbance, and graz-
ing.’’56

Given this dependence upon site-specific conditions,
a consideration of site-specific data is mandated, but
neither the weight-of-evidence approach nor the indi-
vidual TMDLs considered such data. If they had, it
would have been obvious that the selected endpoint
would not control the biological responses.

Periphyton data provided by EPA as part of the final
TMDL for Goose Creek confirmed that plant growth
was rather minimal and well below the level EPA
thought could cause adverse impacts (i.e., > 150 mg/m2

as a growing season average) even though nutrient lev-
els were an order of magnitude greater than the weight-
of-evidence endpoint (Figure 7). This result was not
surprising given that the stream tree canopy was intact.
Elsewhere in neighboring watersheds, periphyton
growth achieved levels in excess of 400 mg Chl-a/m2 in
response to TP < 20 µg/L where the tree canopy was
largely absent (See, Figure 1). Yet, the weight of evi-
dence approach would seek to control nutrients levels
where excessive plant growth did not occur and ignore
adverse impacts of excessive plant growth where nutri-
ent levels were low.

Although the stressor-response assessments were
based on invertebrate impairments, EPA ignored site-
specific invertebrate data for the Goose Creek water-
shed, which it had referenced in the TMDL document.
Those data confirmed that phosphorus levels in alleg-
edly impaired segments of the watershed were unre-
lated to invertebrate populations (Figure 8). In fact,
some of the highest phosphorus levels in the ‘‘im-
paired’’ segment were associated with the best inverte-
brate population readings.

Figure 7 confirms that nutrient control is not neces-
sary to limit excessive plant growth in Goose Creek
since plant growth is not causing or contributing to use
impairments as determined by EPA itself.57 Figure 8
convincingly demonstrates that phosphorus is not a sig-
nificant stressor for EPT taxa, as the number of taxa are
shown to significantly increase, apparently in response
to decreases in ammonia concentration, while phospho-
rus concentration remains relatively constant at a level
25 times greater than the conditional probability
change point calculated in the Endpoint Report.

For Paxton Creek, Figure 9, the impaired and unim-
paired segments of the creek had similar TP levels, all
well above the 25 µg/L level EPA’s weight of evidence

53 TMDL Guidance at 2-6.
54 Id. at 4-3.

55 Tetra Tech Inc., Literature Review to Support Selection
of Nutrient TMDL Endpoints for Northern Piedmont Ecoregion
Streams in Southeastern Pennsylvania (January 2008).

56 Tetra Tech at 18.
57 EPA’s TMDL Response to Comments stated that periphy-

ton levels ranging from 200 – 300 mg Chl-a/m2 was considered
acceptable.
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approach claimed was necessary to ensure invertebrate
protection. These data illustrate the conundrum faced
by the weight of evidence method. Stream segments,
evaluated as unimpaired using site-specific measures of
biological metrics as the basis for evaluation, would be
assumed to be impaired for these same metrics based
on exceedance of the weight of evidence endpoint. It
should be obvious that such an approach is misguided.
In actuality, segments exceeding the endpoint concen-
tration were specifically determined to be unimpaired,
demonstrating that the weight of evidence endpoint is
an unreliable indicator of impairment.

SAB Peer Review Requested
The new weight-of-evidence approach to derive nutri-

ent water quality criteria represents a radical departure
from the Agency’s historical guidance on criteria devel-
opment and nutrient TMDL implementation. It is appar-
ent that the new approach is contrary to a series of
‘‘bedrock’’ scientific principles for criteria development
that the Office of Water has relied upon for decades, in-
cluding:

s Numeric criteria must be based on documented
dose/response relationships between the pollutant
and a use impairment (versus assuming the pollut-
ant is causing the problem and ignoring data to the
contrary)

s Numeric standards must be set at the level found
both necessary and sufficient to protect uses (ver-
sus setting the standard where the probability of
impacts is decreased even if the stressor response
is extremely weak)

s Nutrients are not directly toxic to invertebrates but
affect plant growth (versus ignoring the degree of
plant growth occurring and assuming that nutri-
ents directly impact invertebrate populations)

s Confounded data may not be used to develop a nu-
meric standard (versus assuming all measured
field responses are due to a pollutant, even where
the data show this is not true), and

s Site-specific data, when available, must be consid-
ered in determining whether a numeric standard is

necessary and will achieve its intended level of
protection (versus ignoring the site-specific data
and assuming that the generalized conditional
probability analysis justifies pollutant restrictions).

EPA’s decision to abandon well established scientific
principles and requirements and alter its published cri-
teria development approaches is a major federal action
of national importance. Such regulatory actions must
be transparent and undergo detailed scientific assess-
ment. Federal peer review procedures require that new,
innovative or controversial scientific procedures used to
establish regulatory program requirements must first
undergo peer review before they are used in a regula-
tory context. On Dec. 16, 2004, the Office of Manage-
ment and Budget (OMB) issued a final bulletin to all
agencies establishing that influential scientific informa-
tion shall be peer reviewed before it is disseminated by
the Federal government 58 and EPA updated its own
peer review policy to accommodate the OMB require-
ments (EPA/100/B-06/002, May 2006). Although agen-
cies have discretion to choose the specific type of peer
review to employ, the duty to conduct a peer review is
not discretionary.59 In determining the extent of the
peer review necessary, the OMB bulletin stated that
‘‘[m]ore rigorous peer review is necessary for informa-
tion that is based on novel methods or presents complex
challenges for interpretation. Furthermore, the need for
rigorous peer review is greater when the information
contains precedent-setting methods or models, presents
conclusions that are likely to change prevailing practices,
or is likely to affect policy decisions that have a signifi-
cant impact.’’60 There is no serious question that EPA’s
attempt to use a new scientific approach to nutrient cri-
teria derivation, at odds with its published scientific ap-
proach, meets every component of the OMB Bulletin
justifying a detailed peer review.

Given these concerns, the agency was petitioned to
conduct a full SAB peer review on the use of conditional

58 70 Fed. Reg. 2664 (Jan. 14, 2005)
59 Id. at 2675.
60 Id. at 2668 (emphasis added).

Figure 9
Paxton Creek - 2007 SRBC Data
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probability and weight of evidence, as presented in the
Endpoint Report, to derive nutrient water quality crite-
ria61. EPA responded, reaffirming its position that the
nutrient endpoints developed using conditional
probability-based and other lines of evidence are con-
sidered technically and legally sound. 62 Nevertheless,
EPA agreed to peer review this approach in the context
of providing broader national guidance. On April 27,
2009, a Federal Register notice (74 Fed. Reg. 19,084) re-
quested nominations of experts for the review of tech-
nical guidance on nutrient criteria development.

It is clear that EPA intends to promote the weight-of-
evidence approach nationwide for development of nu-
trient water quality standards. Thus, all dischargers po-
tentially face stringent nutrient endpoints developed in
the manner described above, regardless of actual envi-
ronmental need or efficacy. Before that happens, how-
ever, the weight-of-evidence approach will undergo a
full SAB peer review. This review is open to the public
and will allow for input from interested stakeholders as
part of the overall peer review process. Given the dubi-
ous linkage between the endpoints derived and use res-
toration (in addition to the significant detrimental
economic/energy impacts associated with misplaced

standards), all parties should voice their concerns to the
SAB.

Summary and Conclusions
The weight of evidence approach to developing nu-

meric nutrient water quality standards, as currently es-
poused by EPA, is seriously flawed. The approach ig-
nores the basic foundation behind all other water qual-
ity criteria and TMDL decisions– cause and effect. Even
if the weight of evidence approach could overcome this
flaw, the resulting endpoint should not be used if site-
specific data confirm that the selected endpoint is not
applicable to a given stream. However, as illustrated in
the case of Goose Creek, the agency intends to ignore
site-specific information to the contrary and apply
‘‘weight of evidence’’ endpoints without regard to ac-
tual need. Finally, the ‘‘weight of evidence’’ approach
presents a single-minded focus on nutrient control
rather than considering the multitude of physical/
biological factors that influence ecological response. A
large body of evidence is available confirming that
these factors may provide the key to use protection. To
ignore these factors and force nutrient reductions that
would not otherwise be necessary to protect stream
uses does not make good sense, either environmentally
or economically.

Notwithstanding these concerns, EPA has set its
course. The regulated community has an opportunity to
redirect EPA’s program by participating in the SAB
peer review.

61 Letter from John C. Hall to Stephen L. Johnson, EPA Ad-
ministrator, Request for Peer Review of New EPA Region III
Approach to Developing Instream Standards for Nutrients
(Aug. 21, 2008).

62 Letter from Ephraim King to John Hall (Dec. 24, 2008).
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