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Via Email and U.S. Mail
Administrator Stephen L. Johnson
Environmental Protection Agency
Ariel Rios Building

1200 Pennsylvania Avefiue NW
Washington, DC 20460

RE: Reduest-for_ Peer Review of New EPA Region III Approach to.
Developing Instream Standards for Nutrients

Dear Administrator Johnson:

On behalf of the Communities located in three Pennsylvania watersheds (Chester, Paxton
and Indian Creeks) and in accordance with the OMB’s document entitled Final
Information Quality Bulletin for Peer Review, we are requesting that EPA initiate a
formal independent peer review of the unprecedented scientific approach EPA Region I1I
utilized to develop stringent phosphorus stream standards for three major Pennsylvania
ecoregions. The new standards will result in billions of dollars in additional treatment
costs in Pennsylvania. Moreover, the standards are physically unattainable by the MS4
communities and non-point sources. As compliance with these requirements is
impossible to achieve, severe economic impacts are expected to occur if these objectives
are enforced. Consequently, it is imperative that the technical validity for this new
approach be independently assessed.

The Region’s unprecedented approach for developing stream nutrient standards does not
consider whether nutrient control will limit plant growth, contrary to all published EPA
Section 304(a) criteria development guidance for nutrients. The new approach assumes
phosphorus directly impairs sensitive invertebrate populations regardless of its impact on
aquatic plants, a concept previously rejected in EPA’s nutrient criteria guidance.
Moreover, the new statistical method (conditional probability) employed to generate the
instream standard neither (1) confirms nutrients are the cause of any impairment nor (2)
demonstrates that the Region’s new use impairment of concern (invertebrate diversity)
will be remedied by nutrient control. In short, the new procedures are a radical departure
from published criteria development methods and historical approaches used to generate
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Section 303(c) and 304(a) criteria that have always been premised on a clear scientific
demonstration of causation and need.

The new technical procedures employed by the Region have never been documented or
peer reviewed by EPA to be a sufficient or scientifically defensible basis to generate a
necessary and protective Section 304 (a) numeric stream criterion. Nonetheless, the
Office of Water informally determined that the new approach was a proper basis for
developing Section 304(a) criteria and for imposing expansive point and non-point
control measures for phosphorus reduction. (Attachment, Exhibit 8) Once our group
realized the Office of Water was intent on supporting the Region’s unprecedented
approach, we contacted two internationally recognized experts, Dr. Dominic DiToro and
Dr. Stephen Chapra, who EPA has often relied upon regarding nutrient issues, to ask for
their opinion on the new approach. Therr opinions were offered without request for
compensation and were made solely due to their professional interest in ensuring
scientifically defensible and cost effective approaches are used in nutrient regulation.
Both experts clearly and very adamantly concluded the new approach and resulting
numeric water quality standards (1) are not scientifically defensible, (2) would not hkely
restore stream impairments, and (3) would misdirect local resources. (Attachment,
Exhibits 9 and 10) In particular, Dr. Chapra concluded that “This is such a scientifically
indefensible representation of the connection between nutrients and ecosystem health that
I believe that its adoption would represent a grave mistake.... I am much more concerned
that its adoption would ultimately be ineffective. That is, it could lead to costly controls
that would not protect our precious stream ecosystems.” Both scientists stated that either
a Science Advisory Board or National Academy of Sciences independent peer review of
the new approach should occur given the new procedure’s radical departure from
accepted methods for criteria derivation and nutrient impact assessment.

Federal Policy and Guidance Mandate Peer Review

As you are aware, EPA has historically conducted an independent peer review of new
scientific approaches before utilizing such approaches in the water quality criteria
development process. (See, e.g., Science Advisory Board review of EPA’s Approach to
Emerging Contaminants and EPA’s 2006 Peer Review Handbook). As stated in EPA’s
Handbook, “The principle underlying the Peer Review Policy is that all influential
scientific and technical work products used in decision making will be peer reviewed.”
(Handbook @ 30) The purpose of the independent peer review is, at a minimum, to
ensure EPA is basing its regulatory program requirements on scientifically-defensible and
well-documented evidence linking the environmental concern to a workable regulatory
solution. Virtually every criterion identified in EPA’s Handbook (@ 30-32), to
determine if a peer review is necessary, is met in this case: the technical work product
uses a new scientific approach establishing a precedent that departs significantly from
prior agency approaches and has widespread regulatory implications and cost nmpacts.
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Moreover, OMB has adopted mandatory review procedures that are applicable in this
instance given the controversy, high cost, and precedent setting nature of the Region I11
and Office of Water actions. (See, OMB Bulletin — Final Information Quality Bulletin
for Peer Review, January 14, 2005). EPA plainly intends for the new procedures to be
used on a nationwide basis for deriving stream nutrient standards, as acknowledged in the
Office of Water memorandum. We understand that states have been requested to use this
new approach in developing nutrient standards; therefore, such procedures constitute
“highly influential scientific assessments” subject to the strictest peer review
requirements. This new standards derivation procedure should have been peer reviewed
before it was applied to Pennsylvania communities. Nonetheless, it is still subject to the
OMB peer review requirement and that action should be promptly undertaken. (See
OMB Bulletin, 70 Fed. Reg. 2673-2674, January 14, 2005)

The nationwide application of these new methodologies will result in stream nutrient
standards that are beyond the limits of technology and are unattainablé in most instances.
The cost of compliance will easily exceed several hundred billion dollars. Given the
nationwide importance of having scientifically-defensible procedures for generating
stream nutrient standards, we respectfully request that you direct the Office of Water to
submit the new approach for independent peer review at the National Academy of
Sciences. Moreover, as it is highly probable that the new, more restrictive phosphorus
reduction requirements mandated by EPA Region [I's recent TMDL actions will not
result in any meaningful ecological improvements, we ask that you stay application of
those TMDLs in the NPDES process until the required peer review is completed.

The attached report, "Justification for Peer Review of EPA's New Methodology for
Nutrient Criteria Development”, provides additional background information on the
history of the Region’s TMDL development in Pennsylvania. Thank you for your
consideration of this request. ‘

-

Since

John C. Hall

Attachments

cc: Senator Arlen Specter
Senator Robert P. Casey
Benjamin Grumbles, USEPA
Pennsylvania Periphyton Coalition
Pennsylvania Municipal Authorities Association
Pennsylvania Water Environment Association
Home Builders Association of Metropolitan Harrisonburg



JUSTIFICATION FOR PEER REVIEW OF
EPA’S NEW METHODOLOGY FOR NUTRIENT CRITERIA DEVELOPMENT

Background on EPA Region I11 Nutrient Criteria Development in Pennsylvania

Since 2005, EPA Region 11l has encountered repeated difficulties in developing a
scientifically defensible approach to determine the effects of nutrients on plant growth in
streams. These difficulties, as discussed below, led the Region to abandon accepted
methodologies for determining whether nutrients were causing stream use impairment
(i.e., excessive plant growth). The new approach assumes that nutrients have a direct
effect on invertebrate populations, as if this constituent was a toxic substance. A
statistical method known as conditional probability was used to assess field data wherein
it was assumed that nutrients were the direct cause of any monitored changes in
invertebrate populations. Using the results of this analysis in a “weight-of-evidence”
approach (that included three other methods that were divorced from any showing that
nutrient levels caused changes in invertebrate populations), the Region selected a
“growing season” total phosphorus level and asserted it would ensure the impaired
invertebrate populations in the stream would be restored. The available site-specific data
on invertebrate populations and nutrient levels were not used to assess whether or not the
new approach produced a rational, scientifically defensible result.

The following evaluation reviews applicable regulatory requirements for criteria
derivation and then details the fundamental changes the Region and EPA Headquarters
made to those procedures in their effort to justify nutrient reduction for stream
discharges. These fundamental changes were undertaken using new scientific
methodologies that have never undergone any independent scientific peer review to
determine their sufficiency for generating appropriate and protective stream nutrient
standards.

Statutory and Regulatory Requirements for Criteria Derivation

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 stream uses. 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 water quality criteria
when it published the document entitled “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 thresholds 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 @ 5)

. 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 @ 5)

o Criteria must be based upon studies showing a clear dose/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 @ 15, 16, 21)

o 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 @
18)

o 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 @ 57)

The basic scientific premise underlying all published EPA nutrient criteria development
documents is that nutrient control is intended to reduce excessive plant growth.
Consistent with the Guidelines’ requirements for a clear demonstration of causation, the
various EPA nutrient criteria documents for lake and stream environments all clearly
specify that dose/response demonstrations are required to set scientifically defensible
nutrient standards. Nutrient levels must be documented to “cause” specific changes in
plant growth (typically measured as chlorophyll ‘a’) and other physical variables directly
affected by excessive plant growth (Secchi depth, DO, transparency, etc.). See, Nutrient
Criteria Technical Guidance Manual — Rivers and Streams, USEPA July 2000 (hereafter
“Rivers and Streams Document”). The Rivers and Streams Document is clear that a
nutrient criterion must be based on a demonstration that nutrients are causing excessive
plant growth (eutrophication). For example, Chapter 1 identifies various ecosystem
impacts related to excessive plant growth, and specifies that nutrient criteria are based on
the relationship between nutrient levels and plant growth as measured by chlorophyll “a’
(“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 criteria
in the system of study to nutrients, chl a and turbidity values in water bodies of known
condition to ensure that the system of interest operates as expected.”) Rivers and Streams
Document @ 13) “Predictive relationships between nutrients and periphyton (or



phytoplankton) biomass are required to identify the critical or threshold concentrations
that produce nuisance algal biomass.” lId @ 76, emphasis supplied.

The various EPA nutrient criteria documents all acknowledge that nutrients may cause
ecosystem impacts to upper level organisms (invertebrates, fishes), but never directly:

“However, fish and macroinvertebrates do not directly 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 nutrients be defined and then related to biotic integrity of
macroinvertebrate and fish assemblages in a stepwise, mechanistic fashion.”
Rivers and Streams Document @ 85.

EPA’s published guidance indicates that invertebrate populations may be affected 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. See, Development and Adoption of Nutrient Criteria into Water Quality
Standards, USEPA 2001 @ 14, response 4. This fact was also well documented by
EPA’s field studies under the whole effluent toxicity program.

The Guidelines is quite clear that a simple “weight-of-evidence” approach is not a
sufficient basis for setting a 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. Nowhere
does this document indicate that a conditional probability approach may be used for
derivation of a numeric standard. This is not unexpected since that statistical method
cannot provide a demonstration that regulating a pollutant at a given level provides any
assurance 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 Rivers and Streams Document are replete with statements
underscoring the need to understand the toxicology of the substance. To set a numeric
standard, one must determine that the pollutant of concern is the direct cause of the
adverse effect being measured. Simple regressions and conditional probability analyses
provide no such confirmation.

Unless there is clear, well documented evidence on the level of water quality necessary
and sufficient to protect aquatic life uses, criteria should not be established. Moreover,
the Guidelines and the Rivers and Streams Document are clear that site-specific
information should be considered if it shows that the suggested standard is misplaced.
The new EPA approach expressly ignores such information. In each case where the new
standards were applied in Pennsylvania, it was acknowledged that habitat degradation
(sedimentation/channelization) was the root cause of any documented changes in
invertebrate populations. Site-specific regressions were provided to demonstrate that, in
fact, there was no relationship between nutrient levels and invertebrate populations in the



various streams where such data were available. (Discussed below in greater detail).
Contrary to EPA’s own recommendations in the Guidelines and the Rivers and Streams
Document, the Region simply ignored those data and analyses, claiming the new
procedures provided sufficient confirmation that nutrients were the cause of stream
impairments.

Published Literature Confirmed EPA’s Simplified Approach
to Stream Nutrient Regulation Was Misplaced

As EPA is well aware, the issue of how to develop scientifically defensible stream
nutrient standards, in particular, has been a very controversial subject due to the technical
challenges inherent in attempting to develop a uniform approach to such waters. It is
now well established in the literature that plants inhabiting streams (periphyton/
macrophytes) do not respond as algal species inhabiting lakes (phytoplankton). For
example, early on EPA often relied on research produced by Dodds, who sought to
develop some type of simplified relationship between periphyton and nutrient levels.
(See, Rivers and Streams Document @ 77; Protocol for Development of Nutrient TMDLSs,
First Edition — November 1999, USEPA 1999 @ 4-6). However, in Dodds’ more recent
publications he has concluded that periphyton growth has the capability of reaching very
high levels even where very low nutrient levels are present. ' Thus, it is now apparent
that the simplified approaches do not work for controlling periphyton growth in streams
as EPA originally had contemplated.

As noted in EPA’s criteria documents, in many situations, nutrient levels do not control
plant growth but other physical factors do. For periphyton, in particular, this seems to be
the case. Likewise, EPA now recognizes that many macrophytes may obtain nutrients
from the soil matrix, rendering control of water column nutrient levels a meaningless
exercise. (See, Rivers and Streams Document @ 73)

The observations of Dr. Dodds were becoming apparent to many others around the
country. On July 17, 2007 the Association of State and Interstate Water Pollution
Control Administrators (ASIWPCA) sent a letter to the Office of Water informing EPA
that states were unable to demonstrate the necessary relationships between nutrient levels
and EPA’s recommended instream response parameters (e.g., plant growth, turbidity,
DO, etc.). (Exhibit 1) That organization raised critical concerns that continuing on the
path chosen by EPA would invariably lead to wasted expenditures which state and local
governments can ill afford:

These problems can only lead to miscues in impairment identification and mis-
direction of scarce management and implementation resources.... Because no two
water bodies are the same, site-specific evaluations and most probably, site
specific criteria are required that reflect their uniqueness and protect their
natural trophic tendencies. This will be a costly endeavor but less financially

! Walter K. Dodds. 2006. “Eutrophication and trophic state in rivers and streams.” Limnol. Oceanogr.
51(1, part 2) p 671 — 680. “[A]ttached algae might be able to attain impressive biomass in nutrient-poor
water because periphyton can use the small amounts of nutrients that continuously flow by.”. @ 677




costly than attempting to meet water quality criteria that are unattainable and
less environmentally costly than losing water resources because criteria are too
liberal.

Thus, ASIWPCA called on EPA Headquarters to reconsider the efficacy of ecoregion or
state wide numeric nutrient standards in light of well documented problems in
demonstrating that nutrient control would be effective in regulating excessive plant
growth in streams. A focus on site-specific conditions was identified as the only way to
ensure proper and effective programs for stream restoration. 2

EPA Region 111 Mishaps with Nutrient Regulation

EPA Region 11 itself encountered these same difficulties identified by ASIWPCA in
attempting to develop necessary and protective nutrient objectives for five watersheds
across the Commonwealth of Pennsylvania. > After several years’ effort, EPA withdrew
the proposed restrictive phosphorus TMDL and instream standards it had developed in
late 2006 for Wissahickon Creek. This TMDL sought to limit periphyton growth via
point source controls. The site specific periphyton data for that stream, however, clearly
documented two facts: (1) upstream of the wastewater plants where TP levels were quite
low, periphyton growth was as robust as downstream where TP levels were quite high,
and (2) periphyton growth was closely correlated to tree canopy, confirming that light,
not nutrients, was the limiting factor for plant growth. * EPA coauthored a peer reviewed
journal article (with its technical consultant Tetra Tech) that concluded nutrient reduction
would not be effective in controlling plant growth because low TP levels could support
robust periphyton growth. > (“However, it is worth mentioning that while periphyton
activities was one of the major causes of the DO violations, it was finally determined to
be infeasible to control the periphyton through reducing nutrient loads from point
sources.”)

Region 111 Employs an Unprecedented Approach to Nutrient Criteria Development
and TMDL Decision Making

Due to the repeated problems encountered in attempting to relate nutrient levels to
periphyton growth in streams, the Region employed a new, technically-unprecedented
approach to develop stream nutrient standards. The new approach ignored whether
nutrient levels affected plant growth and did not even attempt to demonstrate whether
nutrients were actually causing any site-specific aquatic life (invertebrate) impairment in

2 Establishing a clear relationship between nutrient loading and plant growth is not generally problematic in
lake environments, where such relationships have been well documented for decades.

® EPA detailed the problems it encountered in attempting to develop a periphyton/nutrient relationship in a
May 2, 2007 affidavit filed by Thomas Henry, USEPA, in the matter of American Littoral Society v. EPA.
4 Alan Everett. February 19, 2002. Periphyton Standing Crop and Diatom Assemblages in the
Wissahickon Watershed. Montgomery and Philadelphia Counties. @ 12

> Zou et al,."Integrated Hydrodynamic and Water Quality Modeling System to Support Nutrient Total
Maximum Daily Load for Wissahickon Creek, Pennsylvania,” Journal of Environmental Engineering, April
2006.




the streams at issue. Rather, the Region acquired phosphorus and invertebrate population
data for three “ecoregions” and simply had the data plotted, with total phosphorus or total
nitrogen as the independent variable and various invertebrate metrics as the dependent
variable. All measured changes in invertebrate populations were assumed to be a direct
result of the nutrient concentration exposure.® EPA Region 111, using the same contractor
(Tetra Tech — see footnote 5), developed three “regional” (Eastern Piedmont, Central, and
Allegheny Plateau) total phosphorus standards as part of five promulgated nutrient
TMDLs in Pennsylvania. The numeric nutrient standards ranged from 25 to 40 ug/l as
“growing season” (April to October) averages. (See, Development of Nutrient Endpoints
for the Northern Piedmont Ecoregion of Pennsylvania, Tetra Tech, November 20, 2007;
hereafter “Tetra Tech Report” and Development of Nutrient Endpoints for Allegheny
Plateau and Ridge and Valley Ecoregions of Pennsylvania: TMDL Application, Tetra
Tech, June 24, 2008.)

In setting these standards, Region Il interpreted Pennsylvania’s narrative nutrient
standard using an approach that deviated from the prior nutrient impact assessment
guidance established by Pennsylvania and EPA that required a demonstrated linkage
between increased nutrient levels and excessive plant growth. * In place of a stream
model such as QUALZ2 or WASPS5, a statistical procedure known as “conditional
probability” was used in a “weight-of-evidence” analysis to generate the instream
numeric water quality standard. The conditional probability procedure simply plotted
datasets from a selected ecoregion that measured instream TP levels and assessed the
type of invertebrate populations present. Several different invertebrate indices were
chosen as the endpoint of concern (e.g., total taxa, # EPT taxa, % clingers, etc.) for
comparison with total phosphorus and total nitrogen levels. A sample of that analysis is
presented in Exhibit 2. It is worthy to note that the “weight-of-evidence” analysis
evaluated multiple macroinvertebrate metrics that were deemed an important measure of
aquatic health and discarded those that did not show sensitivity to TP rather than factor
those results into the analysis (See, Tetra Tech Report @18).

® This technical assumption was at odds with prior EPA scientific conclusions regarding the manner in
which nutrients affect the environment. EPA’s nutrient criteria guidance specifically states that
macroinvertebrates do not respond directly to nutrients. Nutrient Criteria Technical Guidance Manual —
Rivers and Streams, EPA-822-B-00-0002, Ch. 6, pg. 85 (July 2000).

! Pennsylvania DEP’s guidance on assessing nutrient impairment to free-flowing streams requires
documentation of excessive plant growth caused by increased levels of phosphorus or nitrogen and
attendant violations of the dissolved oxygen standard. Implementation Guidance for Section 95.9
Phosphorus Discharges to Free Flowing Streams, Department of Environmental Protection Bureau of
Watershed Conservation, (October 27, 1997) at pg. 7. (“For purposes of this guidance, a nutrient-related
problem is defined as a documented use impairment due to nuisance algal or rooted aquatic plant growth
conditions with attendant violations of dissolved oxygen standards.”). The designation of a stream as
nutrient impaired requires a similar demonstration. Commonwealth of Pennsylvania Assessment and
Listing Methodology, 2004/2006: Cause Definitions — Nutrients (“The presence of excessive quantities of
Phosphorus and/or Nitrogen that under the proper conditions may result in dense algal or macrophyte
growth and wide fluctuations in Dissolved Oxygen levels.”) Regarding the TMDL actions at issue, EPA
Region 11 filed a sworn affidavit with the Court stating that Pennsylvania law required EPA to demonstrate
how nutrients impacted plant growth in order to establish a lawful basis to regulate nutrients. (See, n. 3)



Contrary to the Guidelines and the Rivers and Streams Document, no attempt was made
to show that TP was the actual parameter causing the change in invertebrate populations
or indices, or to show confounding factors did not influence the invertebrate metrics in
EPA’s database. Tetra Tech’s analysis of the impaired water bodies acknowledged that
factors other than phosphorus were causing the changes in invertebrate populations being
measured, but EPA had informed Tetra Tech that the waters were nutrient impaired so
Tetra Tech’s analysis ignored a causal assessment.® Tetra Tech also acknowledged that
the nutrient levels chosen to protect invertebrate populations would not limit plant growth
since the selected target was well above published limiting nutrient levels. ° The method
employed was a mere correlation that could not and did not show that nutrients were the
cause of the any changes in invertebrate indices. *°

No attempt was made to demonstrate that the chosen indices were set at a level necessary
to protect the stream uses. ** The acceptable invertebrate levels were simply selected as
the midpoint of the rating scale used by the state of Maryland. Based on the selected
metric, 50% of the sites used by EPA to evaluate the nutrient standard would be
considered impaired or non-attainment sites. Many of these impaired stations have TP
levels well below the target TP value established by EPA, confirming that factors other
than phosphorus are significantly influencing this database. The most this methodology
could indicate is that there was a very weak relationship (R? < 0.1) *? between total
phosphorus and sensitive invertebrate populations. The R? for the data was quite low (~
0.1 —that is less than 10% of the data response is explained by TP levels). To discern the
“protective” standard from this analysis, the contractor looked at the “change point” in
the graph. This is the location in the graph where it becomes more probable that the
selected instream metric will not be attained. Even at the selected “instream standard”
there was a 50% probability that the target invertebrate levels would not be achieved. 3

® Response Document for Nutrient and Sediment TMDLs in Pennsylvania for Southampton Creek, Indian
Creek, Chester Creek, Paxton Creek, and Sawmill Run, June 30, 2008 @ 14. “Again, this effort was not
undertaken to “show” that TP is the cause of impairment ... Tt (sic “Tetra Tech™) was not asked to
determine the cause of impairment; we were given a cause and asked to determine a protective value.”

° Development of Nutrient Endpoints for the Northern Piedmont Ecoregion of Pennsylvania: TMDL
Application. November 20, 2007. at 15-16. “Not surprisingly, a strong algal biomass-nutrient relationship
was not present in our examination of the data sets ... Surprisingly, the highest algal biomass occurred as
sites where the TP concentrations were relatively low, 14 — 35 ug/L. It is possible that algal growth has
been saturated even at this low level.”

191d. at 11. “Correlation analyses identified significant relationships between biological response and
nutrient variables. However, correlation may or may not indicate the real relationship. Numerous
relationships were examined; only a subset of which was correlated. There were also results that were
considered potentially important but showed weaker relationships (Appendix A).”

' In an August 4, 2008 Pennsylvania Right-to-Know Law response, PA DEP stated that it had no
documentation or other information showing that the invertebrate target endpoints were necessary or
appropriate levels for assessing stream impairments.

21d at 18.

3 Hall and Associates duplicated the Tetra Tech calculations and evaluated the change points associated
with varying EPT Taxa conditional probabilities (i.e., <1 — <12 EPT Taxa). The calculations resulted in
virtually identical TP concentrations regardless of the conditional EPT Taxa level. To most, this shows that
the instream target is not a function of the phosphorus concentration. Incredibly, EPA asserted that this



Nonetheless, both Tetra Tech and EPA concluded that the selected standard would ensure
that uses were fully protected and invertebrate impairments restored by meeting this
value.

Because EPA’s use of the methodology was unprecedented and a radical shift in the
established analytical framework, numerous questions were raised in various public
meetings held by EPA to present the TMDLs. In these public meetings and subsequent
FOIA responses, EPA and its contractor (Tetra Tech) acknowledged that:

- The approach did not prove phosphorus was causing the invertebrate
response.

- Meeting the chosen numeric nutrient standard would not ensure
restoration of the target invertebrate population.

- There was no demonstration that the chosen instream metrics were
necessary to provide use protection; the selected metrics were just the
median values from the scoring criteria.

- The approach was not based on any site-specific information
demonstrating a relationship between elevated TP levels and invertebrate
populations.

- The approach did not consider the available site-specific data which, in
general, confirmed that factors other than phosphorus were the root cause
of the changing invertebrate levels (e.g., habitat alteration).

Regarding the issue of site-specific stream impairment data, EPA applied the new
numeric standards to one watershed that was never identified as nutrient impaired on any
TMDL list (Chester Creek). The periphyton data provided by EPA as part of the final
TMDL confirmed that plant growth in Chester Creek was rather minimal and well below
the level EPA thought could cause adverse impacts (i.e., > 150-200 mg/m? as a growing
season average). Various biological assessments had determined that habitat impairment
caused reduced invertebrate populations in one segment of the stream (Goose Creek).
This assessment was not considered in applying EPA’s new nutrient criteria as the
solution to the problem. EPA also ignored the fairly extensive and only site-specific
invertebrate data for that watershed, which it had included in the TMDL document.
Those data confirmed that phosphorus levels in allegedly impaired segments of the
watershed were unrelated to invertebrate populations. (Exhibit 3) ** In fact the highest
phosphorus levels in the “impaired” segment were associated with the best invertebrate

complete lack of dose/response confirmed that nutrients are a dramatic stressor. (Supra Note 8 at 17-18)
The EPA response is contrary to accepted scientific principles.

1 EPA’s response to comments on the TMDL ignored this analysis finding that the Tetra Tech report was a
sufficient basis to conclude that phosphorus was in fact impairing Chester Creek. This position violates the
Guidelines which requires reconsideration of an approach if the field data confirms it is misplaced (see,
Guidelines @ 57).



population readings that surpassed the impairment threshold used in the Tetra Tech
Report. Moreover, the chosen TP standard was violated uniformly in both upstream and
downstream waters that DEP had determined fully attained uses. Thus, the new
recommended standard applied to Chester Creek does not differentiate between waters
with acceptable invertebrate levels and waters with allegedly unacceptable levels.

EPA also applied the new invertebrate impacts-based standard to Paxton Creek. The
lower section of this stream that was the focus of the nutrient TMDL is concrete lined.
Consequently, habitat was well documented as very poor and invertebrate levels were, as
expected, quite reduced. Invertebrate levels were robust in other unimpaired segments of
the creek, despite having TP levels far in excess of the instream standard that Region 11
claimed was necessary to protect uses. Analyses of these site-specific data show that the
invertebrate populations are much more correlated to habitat and very poorly correlated
to phosphorus levels (Exhibits 4 and 5, respectively). As with Chester Creek, the chosen
standard (25 ug/l TP growing season average) could not distinguish between impaired
and unimpaired segments of the creek. (Exhibit 6) The good correlation between
invertebrate population and habitat score confirmed the overwhelming importance of this
stressor. However, EPA ignored the ramifications of these data, finding that the new
instream TP standard was a valid indicator of impairments due to nutrients.

EPA Headquarters Review Supports The Region’s New Approach and Confirms
that Nationwide Implementation Of a New Nutrient Criteria Development
Procedure is Being Promoted

Given the apparent inconsistency with the Guidelines and prior EPA Nutrient Criteria
development documents, the inconsistency with the site-specific information, and the
complete lack of documentation showing that TP was actually the pollutant causing the
changes in invertebrate levels, the group of affected Pennsylvania communities
approached EPA Headquarters in April 2008 to request an independent review. Various
letters were sent to Benjamin Grumbles and the Office of General Counsel. Initially, the
staff’s informal response was that the new approach was not consistent with Section
304(a) criteria development requirements and that conditional probability could not be
used as the basis to derive a numeric water quality standard. After two months, however,
it became apparent that the Office of Water was intent on supporting the new Regional
approach to nutrient criteria development using conditional probability and assessing
nutrient impacts as if nutrients were toxicants.

To understand the rationale behind this decision, a Freedom of Information Act (FOIA)
request was sent to EPA Headquarters to obtain any available background documentation
supporting EPA’s position. EPA’s June 19, 2008 FOIA response confirmed the
following. Apparently, after receiving the letter from ASIWPCA, rather than address the
difficult technical issues raised (i.e., plant growth in streams is not well connected to
nutrient levels), the Office of Water decided to use a new nutrient standard approach that
ignored whether or how plant growth was affected by nutrients. A conditional
probability approach presented in a paper entitled “Development of empirical,
geographically specific water quality criteria: a conditional probability analysis



approach” Paul and McDonald (2005), Journal of American Water Resources
Association 41:1211-1223 was now the recommended basis for deriving nutrient
standards based on invertebrate impacts. (Exhibit 7) ** In August, 2007 EPA began a
nationwide series of “workshops” under the Agency’s “N Steps program” to launch its
new criteria derivation approach and convince states that this radical new approach was
scientifically defensible. Thus, via this series of internal presentations, EPA completely
abandoned the published national nutrient criteria approaches specified in the Agency’s
guidance (e.g., the Rivers and Streams Document.) *° No public notice or peer review of
this new approach was given prior to this radical change in nutrient criteria derivation
procedures.

It should be noted that Dr. Paul’s (EPA ORD) presentation materials entitled
“Conditional Probability Analysis: A Statistical Analysis Tool,” as well as the original
paper co-authored by Dr. Paul (Exhibit 7), contained the following cautions regarding use
of conditional probability based upon field data to identify an appropriate instream
standard:

Disadvantages: Other stressors confound the association
Other Points to Remember

Conditional probability is just a statistical tool that can be used to extract very
specific information from a data set. Before applying CPA (“change point
analysis™), it is imperative that extensive laboratory data analysis (EDA) be
conducted. EDA is a form of detective work, primarily using graphical depictions
of various renditions of the data. (emphasis supplied)

Dr. Paul’s examples only suggested applying this procedure in the area of the data where
there was great certainty that the stressor was highly correlated to the impairment. EPA
left out these cautions in its subsequent September, 2007 Regional Nutrient Criteria
Development Workshops.

A June 11, 2008 memorandum by William Sweitlik, Chief, USEPA Ecological
and Health Processes Branch, Office of Science and Technology, confirmed that
the Regional Office had simply followed EPA Headquarters new advice and
should be commended for implementing the procedures in the TMDLs. (Exhibit
8). *” The memorandum stated the following:

15 In October 2003 the EPA Science Advisory Board considered but did not agree that the conditional
probability approach was an appropriate methodology for setting suspended and embedded sediment
standards. The procedure was noted as a useful tool, though not sufficient to derive a numeric standard. It
was noted that any use of this methodology had to be based on a documented strong stressor response.

18 The only reference to prior EPA approaches that required a clear demonstration of how nutrients
impacted plant growth and then ecosystem indicators was a slide entitled: Nutrients...ughh.

" William Swietlik to Robert Koroncai. June 11, 2008. Development of Nutrient Endpoints for TMDLS in
Pennsylvania.
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It is our conclusion that the approach used in the document (sic —Tetra
Tech Report) ... is a scientifically defensible approach and is consistent
with EPA guidance for deriving nutrient criteria. The approach used in
the document is an example of the multiple-lines-of-evidence (or weight-
of-evidence) approach. ... In October 2007 EPA HQ provided training to
the Region Il and 111 States on the weight-of-evidence methodology and
how it can be applied to developing numeric nutrient values. It is good to
see the Region benefited from our training and you are now employing
this approach.

Thus, it is apparent that EPA Headquarters has launched a new method for
nutrient criteria derivation and that it expects it to be used on a nationwide basis.
Discussions with other communities across the country verified that, in fact, state
agencies are being requested to use this new approach for standards development.

Among the documents alleged to support the new methods was a prior Science
Advisory Board review of the conditional probability method. The development
documents specify that the metric for which a criteria is developed using
conditional probability must be a strong stressor (i.e., the aquatic community
condition is clearly related to the stressor for higher values of the stressor). The
background documents cautioned that there must be a clear, scientifically
established causal relationship between the pollutant at issue and the endpoint
selected for review. ® The Tetra Tech conditional probability analysis expressly
excluded any demonstration that nutrients were, in fact, the cause of any
documented change in invertebrate populations. Tetra Tech informed the public
that it was directed by EPA to assume that the changes in invertebrate populations
were caused by phosphorus concentration. *°

Contrary to the admonitions of Dr. Paul (USEPA ORD) and the Science Advisory
Board, the site-specific information for the streams at issue were either
unavailable or not considered to determine if TP was a strong stressor or if other
factors were confounding the finding that nutrients were the culprit. The site-
specific data for Chester Creek and Paxton Creek clearly confirmed TP level was
not a strong stressor, if at all. ?° Thus, it is apparent that the Office of Water’s

'8 The prior consideration of the conditional probability method was for stream sediment impacts. It is well
documented that impactedness and sedimentation may severely degrade invertebrate habitats in streams.
There is no such scientific demonstration regarding nutrient concentrations. To the contrary, it is well
documented that nutrient do not directly impact invertebrates or their habitat.

19 See, USEPA Region I11 response to comments on Nutrient TMDLs for Chester, Paxton and Indian
Creek. (“Again, this effort was not undertaken to “show” that TP was the cause of impairment. ... Tt (sic
“Tetra Tech™) was not asked to determine the cause of impairment; we were given a cause and asked to
determine a protective value.”)

20 The Swietlik Memorandum supported using multiple-lines-of-evidence and cited EPA’s support of this
approach in guidance documents, including "Nutrient Criteria Technical Guidance Manual: Rivers and
Streams." In citing this guidance, Headquarters stated that the weight-of-evidence approach combines
several approaches including: 1) reference reaches, 2) predictive relationships, and 3) published threshold
values. However, the predictive relationships identified by Region 111 were confounded as standard
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support for the Region’s approach did not even follow its own guidance on
whether such a method may be considered for identifying an appropriate instream
standard, when applied to nutrients.

Moreover, while the Rivers and Streams Document does discuss considering
"multiple-lines-of-evidence" as a way to strengthen a scientifically defensible
finding, nowhere does that document or the Guidelines suggest that a criterion is
scientifically defensible simply because it uses “multiple-lines-of-evidence or
weight-of-evidence.” Finally, nowhere has any published, peer reviewed nutrient
criteria development approach stated that it is acceptable to (1) assume impacts
are caused by a pollutant, (2) ignore whether plant growth will be affected by
nutrient regulation, (3) assume nutrients directly impact invertebrates without
documented laboratory studies confirming that fact, or (4) ignore site-specific
information that shows nutrient regulation is not necessary or will be ineffective.
These new EPA assumptions are radical departures from published, scientifically
defensible procedures EPA has used for decades under the Section 304(a) criteria
development and 303(d) TMDL programs.

Request for Independent Peer Review

The new approach to developing numeric nutrient standards for streams is scientifically
unprecedented and a radical departure from published EPA criteria development
methods. If this standards derivation methodology remains unchanged, dischargers
throughout Pennsylvania (and eventually the country) will be required to install
extremely advanced phosphorus treatment at exorbitant costs with little likelihood of
producing demonstrable environmental benefits. While our coalition understands that
environmental expenditures will be necessary to ensure that our lakes and rivers meet
their designated uses, they are very wary of using their limited resources in an
unnecessary fashion or a manner that will not produce the desired results.

EPA Headquarters Office of Water has apparently promoted and now approved the
radical new nutrient criteria derivation approach. This new approach has never
undergone the peer review or technical evaluation process required of all EPA criteria
development changes. For the reasons detailed below, we request that EPA promptly
conduct an independent peer review of the new EPA nutrient standard setting approach
using either EPA’s Science Advisory Board or the National Academy of Sciences.

First, it is apparent that the new approach is contrary to a series of “bedrock” scientific
principles relied upon by the Office of Water for decades, including:

development tools because "other stressors" exert a greater impact (see Tetra Tech Report at 15- 21). As
for macroinvertebrates, Region 111 reported that three of the six metrics considered where either not
sensitive to nutrient enrichment or more sensitive to other stressors. Of the remaining three, the regression
coefficients were extremely poor. Finally, reference reaches upstream of the municipal facilities confirmed
that low invertebrate populations were caused by other stressors, not nutrients. Thus, the primary
assumption required for using conditional probability (i.e., the aquatic community condition is clearly
related to the stressor for higher values of the stressor) was not met.
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e Numeric criteria must be based on documented dose/response relationships
between the pollutant and a use impairment (versus assuming the pollutant is
causing the problem and ignoring data to the contrary)

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

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

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

e Site-specific data, when available, must be considered 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 is accurate in all cases)

EPA may not legitimately abandon well established scientific principles and requirements
and alter its published criteria development approaches by simply hosting an “ad hoc”
series of workshops that recommend that accepted approaches be changed. The public
has an absolute right under the Clean Water Act to participate in such critical decision
making of nationwide importance. EPA’s current approach is contrary to basic principles
of administrative law and lacks the transparency that is required of all major regulatory
decisions. See, CWA Section 101(e) (“Public participation in the development, revision
and enforcement of any regulation, standard, effluent limitation, plan or program
established by the Administrator or any State under this Act shall be provided for,
encouraged and assisted by the Administrator and the States.”) There is hardly a more
important program than that used to establish the basic water quality criteria for
protection of the Nation’s waters. Under Section 304(a)(3), ..."Such criteria and
information and revisions thereof, shall be issued to the states and shall be published in
the Federal Register and otherwise made available to the public.” The Clean Water Act
plainly does not contemplate that major changes to criteria development procedures are to
be clandestinely launched via internal EPA workshops and announced to the public as a
fait accompli under the TMDL program.

Second, 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 regulatory context. EPA has long had a
peer review process applicable to changes in criteria derivation methods. (See USEPA
Peer Review Policy, 1993) This is a typical situation that would have to undergo federal
peer review under EPA’s own guidance. In fact, the criteria derivation method employed
in this case, and to be employed nationwide, failed to receive Science Advisory Board
approval when last considered by that peer review panel. Moreover, on December 16,
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2004, the Office of Management and Budget (OMB) issued a final bulletin to all agencies
establishing that influential scientific information shall be peer reviewed before it is
disseminated by the Federal government. (70 Fed. Reg. 2664, January 14, 2005)

EPA updated its own peer review policy to accommodate the OMB requirements
(EPA/100/B-06/002, May 2006). Although agencies have discretion to choose the
specific type of peer review to employ, the duty to conduct a peer review is not
discretionary. Id. at 2675. In determining the extent of the peer review necessary, the
OMB bulletin stated that “[m]ore rigorous peer review is necessary for information 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 significant impact.” Id. at
2668. (emphasis added). There is no serious question that EPA’s attempt to use a new
scientific approach to nutrient criteria derivation, at odds with its published scientific
approach, meets every component of the OMB Bulletin justifying peer review.

Third and finally, the opinions of two internationally renowned experts in the field of
nutrient control (who have voluntarily reviewed Region I11’s approach at our request)
state that the approach used and endpoints derived will not ensure designated uses are
met, and that using conditional probability to establish the endpoints was not
scientifically defensible. (See, letters of Drs. Di Toro and Chapra, Exhibits 9 and 10) %
These scientists clearly state that EPA’s approach is not based on accepted scientific
principles and should be peer reviewed by the Science Advisory Board or the National
Academy of Sciences, as has occurred in similar cases where new, scientific approaches
are being employed in the regulatory program.

As outlined above, the approach used by Region 111 to set nutrient endpoints in the
recently released Pennsylvania TMDLs warrants an independent peer review.
Specifically, the new approach is precedent-setting, uses novel methods, and will change
prevailing administrative practices. Beyond that, international experts on the issue
believe that the approach taken is misguided. Finally, if not modified, the potential cost
impact to the Pennsylvania dischargers will be on the scale of billions of dollars, and the
nationwide potential to misdirect resources is virtually certain to occur. Misdirection of
resources will result in unabated environmental impairments and excess energy usage
unrelated to environmental need. The new approach would, in all likelihood, cause more
harm than good.

As such we respectfully request that EPA initiate a Science Advisory Board or National
Academy of Sciences independent peer review on this new procedure for deriving

21 Dr. Dominic Di Toro and Dr. Stephen Chapra, both internationally recognized experts on environmental
pollution matters, state that EPA’s approach was (1) not scientifically defensible, (2) did not demonstrate
TP was causing any impairment (3) could easily regulate the wrong pollutant (TP instead of sedimentation)
and, in any event, (4) did not ensure that the chosen standards would protect the stream uses. Both support
that this new procedure should undergo an independent peer review before it is used in a regulatory
context. The Region had Dr. Di Toro’s letter prior to the completion of the TMDL and simply ignored it.
However, despite repeated requests, Region |11 has proffered no credible peer reviewed studies showing
that total phosphorus acts like a toxicant and directly impacts sensitive invertebrate populations.
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numeric nutrient criteria for streams. Pending that review, it is also respectfully
requested that EPA stay further application of this methodology as well as
implementation of the TMDLSs that were derived using this unauthorized method because
EPA failed to follow the statutory requirements of CWA § 304(a) prior to relying on this
unorthodox criteria derivation methodology.
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ASIWPCA

Association of State and Interstate
Waier Pollufion Control Administrators

1321 CONNECTICUT AVENUE M. W, 2™ FLOGR, - WASHINGTON, DC 20036 - TEL; 202-756. 000 « FAR: 302 7560605 - WWW ASIWPCA ORG

Ben Grumbies o July 18, 2007
. Assistant Administrator for Water

US Environmental Protection Agency

1201 Pennsylvania Avenue, N.W.

Room 3219 :

Washington, DC 20469

SUBJECT: Nutrient Pollution and Numeric Water Quality Standards Memo

Dear Mr. Grumbles,

~ The Association of State and Initerstate Water Pollution Control Administtators (ASTWPCA) and
its Memiber States received vour memorandum of May 25, 2007, which trges accelerated
promulgation of numeri¢ water quality criteria for nutrients and the establishiment of additional
controls for nutrient pollution. Member States agree that nutrient controls are a critical and
necessary component of comprehensive water quality management. In addition to limiting or
eliminating discharges of priority pollutants and toxics in treated wastewater effluent,
management of water quality is shifting to include controls on less traditional patameters such as
sediments and excess nutrients. '

However, these parameters also exist as part of a balanced natural aquatic system that is often
dynamic and does not exhibit “threshold” effects that are amenable to generic numeric criteria
setting. Clearly we are entering a new era of water quality managément in which the traditional
approach of criteria, permits and enforcement, needs to be reevaluated to ensure its pertirience to
Water Quality Standard attainment. This is eSpecially true for nutrients and related response
variables that exhibit a wide range of conditions representative of a diversity that must be
maintained. Theé uniformity of eutrophic and productivity conditions that numeric criteria would
promite defies both common sense and basic principles of ecological suceession, which défine
homeostisis in the natural world.

The May 25 memo also raises several issues that we believe should be addressed cooperatively
by States and EPA. In summary:

» EPA should continue to refine and enhance the scientific basis for numeric nitrogen and
phosphorus criteria. Many States are not finding a scientific link between cause and
effect that is needed to support numerical standards.

» [EPA must not undercut EPA approved State nutrient criteria development plans including
their agreed upon milestones and commitments. :

» A nutrient criterion requires appropriate implementation procedures. This is a costly
endeavor, but well worth it.

» Direct impacts on permittees in the NPDES program need to be considered.



» EPA should support quantitative economic assessment of numerical nitrient controls and
managemment that go beyond local watersheds and State boundaries 1o include upwind and
downstream relationships.

» Given EPA’s high level of concern about nutrients, the Agency should develop
categorical standards for POTWs and have consistent realistic national effluent limits,
rather than relying on a State-by-State baftle with poorly supported numerical water
quality standards.

» The table in the memo on the status of act1v1tIes in the States should be updated and
clarified.

ASTWPCA strongly encourages FPA continue to refine and enhance the scientific basis for
numetric nitrogen and phosphorus criteria, including reevaluating the potential difficuities with
statistically-derived generic critéria that may be over or under protective. Dunng their
considerable developmental processes, many States are failing to find a strong linkage between
the EPA recommended cause variables (N and P) and response variables of chlorophyll-a and
transparency, bit are finding wide variations in parameters that seem unrelated to professional
assessments of “trophic health” status. In many cases, a relationship cannot be demonstrated .
between causal variables N and P, and factors such as turbidity, light limitation, canopy cover,
substrate, aquatic community structure, bioavailability, reservoir sequéstration, micronutrient
limitations and other “response” vatiables. These problems can only lead to mis-cues in
impairment identification and mis-direction of scarce management and implementation
resources.

We emphasize that most States have & “mutually agreed vupon” nuttient criteria development plan
approved by EPA that inclides commitments and specific milestones for the development and
promulgation of both narrative and numeric criteria. The May memo seems to override those
agreements which States would strongly oppose. While States are actlvely working to meet the
muitually agreed upon milestones of these plans, many are improving water quality through the
implementation of their new or existing narrative criteria, often using the TMDL process to meet
related criteria, e.g., for dissolved oxygen or aquatic life use support. Nutrient control prograrms
are not waiting on a number and are in fact well underway in every State.

Implementation is a key component of effective water quality management. By itself, the
singular act of promulgating a criterion does nothing to improve water quality. A criterion
requires appropriate implementation procedures to support its application. Consideration of
mixing zones, reasonable potential tests, averaging periods, assessment methodologies, dose-
response relationships, and other related factors are all absolutely ciitical if criteria are to be
effectively set and used for developing effluent limits, TMDL targets, non-point source control
practices and use impairment decisions for Integrated Reports. Because no two waterbodies are
the same, site-specific evaluations and, most probably, site-specific criteria are required that
reflect their uniqueness and protect their natural trophic tendencies. This will be a costly
endeavor, but less financially costly than attempting to meet water quality criteria that are
unattainable, and less env1ronmenta11y costly than losing water resources because criteria arg too
liberal. ,

States are acutely aware that numeric nutrient criteria, whether generic or site-specific, will
ultimately have a direct impact on permitiees in the regulatory NPDES program, with
correspondingly significant monetary impacts. Therefore, in addition to ensuring that the criteria
are appropriate to the water body, the States need more capability to quantify the costs and
benefits of nutrient controls as they progress toward implementing nutrient control plans. It must
be recognized that the practice of promulgating water quality criteria without correspondingly
considering implementation is outdated. States also recognize that nutrient pollution in many



watersheds is largely or exclusively attributed to non-point sources and may involve both
aqueous and aerial transport across jurisdictional boundaries. Control costs in these programs are
much more difficult to quantify, and management efficiencies are very uncertain, in both the near
and long term. All stakeholders want t6 know not only WHAT the number is, but HOW,
WHERE, and WHEN it will be used in all phases of water quality management, and that the
number is representative of a desired outcome for that water body. The EPA criteria docuiments
refetenced n the memo fall far short of meeting those needs, instead falling back on simplistic
statistical categorizations that ill-consider the local character and capacities of individual water
bodies and their typologies.

States encourage EPA to support a quantitative economic assessment of numerical nutrient
controls and management that extends beyond the local watershed and State boundary to include
upwind and downstream relationships. Nutrient impacts, and managemeit benefits, in larger
watersheds are often far reaching. For example, the economic costs of nutrient controls in the
upper Midwest will be significant with little to no ecological improvernent within that specific
watershed, but they are critical to controlling eutrophication in estuaries such as the Chesapeake
Bay or hypoxia in the Gulf of Mexico. Without a larger scale perspective it will be very difficult
for States to justify the e‘xpenditure of significant financial resources when there will be little or
no water quahty improvement in their State. Therefore, States will require more resources to
coordinate, facilitate and resolve interstate Water Quality Standards issues related to nutrient
controls and reductions. This comes at a time when States are recelvmg less 106 funds for their
core water prograiti.

Mote time and attention should be paid to establishing nationwide nitrogen and phosphorus
“effluent guidelings” or similar guidance. Wastewater treatment technology is making
significant advances with state of the art phosphorus removal approaching 0.02 mg/L in contrast
with present expectations (i.€. 1 mg/L). The effort needs to be pursued with great care since
reliability is an issue and costs can be enormous for required filtration media to meet ultra-low
levels. Energy and carbon issues are also a concern. In an era of “Water Quality Based Effluent
Limits”, it seems that technological controls should be a national USEPA priority to protect near
sliore marine enivironments, the Great Lakes, bays, estuaries and the Gulf of Mexico.

The table in the May 25, 2007 memo outlining the current status of numerical criteria adoption
appears to be out-dated and in need of revision. Several States have pointed out that while they
are actively engaged in developing nufrient criteria it was not reflected in the table. Since any
table of this sort will be “old” within months of béing compiled, it should be qualified so the
reader understands that and carefully worded so that States get credit for making progress, not -
criticism. The table should reference States progress toward meeting objectives, goals and
milestones in their approved nutrient criteria development plan.

Thaok you for the opportunity to share our thoughts and ideas on this critically important issve.
The Association looks forward to discussing this issue further with the Agency. Please do not
hesitate to contact me at 405-530-8800.

Sincerely,

Derek Smithee, Co-Chair
ASIWPCA Monitoring, Assessment and Standards Task Force



Cc:

Ephraim King, USEPA
Denise Keehner, USEPA
Grace Robiou, USEPA
Amy Newman, USEPA
Mary Smith, USEPA
ASTWPCA Membership
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Conditional Probability

S:..mn Is It?
N-STEPS

Opjectives

nat probability is the probability of an event occurring when some
other event has occurred and cenditional probability analysis is an approach
that allows & user to estimate the likelihood of exceeding some response
threshold for a glvenr nutrient concentration, This approach Is based on the
assumption that as nutrient concentrations increase, the likelihood of an impact
on soms negative response Increases, ‘This approach has great promise in
identifying appropriate nutrient criteria to other measures where criteria
threshoids have already been developed - for examplg, dissolved oxygen, pH,
or blocriteria,

Prowidle regions,
states, and tribes with
SUppot related 1o
nutfont crlténa
development

B

Provide access o
axpert assistances with
ksties relatad (o
nutriant criterla

Example Question: What is the probabliity of exceeding our dissolved oxygen
criterion ovar.a rangs of differant nutrient concentrations and-where |s the
threshold?

development and

implementation ) .

;] . _\m_wﬁ_o_ﬁ:_vu bdtween. blologital: qmmuo:mmm ane nutrient’ ﬂammcn mxwam,:_au
|morave these rélationships, and establishing notrient and/or-biological w:qmwro_nm '
cofnmurication writeria: h

natisrwice Coniitional profiabllity.analysls (CPAYIS statisfitalton] ooicma the reldtive

& _aumrama of Ea_oo“nw mzq_wﬁmm glony & putrient’ Em%w_:. It calciilates the:
profpability of exceeding: mm:ﬁ: threstold.(e.q.;-biocriter ). givér a set nuttiEnt nuznmzn_ﬁmn:. it can
used, therefore, to identify which niutrient conditions. have: @ significant probability of belng “associated with
adverse ?o_oenm_ conditions. By-comblining CPA, with:change:point w:m:u_w one can. Em ﬁ:m nutrient
threshold indlcating & high risk of exceeding sottie.gther criterion;

_._os__ Uomm Hn Work?

no__n__zozm_ Enwmw___s._ calculates :._m probability of an event occurring (e.g., DO<y) when it is known that
some other-event has occurred (e.g., TP>X). The nutrientconcentrations are treated as dlscrete. random
varlables and probability functions are calculated. Functionally, a two-step procedure is used. -One Identifies
the subset of samples were nutrignts exceed some threshold and fram those sites, one determities the
samples which have exceeded the respense threshold, This 1§ the subset of samples for which nutrients
exceed some value {x), which are also impacted for the response variable {y). Calculating these values
iteratively over the range of nuttlent concentrations generated an empirical conditionat probability curve.
Confldence Intervals can be generated for this curve using resampling techniques, like bootstrapping (Paul
and MePonald 2005).  Thresholds atony this-curve are identified using varlatishs of change-point analysis
(See other fact sheet on change-point analysis).

Pata ,wmn_:_,..,mim:nw . _ -

SR

M_._%_um:nm:ﬂ:. coltectéd numeiic data in the “feitim paifed observatiohs are required
cohtinuos: data, aithough discrete nomeric, variables {e.q,, tixarichiiess] could also' Work: The. reater.the
téinge of- m:q__‘ozamzﬂmm conditions. encompassed the batter. ‘Gne, way {0 agsure; Hm..m range lstouse d
gradient umm_as and select sites atong-asfakge a mqwm_mz A’ uuum_u_m

i

Esmn m:o:..u <o: _.oow For & wmno_.n,..

Examing the nﬁ:n_mosa v_.owmc v plots. They should show a clear trend in response with changes in
nutrient concentration. Steep relationships and-clear changes In the response make threshold identification
easier, Confidence intervals can be used to help idantify threshelds (see Paul and McDonaid 2005).
Conrfidence intervals for the change-polnts can also be reported (see fact sheet on Change-Peint Analysis),
depending on the approach used.

Pros Cons
+ Effective way to identify nutrient + Requires substantial data,
thresholds probahitistic data is best
-« Nice approach for linking criteria + Lack of significance does not mean
‘together iack of association
« Quaniitative ineasure of threshalds + Requires knowledge of an
with error estimate apprapriale threshold for response

variable

+ Lack of significance does nst mean
. lack of association

Citations
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Paul, J.F, and M.E, z_non_._m_n 2005. Development of empirical, geographicaily specific water quality
criteria: a conditional probability analysis wu_u_.omn_‘_. ?E:m_ of the American Water Resources
Association 41:1211-8223
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Exhibit 3

Chester Creek TMDL
Summary of Macroinvertebrate Metrics and Nutrient Concentrations
in East Branch Chester Creek (1996/1997)

Station Year Total | Total EPT | HBI' TN ? TP >
Taxa' Taxa ' _ (mg/L) {mg/L)

1476790 1997 17 9 42 | 43 0.018
1476830 1996 29 10 5.6 24 0.020
1476835 | 1996/1997 | 30/26 13/12 4.7/4.6 3.0 0.205

Definitions: EPT — Ephemeroptera, Plecoptera, and Tnchoptera HBI — Hilsenhoff Biotic Index; TN — total
nitrogen; TP - total phosphorus

! Macroinvertebrate metrics from USGS Water-Resources Investigations Report 02-4242 “Assessment of
Stream Conditions and Trends in Biological and Water-Chemistry Data from Selected Streams in Chester
County, Pennsylvania, 1981-97 by Andrew G. Reif @ 60-62.

% Nutrient averages from Table 3-18, Nutrient Total maximum Daily Loads for the Chester Creek
Watershed, Pennsylvania — Draft Report, February 2008.

Temporal Changes in EPT Taxa, Ammonia-nitrogen, and Ortho-phosphate at
USGS Station No. 01476848 (East Branch Chester Creek below Goose Creek near
West Chester)

East Branch Chester Creek below Goose Creek
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Macroinvertebrate metrics from USGS Water-Resources Investigations Report (02-4242 “Assessment of
Stream Conditions and Trends in Biological and Water-Chemistry Data from Selected Streams in Chester
County, Pennsylvania, 1981-97” by Andrew G. Reif @ 62.

Analytical data for ortho-Phosphate and Ammonia-nitrogen from USGS Open-File Report 99-216
“Physical, Chemical, and Biological Data for Selected Streams in Chester County, Pennsylvania, 1981-94
by Andrew G. Reif @ 127-128 and USGS Open-File Report 00-238 “Physical, Chemical, and Biological
Data for Selected Streams in Chester County, Pennsylvania, 1995-97 by Andrew G. Reif @ 11.
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DEVELOPMENT OF EMPIRICAL, GEOGRAPHICALLY SPECIFIC WATER
QUALITY CRITERIA: A CONDITIONAL PROBABILITY ANALYSIS APPROACH!

John F. Paul and Michael E. McDonald?

ABSTRACT: The need for scientifically defensible water quality
standards for nonpoint source pollution control contitues to be a
pressing eavironiental izgue. The probability of impact at differing
levels of nonpeint source pollution was determined using the biolog-
ical response of instream erganisms empirically obtained from a
statistical survey. A conditienal probability analysis was used to
calculaie a biological threshold of impact as a function of the likeli-
hood of exceeding a given value of pollution metric for a specified
geographic area. Uncertainty and natural variability were inher-
ently incorperated inte the analysis through the use of data from 2
probabilistic survey. Data from wadable streams in the mid-
Atlantic area of the U.S. were used to demonstrate the approach.
Benthiec macroinvertebrate community index values (EPT taxa
richness) were used o identify impacted stream communities. Per-
cerit fines In substrate (silt/elay fraction, < 0.06 mm) were used as a
surrogate indicator for sedimentation. Thresholds of izpact due to
sedimentation were identified by three different techniques, and
were in the range of 12 to 15 percent fines. These values were con-
sistent with existing literature from laboratory and field studies en
the impact of sediments on aquatic hife in freshwater streams. All
results were different from values determined from corrent regula-
tory guidance. Finally, i was illustrated how these thresholds could
be used to develop criterion for protection of aguatic life in streams.
(KEY TERMS: sediment; wadable streams; benthic community con-
dition; statistical analysis; aquatic ecosyatems; standards.)

Paul, John F. and Michae! E McDonald, 2005. Deveiopment of Empirical, Geo-
graphically Specific Water Quality Criteriaz A Conditional Probability Analysis

’ Approach. Journal of the American Water Resources Association (JAWRA}

41{5y1211-1223.

INTRODUCTION

A range of procedures are being used around the
world for establishing criteria for the protection of
water quality (Jimenez ef al., 1999; Yin et al., 2003;
Borja et al.,, 2004; Kamizoulis and Saliba 2004, Kay

et al., 2004). In the United States, the U.S. Environ-
mental Protection Agency (USEPA) is responsible for
implementing the Clean Water Act (CWA) (Russo,

2002), which is the major national act for protecting

water quality The USEPA implements some aspects
of the CWA by providing guidance for the control of
pollutants through development of Water Quality
Standards (WQS). These WQS serve as the founda-
tion for pollution control and are a fundamental com-
ponent of water quality management. They define the
goals for a waterbody by designating its uses, setting
criteria to protect those uses, and protecting water
quality through antidegradation provisions. The crite-
ria are developed for the protection of aquatic life as
well as for human health.

Water quality criteria (WQC) for individual chemi-
cal pollutants (such as heavy metals and synthetic
organic compounds) have been developed as national
criteria {e.g., USEPA, 1994). These national eriteria
have been developed through laboratery bicassays,
where exposure to a single pollutant can be main-
tained under controlled conditions (Hohreiter and
Rigg, 2001; Rausina et al., 2002; Fisher and Burton
2003). As progress has been made in controlling these
individual pollutants, a shift has oceurred toward con-
trol of nonpoint source pollution (e.g., runoff, nutri-
ents, and sedimentation). Consistent with this is the
increased use of biological indicators to assess the
condition of the environment (Niemi and McDonald,
2004). Recent developments suggest that adopting
national criteria may not be sufficiently protective of
the biota in various subregions {Perry and Van-
derklein, 1996; USEPA, 2000a), thus leading to a
greater reliance on field generated data. The recent
development of WQC for nutrients is an example of

iPaper No, #4095 of the Journal of the American Water Resources Association (JAWRA) (Copyright © 2005). Discussions are open until

April 1, 2006.

2Respectively, Research Environmental Sclentist and Director, Environmental Monitoring d@nd Assessment Program, U.S. Environmental
Protection Agency, Mail Drop 343-06, Research Triangle Park, North Carolina 27711 (E-Mail/Paul: Paul john@epa.gov).
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geographically specific eriteria developed from field
data (USEPA, 2000a}.

Sedimentation in streams is an example of a non-
point source pollution problem (Spooner ef al., 1991).
Excessive sediment is a major cause of impairment in
waterbodies across the country (USEPA, 2002). Devel-
opment of water quality criteria for suspended and
bedded sediments for the protection of aquatic life
provides a challenge since the traditional approach
using laboratory bioassays (dose-response studies)
may not be applicable (Perry and Vanderklein, 1996).

A focus on the response of aquatic communities to
sedimentation emphasizes protection of these com-
munities from adverse effects of sedimentation and is
consistent with the use of biclogical criteria. Estab-
lishing a criterion for sedimentation allows the source
of excess sediments to be addressed for regulation or
remediation of the problem. However, identification of
the source of the sediments is not necessary for the
development of eriteria and is not discussed further.

In this paper, it is shown how & conditional proba-
bility analysis can be used with empirical, probabilis-

b IR LN

tic monitoring data for aquatic resources o establish
thresholds of impact for a stressor for 2 specified geo-
graphic area. Scientifically defensible thresholds are a
necessary first step in establishing protective criteria
by environmental managers. The appreach is demon-
strated by applying it to wadable streams in the mid-
Atlantic region of the United: States, and establishing
thresholds for impact of sedimentation on the streams
in this region. Finally, an illustration is presented on
how these thresholds could be used to develop a crite-
rion for protection of aquatic life in these streams
from sedimentation.

DATA SOURCES

The field data vsed in this paper are available
through the USEPA. Envirenmental Monitoring and
Agsessment Program (EMAP) web site (USEPA,
2004). These data were collected from the mid-
Atlantic region streams in 1993 and 1994 and include

Figure I, Mid-Atlantic Region of the U.8. With the Wadable
Stream Samapling Sites Used in This Study.

JAWRA
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102 stream segments in first to third (Strahler) order
wadable sireams (Figure 1). These segments were
selected for sampling using a spatially balanced prob-
ability design {(Stevens, 1997; Stevens and Olsen,
1999). Inclusion probabilities for each sampled stream
segment were determined using the sample sizes for
each Strahler order and the total length of streams
within each order in the region. Sampling locations
within stream segments were chosen randomly.
Quantitative data for stream macroinvertebrates,
hahitat, and water quality were collected at each site
(for specifics see Lazorchak et af., 1998; Kaufman and
Robinson, 1998; Herlihy ef al., 2000; and Klemm et
al., 2002). Sampling took place during a two-month
sampling window each year from April through mid-
June.

Stream Macroinvertebrate Data

Stream benthic macroinvertebrates are a robust
measure of stream condition, integrating temporal
pollutant exposure. They are responsive to changes in
in-stream sediment levels (Davis and Lathrop, 1992;
Covich, 1899). Benthic stream community taxa in the
orders Ephemeroptera {mayilies}, Plecoptera (stone-
flies), and Trichoptera (eaddisflies) (collectively
known as EPT) are considered reasonably sensitive
indicator organisms since they exhibit a decrease in

‘taxa richness with increased degradation of stream

conditions {(Loch et af., 1896; Barbour ef of., 1989;
Zweig and Rabeni, 2001; Klemm et al,, 2002; Kaller
and Hartman, 2004). The EPT taxa were used to iden-
tify impacted stream segments in the mid-Atlantic;
when EPT taxa were less than 9 in the stream seg-
ments, the stream segments were considered to be
impacted (Davis and Scott, 2000; Klemm et al., 2002).

Indicator for Sedimentation

Sediments, including suspended and bedded, can
directly affect stream biota or indirectly affect stream
biota through changes in habitat. For example, exces-
sive suspended sediments in aguatic systems can
cause increased turbidity and decreased light pene-
tration. Altered light regimes can directly alter pri-
mary productivity and increase shading of submerged
macrophytes (Canfield ef al., 1985; Best ef al., 2001).
Excess fine sediments can fill in gaps between larger
substrate particles, embedding the larger particles
and eliminating interstitial spaces that would other-
wise be used as habitat for reproduction, feeding, and
cover for invertebrates and fish (Suttle et al., 2004).
For example, bedded sediments in streams and rivers

JOURNAL OF THE AMERICAN WATER RESOURCES ASSOGIATION

can cause the loss of spawning habitat for salmonids
due to increased embeddedness (Young et al., 1891).
For the purpose of this paper, percent fines in the
substrate is used as a surrogate indicator for sedi-
mentation in streams. The percent fines (silt/clay frac-
tion, less than 0.06 mm) is a direct measure of the
smallest class of sediments and is strongly correlated
with sediment embeddedness, a source of the most
likely to be resuspended sediment, and an indirect
measure of suspended sediment levels in the water
column, Sitreams containing a larger fraction of fine
sediment would be expected to have a benthic commu-
nity at greater risk for impact (Zweig and Rabeni,
2001). Details of the protocols for sample collection

© and analysis for percent fines can be found in Lazor-

chak et ¢f, (1998), Kaufmann ef af. (1999), and Klemm
et al. (2002). Percent fines is determined by visual
examination at 11 equally spaced stream transects.
The data used were restricted to stream segments

- with pools.

Reference Conditions

Reference conditions are expectations as to the con-
dition of biological communities in the ahsence of any
human disturbance (Plafkin ez al., 1989; Gerritsen ef
al., 1994). These conditions provide an estimate of
natural variability in biological condition and habitat
quality that can be expected to occur. Few streams in
the mid-Atlantic area are undisturbed. Reference con-
ditions in the mid-Atlantic have been identified
(Waite et al., 2000) using a set of selected chemical
and habitat conditions from unimpacted or minimally
impacted streams in the area. These chemical and
habitat measures are used to identify the best avail-
able biologieal conditions in the area streams. :

The chemical and habitat parameters used in the
selection of reference conditions for wadable streams
in the mid-Atlantic area (Waite et al., 2000) are: acid
neutralizing capacity {> 50 peq/L), chloride (< 100
peq/l), sulfate (< 400 peqg/l), total nitrogen
{< 750 pg/h, total phosphorous (< 20 pg/l}, and mean
rapid bicassessment protocol (RBP} habitat score
{> 15). The RBP habitat score encompasses the vari-
ety and quality of the substrate, channel morphology,
bank structure, and riparian vegetation. It is mea-
sured on a scale of 1 to 20, where 1 is very poor habi-
tat and 20 is exeellent habitat (Barbour ef «l., 1999).
Waite et ol (2000) define a stream segment as refer-
ence if all six of the chemical and habitat parameters
are within the desired levels. Reference sites were
identified that met these criteria for the extant data.-
Thus, the number and distribution of reference site
conditions were not predetermined and were used
strictly for comparative purposes.

JAWRA
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METHODS
Conditional Probability Analysis (CFA)

The probability of observing a certain event v is
denoted P(y). Data acquired with a orobability survey
design provide estimates of the prebability of occur-
rence for a sampied variable. For example, consider a
sampling frame that includes all stream segments in
a state, If 75 percent of the sampled stream segments
exhibit impacted benthic communities, then the likeli-
hood of ohserving benthic impact in any of the stream
segments in the state is 75 percent.

For use in developing a numeric water quality cri-
terion, a conditional probability statement provides
the likelihood (probahbility) of impact, if the value of &
pollution metric (threshold) is exceeded. Conditional
probability is the probability of an event when it is
known that some other event has cccurred, and is
denoted -

P(y|x% (D

where v is the event of inferast and x* is the other
event that has oceurred previcusly For criterion
development, x* is replaced with x > xn, where x¢ is
the specific threshold that is exceeded. Therefore, the
conditional probability statement in this paper is the
probability of an event v cccurring, when it is known
that some event x has oceurred and x has exceeded
some threshold x [P (¥ | x> xg)]l. For water guality
criteria, this implicitly assurnes that as the pollution
metric of interest increases, the likelihood of an
impact on biological condition increases. For respons-
es that increase as the pollution metric decreases
(e.g., dissolved oxygen concentration), the conditional

.probability deseription is reversed [P(y | x < xp)].

The pollution metric, x, is treated as a diserete ran-
dom variable. The probability mass function (pmf) of x
(the probability that x is a specific value) is represent-
ed by fi(x;), where i is 1,2, ... N, and N is the total
number of samples. The inclusion probability provides
the probability for selection of a given sample, that it
can be different for each sample, and is used as a
weighting factor for statistical estimation. Every sam-
pling unit has a nonzero probability of being selected.
The sum of f; over all possible sample sites is 1.

It is assumed that an appropriate response vari-
able for stream condition, v, exists, which also is a
discrete random variable, and equals 0 for good condi-
tions and 1 for impacted conditions. The y; will be
paired with values of the pollution metric, x;. The
value of y; will be dichotomous (0,1) depending on the
value of x; and can be written as a function of x;, y; =

JAWRA

g(x;). The conditional probability, in this work, of
impacted conditions if specific value, xp, iz exceeded,
is

Ply=1Lx>x0)

¥ |x>xc) Px>xg)
where P(y = 1, x > x¢) is probability of joint occur-
rence for the two events. This equation is the defini-
tion of conditional probability (Hogg and Ledolter,
1992). The conditional probability can be expressed as

Y, g(xfi(x;)
— _ X%,
Ply=1|x>xc)= S Lo (3

X;>X,

Funectionally, to determine the probability of impact
in the stream when some value of the pollution met-
rie, X¢, is exceeded, P (y =1 | x> %), a two-step pro-
cedure is used. Using the survey data, one identifies a
gubset of the sampled resource (e.g., stream seg-
ments) for which 2 > x¢: (i.e., the stream segments are
stratified based on the value of the pollution metric
x); and from this subset of stream segments in which
x > %, one determines those segments in which the
biclogical conditions are impacted. This is the subset
of the sampled stream segments in which the poHu-
tion metric exceeds a specific value (x¢), and which
are also biologically impacted. )

The probability of the biology being impacted in
stream segments when x > ¥ over the entire range of
obgerved x provides an empirical conditional probabil-
ity curve. Confidence intervals (Cls) for this empirical
curve can be estimated by bootstrap resampling
{(Manly, 1997). Bootstrapping assumes that the distri-
bution of a population can be determined by resam-
pling the original data. A bootstrap sample consists of
drawing a sample of size N from the original data (of
size N) with replacement, which is then used to calcu-
late a bootstrap value for conditional probability, P (y
=1 | x> x¢). One thousand samples were generated
for the bootstrap distribution. The 90 percent and 95
percent Cls were determined from the empirical per-
centiles (Insightful Corp., 2001).

Identifying Thresholds of Impact

Threshold levels for pollutants that elicit different
levels of biclogical impact in stream segments of a
region need to be identified for eventual use in devel-
oping criteria. A threshold of impact was identified as

JOURNAL OF THE AMERICAN WATER RESQURCES ASSOCGIATION
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a changepoint separating the empirical conditional
probability curve into two parts, that part of the curve
above the changepoint and that which is below 1it. For
those samples that are above the changepoint, the
probability of impact is different from what one would
expect for the entire geographic area. A confounding
factor in the identification of a changepoint is that
these two groups created by the changepoint are not
independent (i.e., the numbers used to create the
points above the changepoint are a subset of the num-
bers nsed to create the points below the changepoint).
Thus, a traditional t-test cannot be used in the deter-
mination of the changepoint since the data are not
independent (Venables and Ripley, 1997). The identifi-
cation of the changepoint was by using a weight-of-
evidence approach with three different techanigues.
These techniques are: nonoverlapping confidence
intervals, change in curvature of fitted curve, and
nonparametric deviance reduction. Gther possible
techniques could be used to identify a changepoint. In
this demonstration, specific values for factors and Cls
were selected only as examples. Values used in an
actual application of this approach would depend on
the particular management requirements and ohjec-
tives.

The use of nonoverlapping Cls to determine a
changepoint involves determining when the lower CI
of the empirical curve no longer overlaps the upper CI
of the unconditional value (Cherry, 1996; Rahlfs,
1997; Cherry, 1998; Austin and Hux, 2002). This pro-
cedure is a conservative estimate for significant dif-
ference, since the ClIs could overlap when the values
are significantly different (Austin and Hux, 2002).
The bootstrap percentile Cls based on a bootstrap dis-
tribution of 1,000 samples were used for this evalua-
tion. The a-level for the nonoverlapping CI must be
adjusted to account for the one-sided nature of this
test, whereas the o-level for developing the Cls for
the curves was based on a two-sided test (i.e., a factor
of 2 in the o-level).

The second technique used for selecting a threshold
of impact through changepoint identification was to
fit an equation to the empirical eurve for conditional
probability. The following constrainis were used: the
conditional probability approaches the unconditional
value, Ply = 1), as x goes to the minimum x-value; the
conditional probability approaches 1 as x goes to the
maximum value; and there is a curvature change at
the inflection point of the curve. The following func-
tional form satisfies these constraints

P(y:l[x>xc)={

JOURNAL OF THE AMERICAN WATER RESCURGES ASSOGIATION

1+Mg D/ (1+expBy(xg —x¢))), for x¢ > x4
1+ (D —D/(1+expBi(xc —Xo)), for xg <x

where exp is the exponential function to base e, Dy is
unconditional probability value P(y = 1), xg is the
changepoint where curvature changes, By is curva-
ture for values of x5 » xg, and By is curvature for val-
ues of x¢ € xp. The parameters xq, By, and By are
determined from a nonlinear least squares regression
{(Venables and Ripley, 1997). Uncertainty in the
parameters are estimated from the standard errors
generated by the regression software and, where pos-
sible, by computing asymmetric confidence intervals
(Venables and Ripley, 1997). The residuals from the
regression were checked for normality. While it may
be generally possgible to fit Equation (4} to the empiri-
cal curve, the curvature values (By and By) may not
be significantly different, and a threshold would not
be identified with this technique.

The third technique uses nonparametric deviance
reduction to determine the changepoint. This
approach determines the dividing point for splitting
the data into two groups, resulting in the largest
reduction in the deviance in the data (Qian et al,,
2003). The deviance is defined as

Mz

D=3 (P, -P#? | B

1

1

where D is the deviance, N is the sample size, Pi ig
the conditional probability P(y =1 | x> x; ), and P*
is the mean of P; based on a sample size of N. When
the data are divided into two groups, the sum of the
deviance for the two subgroups is always less than or
equal to the deviance for the entire data set. When
the split in the data minimizes the deviance, the
threshold is identified. This approach has been used
to detect ecological changes along an environmental
gradient {Qian ef al., 2003). Qian ef ¢l. (2003) com-
pared results of deviance reduction with a Bayesian
hierarchical modeling approach and found that the
nonparametric approach provides similar results with
the Bayesian analysis.

The deviance reduction point generally can be
determined, but it may or may not be of biclogical sig-
nificance. Uncertainty in the deviance reduction
changepoint (90 percent and 95 percent Cls) is esti-
mated from the empirical percentiles for the bootstrap
distribution from resampling 1,000 times (Manly,
1997). An approximate y2 test was used to determine
the significance of the changepoint. The test assumes
that the deviance reduction divided by the scale

4
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parameter is approximately x? distributed with
1 degree of freedom (Venables and Ripley 1997). A
large deviance reduction will resuit in a small p-
value, and the consequent rejection of the null
hypothesis (Hy: no changepoint).

Biological Importance of Identified Thresholds

For use in criteria development, some level of bio-
logieal importance needs to be associated with the
threshold of impact value that is identified. The
changepoint value determined by each technique
must separate the samples so that the probability of
impact for samples above the threshold would be dif-
ferent from what one would expect for the entire geo-
graphic area. A summary of lterature values on the
response of fish and benthic invertebrates at low
reported levels of percent fines in the substrate (New-
combe and Jensen, 1996; Bash et gl., 2001; Berry et
al., 2003) was used to identify biclogical importance.

Statistical Analysis of Data

The cumulative distribution function (CDF),
the eonditional cumulative distribution function
(CCDF), and their reverses were used to supplement

the conditional probabiﬁfy analysis. The CDF gives
probability that x is less than or equal to x¢

P(XSXC)ZF(X0)= Z fi(xi) (6)

X; EX,

The reverse CDF is the probability that x iz greater
than xg, which is the complement of Equation (6), or

Px>xc)=1-Flxg)=1- Y fi(x)= 3 fix;)

X;SX, XX, o
7

The CCDF is the distribution for & subset of the
total data, subsetted by {or conditioned on) a second
variable [F(y | x)|. The reverse CCDH is similar to
Equation (7), that is, 1-F(y | ). The reverse functions
are consistent with the CPA resulis, which are
expressed as a threshold (i.e., exceeding some value

xg)-

RESULTS

The CDF for EPT taxa richness is shown in Figure
2. Approximately 42 percent of the stream miles
across the region were observed to have EPT taxa
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Figure 2. Cumulative Distribution Function for EPT Taxa Richness for All Stream Miles
and for Stream Miles That Exhibit Reference Condition Characteristics.
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richness less than 9, indicating impacted benthic com-
munity conditions. Out of 100 stream segments that
had valid values for the indicators used in this study,
16 met the reference condition requirements. In 91
percent of the reference condition stream miles, ben-
thic communities were found that had EPT taxa equal
to or greater than 9 (Figure 2). The EPT taxa richness
generally declines as the percent fines increases (Fig-
ure 3, correlation coefficient, 1, is -0.50). The fraction
of EPT taxa richness variance explained using a Hn-
ear regression with percent fines as the predietor is
(.25, suggesting that percent fines does appear to
have a substantial effect on EPT taxa richness.

The reverse CDF and reverse CCDFs for percent
fines in the substrate were expressed as a proportion
of stream miles (Figure 4). The sampled stream seg-
ment values were weighted by inclusion probabilities
to convert to stream miles. The distribution for
impacted benthic communities is displaced to the
right of that for benthic communities in good condi-
tion (Figure 4). The distribution for reference condi-
tions is shifted to the left (fowards lower percent
fines) than that for unimpacted streams (Figure 4),
sinece these are the best observed conditions.

The CPA approach suggests that when percent
fines in the substrate is greater than 49 percent,
there is a 100 percent probability that the benthic
communities are impacted (Figure 5). All sites with

percent fines in the substrate in excess of 49 percent

~ had EPT taxa richness less than 9. As the percent

fines approaches zero, there ig a hackground level of
impact on EPT taxa richness from all sources of stress
in the region {(mean = 42 percent, 95 percent confi-
dence interval of 30 to 56 percent). Thus, irrespective
of the level of percent fines in the subsirate, approxi-
mately 42 percent of the stream miles in the region
will likely exhibit an impact on EPT taxa richness.
Therefore, to detect a significant gignal due to percent
fines in the gubstrate affecting the EPT taxa richness,
the upper confidence limit on the estimate of the
background impact (e.g., 56 percent, Figure 5) must
not overlap with the lower confidence limit on the
probability of benthic impact curve in Figure 5. The
point at which thig oceurs is when the percent fineg in
the gsubstrate is 14.8 percent (Figure 5). This is a
thrashold of impact, and is statistically distinguish-
able from background within this geographic area.
The mean probability of observing impacted EPT taxa
richness assoclated with this threshold is 67 percent.
The CPA identified threshold of 14.8 percent fines
{(from nonoverlapping Cls) would translate into

. approximately 47 percent of the total stream miles in

the geographic area exceeding the threshold (from
Figure 4). Similarly, only a small percentage of
streams with reference condition characteristics
{6 percent) or good benthic conditions (21 percent}
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Figure 3. Plot of EPT Taxa Richness Against Percent Fines in Substrate (silt/clay fraction, less than 0.06 mm).
Horizontal line for EPT taxa richness = 9. Solid circles are stream segments that exhibit reference condition
characteristics. Open circles are segments not satisfying reference condition characteristics.
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Figure 4. Reverse Cumulative Distribution Function (CDF) for Percent Fines in the Substrate (silt/clay fraction, less than
0.06 mam) for Stream Miles Across Entire Area, and Reverse Conditional CDFs of Stream Miles for Impacted Benthic
Cenditions (EPT {axa richness less than 8), Unimpacted Benthic Conditions (EPT taxa richness equal to or greater
than 9), and Reference Conditions. Horizontal lines are where the threshold of 14.8 percent fines intersects curves.
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Figure 5, Probability of Observing EPT Taxa Richness Less Than 9 (benthic impact) in Mid-Atlantic Streams (open circles)
if Specified Value of Percent Fines in the Substrate (silt/clay fraction, less than 0.06 mm) is Exceeded. Solid line is fit
of Equation (4) (see Table 1). Dotted lines are 95 percent confidence intervals (Cls) from bootstrap estimation.

1218 JOURNAL OF THE AMERICAN WATER RESOURCES ASSOGIATION



: v,

P

DevELOPMENT OF EMPIRIGAL, GEOGRAPHICALEY SPECIFIC WATER QuALITY GRITERIA: A CONDITIONAL PROBABILITY ANALYSIS APPROACH

would exceed the 14.8 percent fines threshold, but a
much larger percentage of impacted streams (74 per-
cent) would exceed it (from Figure 4). These values
provide an estimate of the number of “false positives”
for this value of a threshold for percent fines as the
indicator of sedimentation. Because multiple stressors
often impact stream communities, one cannot esti-
maate the “false negatives.” A community not stressed
by the stressor of interest might be stressed in some
other way.

The coefficients from the nonlinear least squares
regression for Equation (4) are given in Table 1, with
the fitted curve shown in Figure 5. This technique
also determined a threshold of impact of 14.8 percent
fines in the substrate (Table 2). Using the nonpara-
metric deviance reduction technique, a threshold of
impact of 15.3 percent fines in the sediment, with p =
0.03, was identified. All three techniques for identify-
ing a threshold of impact from the conditional proba-
bility analysis yvielded consistent results (Table 2).

TABLE 1. Ceefficients (mean value and confidence limits) From
Nonlinear Least Squares Regression of Equation (4} for Percent
Fines in Substrate Against Probability of Impacted Benthic

’ Conununity (EPT taxa richness less than 9).

90 Percent 95 Percent
Mean CI CI
By -0.0328 (-0.049, -0.03) (-0.0516, -0.0292)
By -0.159 (-0.194, -0.138) (-0.202, -0.133)
g 14.8 (13.4,15.9) (13.1, 16.2)

These three different techniques all determined
thresholds of impact that separated the data such
that a difference could be detected from what would
bhe expected for the entire geographic area. For
the first technigue, the existence of nonoverlapping

CIs provided the difference. For the second technique,
the nonoverlap of Cls for the curvature parameters
established the difference. In the third technique, the
null hypothesis of no changepoint was rejected (p =
0.03). ,

The literature supports a biological response of
fishes to the thresholds for percent fines in the sub-
strate: survival of salmonids have been shown to be
negatively affected when fines exceed 10 to 20 percent
{McNeil and Ahnell, 1964; Burns, 1970; Tappel and
Bjornn, 1983; Chapman, 1988; Peterson ef al. 1992;
Argent and Flebbe, 1899). These studies for salmonids
were all for a larger sediment size range (silt/clay/
sand) than was chosen for purpeses of this demonstra-
tion. However, the silt/clay fraction is always less
than or equal to the silt/clay/sand fraction of the same
sample. These threshold values are consistent with
the lower end of reported response levels in the litera-
ture (see Newcombe and Jensen, 1996).

DISCUSSION

Scientifically defensible numeric criteria are highly
desirable for water quality protection programs
responsible for preventing the impairment of aquatic
systems. Historically, for single chemical pellutants,
carefully controlled laboratory bioassays have been
conducted. From the dose-response rélationship
derived from these hioassays, an appropriate criterion
for the pollutant was developed that is protective of
aquatic life. Unfortunately, this historical approach is
not applicable for nonpoint source pollution. At low
levels, nonpoint source materials may not be a pollu-
tant, but may be necessary for the functioning of the
aguatic systems (e.g., nutrients, sediments) and their
levels may naturally fluctuate over a geographic area.
Only when the levels become excessive (usually in
conjunction with -anthropogenic activity), do they

TABLE 2. Summary of Thresholds of Impact for Percent Fines in Substract (silt/clay fraction, less than 0.06 mm) Identified
by Conditional Probability Analysis {mean threshold and confidence intervals, when available) Using Three Techniques.

Threshold 90 Percent CI 95 Pexcent CI
{percent)’ {percent) (percent}
Nonoverlapping Confidence Intervals 12,71
14.82
Change in Curvature of Fitted Curve 14.8 18.4 {0 15.9 13.1to 16.2
Nonparametric Deviance Reduction 15.2 1i8to 264 8.9t0264
(p =0.08)
1From two-sided 90 percent CL.
2From two-zided 95 percent CL
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become pollutants and require criteria development
for their control. The development of scientifically
defensible approaches for establishing thresholds, and
eventually criteria, for nonpoint source pollution is a
critical need for regulatory agencies {USEPA, 2003b).
Any approach undertaken to develop nonpeint scurce
criteria must take info account the natural variability
of the pollution occurring across the geographic area
of interest, and the impact of other stressors that are
likely impacting the aquatic systems as well.

Use of the CPA can establish realistic thresholds
for the impact on stream biotic condition by nonpoint
source pollution. This approach was applied to estab-
lish a threshold of sediment impact on a susceptible
biological community in wadable streams in the mid-
Atlantic region of the U.S. The mid-Atlantic was
selected because of the extensive amount of research
and monitoring of streams in this region (e.g., Boward
et al., 1999; USEPA, 2000b), which provided the infor-
mation base needed that would satisfy the conditions
for application of CPA. The necessary conditions were:
(1) monitored data must be collected based on a prob-
ability based sampling design; (2) there must be some
metric that can guantify the pollution parameter of
interest; (3) there must be a response metric suffi-
ciently sensitive to respond to the extant levals of the
pollution parameter of interest; (4) independent stud-
ies must be available that identify the characteristics
of an impacted response metric; and (58) the pollution
parameter must be capable of exerting a strong effect
on the response metric.

The streams in the mid-Atlantic region met thase
criteria. Sufficient empirical data were available from
a probability monitoring design for wadable streams
in the region (see McDonald ef al., 2004; data are
available from http//www.epa.gov/emap/). The proba-
bilistic sampling allows for statistieally rigorous

extrapolation from the sites sampled to the entire
.region of interest. Sedimentation was a major stressor

in these streams (Boward et al., 1999; USEPA,
2000b), and sufficient information was available on
the percentage of fines in the substrate to allow its
use as a surrogate for sedimentation Klemm et al.,
2002). Data had been collected on EPT taxa richness
at these sites and related to stream condition
{UBEPA, 2000b}. Davis and Seott (2000) had deter-
mined a level of EPT taxa species richness {less than
9) below which mid-Atlantic highland streams were
likely to be impacted and in relatively poor condition.
Last, EPT taxa richness responded strongly to sedi-
mentation (Figure 3).

It was decided not to develop thresholds for protect-
ing against impact based on not exceeding a pollution
metrie value (i.e., P(y = 0 | x <x¢}, wherey = 0 repre-
sents unimpacted conditions). The approach of lock-
ing for a threshold which, if not exceeded, would

JAWRA

indicate a high probability of encountering unimpact-
ed conditions, is the approach taken for criteria devel-
oped from laboratory toxicological studies. What
makes this appropriate for laboratory studies is the
ability to control for all stressors other than the one
for which criteria are being developed. These studies
provide y = ¢ (unimpacted) if x < xp. This approach
does not work when dealing with actual field data, as
one cannct control for all of the myriad stressors that
are affecting the biological communities. The biologi-
cal response observed reflects the cumulative
response to all of the stressors. As the data for a spe-
cific stressor is analyzed, and as the magnitude of
that stressor decreases, one would not expect a con-
tinual increase in the likelihood of unimpacted condi-
tions, unless all of the stressors are strongly
correlated. Reducing one stressor would still leave
other stressors eliciting impact (in the case of 42 per-
cent of the stream miles in Figure 2). Therefore, any

- calculation of P(y = 0 | x < x¢) would likely be con-

founded by other stressors (i.e., value for uncondition-
al probability would not be zero). Thus, the thresholds
identified with the conditional probability analysis
(and based on the reverse CCDF) are thresholds of
impact, above which the hikelihood of impact is high.
One is able to pull out the signal in the mixture of
multiple stréssors with the conditional probability
analysis because the stressor chosen was strong
enough to elicit an impact as the magnitude of the
stressor increased. With the conditional prebability
analysis approach, one is protecting the aquatic
resource against the likelihood of impact.

The EPT taxa richness metric was used to identify
impacted stream communities. The taxa in the orders
Ephemeroptera (mayfiies), Plecoptera {stoneflies),
and Trichoptera (caddisflies) respond similarly to sed-
imentation as estimated by percent fines in the sub-
strate (Figure 3), with the probability of impact
increasing as percent fines increased. Other function-
al biological groupings that responded similarly to
EPT were benthic invertebrate scrapers and intoler-
ant taxa richness, while noninsect benthic inverte-
brates, benthic invertebrate scavengers, and tolerant
taxa richness responded with the probability of
impact decreasing as percent fines increased. Condi-

tional probability plots could have been generated

using any of these groupings of the benthic inverte-
brate community, if a level of biclogical impact could
be independently assigned (similar to EPT taxa rich-
ness less than 9).

With the CPA approach, traditional statistics can-
not be used to ascertain the threshold of impact,.
Instead, a weight-of-evidence approach based on three
separate techniques was used. However, this assumed
that there was a consiztency in the threshold levels
identified using these disparate techniques. The CPA

JOURNAL OF THE AMERICAN WATER RESOURCES ASSCCIATION



o,

DevELOPMENT OF EMPIRICAL, GEOGRAPHICALLY SPEcIFIc WaTer QuaLimy GrITERIA: A GONBITIONAL PROBABILITY ANALYSIS APPROACH

does provide relatively censistent thresholds of
impact for the percent fines in the substrate, irrespec-

tive of which of the three techniques were applied.

(Table 2). These CPA thresholds contrasted markedly
with the threshold values obtained with the two ad
hoc approaches currently practiced for developing
aquatic criteria based on monitoring data from sites
across a geographic area (USEPA, 2000a). The two
techniques consist of setting thresholds with either
the levels of stressor associated with- streams in the
75th percentile of the reference stream miles sampled
or the 25th percentile of all stream miles sampled.
Using these approaches, the threshold for percent
fines would be approximately 1.9 percent based on all
stream miles and approximately 7.1 percent based on
reference stream miles (Figure 4). These values are
substantially lower than estimates from this study,
and fail outside of the 95 percent confidence Hmits
{Table 2). These values are also substantially lower
than literature thresholds for percent fines.

‘While the literature supports the biological impor-
tance associated with the thresholds identified, the
agreement of these threshold values with lower val-
ues from the literature does not validate the thresh-
olds. However, it does gives credence to the
conditional probahility analysis approach for identify-
ing realistic thresholds for use in development-of eri-
teria for protection of aguatic life. The CPA can
provide environmental managers with an additional
tool to evaluate the tradeoffs of setting different crite-
ria. Using CPA, environmental managers can exam-
ine a given criterion and the tradeoffs: the likely
number of siream miles that actually have good bio-
logical communities when the criterion level is
exceeded and the number of streams that have
impacted biology when the criterion level is not
exceeded. This would allow the protection of the
ecosystems to be more quantitative and explicit when
being weighed in conjunction with economic consider-
ations.

The CPA approach for threshold of impact can be
combined with information on reference conditions
and toxicological data to develop candidate values for
water quality criteria. The steps in this process that
provide the candidate values are listed below.

1. Acquire the survey data (probability based) that
ineludes candidate pollutant for criterion develop-
ment and biological response metrics.

2. Use available information on reference condi-
tions (physical, chemical, and habitat metrics) to
define impacted biclogical conditions in terms of bio-
logical metrics.

3. Conduct conditional probability analysis (proba-
bility of impact if value of candidate pollutant is
exceeded).
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4. Identify threshold of impact from conditional
probability analysis results.

5. Evaluate identified threshold of impact against
reference conditions, impacted conditions, and geod
conditions. Evaluate identified threshold for biological
importance.

Nonetheless, additional work must be done to eval-.
uate and validate the conditional probability analysis
approach for identification of thresholds of impact.
This could be accomplished by using other survey
data from other geographic areas where the condi-
tions for CPA are met. The approach should also be
tested with other pollution and response parameters
to confirm that this is a robust approach, which can
be used for identifying realistic thresholds of impact.

SUMMARY

The conditional probability analysis approach can
be used to develop realistic thresholds of impact for

nonpoint source pollution on aquatic benthic commu-

nities in waterbodies across a region. However, this
approach is predicated on the following conditions:
(1) monttored data have been collected based ¢n a
probability based sampling design; (2) some metric
must be available that can quantify the pollution
parameter of interest; (3) a response metric sufficient-
ly sensitive to respond to the extant levels of the
pollution parameter of interest must be available;
{4) independent studies must be available that identi-
fy the characteristics of an impacted response metric;
and (5) the pollution parameter must be capable of
exerting a strong effect on the response metric. In the
example presented here, realistic thresholds of impact
on EPT taxa richness dus to sedimentation in mid-
Atlantic wadable streams were identified. Threshold
values from CPA were found to be in the range of 12
to 15 percent fines in the substrate, based on three
different techniques for thresheld identification.
These threshold values were found to be consistent
with existing literature from laboratory and field
studies. These values were quite different from those
determined with the current ad hoc practice, with the
current practice appearing to produce overly prescrip-
tive thresholds. Development of scientifically defensi-
ble thresholds are a necessary first step for managers
in establishing protective criterion. However, thresh-
olds determined with CPA, or other methods, should
not be used exclusively to set water quality criteria,
as other additional factors (e.z., designated uses, eco-
toxicological data, economies) must be considered by
managers when establishing criteria and standards.
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06/11/08 - - \
MEMORANDUM

From: William Swictlik, Chief
Ecological and Health Processes Branch
EPA/OW/HECD/OST

To:  Robert Koroncai, Associate Diréctcr
Water Protection Division
EPA/Region 3

~ Subject: Development of Nutrient E'ndépoints for TMDLs in Pennsylvania

The Headquiarters nutrient team fand 1 have completed our review of the document
entitled: Development of Nutrient Endpoints for the Northern Piedmont Ecoregion of
Pennsylvania, prepared for Region 3 by Tetra Tech, Inc., dated November 20, 2007. Itis
our conclusion that the approach used in the document to derive the nutrient TMDL
endpoints for use in implementing Pennsylvania’s narrative standard is a scientifically
defensible approach and is consistent Wlth EPA guidance for deriving nutrient criteria.

The approach used in the documient is an example of the multiple—linesaof»
evidence (or weight-of-evidence) approach. The report examined different lines of
evidence to derive nutrient numbers in three categories, and involved 17 different lines of
evidence, constituting a very thorough analy81s The multiple-lines-of evidence approach
is recommended by EPA in the foﬂowmg guidance.

o U.S. EPA. 2000b. Nutrient Criteria Technical Guidance Manual: Rivers and
Streams. Office of Water, Office of Science and Technology, Washington,
DC. EPA-822-B-00-002. In summary, this guidance states that a weight of
evidence approaches that combines one or more of the three approaches; 1)
Reference reaches, 2) Predictive relationships and, 3) Published threshold
values; while considering downstream effects, will produce criteria of greater
scientific validity.

o U.S.EPA. 2006. Framework for Developing Suspended and Bedded
Sediments (SABS) Water Quality Criteria. Office of Water and Office of
Research and Development, Washington, DC. EPA-822-R-06-001. This



document recommends an integration and synthesis of multiple methods.
This recommendation is based on a conclusion of the USEPA Science
Advisory Board that “no single method would suffice complete criteria -
development in every situation and that multiple methods applied
simultaneously (synthesized) may be more appropriate for criteria
development.” ‘ :

In October, 2007 EPA HQ provide training to the Region II and 11T States on the
weight-of-evidence methodology and how it can be applied to developing numeric
nutrient values. It is good to see the Region benefited from our training and that you are
now employing this approach.
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Department of Civil and Environmental Engineering
University of Delaware | Newark, DE 19716-3120
phong: 302-831-2442 | info@ce.udel.edu | fax: 302-831-3640

6/17/2008
John C. Hall, Esq.
Hall and Associates
1101 15" Street, NW
Washington, DC 20005 -

Re:  Determining Appropriate Nutrient Reduction Requirements for Streams
' Dear Mr. Hall:

This letter is in response to your recent inquiry regarding the establishment of nutrient standards
to protect stream environments. I have devoted over 35 years of my professional career to the
evaluation of nutrient impacts and other chemical interactioris related to water quality and
sediment criteria development. Nutrient standard development is a complex subject that is not
amenable to simplified determinations. Stream environments, in particular, are subject to a
variety of physical conditions that alter whether and how nutrients may stimulate excessive plant
growth and significantly alter stream ecology. Ay defensible analysis would have to accourit for
these factors. This is a widely held view that is reflected in numerous articles in the peer
reviewed literature and federal guidance documents.

You asked in particular for my views on a recent federal approach suggested for use in deriving
nutrient standards for streams in Pennsylvania. As I understand it, the approach seeks to directly
correlate total phosphorus (TP) “growing season” average concentrations with monitored
invertebrate populations. It proposes to use a procedure known as “conditional probability” to
identify an instream TP target that would protect invertebrate populations. You provided ine with
one such report that includes such an analysis. You asked, in general, whether the scientific
literature would support the using such a direct correlation for development of a protective
instream standard. The following provides a brief response

1. Is it an accepted principle in the scientific literature that total phosphorus
directly impacts invertebrate levels in streams?

Answer: No. Nutrients do not act like toxic chemicals, e.g. copper. They do not have a direct
impact on sensitive invertebrates. Therefore, it is not appropriate to directly compare nutrient
levels in general and TP in particular to invertebrate responses. A scientifically defensible
analysis must show how nutrients are affecting plant growth and then, how such plant growth is
adversely impacting the ecology. It is well recognized in the literatare that nutrients may cause
an adverse impact to lake ecology if excessive algal productivity occurs. The relationships
between nutrient loadings (ot nutrient concentrations) and algal productivity in lakes can be

1



analyzed using a variety of simple and more complex models. The mechanisms by which
excessive algae cause problems include the effects of low dissolved oxygen, reduced
transparency and loss of fish habitat. The analogous relationships for streams are less well
understood and documented. To document invertebrate impairments in streams that are related to
excessive nutrients, it is first necessary to determine the level of nutrients that is causing
excessive plant growth in that stream and then to relate the consequences of excessive plant
growth, e.g. low dissolved oxygen, to its effect on stream biota.

2, Does a coxrrelation between total phosphorus concentrations and invertebrate
levels demonstrate that the nutrient was the cause of the changing invertebrate
level?

Answer: No. First, correlation does not demonstrate causation and therefore, unless more 1s
known (i.c., the elevated phosphorus is also documented to cause excessive plant growth) such
analysis gives a preliminary indication, at best. Use of a TP concentration indicator for stream
environments, in particular, is subject to confounding factors. Elevated total phosphorus may
occur due to high erosion rates that are inimical to sensitive invertebrate because they destroy the
habitat — a common problem encountered in smaller streams. Simply plotting total phosphorus
versus invertebrate population could easily be misleading and result in regulating the wrong water
quality parameter and the wrong source of impairment. Second, the use of total phosphorus is not
the best indicator of the form of phosphorus that could stimulate excessive fixed plant growth in
streams. It is widely understood that dissolved phosphorus, not total phosphorus, is the form that
is used by plants. Therefore, such an analysis cannot prove that phosphorus is causing the
identified change in invertebrate populations.

3. What is the accepted scientific approach to show whether or not nutrients could
be causing an impact on invertebrates in a stream?

Answer: Develop a model that accounts for the relevant physical, chemical and biological factors
influencing how a stream responds to nutrient inputs. Then relate the effects of increasing plant
growth to the response of organisms expected to exist in the habitat in question. Such an
evaluation could utilize a correlation type of assessment but only if the relevant physical and
chemical factors were accounted for in the evaluation and only for waters with closely similar
ecology were béing reviewed. One important factor to consider is stream orientation, shading and
water transparency as it is widely understood that the amount of incident light influences the
degree of primary production occurring, regardless of the amount of nutrients present. The
physical habitat (cobble, sandy, or rocky bottom) will also influence the types of sensitive
invertebrates that may be preSent at a location, independent of water quality. Finally stream flow
itself is an important factor.

In closing I would like to address one further issue, the appropriate application of conditional
probability methodologies for setting criteria and standards. 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
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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 during the Science Advisory Board (SAB)
review of the sediment criteria for which I was the technical director on behalf of EPA. We
rejected this approach in favor of a method that directly links cause to effect.

One way to judge whether the conditional probability method is useful is t0 examine the probably
plot itself. Note that miost of the probability of an adverse effect ranges from 40% at the smallest
TP concentration (5 ug/L.) to 70% for approximately 100 ug/L.. Therefore large changes in
concentration would be predicted to have only a small change in adverse effect probability: 70%
to 40% for a twenty fold concentration change. It is likely that such a small change in adverse
effect probability would not be detectable. Furthermore there are data used in the probability plot
where increasing the total phosphorus causes a decrease in adverse effect probability. The reason
for these is that there is only a weak relationship between TP concentration and adverse effects.
Many other factors influence the benthic biota. '

Therefore, while conditional probability can be considered as a possible tool for identifying
streans for further investigation, it was not a sufficient basis to establish standards. In my
opinion, such an approach cannot provide information on the pollutant level and form (¢.g.
dissolved or total phosphorus) that must be regulated to protect the environment.

One final comment: using this statistical procedure would be contrary to all the EPA criteria
developmient that has preceded this effort. The scientific basis for the EPA water quality criteria
is one of the landmark achievements of the agency. The methodology has been adopted almost
universally. It has been reviewed many times. It is based squarely on the causal relationships
between the chemical being regulated and the effects being protected. The proposed nutrient
criteria would be a retreat from scientifically defensible criteria to simply an expedient solution
for which little or no support exists. The claim that EPA employs the “best science” would not be
true in this case. At the minimum I would strongly urge that an EPA Science Advisory Board or a
National Academy of Science peer review be conducted to provide an independent evaluation of
the proposed methodology.

Please let me know if I can provide any further information.

Sincerely,

@oww“_- /,q _ @. C‘:b

Dominic M. Di Toro

Edward C. Davis Professor of Civil and Environmental Engineering
University of Delaware

Member of the National Academy of Engineering
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TUFTS UNIVERSITY

School of Engineering

Professor and Louis Bérger Chair in Computing and Engineering

July 8, 2008

John C. Hall, Esq.

Hall and Associates
1101 15th Street, NW
Washington, DC 20005

Dear Mt. Hall:

This letter is il résponse to your inquiry regarding the deterniination of appropriate nutrient
reduction requirements for streams. Since 1974 when I first began studying the Tmpact of
phosphorus on Great Lakes water quality, I have devoted a great patt of my scholarship to
eutrophication. Although I initially focused on lakes and reservoirs, 1 shifted my focus to streanis.
when 1 joined the faculty at the University of Colorado in 1986. It was there that I fisst recognized
the significant and sometimes subtle differences between lakes and flowing systems like rivers -
and streams. Among other things, this résulted in my developing EPA-sponsored software that is
cxpressly designed to simulate stream entrophication (Chapra et al 2008).

Note that I have carefuolly read Prof, Di Toro’s critique and wholeheartedly concur with: all
his conclusions. In particular, I strongly support his observations regarding the complexity of
linking total P and invertebrate levels in streams. T also concur with his more general contention
that the accepted scientific approach involves using models to quantify liow streams réspond to
nutrient loadings. In the following, I will therefore limit my remarks to concerns that supplemeént
his comtents. '

As I understand it, the proposed approach seeks to divectly correlate total phosphorus (TT)
concentrations with the health of invertebrate populations. Thus, phosphorus is treated as if it
were a toxic substance that directly interferes with the viability and funictioning of the biota.

Department of Civil and Environmental Engineering
223 Anderson Fiall | ‘ .
Medford, Massachusetts 02155

617 627-3654

Fax: 617 627-3994

Ewaill: stevenchapra@tufis.edu



This is such a scientifically indefensible répresentation of the connection between nutrients
and ecosystent health that I believe that its adoption would represent a grave mistake. Beyond
being vulherable to legal challenge, T am mivich mote concerned that its adoption would ultimately
be ineffective. That is, it could lead to costly controls that would noi protect our precidus streaih
ecosystems.

An analogy with one of the earliest water-quality management problents 1 is instryctive i
illastrating my concem. In the eaxly 20™ centuty, point discharges of unireated urbah séwage
restlted in low oxygen concentrations in many of our nation’s rivers and estuaries. Because
adequate oxygen levels are necessary for most forms of aquatic life, the siress on ecosystems was
great. Aside from direct impacts on fish and macroinvertebrates, low oxygen also triggers a
nutnber of secondary effects such as the generation of noxious odors.

Water—quahty engineers recogmzed eaﬂy on that the roct cause of oxygen depletion was the
présetrice of orgaiiic carbon and rediiced nitrogen compounds in the urban wastewater: In the
simplest sense, these compounds were collectively called biochemieal exygen demand or BOD.
Once fntroduced into the river, the BOD was brokeii down by bacteria. Becinse the baclerid
consumed oxygén to affect the break down, the river’s oxygen res_oumes were depleted.

As depicted in Figure 1a, thic cavse-effect sequence for this problem is BOD loading - BOD
concentration = dissolved oxygen concentration deficit' - biotic impact. Notice that along with
BOD oxidation, the deficit is also determined bry gas transfer or reacration. :

Tg’as transfer
BOD | . BOD | oxidation | dxygen | biotic
foading |~ 7} concentration — | deficit [ 7] effects

{a) The BOD/Dissolved Oxygen Problem

fight
R —— 7
™ . T[: . ) 3| plant L _ 5} bicfic
adin 1 concentration | " bi foi
loading. —— photosynthesis biomass | effects

(b) The TP.'Biomass {AKA Eufrophication) Problem

Figare 1 Anzlogy between two river water-guality problems: (a) dissolved oxygen and (b}
eutrophlcatlon The question mark on the link befween plant biomass and biotic
effetts is meant to suggest the complexity of this connection.

Although this is a very simplified representation of the prbblem, the important point is that
the direct cause of the ecosystem impairment is the oxygen deficit, not the BOD concentration.
Hence, although we might ultimately alleviate the ecosystem stress by reducing the BOD loading,
the actual BOD concentration weuld in fact not be directly correlated with the low oxygen levels.

! The deficit heasures the difference bétween the saturation concentration and the acinal DO lével (Figure
2). A high deficit, therefore, indicates low oxygen and a high ecosystemn stress.



This can be clearly seen by using the classic Streeter-Phelps miodel to develop a plot of BOD
and oxygen in 4 fiver below z single point source of BOD. Although this miodel is sunplc i
acourately captures the inferplay between BOD and oxygen in one-dithensional rivers”

As in Figure 2, the BOD is highest at the dxscharge point (z= 0) where the BOD loading is
introduced. It then decreases downstream as the BOD is broken down via oxidation. The BOD
oxidation in turn consmmes oxygen which leads to a rapid decrease in oxygen concentration.
However, as'the level plunges, oxygen transfer across the air-water inferface increases.
Evetitually the oxygen profile levels off when the oxidation loss is balanted by reaeration.
Thereafter, oxygen levels begin to climb as reaeration becomes dominant and the stream
TECOVELS.

BOD loading

: saturat]on

P T Y L .../}
5 -
o f t {
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Figure 2 $imulation of BOD and dissolved oxygen versus travel time below a single point
source info a one-dimensional river.

Thie miost imiportant feature of Figure 2 is that there is absolutely no spatial correlation
between the in-stream BOD and oxygen levels. For example the highest BOD concentration and
the lowest deficit both o¢eur at the mixing zone (¢ = 0). Although BOD cértainly causes oxygen
depletion, it would thefefore be Iudicrous to specify an mstrean BOD concentration criterion in
order to ensure #n adequate oxygen level. Instead, the cotrect approach is to sét an oxygen
criterion that is directly copnected with ecosystem health. A model can then be employed to link
the oxygen concentration back to the BOD loading. This, of course, is how oxygen has been 50
eﬂ"ectlvely minaged over the past century.

Beyond illusirating how river BOD 4and oxygen concentrations evolve and interact,
employing a cause~effect model yields additional benefits. For example, rather than reducing the
BOD load, the analysis suggests an alternative means to raise oxygen levels might involve
enbancing gas transfer (e.g., oxygen diffusers, artificial waterfalls, etc.}. Thus, the scientific
approach reveals possible alternative remediation strategies that in certain cases might actually be
more cost effective than scurce controls.

2 In this context, cne-dimensional msans that changes only occut Iongltudmally and that the stream is well-
mixed laterally (bank—to—bank) and vertlcally (with depth).



So how is this example relevant to the stream: eutrophication problemi? As illustrated in
Figure 15, a very simiple representation of stredm entfophication is that nutrient loading (in this
- exaruple, phosphorus®) results in increased streari nutHient concentration which in tura leads o
increased plant biothass. Thus, as BOD is to oxygen, deficit; phosphorus is to plant bioniass. Arid
just as jt would be Iudicrous to specify d@n instrearn BOD concenttation criterion to solve the
oxygen problem, it is equally misguided to specify an instream total phosphorus coricentration
criterion to sclve the eutrophicatien problem.

Further, ds described by Prof. Di Toro, the sibsequent conflection between increased biomass
and biotic imipacts is not as well understood as for oxygen. In fact, one such connection involves
the impact of excessive plant growth on stream oxygen via both direct (photosynthetic gainis and -
respiration losses) and indirect (when plants die they becoroe BOD) pathways. However, the
deleterious effects undoubtedly involve bther non-oxygen related factors such as direct habitat
impairment and shifts to undesirable plant species.

As with the previous 6Xygen example, beyond illustrating how river nutrients and bicmass
evolve and interact, the cause-effect model can point to dlfernative remediation approaches. For
ex4miple, rither than reducing thie nutrient load, Figure 15 suggests that an alternative means to
reduce biomass might involve decreasing solar radiatien. For examiple; this could be
accomplished by planting riparian végetation to crédte a canopy over the stream. As with oxygen
there might be cases where such altematives could prove useful.

As a final technical note, it is important to dis‘tingm‘sh between floating (i.c., phytoplankton)
dnd atfached (i.e., periphyton, filamentous algae and macrophytes) plants wheh dealing with
stream eutrophication. For phytoplankion, which terid to dominate i deéper rivers, the direct
analogy expressed in Figare 1 holds (sée App. 1 for a detailed analysis). That is, it is absurd to set
a TP criterion in order to manage river phytoplankton biomass.

- For attached plants, the situation is nmch more complex. For systems dominated by
macrophytes, nuirtient management must consider whether the plants cah draw nutrients from the
sediments via their roots. For such situations, managing instream TP concentration would be

" goimterproductive as photosynthesis would be effectively indépendent of water nutrients.

For filamentous algae (e.g., Cladophora) which draw nutrients directly from the water, there
is certainly a closer commection. However, it is well known that (a) the photosynthesis rate of such
organismis depends on their internal mutrient levels and (b) they only take up dissolved inofganic
nutrients from the water. Hence regulation based on water TP concentration would be ill-
founded.

The same point can be made for periphyton but with a additional nuances. Whereas
filamentous algae extend up into the water column, periphyton grow as biofilms on substrates
such as bottom rocks. In such cases, their nutrient uptake can be influediced by transport
limitations on the delivery of dissolved inorganic nutrients from the water into the biofilm. Such
limitation would be dependent on stream hydraulics and hence related to factors such as stream
velocity, depth, etc. Further, because they are bottom dwellers, their growth would obviously be
highly dependent on the delivery of light to the stréam bottom. Hence, along with nutrients, the
clatity and depth of the overlying water would have to be considered in determining their

* Motice that in Figare 1, we have assumed that phosphorus is the limiting nutrient. It skould be understood
that this is an assumption and that another nutrient (¢.g., nitrogen) or light right in fact be limiting.



biomass. Consequently, a simple, direct cor:relaﬁon with water TP concentratlon would seem: to
be overly simplistic.

~ Inconclusion, T hope that the féregoing provides some indication of my great coneern over
the issue of stream eutrophication management. As a concerned environmentalist, as well as a
lifelong fly fisherman, I fruly supiport effective regulationis to protect our niations great rivers and
streams. Howetér, as an envifonmental scientist and engineer I also kihow that without a sound
sciéntific basis, such regulations dre likely to fail. Tt is in this spirit that I strongly support Prof. Di
Toro’s suggestion that at the mininrum, an EPA Science Advisory Board or a National Acadery
of Science peer review be conducted t6 provide an mdependent evaluation of the proposed
initrient criteria. '

Please let me know if I can provide any further information.

Sincerely,

S (.

Steven C. Chapra, PhD.’



APPENDIX 1.
Why TP Concentration Standards are Inappropriate for
Managing Phytopiarikton Biomass in Rivers

This apperidix attempts to address the question of why anyone would ever suggest that-a total
phosphorus criterion would represent a sensible sirategy for managing river and stream
entrophication dominated by phytoplankton. In brief, I believe that the idea of river total
phosphorus criteria originates from the misguided notion that effective lake management
approachés can bé seamlessly {and thoughtlessly) transferred fo rivers and streams.

In the late 1960’s and early 1970°s, several limnologists suggested that total phosphorus

- concentration could serve as an effective trophic state indicator. In particnlar, Richard
Vollenweider posited that lakes with total phesphorus concentrations less than 10 pgP/L would
tend ‘to be oligotrophic whereas those with greater than 20 ugP/L would tend bé eutrophic.

Althotigh Vollenweider himself repeatedly stated that these. were approximate guidelines and
not hard thresholds, the values were adopted by many lake managers as quantitative goals for
managing lake cutiophication. And in fact, the appioach has been a useful component of nutrient
remediation schemes for a number of important systems incheding the Laurentian Great Lakes.

So why might the approach work for lakes and not for stréams? The answers fo this question
lies in fundamental differences between these two types of natural waters.

Tn effect, the viability of the Volleaweider approach is predicated on the functioning of the
paiticular lakes he studied. In particular, the approach was developed for deep, stratified,
phosphonis-limited; North-tempetate, lakes with long residénce times (i.e., greater than a year).
In such lakes, Vollenweider (and others) asswmed that the sprmg total phosphorus concértration
was a prizie controlling factor of plant productmn over the ensiing summer growing season.

For ﬂ‘llS assumption to strictly hold, once the lake stratifies in late spring, the epilimmion must
essentially behave as a baich or closed system. Thus, plant growth over the ensuing summer is
primarily dictated by-the finite store of outrient represented by the spring phosphorus
concentration rather than by external loads. The average summer level of biomass i$ then
determined by the recycle of this pool between inorganic and organic fooms. Empirical support
for the approach was provided by z number of empirical correlations. The chief examples of these
were logarithonic plots suggesting strong comelations between summer average chlorophyil a
concentrations and spring total phosphotrus concenmitmn

A simple computation can be used to illustrate how such an approach breaks down in rivers
and streams. First, fotal phosphorus can be divided into three comporents

TP=p,+p;+p, _ &

whete p, = phytoplankton phosphiorns (ugP/L), p; = inorganic phesphorus (ugP/L), and p, = non-
phytoplankton organic phospheras (ugP/L). If the chlorophyll a6 phosphoras ratio is assumed to
be 1 ugA/pgP, this means that p, can be direcily interpreted as a measure of phytoplankton
biomass. '



The river can be idealized as a steady-state, plug-flow systetn with a single point source of
phosphorus (Figure 3). Further it is assumed that the river has wmiform, steady flow and constant
hydrogeometric properties (i.e., depth, width, ete.). For such cases, velocify will be constant and
travel time and distastce dre linearly related (i.e., distancé = velocity tii¢s travel time). Under
thess conditions, the following mass-balances can be written for each phosphoriss component as

a, F 4 ; i
&F =kg k_g,"{"p,- ppAkrpp_kdpp _kspp (2)
dp; Pi : N
—— =k, —*~—p, +k p, +k 3
dt fk, +p Py TP : ®
ap, '

dt = ;;a'pp —khpo ) 4)

where ¢ = travel time (d), &, = maximum growth rate at constant light and temperature (/d), &, =
phosphorus half-saturation constant (ugP/L), k.= respiration/ excretmn rate (/d), k;= death rate
(."d) k; = settling rate (/d), and &, = hydrelysis rate {/d).
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FiQur‘e 3 Simulation of phiytoplankton, inorganic and organic phosphorus downStream
from a point source.

Given reasonable vahues for the parameters and a set of initial conditionis at the muxing point
(Table 1), these equations can be integrated numerically to simulate how the various phosphorus
species change as the water travels downstream. For the present example, the initial conditions
are set so that the river has a high level of available, inorganic nutrient at the mixing point as
wonld be the case for a high phosphorus discharge into an. effluent-dominated river. In addition,
the phytoplankion settling velocity is set to zero.

Table 1 Parameters and initial conditicns used to simulate phytoplankton and phosphorus
concentrations befow a single point source to a one-dimensional rivér.
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As displayed ih Figure 3, because the inorganic P concentration is well above the half-
saturation constant, the phy‘rnplankton numally grow rapldly as the inorganic phosphorus is
efficiently converted to phytoplankton biomass. Growth continues until the inorganic phiasphorus
level approaches the half saturation constant wherenpon a peak is reached. At this point, growth
has become sufficiently limited that it is exactly balanced by the respiration and death [osses.”
Thereafter, thi¢ phytoplankton levels declirie untit the solution approaches a stable steady state.
This asyinptote represehts the pomt at which phytoplankton growth exactly balances phosphotis
recycle.

Note that because of the assumption of zéro setiling, the total P concentration is coristant.
This allows thé component concentrations at the stable steady state to be compnted exactly as
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Thus, we sée thiat the ultimate inorganic phosphorus concentration is equal to the half saturation
constant multiplied by the ratio of the phytoplankton loss rates (k, + k) to the maximum net
phiytoplankton growth rate (%, — & — k). The organic P and phytoplankton P concentrations afe
then dictated by the product of the total ofganic P (i.e., organic P and phytoplankton £) and a
dimensionless number gquantifying the relative vahies of the hydrolysis and death rafes.

Although this is a very simple model, it dramatically illustrates why specifying a phosphorus
concentration standard for rivers is ill-founded. Notice that until the asyimptote is appreached,
thers is no direct correlation between phytoplankton biomass and the total phosphorus
concentration (as well as with any of the individual phosphotis spécies). :

Just ag is the case for BOD and oxygén, although phosphorus cértainly canses increased
phytoplankton biomass, there is absolutely no direct spatial correlation between in-strearn TP and
biomass. Hence, whereas a phosphorus staridard makes some sense for a long residence time lake,
it falls apart for a plug-flow system like a river,
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