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Technical Review
of the

Nutrient Criteria Technical Guidance Manual: Estuarine and Coastal Marine Waters
EPA-822-B-01-003 (October 2001)

Introduction

Most estuarine waters are moderately to severely polluted by excessive nutrients (Bricker et. al.,
1999). In addition, a summary of the 1998 State 303(d) lists reports nutrients as one of the top 3
pollutants in the country.  Therefore, the need for nutrient criteria is warranted in order to
improve the quality of the Nation’s waterbodies.  Although these conditions exist, the
development of nutrient criteria must follow a consistent, logical development method aimed at
defensibly linking cause and effect relationships.  Nutrient effects may not be as straight forward
as those for toxic pollutants (e.g., mortality, growth or reproduction inhibition) and for this
reason criteria development may not be the solution but rather a target level that triggers further
study into effects and potential limitations to beneficial uses.

The current development of nutrient criteria is aimed at abating human caused eutrophication
(anthropogenic sources) in estuarine and coastal marine waters.  Natural background levels are
not subject to nutrient management but constitute a critical component of the proposed criteria as
they relate to the setting of reference conditions.  That is, “the criterion developed for each
variable should reflect the optimal nutrient condition for the waterbody in the absence of cultural
impacts and protect the designated use of that waterbody”.  This definition of natural background
or reference condition is the one of the most critical components of the proposed criteria
development process.  What constitutes “minimal” human influence or the “absence of cultural
impacts” in estuaries or coastal marine waters is directly related to the current or anticipated
condition of our coastal watersheds.  In addition, determination of the “optimal nutrient
condition” will require the determination of the cause and effect relationships between nutrients
and endpoints, with the endpoints used as the basis for setting nutrient criteria.

As stated in the document, “coastal counties account for only 17% of the US landmass, but their
population exceeds 141 million.  Thus, more than half of the Nation’s population lives in less
than one-fifth of the total area, and this trend is expected to grow”.  In addition, estuaries and
coastal marine waters are the most downstream receiving waters for all inland watersheds in the
Nation and, therefore, assimilate nutrient inputs from a much larger population and landmass.
These facts, coupled with the desire to “abate human-caused eutrophication” to levels
representing the “absence of cultural impacts” should highlight the need to proceed judiciously
in establishing nutrient criteria for estuarine and coastal marine waters.

Throughout the document the uniqueness of estuaries and their complex physical, chemical and
biological nature are highlighted indicating that regional criteria may not be possible and that
site-specific criteria may be necessary.  This is clearly stated in the document as follows:

“The best possible understanding of the physical, chemical, and biological
interrelationships in the environment is important in nutrient criteria development and the
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subsequent management response.  However, effective nutrient criteria can and should be
developed even in the absence of an in-depth scientific investigation of the ecological
processing of nutrients in the estuarine and marine environment.”

This statement along with the stated purpose of the document (“to provide scientifically
defensible technical guidance … in developing nutrient criteria”) highlights the difficulty in
developing nutrient criteria in a scientifically credible manner.  In addition, the document points
out that it is difficult to distinguish between the effects of anthropogenic nutrient enrichment and
natural variability due to the complex physical, chemical and biological processes present in
estuarine and coastal marine waterbodies.

Criteria Development

The proposed criteria development process uses two causal variables (TN and TP) and two
response variables (chlorophyll-a and some measure of water clarity). Secondary response
variables are also suggested for use and include dissolved oxygen (DO) and macrophyte growth
and/or density, where these are considered important.  Since cause and effect relationships
between nutrients and endpoints is a complicated issue in estuarine and coastal marine waters,
use of both causal and response variables will “yield the most definitive and comprehensive
criteria”.  This is a valid statement but due to the complexity of these nutrient relationships,
nutrient targets or action levels may be a more realistic method of mitigating nutrient loads.  This
approach can allow for the setting of nutrient targets that protect designated uses (“decision
making benchmarks for management planning”) based on effects in the waterbody.  It can also
inherently build in a more complete analysis of nutrient effects (e.g., chlorophyll-a or DO levels)
if nutrient targets are not obtained that allows for proper consideration of the individualistic
nature of estuaries and coastal marine systems.

Without the determination of the assimilative capacity or of the effects on biology (as supported
by Section 304(a) of the Clean Water Act), realistic nutrient criteria aimed at protecting
designated uses may not be achieved.  Since effects based criteria can be developed without
knowing the reference condition of the waterbody but setting reference conditions will require
knowledge of the assimilative capacity, the criteria development process should logically
proceed directly to effects based criteria.  The determination of effects on a site-specific basis is
needed to properly relate nutrient inputs to the protection of designated uses, which is the
ultimate goal in developing nutrient criteria.  Designated uses cannot be assessed based on
nutrient levels because they do not relate to endpoints and they are not the perceived condition of
a waterbody.  It is the effect of nutrient enrichment (excessive algal growth, low DO, fish kills,
etc.) that is the perceived condition (designated use) that should be the focus of criteria
development in order for the public or local stakeholders to benefit.

Monitoring & Data

The guidance document presents a discussion of analytical techniques for the measurement of
the various forms of nitrogen and phosphorus for use in developing monitoring plans and setting
nutrient criteria.  Detection limit problems can cause problems in analyzing monitoring data and
also when completing water quality modeling studies of eutrophication in estuarine or coastal
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marine systems.  That is, a detection limit (DL) that is too high will not allow the analyst to
confidently determine actual nutrient levels in a waterbody, which can affect the determination
of cause and effect relationships between nutrients and endpoints.

This problem is presented in the figure below for Perdido Bay (FL), which is located along the
Gulf of Mexico on the Alabama/Florida state line.  The water quality data presented includes
chlorophyll-a, dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP) and
silica data for a station located in the middle of the bay for the 10-year time period from 1988 to
1998.  For much of the DIP record the measured levels are at the DL of 0.005 mgP/L and,
therefore, create a problem when attempting to analyze the data for the limiting nutrient or cause
and effects relationships between nutrients and endpoints (chlorophyll-a and DO).  More recent
measurements in the bay have utilized an analytical technique with a lower DL and this data has
indicated DIP levels as low as 0.002 mgP/L. Many historical databases may experience similar
DL limitations and subsequent data analyses and modeling completed during the criteria
development process should keep this potential limitation in mind.

Another issue raised in the document is
potential data sources to be used during
the criteria development process.  A
number of excellent data sources are
presented that include databases from
the USEPA, NOAA, sanitation districts,
academics and literature, and volunteer
monitoring programs.  It should also be
noted that many estuarine and coastal
marine databases exist as developed and
maintained by numerous private
corporations as required through
NPDES permits or permitting activities.
The data presented in the figure is an
example of a database developed and
maintained by a private corporate
entity.

The development of proper sampling
protocols is also discussed and one
critical item deserves to be noted. Many
sampling plans (whether for lakes,
rivers or estuaries) are initially
developed to assess water quality
conditions for State water quality
assessments, 303(d) listing, permit
compliance issues and for a host of
other reasons.  Given the assessment
nature of the sampling protocols, many
databases were not focused on
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providing information for potential modeling studies of the waterbody.  This may cause many
databases to sometimes fall short of providing the necessary information for completing a
reasonable modeling study of the waterbody. Future monitoring efforts should keep water quality
modeling needs in mind when designing sampling protocols.  Such issues to be aware of may
include:

• Station location (longitudinal, lateral and vertical placement);
• Parameters of interest (e.g., nutrients, chlorophyll-a, salinity, temperature, DO, water clarity,

light attenuation, solar radiation, wind speed and direction, boundary condition quality, tidal
stage and currents); and

• Special studies (e.g., sediment oxygen demand (SOD), light and dark bottle, reaeration and
time of travel, long term BOD, settling and resuspension).

Reference Conditions

One component of the proposed
nutrient criteria is the identification
of a reference condition for
determining acceptable nutrient
levels.  As defined in the document,
“a reference condition is the
comprehensive representation of
data from several similar, minimally
impacted, ‘natural’ sites on a
waterbody or from within a similar
class of waterbodies”.  This concept is presented in the document as reproduced in the figure
above.   It should be noted that this figure identifies “fishable/swimmable” uses as a potential
endpoint for determining nutrient criteria but other beneficial uses must be included such as
drinking water uses. The potential reference condition nutrient levels may range from pristine
(“precolonial period”) levels to minimum water quality levels needed to support designated
beneficial uses. There is an acknowledgment that this pristine condition is a hypothetical ideal
but not because it is unrealistic given today’s current coastal population and land-use but because
the methods required to estimate this condition “contain a high degree of uncertainty”.

This understanding that pristine conditions are unattainable given current conditions and the
statement that designated beneficial uses are a common water quality goal is a good approach to
defining reference conditions for estuarine and coastal marine waterbodies.  It seems that
consideration of the desired attainment level is wise considering the physical uniqueness and
complex cause and effect relationships between nutrients and endpoints in estuarine and coastal
marine waterbodies.  This figure implies that the designated uses or level of degradation must be
determined prior to setting the reference condition.  That is, the assimilative capacity of the
waterbody needs to be determined that relates nutrient inputs/levels to observable and
reproducible effects on specific endpoints.  The figure above represents this concept as the
shaded region.  That is, the assimilative capacity can be defined as the difference between
nutrient levels required to maintain the designated beneficial use and those identified for a
minimally impacted state. With the determination of assimilative capacity completed, an
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appropriate reference condition can then be established.  Granted the definition of designated
beneficial uses or attainment level may be open to debate, there are regulatory processes for
defining designated uses of a waterbody.  Use Attainability Analyses (UAA) allow for the
review and analysis of current water quality conditions for determining what level of designated
uses can be achieved given realistic management measures.  Inherent in the UAA process is the
need to establish effects based criteria as a function of uses or in other words, nutrient
relationships to uses need to be determined.  At least consideration of designated uses or the
completion of UAAs will allow for the impacted communities or stakeholders to be involved in
the process early on so that concerns can be discussed and resolved in the nutrient criteria
development process.

The document outlines five approaches to establishing reference conditions based on the degree
of estuarine or coastal marine degradation.  There are two main estuarine approaches and one for
coastal marine waters that utilize either data analysis or some form of modeling to assist in
defining the reference condition.  As with the other guidance documents (lakes and reservoirs or
rivers and streams), the data analysis approach uses frequency distributions whether for
unimpacted or degraded waterbodies.  Inherently this approach does not consider cause and
effect relationships between nutrients and endpoints, whether chlorophyll-a and DO levels,
submerged aquatic vegetation (SAV) loss, species shifts, or fish kills.  It also implies that a
predetermined percentage of waterbodies will not meet the nutrient criteria regardless of the
assimilative capacity or actual nutrient effects in the waterbody.  In effect, designated uses may
or may not be attained using this procedure.

The modeling approaches use some form of watershed loading analysis or receiving water
modeling to relate nutrient loading to instream effects or concentrations, in essence to determine
the assimilative capacity of the waterbody.  This latter approach is more similar to modern
criteria development (e.g., toxic pollutants) in that there can be a reasonable attempt to link
nutrient loads with effects in the receiving water body.  Prerequisite to this approach (for the
watershed and receiving water models) is that the applied models are calibrated/validated to
some degree of accuracy in order to minimize uncertainty in model projections (or hind-casts) to
determine reference conditions for the estuary or coastal marine waterbody.

Although the approaches to
developing reference conditions are
outlined in a somewhat quantitative
manner, there still is a considerable
amount of professional judgement
involved.  This is primarily due to
the fact that estuaries and coastal
marine waterbodies are complicated
environmental systems.  Physical
water advection and dispersion
(mixing) is a function of freshwater
flow; tides; meteorology (wind,
atmospheric heat exchange); and

density gradients due to salinity and temperature.  Water quality dynamics may be even more
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complicated due to nutrient transformations; algal nutrient uptake and recycle; dissolved oxygen
interactions with the atmosphere, oxygen demands (carbon, nitrogen, SOD), algal oxygen
production and respiration; water clarity associated with detritus (TSS) and algae; settling and
resuspension; and meteorological effects such as wind and solar radiation.

The nutrient storage and recycling capacity of estuarine sediments can be a large nutrient load
that derives its source from settling in-situ algae and organic matter derived from upland
terrestrial sources.  Algal nutrient stoichiometry (algal nutrient requirements for growth) can also
change as a function of ambient nutrient levels (variable stoichiometry).  That is, as nutrient
levels decrease algal nutrient needs can decrease (adapt) to allow maintenance of the algal
population during periods of nutrient stress (decreasing P/C ratios).  This concept is presented in
the figure above for C/P ratios as a function of DIP levels. Conversely, algal nutrient
requirements increase to approximate Redfield ratios when nutrients are in surplus, which is
sometimes referred to as “luxury” algal nutrient uptake.  Also, carbon to chlorophyll-a ratios can
change as a function of ambient light limitations as do they change for the various species of
algae present in estuarine and coastal marine waterbodies.

Further complication exists if assessing living resources such as SAV growth and abundance,
bivalve survival and mortality, fish populations and other endpoints that are meaningful to the
local stakeholders involved. These complexities coupled with the somewhat qualitative
professional judgment involved in the criteria development process will be sure to cause some
inconsistencies in the setting of nutrient criteria in estuarine and coastal marine waterbodies.

Water Clarity

One of the response variables identified in the
document is water clarity but primarily only as
affected by the algal component of light attenuation.
As identified in the document, light attenuation due to
non-algal components such as “color from humic-like
materials may significantly compete with particulate
material” in estuaries.  Many algal populations in
estuaries are potentially light limited due to high
turbidity as opposed to higher saline and coastal
marine waters, which tend to be less turbid and,
therefore, less light limited.  Light extinction data from
Pensacola Bay (FL) is presented in the figure below as
a function of chlorophyll-a levels and highlights the
high background light extinction (1.4/m) due to factors
other than algae such as inorganic suspended solids derived from terrestrial runoff.  A theoretical
and empirical relationship developed by DiToro (1978) relates light extinction to non-algal
(inorganic) detritus and algae with the following equation:

where: Ke – light extinction coefficient (1/m);
NVSS – non-volatile inorganic solids (mg/L);

K NVSS VSS Chlae = ∗ + ∗ + ∗0 052 0174 0 031. . .
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VSS – volatile inorganic solids (mg/L); and
Chla – chlorophyll-a (µg/L).

This relationship is used in the figure below to present the portion of the total light extinction due
to inorganic suspended solids as a function of chlorophyll-a.  For a system with an inorganic TSS
level of 10 mg/L and a chlorophyll-a level of 20 µg/L, approximately 70% of the total light
extinction is due to the inorganic solids and not until chlorophyll-a levels are greater than 50
µg/L is the total light extinction due equally to inorganic solids and chlorophyll-a.

There are three major factors affecting
algal growth in natural waters
systems: nutrients, residence time and
light levels.  In estuaries, the interplay
of these three variables makes cause
and effect relationships difficult to
quantify with general approximations.
The compounding effect of terrestrial
derived inorganic suspended solids on
light extinction, not to mention the
resuspension of in place sediments,
again highlights the complexity of
estuaries and the need to carefully
consider the development of nutrient
criteria.

Modeling Tools

“Models of estuarine susceptibility to nutrient over enrichment are at an early stage of
development, and even less may be known about coastal ecosystems” (page 6-1).  To some
extent this may be true but water quality models of eutrophication processes have been in use for
over 20 years.  For example, water quality modeling studies of Lake Ontario (1975,76,79), Lake
Erie (1980), Potomac Estuary (1982) and Western Delta/Suisun Bay, CA (1981) have employed
eutrophication models to analyze nutrient related phytoplankton dynamics and the associated
effects on dissolved oxygen.  More recently, eutrophication studies have included modern
hydrodynamic models to account for the complex physical circulation patterns in estuaries such
as Long Island Sound (NY/CT), Tar-Pamlico River (NC), Pensacola/Escambia Bay (FL) and
Chesapeake Bay.  These studies have also included sediment flux models for calculating internal
sediment nutrient cycling and also models of SAV/seagrass growth and benthic bivalve biomass
to assess living resources in these systems.

Although these modeling frameworks may require a large effort as it relates to budget, labor and
time to complete, they do provide state-of-the-art tools for assessing nutrient related cause and
effect relationships in estuarine and coastal marine waterbodies.  The hydrodynamic component
of these frameworks includes general estuarine and coastal marine circulation physics but can
also include wind/wave driven circulation and sediment transport models for assessing settling
and resuspension dynamics.  The water quality component includes eutrophication kinetics with
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coupled sediment flux models for calculating SOD and nutrient flux as a function of delivered
organic matter.  They can also include living resource models of SAV/seagrass and benthic
bivalves in order to provide potentially more meaningful endpoints for stakeholders, as opposed
to chlorophyll-a or dissolved oxygen levels that may be more obscure to relate the needs or
desires of the communities involved. As the state of estuarine science increases to an
understanding of more detailed estuarine water quality dynamics (e.g., harmful algal blooms
(HAB), algal species composition and competition, secondary effects of nutrient enrichment),
these processes can then be quantified into modern estuarine models to allow calculation of how
nutrient enrichment relates to these processes in the context of nutrient management.

Other modeling tools (as nicely presented in the document) that may also provide valuable
information to assess nutrient related cause and effect relationships involve coupling a simplified
circulation model (Pritchard two-layered box model) with a eutrophication model of varying
complexity.  The Pritchard two-layered box model derives laterally and tidally averaged, steady-
state, two-layered estuarine circulation patterns based on measured salinity and freshwater flows.
This method has been applied in a number of estuarine WLAs but is limited to relatively long
and narrow estuaries where vertical salinity and temperature gradients produce stratification.
The resulting two-layered transport field (seaward surface flows, landward bottom flows, vertical
flows and dispersions) can then be coupled with a eutrophication model to assess nutrient,
chlorophyll-a and dissolved oxygen levels due to nutrient management strategies.  The limitation
to this approach is that the conditions analyzed are based on a steady-state distribution of
salinity, typically chosen as a relatively stable low-flow, summertime condition.  Granted this
time period is typically when estuarine susceptibility is the greatest, ultimately questions will be
asked as to what water quality conditions would be like if freshwater flow and meteorology were
different and also what water quality would be like in more localized areas of the study area that
were lumped into the lateral segmentation of the estuary.

As with any modeling exercise, the results of the model are only as good as the model
calibration/validation.  It needs to be stressed that valid calibration/validation of these models is
necessary for their proper use in determining nutrient management measures in coastal
watersheds.  The calibration/validation of a model should combine both qualitative assessments
with numerical/statistical comparisons of model and data in order for a robust, well tested model
to be developed.  There is already inherent uncertainty in any model due to the approximations
that must be made to analyze the natural environment and, therefore, a well calibrated/validated
model is critical in minimizing uncertainty in model calculations, especially when using the
model for assessing nutrient management questions. As clearly stated in the document, “how a
model is used is more important to its success than exactly which model is used”.

As with all numerical models, they are only as good as the underlying framework or scientific
understanding of the processes to be included in the models. As the science improves and
incorporates new concepts of estuarine dynamics (HABs, species competition, living resources),
these ideas can be formulated into the existing models to improve their predictive capability to
nutrient related endpoints that are more closely associated with the coastal communities the
criteria are intended to protect.


