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[bookmark: _Toc260226888]Comments on the Delineation of Nutrient Watershed Regions  
DEP supports the development of regional stream criteria for TN and TP, and in fact, originally proposed stream nutrient regions similar to EPA’s Nutrient Watershed Regions (NWR).   However, DEP has subsequently revised our proposed stream nutrient regionalization and recommends that EPA adopt these revised regions (Figure 1).   Specifically, we recommend that EPA revise the delineation of the Bone Valley NWR to better reflect the region directly influenced by geologic phosphate deposits.  EPA’s current Bone Valley NWR extends into stream reaches and watersheds outside the influence of the Peace River formation or Bone Valley member and is therefore under-protective of these areas as well as downstream waters.   Additionally, we recommend that the Panhandle region be split into two units to better account for natural phosphate sources and spatial patterns.   A new western Panhandle region should be added, while the eastern portion of the Panhandle should be merged with the lower Suwannee basin due to similar nutrient characteristics and geologic influences.  The resultant  recommended regionalization includes:  Bone Valley and North Central (two naturally high phosphatic regions dominated by surficial phosphatic geological formations);  separate  Panhandle East and Peninsula regions with intermediate TP levels influenced by Hawthorne formation outcroppings; and one naturally low nutrient Panhandle West region. There is also a South Florida region with ecological, hydrologic, and biogeochemical characteristics markedly different from the remainder of the state that is addressed separately by EPA.
[bookmark: _Toc260226889]Natural Sources of Phosphorus in Florida
Phosphate-bearing sands, clays and carbonate rocks occur at or near land surface across the northern tier of the eastern Florida panhandle and southward along the west-central portion of the Florida peninsula from the Georgia line to near Port Charlotte in southwest Florida (Figure 2).  These mostly shallow marine sediments comprise the late Oligocene-Miocene-early Pliocene Hawthorn Group (approximately 25 to 4 million years old).  Commercially-viable phosphate deposits occur within this formational group, and are presently mined in Hamilton County in North Florida and in Hillsborough, Polk, Manatee, Hardee and De Soto counties in southwest Florida.
In the eastern panhandle region of Florida between the Apalachicola River to the west and the Suwannee/Withlacoochee River valley to the east, the Torreya Formation (part of the Hawthorn Group) underlies the northern panhandle “Red Hills” region, also referred to as the Tallahassee Hills or Northern Highlands (Figure 3).  The Torreya Formation is characterized by an upper unit comprised of white to olive-gray clayey sands, and a phosphate-bearing lower carbonate unit, all overlain by Pliocene-age Miccosukee Formation sands and clays, which are partially derived from reworked Torreya and other older sediments.  The Miccosukee Formation is a prodeltaic deposit which grades westward into the Citronelle Formation in central Gadsden County.  These formations lie to the north of the Gulf Coastal Plain, and are separated from it by the Cody Escarpment, a paleo-shoreline feature created during a past high sea level “stillstand”.  The Cody Escarpment represents a marked topographical break, with relatively low elevation flat, sandy Coastal Plain sediments to the south, and elevated rolling “Red Hills” to the north.  The Torreya Formation (primarily exposed in creek beds and other mid to low elevation areas of the Northern Highlands) and to a lesser extent the overlying Miccosukee & Citronelle Formations (exposed at higher elevations within the Northern Highlands) are the most likely sources of naturally-derived phosphorus in surface waters of the region.  Whereas several major rivers and streams (notably the Ochlockonee, St. Marks and Aucilla Rivers) flow through the Northern Highlands, across the Cody Escarpment and south to the Gulf of Mexico, many many streams are captures by karst swallets just north of the Escarpment, recharging the Floridian aquifer system.   Rivers which cross the Cody Escarpment (or whose headwaters are at or near the Escarpment) bring with them possible phosphorus-bearing sediments and dissolved phosphorus in the water column derived from upstream Hawthorn Group sources.
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  DEP proposed stream nutrient regions.
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Miocene-age phosphate-bearing formations in Florida (green areas) from Scott, 2000.
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Hawthorn Group outcrop area (bright green areas along the Florida – Georgia border) in the easte
rn panhandle region of Florida
 from Scott et al, 2001
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In the west-central portion of the Peninsula the Bone Valley Member (originally the Bone Valley Formation of Matson and Clapp 1909), and the Peace River Formation occurs in a limited area on the southern part of the Ocala Platform in Hillsborough, Polk and Hardee Counties (Figures 2 and 4).  The phosphate content of the Peace River Formation sands is frequently high enough to be economically mined, and naturally occurring phosphorus pebbles are frequently observed in streams within this formation.  The Bone Valley Member is an extremely important, unique phosphate deposit and has provided much of the phosphate production in the United States during the twentieth century.  Mining of phosphate in the outcrop area began in 1888 (Cathcart 1985) and continues to the present.  Phosphatic pebbles are observed in the streams and rivers within the area of this formation.
[bookmark: _Toc260226890]Recommended Stream Regionalization
The National Oceanic and Atmospheric Administration (NOAA) Coastal Assessment Framework (CAF) delineation of estuarine drainage areas (EDAs), fluvial drainage areas (FDAs), and coastal drainage areas (CDAs) formed the foundation of the U.S. EPA NWRs.  Data tables of nutrient water quality sampling stations and their associated waterbody IDs (WBIDs) were joined to the National Oceanic and Atmospheric Administration (NOAA) Coastal Assessment Framework (CAF) delineation of estuarine drainage areas (EDAs), fluvial drainage areas (FDAs), and coastal drainage areas (CDAs).   The stated reason for this approach is EPA’s opinion that “a watershed-based classification should facilitate the ability to address the effects of total nitrogen (TN) and total phosphorus (TP) within streams, as well as from streams to downstream lakes or estuaries in the same watershed.  U.S.EPA classified Florida’s streams north of Lake Okeechobee by separating watersheds, based on the molar ratio of TN and TP in streams, into NWRs.”  U.S. EPA stated that the resulting NWRs reflect the inherent differences in the natural factors that influence nutrient concentrations in streams (e.g., geology, soil composition, and/or hydrology).   DEP agrees that an effective regionalization scheme will facilitate the assessment of in stream nutrient effects; however, we disagree that lumping watersheds based on common CDA or EDA ensures relatively homogenous regions reflective of natural conditions.   A reference stream based approach can only be assumed to be inherently protective of both upstream and downstream waters when the upstream waters are grouped into similar and comparable regions or categories.  In the case of Florida’s streams, the influence of natural geologic phosphatic deposits is a major determining factor in the in-stream phosphorus concentrations.  Likewise, the presence and areal extent of wetlands within a watershed has a major influence on natural organic nitrogen levels within streams.   While many tributaries to Tampa Bay or Charlotte Harbor historically exhibited naturally high TP concentrations, many others exhibited significantly lower TP levels.  U.S. EPA’s regionalization will effectively allow increased nutrient loading to the downstream estuary by grouping these heterogeneous watersheds.  
DEP used stream bioregions as a starting point for the development of stream nutrient criteria regions.  Based upon the observed biological community resemblance within a bioregion, it is logical that these biologically-similar regions will have analogously similar responses to nutrient concentrations.  However, subsequent evaluation of nutrient concentrations in the benchmark sites revealed additional spatial patterns; that is, the bioregions were not sufficiently homogenous with regards to nutrient concentration.  Alternative nutrient regions were developed based on a consideration of the bioregions, ecoregions, geological formations (e.g., Bone Valley, Peace River, and Hawthorn formation), benchmark nutrient levels, geostatistical analysis, and drainage basins.  
Bone Valley Region
DEP recognized a sub-region of the Peninsula bioregion during initial work to derive reference-based TMDLs for the Northern Lake Okeechobee tributaries.   As part of the analysis, DEP utilized an outlier analysis to exclude benchmark sites within the Peninsula bioregion with exceptionally high phosphorus levels.   The vast majority of the excluded data were within the Bone Valley/Peace River drainage.  DEP subsequently used the geographic distribution of the Peace River Formation and Bone Valley member to delineate a homogenous nutrient region.   Our objective was to define a limited geographic area with stream phosphorus levels expected to be substantially higher than the remainder of the state due to the presence of extremely phosphorus-rich soils.  This naturally high phosphate area exists within portions of Hillsborough, Polk, Hardee, and Manatee, DeSoto, Sarasota counties, due to natural phosphatic deposits, which occur primarily in the Peace River Formation and the Bone Valley Member.  While it is important to account for the naturally elevated phosphorus in the Bone Valley, EPA’s Bone Valley NWR extends outside the areas draining the Bone Valley member and Peace River formation (Figure 4).  
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Figure 
4
.
 Overlay of the EPA Nutrient Watershed Regions with the DEP’s proposed Bone Valley region, and the Bone Valley and Peace River geologic formations.  EPA’s region extends beyond streams actually draining the relevant geologic formations, while DEP’s Bone Valley region is limited to streams either overlaying the formations or draining from these surficial 
phosphatic
 deposits.  It is highly probable that the EPA Bone Valley NWR is under-protective of streams in areas outside the overlap with the DEP Bone Valley nutrient region.
)
DEP proposed a stream nutrient regionalization framework in our June 2009 draft numeric nutrient criteria technical support document, which included a Bone Valley nutrient region.  Since that time, we have continued to collect additional information and have refined the proposed delineation of the region.  DEP’s revised regionalization captures some, but not all, of the watersheds added by EPA.  DEP initially delineated the Bone Valley region by overlaying the geological formation with Hydrologic Unit Codes (HUC) 8 and 12 drainage basin GIS coverages.  Drainage basins that significantly overlap either formation and drainage basins downstream of the formations were included in the region.  The Bone Valley region extends from the Peace River drainage to the east and south, and Hillsborough River to the north.  The Hillsborough River, excluding its headwaters in HUC 0310020802002, should be included in the Bone Valley.  The characteristics of the Hillsborough River headwaters are dominated more by the Green Swamp than by the Peace River Formation.  The remainder of the Hillsborough River is highly influenced by streams draining the Peace River Formation, and these segments are most appropriately categorized as part of the Bone Valley region.   
There are sufficient data and information to support inclusion of the Shell and Prairie Creek watersheds in the Bone Valley region.  DEP’s June 2009 proposal included the Shell Creek Reservoir (WBID 2041B) in the nutrient region.  The Reservoir is an “in-stream” reservoir that is exclusively sustained by all streams included in the Shell and Prairie Creek watersheds, therefore it seems logical that all drainage areas contained in Shell, Prairie, and the Reservoir are most appropriately included in the Bone Valley region.  Furthermore, there is evidence that deposits of phosphate rock in the southern regions of the Peace Basin, including Shell and Prairie Creeks, result in elevated TP values of surface waters.   A survey conducted by the Florida Geological Survey (FGS) in 1953 (Odum, 1953) showed TP values in Shell Creek at a concentration of 2.1 mg/L, approximately half the concentration detected at the upper Peace Basin sample locations.  This study concluded that “percolating rain waters are continually concentrating phosphorus in the layers just beneath the surface as the acid rainwater becomes basic; therefore, streams that cross these formations show a close correlation between the phosphate areas and the phosphorus in the waters”.   To further assist with the assessment of hydrologic conditions in the Shell Creek watershed, the FGS analyzed available monitoring well data for phosphorus levels.  Surficial well data from the Shell and Prairie Creek watersheds had a median phosphorus value of 0.84 mg/L, with intermediate and Floridian aquifer data showing values below laboratory detection limits.   
EPA’s Bone Valley NWR includes areas on the north side of the Hillsborough River drainage as well as portions of Pinellas County that are clearly outside of the natural phosphatic deposits.  DEP opposes the inclusion of much of this area; although we now agree that Hillsborough River WBIDs should be included in the region with the exception of the headwaters in the Green Swamp.   There is no scientific information supporting that naturally elevated occurrences of total phosphorus would be expected in northern Hillsborough River tributaries or Pinellas County.  Lithologic logs reviewed from 14 SWFWMD well sites monitored by the Regional Observation and Monitor Program (ROMP; http://www.swfwmd.state.fl.us/projects/romp/) show sparse (generally less than two percent) phosphate content in the surficial sediments (Figure 5).  Lithologic logs for ROMP sites (TR 12-3, TR12-1, TR 14-1, TR 13-1, TR 13-3, ROMP 65, ROMP 85, NWRAP N-4D, and Channel A) were reviewed for phosphate content.   A total of 14 lithologic logs were reviewed.  ROMP 65 has six wells and TR 12-3 has two wells.  According to the lithologic logs, the sites either contain 2% or less phosphate content:   
•	The ROMP TR 12-3 Southern Comfort contains trace or sparse phosphatic sand from 40 feet to 124 feet below land surface (bls) and phosphatic gravel from 104 feet to 112 feet bls from the Tampa Member.  
•	The ROMP TR 12-3 Benjamin Road contains trace or sparse phosphatic sand from 25 feet to 38.5 feet bls from the Undifferentiated Hawthorn Group.   
•	The ROMP TR 14-1 Safety Harbor contains 1% phosphatic sand from 40 feet to 55 feet bls from the Tampa Member.
•	The ROMP 65 Northlakes FMW-1, ROMP 65 Northlakes FMW-2, and ROMP 65 Northlakes FMW-3 contain 2% phosphatic sand sequences ranging in depth from 30 feet to 92 feet bls from the Tampa Member.
•	The ROMP 85 Wesley Chapel contains 2% phosphatic sand from 95 feet to 100 feet bls from the undifferentiated sand and clay unit.
•	The ROMP 12-1 Eisenhower Road, TR 13-3 Race Track Road, NWRAP N-4D, Channel A, ROMP 65 Northlakes FMW-4, ROMP 65 Northlakes FMW-5, ROMP 65 Northlakes FMW-6 sites contains no phosphate sequences. 
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Figure 5.
  Map of SWFWMD ROMP Well Sites showing a summary of 
lithologic
 data.
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 Existing TP levels in streams within the northwestern portion of EPA’s Bone Valley region are substantially lower than the larger region and are more similar and comparable to the Peninsula region (Figure 6).     DEP opposes the inclusion of theses watersheds in the Bone Valley nutrient region.  We recommend that northwest boundary of the region be defined based on the current Hillsborough River WBID boundaries.
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Long-term average geometric mean WBID TP concentrations in the in the west-central Florida peninsula including the Bone Valley region.
  TP data were retrieved from Run 38 of the IWR database.  
)[image: ]DEP is aware of the fact that representatives of the South West Florida Water Management District are opposed to the use of the term “Bone Valley” for naming this nutrient region.  Although DEP believes that “Bone Valley” is descriptive of the dominate geologic feature influencing surface and ground water nutrient levels and acknowledges the fact that the term has historically been applied to describe the region, we would not be opposed to an alternative name such as “West Central Peninsula” or “West Central”.  Furthermore, we acknowledge that these alternatives are more consistent with naming convention used for other regions.
Western Panhandle and Eastern Panhandle Regions
EPA’s proposed Panhandle region does not fully account for spatial variability related to geology among Panhandle streams.  DEP recommends that a separate Panhandle West Region be split from the Panhandle East Region based on the absence of Hawthorn formation outcroppings in the western portion of the state (Figures 1, 2 and 3).    We further recommend that the eastern portion of the Panhandle be merged with the lower Suwannee River drainages based on similarity of TP levels and the influence of Hawthorn outcroppings throughout these areas (Figures 1, 2, 3, and 7).   
Hawthorn formation outcroppings occur in portions of the Panhandle NWR in Madison, Jefferson, Leon, and Gadsden counties.    Rivers that drain these areas bring with them phosphorus-bearing sediments and dissolved phosphorus in the water column derived from the Hawthorn Group sources, resulting in high natural TP concentrations.  High natural TP levels are present in the streams of the Big Bend sub-region all the way to the coastal area, including the region from the Suwannee to Wacissa Rivers.  However, the streams west of the Wacissa River exhibit a marked decrease in TP levels south of the Cody Escarpment.  This decrease in TP levels is evident from kriging analyses performed using both DEP’s benchmark sites and an all streams data distribution (Figure 8).  The “all streams” krige is particularly useful in illustrating the spatial pattern because the decreases in TP are evident despite the inclusion of potentially anthropogenically altered sites.  It is clear that natural factors reduce the TP concentration in streams south of the Cody Escarpment.  The spatial pattern is primarily due to the fact that many streams in this region of the Panhandle do not flow across the Cody Escarpment due to “stream capture” by sinkholes, where upon the water enters the Floridan Aquifer.  The streams originating south of the Cody Escarpment tend to begin in swampy flatwoods areas and have minimal watersheds north of the Escarpment.  One major exception to this is the Ochlocknee River, which flows through the artificial Lake Talquin reservoir.  DEP has previously shown that Lake Talquin assimilates (predominantly via sedimentation) most of the Hawthorn derived TP, resulting in an outflow TP concentration similar to other streams south of the escarpment.  Therefore, it is logical to use the Cody Escarpment as the boundary for the stream nutrient regions from the Apalachicola River to the Wacissa watershed.    The southern boundary of stream ecoregion 65h was drawn along the Cody Escarpment, thus DEP used a GIS coverage of this ecoregion to define the boundary between the western and eastern Panhandle.
DEP opposes inclusion of the lower Suwannee watershed in the North Central NWR.   Total phosphorus concentrations within the lower Suwannee watershed are considerably lower than the main portion of North Central region, as illustrated by the krige of DEP benchmark site TP concentrations (Figure 8).  It is clear that the geologically derived phosphorus is being substantially assimilated and diluted as water flows downstream toward the estuary.  Much of the dilution is related to the large number of springs and spring dominated streams flowing into the Suwannee River.  EPA’s NWR does not adequately consider these factors.   We recommend that the regionalization be based on the similarity and comparability of streams characteristics (i.e., nutrient levels and geologic formations).    Benchmark stream TP concentrations in the lower Suwannee are similar to those of the eastern Panhandle (Figure 8).  Stream biological communities in the lower Suwannee (SCI bioregions) are also more similar to those of the eastern Panhandle than those in the Peninsula.  Therefore, we recommend that the lower Suwannee and portions of the eastern Panhandle be combined to form a new “Panhandle East” stream nutrient region (see Figure 1). 
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cross Florida.
  The all streams dataset was taken from the U.S. EPAs all streams data file.
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Figure 8.
  
Stream total phosphorus contour plot based on ordinary 
kriging
 analysis of benchmark stream concentrations across Florida.
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South Florida Region
DEP’s original South Florida nutrient region was delineated based solely on ecoregion 76.  EPA subsequently refined the region based on watersheds.  EPA only proposed nutrient criteria for canals in this region, which are by far the predominant “flowing” water features, with the notable exception of slowly flowing wetlands, including the Everglades.   EPA should consider including additional WBIDs in the South Florida nutrient region, including the S-4, Ninemile Canal, C-139, portions of Okaloacoochee Slough, Immokalee, Silver Strand, Basin 8, and L-8 basins.  Canals are the dominate water feature within these basins.  Additionally, these basins are either within or significantly overlap CDAs/EDAs already included by EPA in the South Florida NWR.  Additional comments regarding sub-regionalization of the South Florida NWR are provided in DEP’s comments on South Florida canal criteria.


Figure 8.  Stream total phosphorus contour plots based on ordinary kriging analysis of benchmark stream sites.

Alternative Classification
EPA requested comment on the regional classification decision to sub-divide based on phosphorus-rich soils (geology), as well as an alternative classification approach that would not separate out the phosphorus-rich watersheds.    DEP supports the regional classification approach based on phosphorus-rich geology for the derivation of TP criteria and would not support the alternative.   We believe that this approach best reflects the natural conditions of the Suwannee River watershed and streams in the Bone Valley; however, as noted previously, the areal extent of Bone Valley NWR region needs to be revised.  We concur with the statement that from a “general ecological standpoint that the associated aquatic life uses, under these naturally occurring, nutrient rich conditions, would be supported.”   The measured phosphorus conditions within biologically healthy streams (as measured by the SCI) must be inherently protective of the biology observed in those streams.  The regionalization ensures that criteria are derived from a set of streams that possess similar and comparable ecologic, geologic, and climatic conditions, and are therefore assumed to respond to nutrients in a similar and comparable manner.  
EPA requested comment on whether the North Central region was needed, and whether it should only include portions of Hamilton County while combining the rest with Peninsula.  This revised North Central region, described herein, accurately captures a phosphorus-rich geological formation underlying the Suwannee, Alapaha, and Santa Fe River drainages.   This naturally phosphorus-rich region encompasses an area larger than Hamilton County.  As stated earlier, DEP supports combining the lower Suwannee into the Panhandle East Region.
Although DEP supports the use of five watershed regions for TP criteria, we do not support the same regions for TN criteria.  DEP evaluated the spatial patterns of stream nitrogen concentrations following the same general procedure for stream phosphorus concentrations and concluded that TN levels in Florida’s streams are not as spatially heterogeneous as are the phosphorus levels.  One exception to this pattern was found in the Panhandle West, where TN levels were generally lower in than the rest of the state (Figure 9).  While natural spatial variability of phosphorus across Florida is largely attributable to variability in soil conditions and underlying geology, the spatial variability in nitrogen appears to reflect patterns of wetland coverage and spring influence.  Wetlands contribute high organic nitrogen to streams and correspond to areas relatively high in TN (e.g., Green Swamp, Okefenokee, San Pedro Bay).   Highly spring influenced watersheds have relatively low organic nitrogen levels, but may exhibit anthropogenically elevated nitrate levels.  DEP’s draft proposal combined the Northeast, North Central, Peninsula, and Bone Valley regions for purposes of nitrogen criteria development because the reference streams in these regions exhibited similar TN concentration levels, particularly at the upper end of the frequency distributions. 

Figure 9.  Boxplot of annual geometric mean total nitrogen concentrations in benchmark Florida streams.  

 DEP supports either merging regions in this manner for purposes of deriving TN criteria or the development of TN criteria that empirically account for the percentage of wetlands in a watershed.  Appendix B-6:  Extrapolating Natural Background Nutrient Concentrations of the EPA technical support document presented an analysis of a potential multiple regression model to determine the relationship between nutrient concentrations and human land uses in the watershed.  
The table on the following page contains correlation coefficients between land uses in the drainage area and nutrient concentrations.  The correlation coefficient between percent wetland area within a drainage area and total nitrogen and organic nitrogen were 0.329 and 0.439, respectively.  However, there was also a relatively strong negative correlation coefficient between percent wetland are and inorganic nitrogen (-0.383).  This indicates that wetlands are important sources of organic nitrogen to Florida streams and an important sink for inorganic nitrogen.   The relationship between nitrogen and wetlands was much stronger than any other nitrogen source, likely because of their contribution of organic nitrogen.  Wetlands represent a natural organic nitrogen source that should not be mitigated.  
It should be noted that upland forested areas have a much greater influence on both nitrogen and phosphorus concentrations than any other land use, but in the opposite direction (a sink vs. a source).  This is also important to keep in mind later in the document in the discussion of the impacts (or lack thereof) of silviculture on concentrations of nutrients in streams. 

 


DEP also recommends that EPA develop nitrogen criteria that recognize natural organic nitrogen levels from wetlands, with criteria based on stream color and/or wetland drainage area (see comments on SPARROW and Downstream Protection Values).  Much of the variability in organic nitrogen can be attributed to natural conditions, which should not be subject to Clean Water Act regulation.   Alternatively, EPA should consider developing the criteria for Total Soluble Inorganic Nitrogen, rather than TN, as the criterion for in-stream protection related to nitrogen.  There is a demonstrated cause and effect relationship between nitrate and algal growth in clear (<40 PCU) Florida streams, whereas no significant adverse effects have been demonstrated for TN.    Note also that no relationship between nitrate and biological response was found in colored (>40 PCU) streams.
Another approach would be to consider selecting a higher percentile of total nitrogen concentrations to account for the influence of wetlands based upon the organic nitrogen fraction.  It would be inappropriate to select a percentile of the distribution that would have the unintended consequence of targeting wetland dominated watersheds for organic nitrogen reduction activities (e.g., clear cutting of swamp forests to reduce leaf litter fall).  
[bookmark: _Toc260226891][bookmark: _Toc255828755]Comments on Derivation of Criteria 
[bookmark: _Toc260226892]Lack of Dose-Response Relationship between Nutrients and Adverse Biological Effects in Streams
The DEP’s main concern with EPA’s application of the “reference approach” for the development of stream nutrient criteria is that EPA did not fully acknowledge the basic limitation of the approach – that the resultant criteria are not linked to impairment.  As described in more detail below, DEP recommends that EPA take this fact into account in the application of the methodology.
As specified in EPA’s guidance and acknowledged in Florida’s Nutrient Criteria Development Plan, the most comprehensive and scientifically defensible approach to developing numeric nutrient criteria is to relate nutrient concentrations to dependably measured adverse biological responses.  EPA’s own guidance suggests that dose-response relationships should be described by a model (e.g., trophic state classification, regional predictive model, biocriteria, etc.), which in turn would quantitatively link nutrient concentrations to the relative risk of environmental harm.  DEP supports this approach, since it establishes a correlative relationship between nutrients and valued ecological attributes, and is linked to the maintenance of designated uses of waterbodies.
Potential relationships between nutrients and biological response measures were analyzed by DEP (and subsequently by EPA) via  a variety of statistical techniques, including linear regression, multiple linear regression, non-linear regression, LOESS regression, change point analysis, CART, correlation analysis, and paired variable plots.  A complete discussion of the results from these analyses was provided by DEP in Florida’s Nutrient Technical Support Document (TSD), and it should be noted that EPA’s contractors (Tetra Tech) agreed with the conclusions.  
With one exception (i.e., nitrate in clear streams), the results of this comprehensive analyses indicated the statistical relationships between the biological response variables and nutrient concentrations were very weak, and therefore, neither DEP nor EPA could identify specific thresholds for establishing numeric TP and TN criteria due to the relative lack of a dose-response relationship.  This is extremely important, but it should be acknowledged that objective scientists may reach very different conclusions from these analyses, ranging from:
numeric TP and TN criteria are not necessary to protect stream systems in Florida; to
if numeric nutrient criteria were established through other methods, such as the reference site approach, additional mechanisms should be included to avoid arbitrary and unnecessary regulatory actions.  These mechanisms would include using an upper distribution of the data to establish a threshold and requiring biological validation of nutrient impairments prior to regulatory action.
DEP decided that that the latter conclusion above was warranted and further expended a great deal of resources pursuing a “minimally disturbed reference site” approach in streams, with the intent of fully protecting downstream waters, including lakes and estuaries.  DEP moved forward with the “minimally disturbed reference site” approach with the logical assertion that nutrient concentrations characteristic of minimally disturbed streams would be inherently protective of downstream waters.
[bookmark: _Toc260226893]Comments on EPA’s Reference Site Selection Process
 EPA’s method for selecting reference sites, which selected sites that passed the Stream Condition Index (SCI) as the primary criterion for reference site selection, and only excluded sites with passing SCIs if they were listed as impaired for nutrients or dissolved oxygen, is too simplistic.  
DEP supports the use of the SCI in demonstrating that aquatic life use support is attained, and many of EPA’s Peer Reviewers were supportive of the SCI as a measure of a healthy, well balanced aquatic community, making them suitable end points for the dose-response analyses:
Peer Reviewer 2 said, “I commend DEP on the development of the SCI.  Clearly they spent a lot of time and effort to produce a solid, scientifically defensible product.  It is an excellent tool for assessing benthic health for general pollution impacts (organic, chemical stresses, and sedimentation problems).”
 Peer Reviewer 3 stated, “Biological indices have been widely and successfully employed. The SCI and the LVI for Florida were clearly developed using well-established and sound methodologies, were convincingly demonstrated to be sensitive to environmental gradients and anthropogenic disturbance, and are therefore good indicators of aquatic life use attainment.”
Peer Reviewer 4 commented, “The SCI and the LVI appear to be sensitive to human disturbance making them useful reaching conclusions about use impairment.  Reliability was tested by having experts evaluate biological condition without foreknowledge of the SCI or LVI scores.  There was very good correspondence between the expert assessments and the actual index scores.  Each index (SCI and LVI) was developed to be responsive to human disturbance as defined by a human disturbance gradient (HDG).  Selecting the 2.5th percentile as the threshold for impairment would seem to be the quantification of a policy decision regarding use attainment.  Yet, it suggests that 2.5% of all reference sites would be considered impaired.  Given the very rigorous screening procedures used to select the benchmark nutrient reference sites, the threshold for use attainment is set quite high.  ”
Peer Reviewer 5 stated, “Through multiple lines of evidence, fundamental ecological concepts, expert opinion, reference conditions, SCI ratings were established which indicated impairment.  The methodology for establishing the rating scale and determining the threshold for impairment appeared sound and well-founded.  Similar to the SCI, the Lake Vegetation Index incorporates four metrics that together give an indication of the health of the water body compared to a reference scale.   A calibration of the LVI to BCG similar to that done with the SCI was performed with equally encouraging results.  The application of the reference site approach is well-justified and appears be based on a methodology that yields statistically valid results.  The general interpretation of the highly variable results in the low range of the Human Disturbance Gradient (HDG) is reasonable.  Sampling guidance in order to reduce Type 1 errors (false positives) is well constrained and reasonable.  Analysis of variability at a site over time reflects the inherent temporal variability that may be expected in the natural world when applying this index. Both the SCI and LVI approaches deliver a robust, standard way of identifying impaired waters for which nutrient criteria should be targeted and that are linked to the BCG used by EPA throughout the country.”  
While DEP (and EPA Peer Reviewers) supports the use of the SCI as a method to demonstrate full support of a healthy, well balanced aquatic community, sites that pass the SCI may also be influenced by anthropogenic nutrient inputs.  That is why, in addition to selecting sites that pass the SCI, DEP conducted the intensive site screening process described in the next section.
The main shortcoming of EPA’s reference site approach (use of SCI alone) is that no demonstration was made that the sites were minimally disturbed, only that they were healthy and well balanced.  For this reason, downstream waters protection could not be inherently assured.  EPA then had to rely on an inappropriate use of the SPARROW model to generate what DEP considers to be substantially inaccurate downstream protection values (DPVs).  The premise for EPA’s DPVs was an unsupported assertion that all Florida’s estuaries were currently impaired by nutrients and that the acceptable nutrient loading was selected as the mid-point between current and historic loadings.  This approach would have been unnecessary if EPA had accepted Florida’s minimally disturbed reference site data set.
[bookmark: _Toc260226894]Comments on DEP’s Benchmark or Reference Site Approach for Streams

[bookmark: _Toc260226895]Comments on DEP’s Process to Identify Benchmark Sites
DEP selected the minimally disturbed “benchmark”, or “reference site” data set through an extremely rigorous scientific process.  DEP provided EPA with hundreds of pages of documentation supporting the logic behind each step of the reference site selection process, and included maps, photos, and data from site visits.  In response to requests from DEP, three senior EPA scientists visited five DEP reference sites and concluded verbally that they were indeed minimally disturbed.  DEP invited EPA to visit all DEP reference sites but up to this point in time EPA has declined this offer.  
A DEP literature search and information from EPA’s contractor (Tetra Tech) conclusively indicate that Florida used objective, defensible criteria and produced more documentation supporting reference site conditions than has EPA or any other state.  EPA’s own peer review panel commented that DEP’s reference selection, or “benchmark” approach was reasonable and scientifically defensible.   The following quotes are from EPA’s peer reviewers:
EPA Peer Reviewer 2 stated, “I am extremely impressed by the way DEP has gone about choosing reference sites for nutrient criteria.  It was a multifaceted approach utilizing LDI, 303(d) list, the proposed N criteria, aerial photos, site visits, statistical analysis, and expert opinion.  I can think of nothing that would improve upon their selection process.”
EPA Peer Reviewer 3 remarked, “The methods used to identify, screen, cull and eventually select benchmark sites were rigorous and sound. Considerable effort has been applied to the task of screening benchmark sites.  The steps seem reasonable in general.  Exclusion of sites on the basis of a nitrate threshold seems like a clever basis for identifying far-field effects transmitted via groundwater…”
EPA Peer Reviewer 4 stated, “The rigorousness of the benchmark screening process leads me to believe that all nutrient concentrations observed at the benchmark sites are fully protective of the use.  In the present situation, given the rigorousness of the process to select nutrient benchmark sites, it would be logical to conclude that most sites in the region were in attainment.”
EPA Peer Reviewer 5 commented, “An elaborate screening protocol is described for winnowing available sites to benchmark pool.  Though some assumptions can be questioned, the overall impression is of a conservative approach, ensuring a valid list of candidate datasets with which to establish minimally impacted benchmark sites.” 
Contrary to the comprehensive and rigorously developed data at hand, and contrary to their own Peer Review comments, EPA developed a different, much less rigorous process to identify reference sites (see separate comments on EPA’s methodology), rather than using  DEP’s minimally disturbed benchmark site approach.  DEP does not understand the basis for EPA’s decision to develop a new method to identify reference sites, and would like to note that EPA was incorrect when it stated in the proposal, “The benchmark approach relies on least-disturbed sites rather than true reference, or minimally-impacted, sites.  The benchmark distribution is a step-wise procedure used to calculate distributional statistics of TN and TP from identified least-disturbed streams.”  DEP repeatedly provided information to EPA to demonstrate the minimally disturbed nature of the benchmark sites and that they fully support the designated use of a healthy, well balanced aquatic community.  EPA has provided no quantitative information to support their statement that Florida’s benchmark sites were not minimally impacted sites.
The following information is provided to further demonstrate the appropriate protectiveness associated with DEP benchmark sites.
[bookmark: _Toc260226896]Protectiveness Associated with DEP Benchmark Sites 
The Clean Water Act directs States to establish water quality standards to protect the designated use, in this case, healthy, well balanced aquatic communities.  DEP followed an extensive process to identify candidate reference sites and then demonstrated that the nutrient reference sites had optimal habitat, healthy invertebrates, and no issues with algal or plant biomass.  However, in an abundance of caution, DEP conducted site visits and biological assessments, and omitted sites with greater than minimal landscape disturbance near the stream or sites where biological conditions that did not meet the use.   As a result of this vetting process, DEP can confidently conclude that the nutrient concentrations of the reference site population were characteristic of the levels needed to sustain the designated aquatic life use support.  
EPA’s questions about DEP benchmark sites imply that the CWA directs states to establish criteria based on conditions that occurred prior to human inhabitation of North America.  For example, EPA rejected some DEP benchmark sites as too disturbed by humans for use as nutrient reference sites based on poorly defined concerns about landscape disturbance.  However, DEP evaluated both the land uses and biological condition of each site (detailed evaluations of each site were previously provided to EPA) and demonstrated, through actual field observations and sampling, that these sites were characterized by benign land uses.  Further, sites used by DEP could be characterized as having “healthy to exceptionally healthy” biological communities.
EPA previously expressed concerns about DEP’s initial screening process to develop candidate reference sites.  DEP used the Landscape Development Intensity Index (LDI), which is highly correlated with biological health, within a 100 meter corridor as a starting point for candidate reference site selection.  DEP selected an LDI of 2 as a screening level because there is no trend in the relationship between SCI score and LDI for LDI values below 2 (see Figure 10 and DEP’s Technical Support Document (TSD)).  

The use of a 100 meter natural buffer as a factor that would mitigate nutrient inputs is clearly established in the literature, and a review of this information was included in DEP’s TSD.  As noted in the TSD, the farther a particular land use is to a stream, the less influential that land use has on the stream.  The literature (specifically including EPA sources) also clearly indicates that riparian buffer zones are very effective in reducing nutrient inputs to near natural background levels.  However, in an abundance of caution, DEP rejected many sites that met the preliminary criterion of <2 LDI to be certain of the “minimal disturbance” goal.  

To evaluate the effectiveness of the LDI corridor approach, EPA’s contractor, Tetra Tech, conducted an analysis to determine if landscape disturbance beyond the 100 meter buffer was associated with additional risk of nutrient enrichment.  That analysis is contained in Appendix B-8 of EPA’s Technical Support Document.  That analysis supported the use of the 100 meter corridor approach in its conclusion that “For the 135 WBIDs evaluated, the near-field LDIs are a better predictor of TN and TP than the Stream Corridor LDI.  However, the linear regression models developed, while statistically significant, provide little meaningful benefit (r2 < 10%) to using one of the alternative LDI approaches in comparison to the Stream Corridor LDI”.  

Figure 10.  Stream Condition Index vs. Landscape Development Intensity Index.  Within range of low LDI scores, there is no relationship between LDI and SCI.  SCI shows significant decreases with LDI in higher LDI ranges (see DEP Nutrient TSD).

 The analysis also showed that the entire watershed LDI approach was less effective at predicting nutrients than either the corridor or near-field LDIs.  The ultimate conclusion from this detailed analysis was that Tetra Tech recommended removal of two WBIDs (1653 and 3401) out of the 135 assessed, since these particular sites had elevated TP relative to the measures of LDI.  DEP removed these WBIDs from the reference site distribution, re-analyzed the data, and provided the information to EPA.  The Tetra Tech analysis did not conclude that any other reference sites should be removed. 

EPA was also concerned that DEP did not consider that channelized systems could discharge nutrients from land uses beyond a riparian zone.  As stated previously, DEP staff actually visited the reference site watersheds that had nutrient concentrations above the midpoint of the data distribution in an effort to detect adverse human influences, and eliminate sites if needed.  If DEP observed channelized conveyances that would likely transport potentially poor water quality to the candidate reference site, DEP eliminated the site.  The sites eventually confirmed as nutrient reference sites did not have ditches from adverse land uses penetrating the riparian buffer zone.

FDEP has fully evaluated all Benchmark Sites, and removed those sites that EPA identified as questionable.  EPA has not visited, nor recommended the elimination of any other benchmark site to FDEP.  The value of using minimally disturbed sites is the inherent protection of downstream waters and EPA should not dismiss that benefit without identifying the sites that are not minimally impacted.


[bookmark: _Toc260226897]Comments on EPA’s Concern that Silviculture Impacts Reference Sites

EPA specifically requested comments on whether some of DEP’s reference or benchmark sites were impacted by fertilization for silviculture operations.  However, DEP conclusively addressed this concern previously, and would like to reiterate the key points that demonstrate that silviculture operations do not impact the suitability of the benchmark sites.
EPA was previously concerned that the LDI coefficient for silviculture (1.6) did not include fertilization as part of the Emergy calculation, and that this oversight makes forestry operations a more adverse land use than the LDI would indicate.  However, University of Florida Professor, Mark Brown, confirmed on 9-30-09 that forest fertilization was accounted for in the LDI calculation and that an application rate of Total Phosphorus of 142 pounds/acre over a 25-year rotation was assumed (Doherty 1995, Pritchett 1983).  
To objectively test EPA’s concern that forestry operations increase nutrients in adjacent streams, DEP assembled data from the Peninsula and Panhandle reference sites and performed regression analyses on the percent silviculture in each basin against nutrient concentration (Figures 11-14).  Percent silviculture was calculated based on the most recent (2004) landuse coverage. The results clearly indicate that the percent silviculture in each basin did not increase either the TP or TN, and in fact, there was a non-significant decreasing trend between the percent silviculture and nutrients in three cases.   
DEP also conducted a Mann-Whitney comparison of TP and TN at high and low silviculture sites in the Peninsula (Figures 15 and 15a).  Results from the DEP Mann-Whitney test, using objective criteria (% silviculture in each reference site basin), demonstrated that EPA’s concerns regarding silviculture effects on the nutrient regime in reference site is unfounded,  and that there is no increase in nutrients in reference sites associated with silviculture.
It should be noted that silviculture operations in Florida follow Best Management Practices (BMPs) that have been demonstrated to protect aquatic life use support in adjacent streams.  The effectiveness of silviculture BMPs was documented in a peer reviewed “Before-After-Control-Impact” Forestry Best Management Practices Study conducted by DEP (Vowell, J. L. and R. B. Frydenborg. 2004.  A biological assessment of best management practice effectiveness during intensive silviculture and forest chemical application. Water, Air, & Soil Pollution: Focus 4:297-307). The following is an excerpt from the DEP report of the study, which sampled streams upstream and downstream of five representative forestry sites, both before and after the forests were harvested and chemically treated, following established BMPs.  Note that this study, which was based on an earlier version of the SCI, used triplicate sampling and Analysis of Variance to determine potential effects of silviculture, including herbicide and fertilizer applications.  The results clearly demonstrate that, when forestry operations follow the BMPs, silviculture is a benign land use, including operations that apply fertilizer.



Figure 11.  Geometric mean TP vs. % Silviculture in the Peninsula.  The near field drainage includes the drainage area within 10 km upstream of the sample station.  Note that there is no increase in TP with % Silviculture in Peninsular reference sites.

Figure 12.  Geometric mean TN vs. % Silviculture in the Peninsula.  The near field drainage includes the drainage area within 10 km upstream of the sample station.  Note that there appears to be a decrease in TN with % Silviculture in Peninsular reference sites.


Figure 13.  Geometric mean TP vs. % Silviculture in the Panhandle.  The near field drainage includes the drainage area within 10 km upstream of the sample station.  Note that there appears to be a decrease in TP with % Silviculture in Panhandle reference sites.

Figure 14.  Geometric mean TN vs. % Silviculture in the Panhandle.  The near field drainage includes the drainage area within 10 km upstream of the sample station.  Note that there appears to be a decrease in TN with % Silviculture in Panhandle reference sites.
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Figure 15.  Mann-Whitney U Test comparing TP at low silviculture reference sites (<10 % silviculture) with TP at high silviculture sites (>40% silviculture).  Results show there is an 89% probability that there is no difference between the groups.  
[bookmark: _Toc255828757][image: ] 
Figure 15a. Mann-Whitney U Test comparing TN at low silviculture reference sites (<10 % silviculture) with TN at high silviculture sites (>40% silviculture).  Results show that high silviculture sites actually are characterized by lower TN than in low silviculture sites.  
The Forestry BMP Study concluded:
[bookmark: _Toc255828758]Habitat quality was in the “optimal” category at all sites, both before and after silviculture activities.  
[bookmark: _Toc255828759]The BMPs appeared successful in controlling erosion, since no additional habitat smothering or stream bank instability was noted after silviculture operations took place.  
[bookmark: _Toc255828760]There appeared to be no major changes in physical-chemical measurements due to silviculture activities.  Turbidity was low at all sites.  During an intense rain in February, 1997, direct observation at Jack Branch indicated that no turbid water from the clear-cut site was reaching the stream.  
[bookmark: _Toc255828761]Nutrients were relatively low at all sites, both before and after the forestry operations.
[bookmark: _Toc255828762]The Florida Division of Forestry conducts random assessments of forestry operations throughout the state to determine the relative compliance with Forestry Best Management Practices and has documented that compliance rates are consistently high (http://www.fldof.com/forest_management/hydrology_index.html).  The most recent (2007) compliance survey report states, “For the 2007 Survey, no sites scored below 83% in overall BMP implementation.  Eighty-two percent of the sites scored 100% implementation for all BMPs. The range of compliance scores was 83% to 100%, and the statewide average for overall BMP compliance was 98.6%, a decrease from 99.1% in 2005.  The statewide average compliance for the period of record is 94% and a total of 6,195 individual forestry operations have been surveyed since 1981.” 
 Information from Jeff Vowell (Florida Division of Forestry), co-author of the compliance survey, shows that on average, only 2% of silviculture sites actually receive fertilizer applications (Figures 16 and 17).  Since this is a probabilistic survey, the results may be extrapolated statewide.
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Figure 16.  The percent of silviculture sites receiving fertilization treatments since 1995, based on a Probabilistic Forestry Compliance Survey conducted by the Florida Division of Forestry.
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Figure 17.  The number of silviculture sites with and without fertilization treatments since 1995, based on a Probabilistic Forestry Compliance Survey conducted by the Florida Division of Forestry.  Note that very few sites, as denoted by the light blue, are actually fertilized.

The findings concerning the lack of adverse effects of forestry operations on nutrient concentrations, as mentioned earlier by EPA in Appendix B-8 of their TSD (correlation matrix contained on page 15 of this document), corroborate FDEPs findings that forestry does not increase nutrient concentrations.  It should be noted that forested areas have a much greater influence on both nitrogen and phosphorus concentrations than any other land use, but in the negative direction (a sink versus a source).  The existence of a forest land use is expected to reduce nutrient concentrations.  
I must be further noted that the State of Florida has a very established and active program to foster implementation Best Management Practices in agricultural activities.  FDEP has included in our comment submission maps displaying the coverage of implemented BMPs across the State and our State adopted BMP manuals.
[bookmark: _Toc260226898]Comments on EPA’s Concerns about 303(d) Listings for Benchmark Sites
	
EPA asserted in Appendix B-9 of their TSD that some of DEP’s nutrient benchmark sites should be excluded because they were listed as impaired waterbodies on a dated 303(d) list for Florida.  However, much of the information EPA relied on was based on the 1998 303(d) list approved by EPA, which included many listings that were not based in reliable scientific evaluation and data.  Furthermore, the primary criteria that were the basis for the listings at many of the reference sites were for dissolved oxygen (DO), coliform bacteria, and mercury.  As described below, exceedances of these parameters should not automatically disqualify a site from being characterized as achieving a reference condition.  It should also be noted that EPA considers many of these same sites to be EPA reference sites because they pass the SCI.  


Dissolved Oxygen
EPA noted that some of the reference sites had DO levels below the criteria[footnoteRef:2] and assumed that low DO was caused by nutrient inputs or other anthropogenic discharges.  However, Florida’s fresh waters are exposed to temperate to subtropical climates and many originate in low oxygen environments, such as swamps and groundwater aquifers. These sources are naturally low in dissolved oxygen, and have natural daily and seasonal fluctuations in dissolved oxygen that fall below 5.0 mg/L.  Since these levels are the result of natural conditions and the native flora and fauna have adapted to this natural variation, they generally do not impact the designated uses.   [2:  For Classes I and III fresh waters, Florida’s dissolved oxygen criterion currently requires that the dissolved oxygen “Shall not be less than 5.0. Normal daily and seasonal fluctuations above this level shall be maintained.” (Rule 62-302.530[31]).  ] 

DEP conducted a Dissolved Oxygen Study to characterize the causes of naturally low dissolved oxygen levels to more clearly define “natural conditions.”  The DO Study consisted of:
 Quarterly sampling at 342 sites (both reference and non-reference) across Florida
150 lake sites 
160 stream sites
32 canal sites
Monitoring consisted of:
 4-day YSI deployments
 Vertical profile measurements (deploy & retrieval)

Counter to the premise that sites with higher human disturbance (and nutrients) are associated with lower DO, the results demonstrated that reference streams and lakes (LDI < 2) actually exhibited higher frequencies of DO values < 5.0 mg/L than sites with higher human disturbance and higher nutrient levels (see Table 1). 
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Table 1.  Summary statistics for DEP’s DO Study.
It is the experience of DEP scientists that naturally low DO occurs when:
Temperatures are elevated;
Water velocity is low and stagnant conditions prevail;
Waterbodies receive substantial leaf litter from forests and swamps, and natural decomposition processes reduces DO; and
Morphological conditions, such as depth, promote depositional processes, which in turn lead to low DO.
EPA has acknowledged that Florida has naturally low DO, and has approved many Site Specific Alternative Criteria for DO in Florida waters.  The data show that EPA’s assumption that low DO results from adverse nutrient enrichment, automatically eliminating them from reference status, is not supported by the data.
The mere presence of low dissolved oxygen water is insufficient for determination of human impairment.  
As stated earlier, Florida has a variety of waters that can be naturally low in dissolved oxygen (DO) (e.g., springs, streams with swamp/wetland headwaters, ephemeral streams during low or no flow).  The Florida Geological Survey Bulletin No. 66, Springs of Florida, includes DO measurements from the 1970’s and early 2000’s that indicate many Florida springs vents exhibit DO values well below 5.0 mg/L (FGS, 2004).  These low DO levels are caused by the long residence times of ground waters prior to being issued from the spring vents.  Residence times may range from days to thousands of years (Hanshaw et al., 1965).  Florida swamp/wetland drainages are characterized by low velocity flows, high organic material inputs (resulting in high sediment oxygen demand), and elevated dissolved organic carbon (high color).  These conditions result in naturally depressed DO levels during the warm season.  Florida also has a number of ephemeral streams whose flows may slow or completely stop depending upon the amount of rainfall in any given year.  These streams can exhibit low DO levels during these low-flow or no-flow conditions.  Under prolonged dry periods, these streams may atrophy to a series of disconnected pools or go completely dry.
Unfortunately, when FDEP adopted its current DO criteria in 1986, ecologically relevant language regarding an acceptable departure from natural conditions was not included as it was for other natural stressors (e.g., conductivity, pH, temperature).  The repercussions of this oversight did not become readily apparent until the implementation of the Total Maximum Daily Load (TMDL) Program.  Without a specific natural background clause for dissolved oxygen, numerous natural waters were identified on the Clean Water Act (CWA) 303(d) list for low DO. EPA’s 1986 Ambient Water Quality Criteria for Dissolved Oxygen document includes language within the Conclusions section related to naturally-occurring low DO (EPA 440/5-86-003). 
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It appears that the EPA authors who drafted the 1986 Water Quality Criteria document for DO logically did not intend for naturally low DO waters to be considered in violation of the DO criteria.  It follows then that these waters should not be considered impaired during the 303(d) process.  
Given the variety of physical, biological, chemical, and climatological factors that are capable of producing waters with naturally depressed DO, and FDEP’s current overly simplistic DO criteria (that do not account for natural low DO), it is inappropriate for EPA to exclude benchmark  sites with naturally low DO from numeric nutrient criteria development.  If the site is within a minimally disturbed watershed with no apparent anthropogenic contributions to the low DO, there is no reason to exclude the benchmark site.  In fact, the organic matter from wetland drainage also contributes nutrients, especially nitrogen, to the streams resulting in naturally elevated nitrogen levels in the streams receiving water from marshes or wetlands.  Figures 18 and 19 illustrate the relationships between average DO levels and total organic carbon to color, respectively.  As the TOC concentration increases, the natural level of nitrogen in the stream increases (see Figure 20).  Therefore, to assure that the full range of natural nutrients is considered in the derivation of numeric nutrient criteria, sites with naturally low DO levels below the existing criteria, especially those strongly influenced by discharge from marshes and wetlands, should not be omitted from the analysis.
It would be more logical to use a decision tree that is designed to discriminate between natural and anthropogenic causes of low DO to decide whether or not to include a site.  The FDEP  evaluated the decision tree used by the Virginia Department of Environmental Quality to assess low DO in blackwater streams (http://www.deq.virginia.gov/export/sites/default/tmdl/pptpdf/blackwaterdomt1.pdf), and plans to develop a similar approach.
A Florida-specific decision tree might include questions such as:
Does the stream receive inputs from a wetland area(s)? 
Does the stream receive inputs from a spring(s)?
Is the stream ephemeral in nature?
Are the levels of NO2 and NO3 elevated?
Does DO in wetland-influenced and ephemeral streams fluctuate with seasonal shifts in temperature and flow?
Is there a significant diel pattern in DO?
Is there evidence of human impacts within the watershed?

A benchmark site should only be discarded if the decision tree indicates that low DO is due to anthropogenic impacts rather than natural causes.
The absence of human disturbance does not necessarily mean an SCI sample will score well  
The SCI was developed to determine when human disturbance has impacted streams to the point that their benthic invertebrate community should be considered impaired.  Since implementing the SCI tool, FDEP has come to recognize that there are a number of natural conditions that can influence the SCI tool performance.  A variety of physical-chemical parameters can act as natural stressors (e.g., velocity, conductivity, pH, temperature, DO).  FDEP has developed an SCI primer document (http://www.dep.state.fl.us/labs/bars/sas/training/index.htm) that discusses how a number of these variables may influence whether a stream should be sampled under the current conditions or whether an FDEP program would want to use the SCI results collected under certain conditions.  For example, based upon the strong negative correlation between the Sensitive Taxa metric used in the SCI and conductivity at reference-only sites, the FDEP Ambient Program made the management decision to restrict the use of the SCI tool in minimally disturbed systems to only those sites with conductivities < 600 µmhos/cm (see Figure 21). No threshold is used for disturbed freshwater systems since conductivity is strongly positively correlated with human disturbance.
FDEP Nutrient and DO Study Results
As mentioned earlier, FDEP performed a nutrient and DO study in 2005-2006 that consisted of quarterly sampling at 160 stream sites (both reference and non-reference) across Florida. Monitoring included 4-day multi-sensor sonde deployments (measurements at 15 minute intervals), nutrients, color, chlorophyll, TOC, turbidity, SCI, habitat assessment, and qualitative periphyton surveys.  
Analyses indicate that while SCI scores responds positively to increasing DO concentrations, the data demonstrate a need for a revised DO criterion for many of Florida’s flowing waters (Figure 22).  Many biologically healthy, minimally disturbed sites exhibited a significant portion of the diel measurements below the existing 5.0 mg/L criterion.  More specifically, approximately 29% of the average DO concentrations for the meter deployment period at minimally disturbed sites were below 5.0 mg/L.  Minimally disturbed sites for this purpose included those with a score of 40 or greater on the SCI and an LDI (Landscape Development Intensity Index) of 2 or less.   Additionally, 37% of the minimum DO concentrations for the meter deployment period at these minimally disturbed sites were below the 5.0 mg/L criterion.  The summary of the data collected during the study provided in Table 2 suggests that a revised statewide DO criterion established at the 10th percentile of the deployment average concentrations of minimally disturbed streams would be approximately 3.5 mg/L.  However, the data summary (Table 2) also indicates that significant regional differences exist.  In general, the highest natural DO concentrations are found in the Panhandle bioregion, with the lowest concentrations being observed in the Peninsula bioregion, but there is considerable overlap in the natural DO ranges recorded across bioregions.
In addition to DO levels, SCI scores are also influenced by a number of environmental factors including conductivity levels and habitat availability.  To evaluate the response of SCI scores to DO levels, the data were screened to minimize the influence of these other potential confounding factors on SCI scores.  Therefore, only sites with conductivity levels <250, habitat assessment scores >110, and NO2/3 concentrations <0.35 mg/L were used to explore the response of the SCI to DO levels.  Figure 22 illustrates the relationship between SCI levels and annual average DO concentrations across all Florida stream sites.  The data indicate that sites with annual average DO concentrations naturally below 5 mg/L (down to 3.5 mg/L) still support healthy macroinvertebrate populations.  Further, Figures 23-25 show the relationships between the SCI scores and quarterly deployment average DO concentrations statewide and by individual bioregion.  Despite the regional differences across the bioregions, all of the figures indicate that sites with deployment average DO concentrations between 3.5 and 4.0 mg/L  still exhibit healthy macroinvertebrate communities as evidenced by passing SCI scores. 
Relationship Between Stream Condition Index Score and Duration of Low DO
FDEP has explored using the SCI to determine when the DO regime within a water body is sufficient to support a healthy, well-balanced benthic invertebrate community.  FDEP considers this line of evidence a one-sided test because DO can be a natural stressor, causing the SCI tool to perform poorly, despite the presence of a perfectly natural, albeit tolerant, benthic invertebrate community.  The relationship between DO and SCI performance can be examined however, for levels of DO that support acceptable SCI scores.
A subset of these data were used to explore the relationship between DO and SCI score.  Sites included in this analysis were limited to sites having Habitat Assessment (HA) scores greater than 110 points (on a scale of 11 to 160 with 11 being the worst possible habitat and 160 being the best possible habitat), Landscape Development Intensity Index scores less than 2 (on a scale of 1-10 with one being undisturbed and 10 being a highly urbanized stream), conductivities less than 250 µmhos/cm, and NOX values less than 0.35 mg/L.  The intent of limiting the site selection to only those that met these conditions was to reduce anthropogenic and natural confounding factors so the SCI response might be more highly correlated to the observed DO regime. 
Appendix E includes a series of graphs that depict the relationship between SCI score and the duration that a site experienced DO less than a specific threshold.  Sites were ordered by SCI score from lowest to highest (X-axis).  The number of minutes that each station experienced DO below the defined threshold (e.g., In Figure E1, each column represents the amount of time out of a 4-day deployment that the site experienced DO less than 5.0 mg/L) appears on the Y-axis.  The vertical red line is the SCI 2007 threshold for impairment (40 points).  Figure E1 indicates that of 38 sites that experienced some duration less than 5.0 mg O2/L, 20 had passing SCI scores.  Eleven of those 20 experienced DO less than 5.0 mg/L for the entire 4-day (4,320 minute) sonde deployment.  Figure E2 indicates that 8 of 14 sites with passing SCI scores had DO less than 4.5 mg/L for the entire 4-day deployment.  Figure E3 indicates that 2 of 11 sites with passing SCI scores had DO less than 4.0 mg/L for the entire 4-day deployment, and two others that were less than 4.0 mg/L for 85% or more of the 4-day deployment.  Figure E4 indicates that only 6 sites with passing SCI scores saw DO levels below 3.5 mg/L for any period of time, but the site with highest SCI score for this entire dataset had DO less than 3.5 mg/L for the entire 4-day period.  In fact, this site was less than 3.0 mg/L for more than 90% of the 4-day deployment (See Figure E5).  Only 4 other sites had passing SCI scores with DO levels below 3.0 for any period of time.  By the time we get to Figure E8, DO less than 1.5 mg/L, there are no sites with passing SCI scores.
This analysis indicates that some benthic invertebrate communities are quite capable of thriving in waters with DO regimes that experience prolonged departures from DO levels less than 5.0 mg/L.  The number of passing SCI scores diminishes as one approaches 3.0 mg/L.  Note that if the low DO is a result of natural conditions, the SCI may fail due to these natural conditions, meaning an alternate tool to assess the benthic invertebrate community health may be needed at this extreme of low DO.  The benthic community that persists under a chronic low DO regime may be composed of more tolerant taxa that are capable of exploiting naturally occurring stressful niches that others cannot.  
Relative Sensitivity of Freshwater Invertebrates Compared to Fishes
Remarkably, there is still a paucity of information regarding the relative sensitivity of freshwater benthic invertebrates compared to fishes to low DO.  The bulk of the available data comes from studies that were available to the EPA authors at the time the DO criteria were drafted back in 1986.  This older literature suggests that the range in response to DO is greater than that of fishes.  Examples can be found where some species of stream invertebrates, for example, those from high velocity mountain streams, require much higher DO than do sensitive salmonid species (Benedetto, 1970; Jacob et al., 1984; Kapoor and Griffiths, 1975).  However, there are also examples of species of stream invertebrates that can tolerate DO concentrations far below those of most fish species (Landman, et al, 2005; Surber and Bessey, 1974; Connolly, et al., 2004).
Several authors have suggested that freshwater stream invertebrate communities in low gradient Gulf Coast streams tend to be generalists (Adams et al., 2004; Williams, et al., 2005; Johnson and Kennedy, 2003; Kaller and Kelso, 2007).  Invertebrate communities with high proportions of generalists are able to respond with more plasticity to highly variable environmental conditions.  Whereas most fish species will migrate in and out of an area depending upon the current conditions, benthic invertebrates typically stay put until conditions approach lethal limits, at which point those species with the capacity to do so will attempt to drift out of the affected area (Connolly et al., 2004).  It is not uncommon for fish to be rare or absent in many of the small shallow stream segments that FDEP collects invertebrates from (personal comm. from Russel Frydenborg, 2010).  These streams often support healthy, well-balanced benthic invertebrate communities.  It makes sense therefore, to manage these systems to protect the benthic invertebrate community since it is more representative of the resident community than is the transient fish community.
Table 2.	Summary of diel DO data collected during statewide study from sites with a LDI <2 and a passing SCI score.
	Statistic
	Deployment Average DO
	Deployment Minimum DO
	Deployment 10th Percentile DO
	Deployment Maximum DO

	Statewide Ref Sites Passing SCI (LDI < 2 + SCI>40))
	

	Count
	187
	190
	190
	190

	Average
	5.91
	5.21
	5.39
	6.60

	Std Dev
	1.90
	1.95
	1.96
	2.04

	Minimum
	1.15
	0.12
	0.15
	0.76

	10th Percentile
	3.49
	2.69
	2.88
	4.15

	25th Percentile
	4.55
	3.88
	4.07
	5.30

	Median
	5.93
	5.39
	5.53
	6.66

	75th percentile
	7.22
	6.66
	6.75
	7.82

	90th percentile
	8.32
	7.58
	7.76
	9.18

	Maximum
	10.91
	9.77
	10.05
	13.84

	90% CI
	0.23
	0.23
	0.24
	0.24

	count<5
	62
	84
	78
	37

	%<5
	33.16
	44.21
	41.05
	19.47

	Northeast Ref Sites Passing SCI (LDI < 2 + SCI>40))
	

	Count
	53
	53
	53
	53

	Average
	6.18
	5.64
	5.80
	6.76

	Std Dev
	1.77
	1.80
	1.79
	1.72

	Minimum
	1.81
	0.87
	1.04
	2.95

	10th Percentile
	3.78
	3.18
	3.40
	4.29

	25th Percentile
	4.62
	4.23
	4.33
	5.37

	Median
	6.61
	6.03
	6.16
	7.05

	75th percentile
	7.37
	6.96
	7.03
	7.96

	90th percentile
	8.35
	7.78
	7.84
	8.99

	Maximum
	9.17
	8.58
	8.78
	9.92

	90% CI
	0.41
	0.41
	0.41
	0.39

	count<5
	15
	18
	17
	9

	%<5
	28.30
	33.96
	32.08
	16.98

	Panhandle Ref Sites Passing SCI (LDI < 2 + SCI>40))
	

	Count
	63
	65
	65
	65

	Average
	6.59
	5.67
	5.86
	7.31

	Std Dev
	2.12
	2.27
	2.29
	2.49

	Minimum
	1.15
	0.12
	0.15
	0.76

	10th Percentile
	3.99
	2.47
	2.63
	4.29

	25th Percentile
	5.11
	4.19
	4.38
	5.92

	Median
	6.88
	6.26
	6.34
	7.37

	75th percentile
	7.99
	7.05
	7.30
	8.90

	90th percentile
	9.35
	8.52
	8.77
	10.33

	Maximum
	10.91
	9.77
	10.05
	13.84

	90% CI
	0.45
	0.47
	0.47
	0.51

	count<5
	15
	22
	19
	11

	%<5
	23.81
	33.85
	29.23
	16.92

	Peninsula Ref Sites Passing SCI (LDI < 2 + SCI>40))
	

	Count
	71
	72
	72
	72

	Average
	5.11
	4.50
	4.66
	5.85

	Std Dev
	1.48
	1.52
	1.51
	1.51

	Minimum
	1.88
	0.60
	0.94
	2.16

	10th Percentile
	3.07
	2.55
	2.74
	3.81

	25th Percentile
	4.17
	3.36
	3.71
	5.13

	Median
	5.12
	4.55
	4.65
	5.78

	75th percentile
	6.18
	5.59
	5.70
	6.75

	90th percentile
	6.88
	6.32
	6.39
	7.83

	Maximum
	8.13
	7.42
	7.61
	9.25

	90% CI
	0.29
	0.30
	0.30
	0.30

	count<5
	32
	44
	42
	17

	%<5
	45.07
	61.11
	58.33
	23.61

	

























	
	
	
	



[image: ][image: ]Figure 18.  Relationship between deployment average DO concentration and TOC concentration.
[image: ]Figure 19.  Relationship between average diel DO and color range.
Figure 20.  Relationship between TN concentration and TOC concentration.
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Figure 21.  Relationship between proportion of sensitive taxa in an SCI sample and specific conductance.
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Figure 22.  Relationship between SCI and average DO for all regions combined using data averaged by site.  Data screened to remove other potential influences on SCI scores (i.e., conductivity <250, habitat assessment >110).

[image: ]Figure 23. Relationship between SCI and deployment average DO for the Northeast bioregion.  
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Figure 24.  Relationship between SCI and deployment average DO for the Panhandle bioregion.  
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Figure 25.  Relationship between SCI and deployment average DO for the Peninsula bioregion.  
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Coliform Bacteria
Because fecal coliform bacteria originate from any warm blooded animal, including deer, bear, otter, raccoons, birds, and other wildlife that frequent the undisturbed reference streams, and because Klebsiella (measured as a component of fecal coliform) are prevalent during the decomposition of wood, it is not surprising that some reference streams have levels of coliform bacteria that exceed the criterion.  As early as 1965, researchers concluded that the assessment of the impact of human activities on water quality is complicated by naturally occurring populations of coliform bacteria because these natural sources exist in substantial numbers in the absence of human activity (Hanes et al. 1965).  Hardina and Fujioka (1991) concluded that the primary source of coliforms in Hawaiian streams was from native soils, where these “indicator” bacteria were naturally reproducing down to soil depths of 36 cm, and not from human sources.  Hendricks (1971) suggested that, even in minimally disturbed oligotrophic streams, enteric bacteria multiply in stream sediments because of the ability of sediments to concentrate overlying dissolved nutrients.  McSwain and Swank (1974) agreed with these conclusions and found that undisturbed oligotrophic streams (within national forests) in western North Carolina supported large populations of naturally reproducing coliform bacteria, meaning that significant Type I errors would occur if assessing a site only on the basis of coliform counts.

Nieman and Brion (2001) state,” It is not enough to know that fecal coliforms (FC) are present in surface waters.  Information about the most probable animal source and age of fecal materials is requisite to estimate the potential risk indicated and set standards for recreational contact.”  In the case of Florida’s nutrient benchmark sites, land use information was carefully analyzed and field visits were conducted to assure that the only likely sources of coliforms were from native wildlife and resident reproducing populations of bacteria in the stream sediments and adjacent floodplain.  Therefore, EPA’s contention that the mere presence of coliforms disqualifies a site from being considered “reference” is scientifically unfounded.
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Mercury
Mercury contamination in fish tissue is a national issue.  However, within Florida it is caused by atmospheric deposition from a variety of emission sources, including power plants, incinerators, and cement kilns, rather than surface water discharges.  As such, listings for mercury impairment are not indicative of local sources and are not relevant to the selection of reference sites.  In fact, extensive evidence has shown that the waterbodies with biota most contaminated by mercury are those with low alkalinity and low nutrients, or low trophic status.  Therefore, it is not unexpected that many of DEP’s low nutrient, minimally disturbed reference sites have fish tissue levels of mercury above the consumption advisory.  See Section on FDEP’s current Mercury TMDL Study for more information on the influence on nutrients on mercury contamination of fish.
[bookmark: _Toc260226899]Responses to Specific Reference Site Criticisms

The DEP prepared the following descriptions of specific reference sites in response to EPA comments on the DEP’s draft numeric nutrient criteria.  
Stevens Branch-  FDEP’s technical support document shows that this site is minimally disturbed.  The site had an exceptional SCI score with no algal or plant issues and a very high habitat assessment score.  While there are some silviculture operations in the watershed (outside of the 100 meter buffer), direct site observations by field biologists indicated no direct inputs from silviculture to the stream.  Furthermore, as discussed previously, silviculture is a benign land use in Florida as a result of high compliance with Forestry BMPs (98%).  The nitrate levels were 0.01 mg/L in Stevens Branch, which further supports that silviculture has not impacted stream nutrient levels.  According to EPA, this site was included on the 1994 303(d) list, but it was not assessed due to lack of data.  DEP subsequently determined that, during the verified period (1999-2006), the area was not impaired for chlorophyll-a and all other parameters were placed in category 3b due to insufficient data. While there was one exceedance of the DO criteria out of eleven samples and iron levels were sometimes elevated, low DO and high iron are often associated with the swampy conditions of Stevens Branch.
Cow Creek  – Direct field observations indicated that human activities (silviculture) were beyond an extensive buffer zone and do not appear to be impacting the stream health or the nutrient levels.  Habitat was optimal, and no algal or plant issues were evident. The nitrate levels were 0.04 mg/L in Cow Creek.  If the nutrient levels were affected by fertilization of forests, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Cow Creek are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.  EPA claimed that DO was an issue in the creek, but FDEP's 2002 TMDL update listed DO as 3c (no causative pollutant).   The site meets standards for numerous other parameters.  During the 2000-2007 verified period, six DO excursions occurred out of 33 samples (therefore, it was not impaired for DO). The site was also not impaired for chlorophyll a.  
Orange Creek -   This is one of the few sites in the Peninsula where stoneflies are found.  The SCI (74) was in the exceptional category, clearly supporting the designated use.  Orange Lake is a DEP reference lake, with healthy LVI and chlorophyll near 20 ug/L (paleolimnology at nearby Lake Wauberg indicate that up to 40 ug/K chlorophyll may be a natural background condition in this area).  The majority of the watershed is forested, and direct observation indicates extensive riparian buffer zones and that water from potentially adverse activities does not reach the stream through surface water pathways. Habitat was optimal, and no algal or plant issues were evident. The nitrate levels are 0.09 mg/L in Orange Creek.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Orange Creek are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.  Currently, this waterbody is on the G1C2 Verified List for DO with TN listed as the causative pollutant, and DEP believes this to be an error. The median BOD is 2.15 mg/L and the stream is characterized by exceptional biological health.  Orange Creek is not impaired for nutrients based on chlorophyll a. The mean of 44 chlorophyll a (corrected) values was 1.24 µg/L.  The absence of algal or plant biomass (not observed in the stream), coupled with low chlorophyll and low BOD, indicates no causative link between the TN (natural in these blackwater streams) and DO.
Withlacoochee R @ 471 -  The very undisturbed Green Swamp  forms the headwaters of this system, and streams in the area are naturally low in DO due to sluggish flows and leaf litter decomposition.  There were no ditches and no “ranchettes” observed during field visits.  Habitat was optimal, and no algal or plant issues were evident. The nitrate levels are 0.02 mg/L in Withlacoochee R @ 471.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Withlacoochee R @ 471are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.  
Econlockhatchee River - This Site had healthy SCI scores and a very low LDI (1.1).  Minimal periphyton growth was observed and fish were abundant.  EPA had previously asserted that the TP levels at the Snowhill Road site were influenced by inputs from the Little Econlockhatchee River.  To test this, DEP evaluated TP data from the Big Econlockhatchee at Pickett Lake Road, which is located approximately five miles upstream of the Little Econlockhatchee, and compared it with TP data from the Snowhill Road location, located approximately six miles downstream from the Little Econlockhatchee.  A two-sided Students t-test was conducted, and the results indicated no statistically significant difference in the TP concentrations between the two sites (although there were only three observations at the Pickett lake Rd. site).  The nitrate levels observed at the Snowhill Rd. site (0.15 mg/L) are well below than the proposed protective 0.35 mg/L nitrate criterion.  Although EPA has listed this site as impaired for nutrients, DO, BOD, and coliforms in 2002, there is no information provided on potential sources by EPA.  DEP has delisted the waterbody, placing DO in category 4c and Category 2 for various other parameters (22, including most metals).  The Econlockhatchee is only impaired for mercury, based on fish consumption advisories.  DEP’s mercury TMDL study has shown that oligotrophic, high DOC waters are most susceptible to biological magnification of atmospherically deposited mercury.
Bee Branch -  Direct observation showed that the majority of the area consisted of wet or dry prairie.  Following the DEP standard practices for site recons, an area of citrus groves upstream of the site was scrutinized, and staff walked along the riparian buffer and confirmed that no direct runoff from the citrus was reaching the site.   Further, the site was biologically healthy as evidenced by the SCI, and direct observation indicated there were no issues with algae or adverse aquatic plants.  The nitrate levels are 0.05 mg/L in Bee Branch.  If the nutrient levels were affected by human land uses (in this case, citrus), then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Bee Branch are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Cypress Branch @78 -  Direct observations at the site indicated that extensive riparian buffers were present, commonly > 1000 m.  Most of the observed land use was native prairie and pine forest.  The SCI indicated healthy biology, habitat was optimal, and no algal or aquatic plant issues were observed.  The nitrate levels are 0.03 mg/L in Cypress Br @78.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Cypress Br @78 are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
St. Johns River @ Deland -  DEP staff confirmed in the field that the point source discharge was downstream of the reference site, and only data upstream from this site was used.  DEP staff concluded from site observations that this location was influenced only by very low levels of anthropogenic stressors and no adverse algal or aquatic plant issues were present.  The nitrate levels are 0.07 mg/L in St. Johns @ Deland.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in St. Johns @ Deland are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Moses Creek -  Field observations indicated no direct runoff from forestry operations.  This site had healthy SCIs, optimal habitat, and no algal or aquatic plant issues.  The nitrate levels are 0.01 mg/L in Moses Ck.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Moses are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Steinhatchee River -  DEP site visits indicated extensive riparian buffer zones, healthy biology, and no adverse algal or aquatic plant effects.  The nitrate levels ranged from 0.01 to 0.03 mg/L in the Steinhatchee R.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Steinhatchee R. are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Little Orange Creek - This site had an SCI score (89), in the exceptional category, and no algal or aquatic plant issues.  This is one of the few Peninsula sites where sensitive stoneflies are present.  DEP sampled Redwater Lake and found the Lake Vegetation Index (72) there to be clearly healthy, meaning the lake also supports biological integrity.  Field observations indicated that there were no direct inputs from potentially adverse land uses.  The nitrate levels are 0.02 mg/L in Little Orange Ck.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Little Orange Ck. are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Waccasassa River - This site had an exceptional SCI (69), showing full support of designated use.  EPA scientists visited the entire system with DEP staff, from upstream sites to the estuary, and all confirmed that it is a minimally disturbed system.  Field observations indicated that there were no direct inputs from potentially adverse land uses. See discussion of forestry BMP practices above. The nitrate levels are 0.02 mg/L in Waccasassa R.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Waccasassa R. are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Withlacoochee River @ Stokes Ferry and Trails End -  Field observations indicated that there were no direct inputs from potentially adverse land uses. Withlacoochee @ Stokes Ferry had an SCI score (69), in the exceptional category, and both sites had no algal or aquatic plant issues.  The nitrate levels range from 0.02 mg/L to 0.1 in these Withlacoochee R sites.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Withlacoochee R. are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Blackwater Creek and Tosohatchee Creek -  Blackwater Creek has an exceptional (77) SCI score but due to swamp-like conditions, an SCI could not be performed at the Tosohatchee. Both sites had no algal or aquatic plant issues. The nitrate levels range from 0.01 mg/L in Tosohatchee to 0.13 in the Blackwater Ck.  If the nutrient levels were affected by human land uses, then the most notable nutrient, because of its solubility in water and ability to transport through groundwater, is nitrate.  The nitrate levels observed in Tosohatchee and Blackwater Creek are significantly lower than the proposed protective 0.35 mg/L nitrate criterion.
Benchmark Site Conclusions
A complete list of an evaluation of DEP Benchmark Sites in relation to 303(d) listing is presented in Appendix F. In summary, DEP has followed a well defined, objective approach for establishing minimally disturbed reference sites.  EPA’s peer reviewers supported DEP’s approach as reasonable and scientifically defensible.  The information presented in the DEP Nutrient TSD and in this document provides credible evidence that the nutrient concentrations of the thoroughly vetted DEP reference site population are characteristic of the levels needed to sustain aquatic life use support.
		
[bookmark: _Toc260226900]Comments on EPA’s Selection of the 75th Percentile of a Dataset 						
In the preamble, EPA stated that it selected the 75th percentile of the reference sites because it represents a “reasonable upper bound of where there is the greatest confidence that biologically healthy sites will be represented.”   However, EPA does not seem to acknowledge that the level of confidence is also directly related to the methodology used to select the references sites and the fact that a cause-effect relationship between nutrients and stream biology was relatively absent.  EPA apparently picked the 75th percentile in part based on the less rigorous method EPA used to select reference sites.  DEP recommends that EPA utilize DEP’s more rigorous benchmark site selection process, and then based on the higher confidence that these sites reflect minimally disturbed sites, EPA select the 90th percentile of the distribution as the proposed criteria.   
Using the FDEP screening process, reference sites are screened out that are influenced by human induced changes in nutrient concentrations such that observed concentrations are reflective of natural influences like geology and wetlands.  Once screened (presuming you have delineated regions appropriately), you can select a higher percentile (90th) that encompasses natural influences above which can be presumed to be elevated by human induced influences in the majority of cases.  Choosing a lower than 90th percentile will wrongly implicate natural influences on nutrient concentrations.
It should be noted that DEP considered the advantages and disadvantages of using the 75th, 90th, 95th, and 99th percentiles of the benchmark distribution in setting criteria.  The DEP and Nutrient TAC concluded that the 75th percentile was too low as it would result in 25% of the benchmark sites being identified as impaired (when duration and frequency is not considered), when they are obviously meeting aquatic life use support.  The DEP and TAC also determined that there was less certainty in the inclusiveness of the 95th and 99th percentiles given the sparseness of data at the extreme end of the distribution.  DEP did not use the 90th percentile for the Bone Valley nutrient region because data for reference sites were very limited in the region, which meant that there was less certainty in the inclusiveness of the 90th percentile for the region.  However, DEP had high assurance that the 90th percentile was inclusive of the distribution of minimally disturbed sites in other nutrient regions due to the sufficiency of the data surrounding this range.
The table on page 15 of this document contains correlation coefficients between land uses in the drainage area and nutrient concentrations.  The wetland land use is most highly correlated with increases of phosphorus and nitrogen is wetlands.  The correlation coefficient between percent wetland area within a drainage area and total phosphorus, total nitrogen, and organic nitrogen were 0.190, 0.329, and 0.439, respectively.  However, there was also a relatively strong negative correlation coefficient between percent wetland are and inorganic nitrogen (-0.383).  This indicates that wetlands are important sources of organic nitrogen to Florida streams and an important sink for inorganic nitrogen.   The relationship between phosphorus and nitrogen and wetlands was much stronger than any other nutrient source, likely because of their contribution of organic nutrients from decaying vegetation (leaf litter).  Wetlands represent a natural nutrient source that should not be mitigated.  Since land uses linked with wetlands are an influential source of higher nutrients in Florida, it is logical to select a higher percentile of the data distribution to avoid Type I errors (implicating wetland dominated systems as producing undesirable nutrient concentrations in streams).
In summary, DEP supports use of the 90th percentile of the benchmark distribution (with biological confirmation), except for the Bone Valley nutrient region where data is limited, based upon the following reasons:
It is consistent with EPA guidance;
DEP conducted a rigorous verification to demonstrate that the benchmark sites were minimally disturbed;
DEP confirmed that healthy, well balanced biological communities were maintained at nutrient levels above the 90th percentile (greatly minimizing Type II error, the mistake of classifying an impaired site as acceptable);
Wetland land uses and geologic formations are the major source of nutrients in Florida streams and should not be treated as an undesirable source of nutrients.
The stressor/response analyses provided no basis for establishing specific nutrient thresholds;
Use of a 75th percentile would result in an excessive Type I error (25% of benchmark sites, and a large number of healthy sites would incorrectly be classified as impaired, and subsequent use of resources to “restore” such unimpacted sites would constitute unwise public policy, and would contradict State Law, F.S. 403); and
Although the 95th and 99th percentiles were considered, DEP determined that there was insufficient certainty in the inclusiveness of the 95th and 99th percentiles given the sparseness of data at the extreme end of the distribution.  However, DEP has high assurance that the 90th percentile is inclusive of the distribution of minimally disturbed sites due to the sufficiency of the data surrounding this range in all nutrient regions except for the Bone Valley.  In the Bone Valley the 75th percentile may be more appropriate due to the limited amount of data available. 
It is important to note that, even if the 90th percentile is selected, there is still no evidence that streams with nutrient levels above the 90th percentile will be impacted by those concentrations.  For this reason, DEP supports conducting additional evaluation at sites with nutrient values higher than the 90th percentile to definitively establish that nutrients are a reasonable cause of designated use impairment.
[bookmark: _Toc260226901]Selecting a percentile for Total Nitrogen
As stated earlier, Appendix B-6:  Extrapolating Natural Background Nutrient Concentrations of the EPA technical support document presented an analysis of a potential multiple regression model to determine the relationship between nutrient concentrations and human land uses in the watershed.  The analysis contained correlation coefficients between land uses in the drainage area and nutrient concentrations.  The correlation coefficient between percent wetland area within a drainage area and total nitrogen and organic nitrogen were 0.329 and 0.439, respectively.  The relationship between nitrogen and wetlands was much stronger than any other nitrogen source, likely because of their contribution of organic nitrogen.  This indicates that wetlands are important natural sources of organic nitrogen to Florida streams and an important sink for inorganic nitrogen.   
If a nutrient criterion does not account for natural sources of nitrogen, large Type I errors are likely to occur.   Therefore, DEP retrieved color, nitrogen and drainage basin land use data for DEP’s reference (benchmark) stream stations to investigate the effect of natural conditions on achievement of EPA’s proposed Downstream Protection Values (DPVs) for estuaries.   Geometric means for organic nitrogen and color were calculated for each reference site (n=89).   Additionally, the proportion of the drainage area covered by wetlands was tabulated, based on 2004 land use GIS coverages.
Organic nitrogen was highly correlated with both percent wetland (spearman r=0.513) and color (spearman r=0.749; Figure 25).  These results validate DEP’s previous experience concerning the influence of natural processes and sources on nitrogen.  Natural vegetation, which contributes large quantities of leaf litter and which is subsequently decomposed in wetlands, ultimately provides the source of both the color (humic acid substances) and organic nitrogen.  The only anthropogenic sources of color in Florida waters are pulp and paper mills.   As these are permitted discharges, DEP is fully aware that there are only four pulp mills discharging to Florida’s freshwater streams.  Furthermore, none of DEP’s reference sites were downstream of Florida pulp and paper discharges.  Therefore, the strong relationship between color and organic nitrogen is truly indicative of natural nitrogen sources.
The influence of these natural processes on the attainment of the EPA proposed DPVs was investigated using both ordinary least squares regression and logistic regression.  The difference between measured geometric mean organic nitrogen and the applicable DPV was calculated for each reference site.  Organic nitrogen at sites with differences less than zero would attain the DPV, while those greater than zero would exceed the DPV.  The relationship between these “difference values” and color is shown in Figure 26.  Additionally, logistic regression was used to calculate the probability of organic nitrogen exceeding the DPV based on the influence of color alone (Table 4; Figure 26).   The probability of exceeding the DPV increases dramatically as color increases.   A second logistic regression model was constructed using both color and percent wetland area as independent valuables to predict organic nitrogen exceedance of the DPV (Figure 27).  It should be noted that there is a moderate correlation between color and wetland area (r=0.413), reflecting the well known fact that wetlands act as a natural source of color, thus color and proportion of wetlands area are not completely independent variables.  However, the logistic regression model including both color and proportion wetland area provided a better fit than did models with either variable alone.  Furthermore, the addition of an interaction did not dramatically improve the fit or alter the relationship (Table 5) and is more difficult to visualize.   Therefore, only the model based on color and wetland area is discussed further.  The models illustrate the fact that as portion wetland area and/or color increase the probability of exceeding the DPV also increases.   This same logic indicates that there is a high probability that minimally disturbed, wetland influenced sites would exceed In-stream Protection Values if the IPV did not account for natural sources of nitrogen. 
The strength of these regression models is quite remarkable considering the fact that they do not take into account the influence of the SPARROW calculated fraction delivered on the DPVs.  Fraction delivered is essentially a function of travel time and distance from the terminal node and is independent of both color and wetland area, while the DPV is a function of a selected protective load to an estuary and fraction delivered.  Wetlands will attenuate flow and lengthen travel time.  However, the SPARROW model did not include wetland area as a variable.  Additionally, the fraction delivered did not correlate with wetland area (r=0.082) and the relationship between wetlands and DPV exceedance is inverse to that which would be expected if the primary influence of wetlands on the DPV was to attenuate flow.   
The relationships between organic nitrogen and color and wetlands area represent natural processes.  The degree to which large positive differences between measured organic nitrogen and the DPV (or high exceedance probabilities (>25%)) relate to natural conditions such as color or wetlands provides a clear indication that EPA’s DPVs are gross underestimates of natural nitrogen level in Florida’s streams.  This also informs the decision on how to select an appropriate percentile given the high likelihood that organic nitrogen makes up the majority of total nitrogen in streams.
DEP believes serious consideration needs to be given to establishing stream criteria for inorganic nitrogen (which is largely the result of anthropogenic activities) only because a large portion of the organic fraction in Florida streams is derived from natural sources.  Alternatively, total nitrogen criteria should be adjusted to account for the influence of color and/or wetlands.


Table 3. Logistic regression models of probability of organic nitrogen in Florida reference streams exceeding DPV impairment as a function of color.  McFadden’s rho-squared (SYSTAT Software, Inc., 2004) is conceptually similar to the r-squared of linear regression.  McFadden’s rho-squared approaching 1.0 corresponds with more significant results.  McFadden’s rho-squared tends to be smaller than r-squared, so a small number does not necessarily imply a poor fit. Values between 0.20 and 0.40 indicate good results (SYSTAT Software, Inc., 2004).

	Parameter
	Estimate
	S.E.
	t-ratio
	p-value

	CONSTANT
	-1.649
	0.44
	-3.748
	0

	COLOR
	0.013
	0.003
	4.014
	0

	
	
	
	
	

	McFadden's Rho-Squared =        0.305
	





Table 4.  Logistic regression models of probability of organic nitrogen in Florida reference streams exceeding DPV impairment as a function of color and proportion drainage area as wetland.

	Parameter
	Estimate
	S.E.
	t-ratio
	p-value

	CONSTANT
	-5.552
	1.244
	-4.464
	0

	COLOR
	0.014
	0.004
	3.544
	0

	TOTALWET
	13.406
	3.642
	3.681
	0

	
	
	
	
	

	McFadden's Rho-Squared =        0.501
	





Table 5.  Logistic regression models of probability of organic nitrogen in Florida reference streams exceeding DPV impairment as a function of color, proportion drainage area as wetland, and interaction term between color and wetland area.


	Parameter
	Estimate
	S.E.
	t-ratio
	p-value

	CONSTANT
	-4.418
	1.555
	-2.842
	0.004

	COLOR
	0.003
	0.012
	0.229
	0.819

	TOTALWET
	9.01
	5.257
	1.714
	0.087

	COLOR*TOTALWET
	0.047
	0.047
	0.993
	0.321

	
	
	
	
	

	McFadden's Rho-Squared =        0.511
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Figure 25.  Relationship between color and organic nitrogen concentration in Florida’s reference (benchmark) streams.   Note that color accounts for nearly 60% of the variability in organic nitrogen.
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Figure 26.  Relationship between color and the difference between measured reference stream organic nitrogen and the DPV and the probability of exceeding the DPV.  Difference values greater than 0.0 represent reference sites with organic nitrogen in excess of the DPV; that is, sites that would exceed the criterion.   The exceedance probability was calculated using the logistic regression presented in Table 3.   [image: ]
Figure 27.  Relationship between the probability of organic nitrogen in Florida reference streams exceeding the DPVs and color and proportion wetland in the drainage basin.  Isobars indication the probability of exceeding the appropriate DPV for a given combination of color and proportion wetland.  Probabilities were calculated based on the logistic regression presented in Table 5.  The data points (black circles) are the measured color and proportion drainage areas as wetland values.
If EPA intends to continue their focus on Total Nitrogen, it is important to choose a percentile for the criteria that would not identify natural wetlands as impaired.  In minimally impacted systems, organic nitrogen constitutes the overriding form of total nitrogen because elevated quantities of inorganic nitrogen are generally associated with an anthropogenic source.  Many scientists argue that stream criteria should focus on inorganic nitrogen, such as nitrate-nitrite, because criteria that include the organic nitrogen fraction could include natural sources.  Note however, that in DEP’s and EPA’s analyses, there were no observed cause-effect relationships between nitrate and biological response in streams with color above 40 PCU, meaning nitrate criteria should apply only to clear streams.  If EPA promulgates TN criteria simply as a matter of policy, they should account for natural sources of organic nitrogen, recognizing that it constitutes the majority fraction of total nitrogen, and select a higher percentile of the distribution of total nitrogen values, such as the 90th percentile.  Criteria that require reductions in natural sources of organic nitrogen (wetlands) do not represent sound science or sound policy.  
For this reason, DEP recommends that EPA choose the 90th percentile of the Total Nitrogen distribution in a minimally disturbed reference dataset.  This would better account for the influence of wetlands, the most significant source of organic nitrogen, on stream nitrogen concentrations.  Exceedances of this criterion should be followed by biological confirmation to assess true impairment.  
[bookmark: _Toc260226902]Effect of Criteria Duration and Frequency on In-stream Concentrations
EPA should not choose a percentile of a distribution to establish the magnitude of the criteria without simultaneously considering the duration and frequency of the criteria.  FDEP does not support the proposed allowable exceedance frequency of not more than once in a three year period because the variability between years for measured nutrient concentrations is significant and will result in exceedances of the standard due to natural conditions and/or from the inherent variability of sampling/testing procedures.  
Another way of looking at the issue is that the variability is so great that the long term concentration necessary to achieve the criteria at this frequency of exceedance is far less than the numeric magnitude of the actual criteria (as calculated by EPA’s proposed 75th percentile of the distribution).  To achieve the magnitude of the criteria two thirds of the time (more than half), a lower concentration will actually need to be attained over the long run.  Because of the relative lack of cause-effect relationship between nutrients and biological response in streams, and the natural variability of nutrient concentrations from year to year, this would add yet another source of unjustifiable Type I error.  
The EPA proposed criteria are expressed as annual geometric mean values.  However, it is important to consider the fact that the geometric mean benchmark values are measures of central tendency used to represent a much wider range of variability both above and below these geometric means. This variability occurs both due to natural factors (climatic and hydrologic) and factors inherent in sampling and testing procedures (Figures 28 and 29).  Given this variability, minimally disturbed waterbodies with long-term (multiyear) average nutrient concentrations fully achieving the magnitude of EPA’s proposed in-stream criteria will exceed the 1 out of 3 year annual geometric mean criteria with some frequency.  The frequency of exceedance will be a function of both the long-term average and variability (inter-annual and within year variance).  The closer a stream’s long-term average concentration is to the magnitude of the criterion, the more frequently it will exceed the annual geometric mean, such that a waterbody with a long term average approaching the magnitude of the criterion will be expected to have a fifty percent exceedance frequency of the annual geometric mean.  Inclusion of a return frequency test, such as the proposed no more than one exceedance in a three year period, will require a long-term average well below the criteria to consistently achieve the criteria two thirds of the time.
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 Figure 28.  TP and TP concentrations (and annual geometric means) in the minimally disturbed Econfina River as a function of stream discharge, in relation to EPA’s proposed IPVs.
 [image: ]
Figure 29.  TP and TP annual geometric means in the minimally disturbed Withlacoochee River as a function of stream discharge, in relation to EPA’s proposed IPVs.
The analysis discussed below was undertaken to estimate long term average (multiyear) level of nutrients required to confidently achieve FDEP’s proposed criteria when a one in three exceedance requirement of the annual geometric mean is added as an assessment or compliance requirement. 
As stated above, the exceedance frequency can be estimated based on the long-term average and estimate of variability.   The best estimate of variability for a stream fully achieving the criterion is calculated from the inter-annual variability (standard deviation) at the benchmark sites.    Inter-annual waterbody standard deviations were calculated for both total phosphorus and total nitrogen for each nutrient region.  The true long-term inter-annual standard deviation was calculated as the pooled inter-annual standard deviation of all benchmark WBIDs plus the pooled with-in year sampling standard deviation, such that:


where,
σtyr = 	Natural log true long-term inter-annual standard deviation within a benchmark stream;
σ2yr = 	Natural log pooled annual variance within benchmark streams (temporal effect);
σ2s = 	Natural log pooled with-in year variance across benchmark streams (e.g., sampling and testing effects); and.
n = The number samples of collected per year (set to 12).
The estimated true inter-annual standard deviations are listed in Table 6 by nutrient parameter and nutrient region.   The frequency with which a waterbody will exceed the criterion can be estimated using an assumed lognormal frequency distribution around its long-term average geometric mean concentration and the standard deviation values listed in Table 7.   For example, a stream with a long-term average TP concentration of 0.054 mg/L would be expected to exceed the Panhandle stream criterion approximately 20% of the time on an annual basis.  
Table 6.  Estimated inter-annual standard deviations of natural log transformed TP and TN concentrations within Florida’s benchmark streams by nutrient regions.  The values represent the best estimates of the expected year to year variability in annual geometric mean concentrations within streams that fully achieve the criterion and support the designated use (i.e., benchmark).
	Parameter
	Region
	Natural Log True Inter-annual Standard Deviation

	TP (mg/L)
	Panhandle
	0.29

	
	Northeast
	0.33

	
	North Central
	0.40

	
	Peninsula
	0.32

	
	Bone Valley
	0.47

	TN (mg/L)
	Panhandle
	0.44

	
	NE-NC-Pen-BV
	0.51



Table 7.  The Long-term Geometric Mean necessary to consistently achieve the in-stream protection criteria proposed by FDEP expressed as an annual geometric mean not to be surpassed more than once in a three year period, using a 25% type I error rate.  
	Parameter
	Region
	Long-term Geometric Mean Necessary to Consistently* Achieve 1 in 3 Year Test
	Percentile of Benchmark Distribution

	TP (mg/L)
	Panhandle
	0.061
	87

	
	Northeast
	0.087
	86

	
	North Central
	0.269
	84

	
	Peninsula
	0.100
	83

	
	Bone Valley
	0.336
	60

	TN (mg/L)
	Panhandle
	0.67
	80

	
	NE-NC-Pen-BV
	1.37
	78



Because of the natural variability inherent in their nutrient regimes (driven largely by hydrology), FDEP believes that stream criteria should be expressed as a 5-year arithmetic mean of the annual geometric means.  This concept is consistent with (though slightly shorter than) the assessment period approved by EPA as part of the Impaired Waters Rule.  Further, NPDES permits are reviewed on a 5 year cycle, and based upon site-specific modeling, permits could be written to assure that a discharge will not exceed the criteria, including during critical conditions.
[bookmark: _Toc256420985][bookmark: _Toc260226903]FDEP Proposed In-stream Protection Values are Protective of Downstream Estuaries
FDEP believes that criteria derived from minimally disturbed streams will approximate the concentrations historically delivered to the downstream estuary prior to significant human development.  Therefore, the criteria will be inherently protective of the estuaries.  However, FDEP has also generated empirical data to demonstrate the inherent protectiveness of benchmark-based stream criteria (below).
[bookmark: _Toc233089581][bookmark: _Toc256420987][bookmark: _Toc260226904]Study to Document Downstream Effects of Naturally elevated Nutrients in Selected Florida Rivers/Estuaries 
DEP initiated the Nutrient Longitudinal Study during the summer of 2008 to evaluate downstream biological responses to naturally high upstream phosphorus levels.  Biological responses to excess nutrients can be separated in space and time from enrichment sources—i.e., an adverse response to nutrients may occur well downstream from the actual enrichment.  DEP’s hypothesis is that within systems with low levels of human disturbance and intact ecological processes, naturally high levels of nutrients can usually be assimilated into the ecosystem without causing adverse biological responses to the streams or downstream estuaries (i.e., the systems have evolved over time in conjunction with the existing nutrient regime).  The goal of this study was to determine whether nutrient concentrations representative of the upper portion of the benchmark site distribution are protective of the designated use of downstream reaches. 
The objectives of the study were as follows: 
(1) Collect physical, chemical, and biological data throughout the length of selected Florida river/estuary systems to establish the relationship between nutrient levels and adverse biological responses, including the most sensitive (generally downstream) reaches; and 
(2) Analyze the resulting dataset as one line of evidence in DEP’s effort to establish numeric nutrient criteria, particularly relating to the protection of downstream waters. 
The longitudinal study focused on relating the effects of nutrients on various biological systems, from upstream to downstream, including the most sensitive areas, which typically are slowly flowing lower reaches or estuaries.  Two systems were studied: the Waccasassa River and Estuary and the Steinhatchee River and Estuary.  Both rivers are in the Big Bend region of the state and the Peninsula nutrient region.  Blue Spring in Levy County forms the source of the Waccasassa River, which flows south to the Gulf of Mexico. The Steinhatchee River originates in Lafayette County and flows south, forming the border between Taylor and Dixie Counties, and empties into the Gulf.  Both systems were selected to represent conditions of relatively low human disturbance, meaning the existing nutrient concentrations represent minimal amounts of anthropogenic influence.    
Longitudinal Study Conclusion
Total phosphorus at the upper Steinhatchee River exceeded the 90th percentile of the nutrient benchmark sites and TP in the Waccasassa estuary approached the 90th percentile, yet no adverse effects were observed in the sensitive estuarine reaches, where healthy seagrass communities and fisheries prevailed.  This study found that chlorophyll a concentrations in both estuaries were below the 11 ug/L impairment threshold adopted in Chapter 62-303, F.A.C.  Compared with their respective headwaters, organic nitrogen was higher in both the Waccasassa and Steinhatchee estuaries, probably as a result of input from the extensive freshwater swamps, as well as the prevalent Spartina and Juncus marshes.  This study, conducted at two minimally disturbed river/estuary systems, supports the position that establishing nutrient criteria at the 90th percentile of the reference site distribution is protective of the biological integrity of sensitive downstream waters.
A full write up of this study is contained in Appendix D.
[bookmark: _Toc260226905]Comments on what constitutes a protective threshold?  
EPA asked for comments on what constitutes a protective threshold.  DEP considers a protective threshold to be a level associated with statistical confidence that designated uses will be maintained.  However, due to the absence of nutrient dose-response relationships in streams, there is real risk of establishing thresholds that require significant monetary investment to achieve, without providing actual environmental benefit.  Additionally, the relationship between nutrients and mercury contamination in fish tissue need to be considered when evaluating use protection.  Setting an unnecessarily low nutrient threshold may not be protective of public health.  Of course, an erroneously high threshold could also threaten public health, but the lack of any harmful algal response to nutrient concentrations in streams suggests that any criteria based upon the benchmark approach will be fully protective of both public health and aquatic community health.   
DEP’s position is that it is important to set the criteria at levels that are necessary to protect the designated use in accordance with 40 CFR 131.2. When it is difficult to establish that correct level due to lack of a cause/effect relationship, biological validation of nutrient effects in waterbodies that exceed the criteria is essential to prevent unnecessary expenditure of public resources.
[bookmark: _Toc260226906]Comments on Available Dataset and the Approaches Used for Stream Criteria	
DEP agrees with the principle stated in our Nutrient TSD that the appropriate frequency and duration components of the criteria should be based on and be consistent with how the data were analyzed to derive the criteria.  However, the U.S. EPA’s nutrient proposal does not appear to follow this principle.  
To evaluate the appropriateness of the frequency and duration components of EPA’s stream nutrient criteria proposal, the details concerning the derivation of the criteria must be understood.  The EPA derived the proposed stream criteria by assembling a large (many tens of thousands data points) comprehensive dataset of individual measurements of nutrients and biological indicators collected during a six year period from 2004 through 2009.  The dataset was then screened to eliminate data that were not associated with a passing SCI score.  Because SCI data were available for relatively fewer sites, this resulted in a much smaller (i.e., 521 data points for TN and 525 data points for TP) “reference” dataset.  This smaller data set was then used to calculate geometric means for TN and TP for each site for the entire period of record.  The resulting geometric means were then separated spatially into EPA’s four nutrient regions for further analysis.  
The proposed numeric TP and TN criteria were then calculated as the 75th percentile of the site geometric means across the six year period for each nutrient region.  The 75th percentile was calculated based on a lognormal distribution of the site geometric means.  As specified in Table 2-4 of EPA’s Technical Support Document, the number of site means used to derive the criteria ranged from 17 in the North Central region to 131 in the Panhandle region for TP, with a similar range from 17 to 128 for TN.  
It is also important to note that there was an average of only two nutrient measurements over the entire six year period that were used to generate each site mean.  Additionally, for the panhandle nutrient region, more than 75% of the site geometric means that were intended to characterize the nutrient regime at the sites were based on a single measurement during the six year period.  In the other nutrient regions, from 45% to 59% of the site geometric means were generated from a single measurement during the six year period.  In summary, EPA’s proposed streams criteria were actually based on very few measurements and these data were inadequate to characterize the temporal variability of the systems (see more discussion on this topic below).
EPA then expresses the proposed criteria as annual geometric mean TP and TN concentrations and recommends a two part test to evaluate compliance with the proposed criteria.  Both parts of the test need to be met in order to satisfy the criteria.  First, the measured annual geometric means cannot exceed the criteria more than once in a three year period.  Second, the long-term arithmetic average of the annual geometric means cannot exceed the criteria.  In this case, long-term is not defined.  However, it should be consistent with DEP’s 10-year planning list period and 7.5 year verified list period, as specified in the Impaired Waters Rule. 
There are a number of inconsistencies between the derivation of the criteria and the proposed assessment method that need to be addressed.  First, the criteria were derived as the 75th percentiles of a lognormal distribution of “long-term” site geometric means, not the distribution of annual site geometric means as proposed in the duration portion of the criteria.  This is important because the annual duration is used in both parts of the assessment method proposed by EPA.  However, based on EPA’s derivation of the criteria using long-term geometric means, there is no evidence provided to support the use of an annual duration or assessment method based on an annual duration.  In contrast, DEP’s proposed criteria were derived based on annual geometric means consistent with their proposed assessment methodology, which was based on an annual duration.
Additionally, the second part of the assessment method requiring the long-term arithmetic average of the annual geometric means is inconsistent with the criteria derivation in two ways.  First, criteria were derived using a 6-year averaging period, however, EPA recommends that the assessments be conducted using the 10-year planning list and the 7.5 year verified list averaging periods specified in the Impaired Waters Rule.  Second and more importantly, the criteria were derived based on the geometric mean of the long-term site geometric means (i.e., a geometric mean of a geometric mean) and the recommended assessment method specifies that assessment should be based on the arithmetic mean of the annual geometric means (i.e., an arithmetic mean of a geometric mean).  In this case, the derivation of the criteria is inconsistent with the assessment method in both the duration component (as described above) and the averaging method.  Even if the criteria were derived using the appropriate annual duration, the recommended assessment method is still inconsistent with the criteria derivation, because calculating a geometric mean of a geometric mean will always produce a lower result than taking an arithmetic mean of a geometric mean.  This inconsistency results in criteria that will have a higher than expected exceedance frequency and Type I error rate (i.e., identifying healthy sites as being impacted). 
It should also be noted that, as described above, the data available for the sites utilized in the derivation of the criteria was not sufficient to accurately characterize the nutrient regime at those sites for a year, and certainly they were not sufficient to characterize the six-year period used in the derivation of the criteria.  Also, it appears that there was no analysis of the bias introduced into the derivation of the criteria from using sites with so few data points. This is in direct contrast with the thorough evaluation conducted by DEP to determine the effect of various data sufficiency endpoints when deriving our benchmark-based criteria.  Based on DEP’s analysis, a single nutrient measurement cannot be used to accurately characterize the nutrient regime at a site for a single year and especially not a six year period as was done by EPA.  At a minimum, EPA should perform an analysis showing the effects of different minimal sample site sample size requirements on the derivation of the criteria. 
Also, there was no evaluation of the temporal distribution of the data used in the derivation of the criteria across the six year period.  It appears that the dataset used to generate the criteria was disproportionately biased toward two of the six years, which may have been climatically abnormal.  Overall, 75% of the data used to derive the criteria were collected in 2005 and 2006.  This bias could result in the data used in the derivation of the criteria not adequately characterizing the “typical” long-term nutrient regime.  Further, there was no evaluation of the seasonal distribution of the data used.  Since nutrient concentrations can often vary seasonally, an evaluation should be conducted to determine if all seasons are proportionately represented in the dataset to assure the resulting criteria are not seasonally biased.
[bookmark: _Toc260226907]Request for Clarification about EPA’s Statement about “Standard Assessment Period”
The Department would like EPA to clarify their expectation that “Florida will use its standard assessment periods as specified in Rule 62-303, F.A.C. (Impaired Waters Rule) to implement this second provision” of the criteria for streams, springs, lakes, and South Florida Canals (that the long-term arithmetic average of annual geometric means shall not exceed the criterion-magnitude concentration).  Does this mean that EPA expects the Department to calculate the average of the annual geometric means of the previous seven years (the assessment period for the verified list is 7 ½ years, but annual geometric means would, of course, only be available for seven years over that period), regardless of the period of record?  Basically, the reference to long-term needs clarification:  1) it needs a minimum number of years so that one year could not be interpreted as long term, 2) and it may need a maximum number of years so that the entire period of record for which there were data could not be interpreted as long term.  As stated previously, FDEP supports a 5 year period for calculation of TN and TP exceedances for streams.
 
[bookmark: _Toc260226908]Comments on Frequency and Duration Component of the Proposed Stream Criteria
FDEP does not support the proposed allowable exceedance frequency of not more than once in a three year period because the variability between years for measured nutrient concentrations is significant and will result in exceedances of the standard due to natural conditions and/or the inherent variability of sampling/testing procedures.  Because of the relative lack of cause-effect relationship between nutrients and biological response in streams, and the natural variability of nutrient concentrations from year to year, this would add yet another source of unjustifiable Type I error.  
The EPA proposed criteria are expressed as annual geometric mean values.  However, it is important to consider the fact that the geometric mean benchmark values are measures of central tendency used to represent a much wider range of variability both above and below these geometric means. This variability occurs both due to natural factors (climactic and geologic) and factors inherent in sampling and testing procedures.  Given this variability, minimally disturbed waterbodies with long-term (multiyear) average nutrient concentrations fully achieving the magnitude of EPA’s proposed in-stream criteria will exceed the 1 out of 3 year annual geometric mean criteria with some frequency.  The frequency of exceedance will be a function of both the long-term average and variability (inter-annual and within year variance).  The closer a stream’s long-term average concentration is to the magnitude of the criterion, the more frequently it will exceed the annual geometric mean, such that a waterbody with a long term average approaching the magnitude of the criterion will be expected to have a fifty percent exceedance frequency of the annual geometric mean.  Inclusion of a return frequency test, such as the proposed no more than one exceedance in a three year period, will require a long-term average well below the criteria to consistently achieve the criteria two thirds of the time.
Because of the natural variability inherent in their nutrient regimes (driven largely by hydrology), FDEP believes that stream criteria should be expressed as a 5 year arithmetic mean of the annual geometric means ( which should not be surpassed during any 5-year period).  This concept is consistent with (although slightly shorter than) the assessment period approved by EPA as part of the Impaired Waters Rule.  Further, NPDES permits are reviewed on a 5 year cycle, and based upon site-specific modeling, permits could be written to assure that a discharge will not exceed the criteria, including during critical conditions. 
FDEP recommends the following language revision:
Concentration values are based on the arithmetic average of annual geometric means for a 5 year period not to be surpassed more than once in any five three-year period.  In addition, the long-term average of annual geometric mean values shall not surpass the listed concentration values.   (Duration = annual; Frequency = not to be exceeded more than once during in a five-year period or as a long-term five year average).
[bookmark: _Toc260226909]Comments on whether EPA’s Stream Criteria are Protective of Designated Uses  
As stated earlier, neither DEP nor EPA could identify specific thresholds for establishing numeric TP and TN criteria in streams due to the relative lack of a dose-response relationship.  The relative lack of a dose-response relationship between nutrients and valued ecological attributes in streams clearly indicates that criteria established through the reference site approach should include additional mechanisms to avoid arbitrary and unnecessary regulatory actions.  These mechanisms should include using an upper distribution of the data to establish a threshold (90th percentile) and requiring biological validation of nutrient impairments prior to regulatory action.  Assessing the biological health status of a waterbody, and determining the cause of any impairments (nutrients versus some other factor), would ensure that the proper and most cost-effective restoration strategy would be pursued by DEP and EPA.  
Spending resources reducing nutrients when either the site is biologically healthy or when some other factor is responsible for biological degradation (e.g., habitat or hydrology) would waste limited restoration resources with no environmental benefit.  Additionally, spending resources processing site specific criteria every time a biologically healthy site does not attain the criteria would waste resources with no environmental benefit.  Therefore, DEP strongly believes that biological confirmation and stressor identification must part of any criteria for streams, especially given the relative lack of a dose-response relationship and the limitations of the reference site approach.  
While the DEP’s primary concern about unnecessarily low criteria is that they may waste limited restoration resources, it should be noted that such criteria, if attained through chemical treatment for example, may also harm aquatic ecosystems.  This is not surprising given that some level of nutrients are required for ecosystems to function, and excessively low nutrients could inhibit productivity of some waters.   Additionally, the complicated relationship between mercury in fish tissue and nutrients suggests that unneeded reductions in nutrients (when no harmful biological effects are occurring) may result in the unintended consequence of increased mercury levels in fish tissue, a significant human health issue (discussed in detail as part of a separate comment).  It appears that EPA only considered whether the proposed criteria were protective in terms of preventing eutrophic conditions, and DEP recommends that EPA also consider the impacts to Florida’s waters due to artificially low nutrient concentrations. 
To evaluate whether EPA’s proposed stream criteria are overly protective, the DEP evaluated whether the benchmark sites would attain the criteria.  Given that these sites have been documented to meet designated uses for aquatic life use support (a healthy, well balanced aquatic community) and also contain minimal if any human caused increases in nutrient concentrations, one would expect that the vast majority of the benchmark sites would attain the proposed criteria.  However, the analysis indicates that approximately 24% of the sites do not attain at least one of the expressions of the TP criteria and approximately 34% of the sites do not attain the TN criterion (Tables 8 and 9) (only assessed against in-stream protection values).  Non-attainment rates are even higher in certain areas of the State.   In particular, 48% of the DEP reference streams in the Panhandle will fail EPA’s proposed stream TP criteria, and 45% of the reference streams in the North Central Nutrient Watershed Regions will fail EPA’s proposed TN criteria.  
Conversely, the Bone Valley Region did not contain any failures.  However, this is likely due to two factors.  First, there are only three DEP reference streams in the region, meaning the small sample size may not be representative.  Second, EPA’s site selection methodology resulted in the use of data from Bone Valley streams with more anthropogenic nutrient enrichment (including point source discharges) than the reference streams.  
 The fact that EPA’s proposed stream nutrient criteria results in relatively high nonattainment percentages in Florida’s reference streams in some areas of the State indicates a flaw in the derivation methodology (not accounting for natural nutrient sources).  This is particularly true for EPA’s proposed downstream protection values (DPVs), which would result in over 80% of benchmark sites being designated as impaired (see separate analysis in Chapter on DPVs for the protection of estuaries). 
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Table 8.  The percentage of DEP reference sites that exceed EPA’s stream TP criteria (to calculate the percent that attain the criteria, subtract the percentage provided from 100%).
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Table 9.  The percentage of DEP reference sites that exceed EPA’s TN IPV criteria (to calculate the percent that attain the criteria, subtract the percentage provided from 100%).
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Table 10.  The percentage of all Florida Sites exceeding EPA’s IPV and DEP’s IWR Response Variables, by nutrient region and statewide.  The parenthetical values are the number of site surpassing the criteria and the total number of sites assessed. 
[bookmark: _Toc260226910]Comments on Need for Site Specific Alternative Criteria
Because expression of nutrients is dependent upon site specific factors (hydrologic retention time, light penetration, pH/alkalinity, grazers, habitat conditions, etc.), derivation of nutrient criteria requires additional flexibility to assure that the criteria are indeed accurate for a particular area.  For this reason, DEP strongly supports adoption of a streamlined, predictable process for development of nutrient Site Specific Alternative Criteria (SSAC).  The SSAC process must be well defined (describing sufficient water chemistry data, sufficient demonstration of achieving designated use by passing biological indices, etc.) so that the administrative burden on the petitioner, DEP, and EPA is minimized.  Following this concept, DEP proposed Type III SSACs as part of our rulemaking process, and requests EPA to pursue this concept with their rulemaking.
[bookmark: _Toc260226911]Comments on Criteria for Springs, Spring Runs, and Clear Streams
DEP supports EPA’s decision to apply the Nitrate-nitrite criterion to clear streams, in addition to springs and spring runs.  However, after a careful review of the manner by which the nitrate criterion was derived, DEP believes the criterion should be expressed as a 3-year arithmetic mean of the annual geometric means, which should not be surpassed during a 3-year averaging period.  This three year period for expressing the criterion is consistent with the timeframes used to derive the criterion.  Dr. Xufeng Niu, Florida State University Dept. of Statistics, conducted the change point analyses of periphytometer data based upon three year averages.  According to Dr. Niu, “Sample averages were used in the analysis instead of individual samples for the purpose of reducing random variation and better representing the environmental conditions during the given time periods.  Sample sizes for each of the 13 stations in the four (3 year) time periods ranged from 5 to 20. Annual averages were not used due to small sample sizes (There were no, or only one or two observations for some years at some stations).” (Niu 2008)
The EPA expression of duration and frequency of the criteria contained in footnote a related to the annual geometric mean not being surpassed more than once in a three-year period is not consistent with the derivation of the criterion. The FDEP recommends the following edit:  
Concentration values are based on the arithmetic average of the annual geometric means calculated for a three year period, not to be surpassed in any given three year period. more than once in a three-year period.  In addition, the long-term average of annual geometric mean values shall not surpass the listed concentration values.  (Duration = annual; Frequency = not to be exceeded more than once during in a three-year period or as a long-term three year average).
The springs and clear streams nitrate criterion was derived based on multiple lines of evidence, with the primary lines of evidence being mesocosm dosing experiments and field studies.  Although the mesocosm studies revealed response time frames shorter than one year, the inability of lab studies to reproduce field conditions (e.g., lack of grazers or other physical disturbance) suggests that lab studies should not be relied upon for the duration component of a criterion.  The three year average periphyton response to nitrate enrichment was among the strongest evidence for the criterion, suggesting that the three year averaging period is the most appropriate duration for criterion expression. See FDEP’s draft Technical Support Document in the EPA docket for more information on the studies underlying the nitrate criterion.

Regarding the frequency of exceedance, there is no evidence to suggest that the short-term responses observed under controlled lab settings equate to impairment of the designated use in conditions experienced in State waters.  In fact, the more realistic field surveys demonstrated that excess biomass does not become persistent in clear streams until average nitrate exceeds 0.441 mg/L for a three year period.  The 0.441 mg/L threshold was adjusted to 0.35 mg/L to provide a fully protective criterion with a low likelihood of excess algal growth (at the 95% confidence limit). 

Although FDEP investigated applying the nitrate criterion as a 10% exceedance frequency of the monthly mean, analysis demonstrated that such an expression would unnecessarily require maintenance of long-term average nitrate conditions well below the established response threshold.  For example, given the typical variance in the data, a stream with a long-tem annual average nitrate concentration at 0.35 mg/L would be expected to exceed the criterion during approximately 50% of the months, well in excess of a 10% exceedance rate.  Review of the month to month nitrate variability at stream benchmark sites and sites within the Suwannee drainage basis suggests that average concentration in a stream would need to be below 0.10 mg/L in order to consistently meet the <10% exceedance requirement of 0.35 mg/L.   Therefore, FDEP believes that the exceedance frequency should account for actual nutrient variability that does not impact the designated use, and supports a three year averaging period for expressing the nitrate criterion.  It should be noted that the average age of Floridan Aquifer spring water is greater than 20 years, suggesting that any management action based on exceeding the criterion during a three year period could still require more than 17 additional years to measure environmental results. 

EPA asked if the nitrate criterion should apply to all streams, regardless of color.  In DEP’s and EPA’s analyses, there were no observed cause-effect relationships between nitrate and biological response in streams with color above 40 PCU, meaning the nitrate criterion should apply only to clear streams (<40 PCU).  The science does not support extending the nitrate criterion to clear streams.
The DEP also recommends that EPA clarify the time frame for establishing the color of streams.  DEP believes that the color should be based on the annual average (or longer-term) color of the stream, rather than the color of individual samples.


[bookmark: _Toc260226912]Interaction between Nutrients and Mercury Contamination of Fish Tissue

DEP is currently conducting a statewide Mercury TMDL Study, and it is DEP’s intention to develop a protective TMDL for mercury that would result in emissions reductions and protect State waters regardless of their trophic status.  However, it may take decades to actually achieve the needed mercury reductions, making the interaction between mercury and nutrients an important issue during nutrient criteria development.  One of the Mercury TMDL Study’s principle investigators, Dr. Curt Pollman, conducted modeling that suggests that artificially lowering nutrients in waters where they do not currently cause imbalances could result in the unintended consequence of increasing mercury contamination in fish, exacerbating a public health issue in a manner clearly not in accordance with the Clean Water Act.  The results, clearly refute EPA’s assumption that lower nutrient concentrations in streams and lakes are always environmentally beneficial, and in fact, indicate that unneeded lowering of nutrients may result in unintended environmental harm. 
This unintended impact is due to the fact that trophic state exerts a profound influence on the cycling of Hg and its bioaccumulation in the aquatic food webs.  Although the effects of changing nutrient concentrations on Hg cycling are complex[footnoteRef:3], the generally observed net effect of decreasing nutrient levels in lakes and streams on biota is to drive Hg concentrations in fish tissue higher, most likely through decreased particle dilution and alteration of food webs. [3:  For example, increased nutrients can produce lower DO concentrations, resulting in greater methylation rates; increased nutrients can also promote sulfide production in sediments, which can sequester and make unavailable Hg necessary for methylation.] 

EPA’s nutrient criteria were analyzed to determine their influence on biota mercury concentrations in lakes across the state based on a probabilistically sampled data set (n =100).  Two different scenarios were modeled.  The first assumed that lake TP concentrations are universally limited to 30 g/L or lower, and the second assumed that we define acceptable trophic state based on chlorophyll a concentrations of 5 mg/m3 (similar to EPA’s proposed 6 ug/L chlorophyll target).  
The TP simulation was based on an empirical model that related estimated age three largemouth bass Hg concentrations [EHg(3)] as a function of TP, pH, SO4, TN, and DOC, but not chlorophyll a.  Similarly, the chlorophyll a simulation was based on an empirical model that used pH, color, SO4, filtered Hg and methyl Hg, and chlorophyll a (but not TP or TN) as the independent variables.  Both models were developed using a non-linear (neural net) approach, and the functional influence of the individual variables on EHg(3) were verified to match expected relationships.
Predicted changes in the cumulative frequency distribution (cfd) of EHg(3) for the two trophic state reduction scenarios are shown in Figures 21 and 22.  Both cfd’s have been weighted by the surface area of the individual lakes.  This is important from a human health risk perspective because most Florida lakes with high Hg concentrations will be small, pristine seepage lakes, while larger lakes tend to be more culturally eutrophic and have lower fish Hg concentrations.  As a result, the areal extent of lakes with elevated fish Hg could increase quite dramatically with reductions in nutrient status. 
The average increase in EHg(3) for lakes that would be affected by the assumed reductions in TP or chlorophyll a is predicted to be 0.05 and 0.06 mg/kg, respectively, which equates to ~ 25% of the likely mercury TMDL threshold.  The areal extent of lakes with predicted EHg(3) concentrations above 0.2 mg/kg (Florida’s proposed mercury fish tissue criterion) also increases from ~ 72 to 86% (TP model) and from 76 to 86% (chlorophyll a model).  
DEP urges EPA to seriously consider this issue and develop an integrated model approach that considers the effects of changing nutrient levels on both trophic state and biota Hg concentrations.  Florida’s statewide Hg TMDL effort could provide the foundation for such a model and could help EPA ensure that its efforts to improve trophic state and reduce concentrations of fish Hg concentrations are optimized.  Finally, because the TMDL study includes streams and lakes, the results from this study could be used to develop an integrated model for both types of aquatic ecosystems.
[image: ]

Figure 21.  Prediction of change in EHg(3) concentrations in 100 Florida lakes assuming that the maximum TP concentration in a given lake is 30 g/L.  Cumulative frequency distribution is weighted by lake area.

Figure 22.  Prediction of change in EHg(3) concentrations in 100 Florida lakes assuming  that the maximum in-lake chlorophyll a concentration is 5 mg/m3.
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