Draft Rationale for Proposed Nutrient Rule for Lakes and Reservoirs

A primary consideration in developing appropriate nutrient criteria for the lakes was the determination of what regional factors to consider (US EPA 2000).  Knowlton and Jones (2003) reported that they found the most practical delineation was into three broad regions: the Plains, the Ozark highlands, and the Big River floodplains.  Other more detailed delineations were deemed impractical, as they did not correlate well with lake distribution and hydrologic influences.  These broader regions have within them common geological and ecological characteristics that distinguish them from each other, although within each region, there is a range of lake characteristics requiring further delineation.

A commonly used basis for the development of nutrient criteria for lakes and reservoirs is the response of chlorophyll-a to nutrient loading (US EPA 2000).  For the Missouri lakes, regression models used to evaluate this response were aggregated to the median values for each lake for the development of a stronger relationship (Jones et al, 1998).  However, this relationship does not hold up very well in some circumstances, particularly where hydrologic factors and sediment loading tend to reduce the significance of the chlorophyll response 

Due to the uncertainties associated with water quality impairment due to nutrient loading, nutrient limits within each ecoregional and hydrologic grouping will be assigned a range of values ranging from assessment to action levels.  Lakes and reservoirs that are determined to have overall nutrient criteria within that range (higher than the assessment level, lower than the action level) may or may not be impaired because of nutrient loading.  Other factors, such as frequency, severity, and duration of algal blooms, frequency of fish-kills, taste and odor complaints, and health related issues that  can be attributed to intake or contact with affected waters, can be considered.  Decisions on listing lakes and reservoirs that are within the range for nutrient concentration will be made based on the weight of evidence from these response factors.  Lakes and reservoirs determined to have nutrient concentrations above the action level will be listed as impaired.

1. Protection of Aquatic Life: 

a) Plains: A reliable predictor for nutrient loading in the Osage and glaciated plains regions is the lake flushing rate (FR).  It is calculated as follows: 

Flushing Rate =  [watershed area (ac) * local runoff rate (ft)]  / lake volume (ac-ft)  

Estimated FR ranges for all classified lakes that are over 10 acres in size are in Table 3. Flushing rates for lakes in the plains regions range from 0.106 to 6.002.  Lakes for which sufficient data were available were divided into five groups according to their FR.  Median values for total phosphorus and chlorophyll-a for each lake were calculated.  To achieve normal distribution, these values were transformed by log10.  Simple linear regressions for chlorophyll response to total phosphorus concentration are given below:

Table 4: Chlorophyll-a response to total phosphorus at various flushing rates.

	Flushing Rate
	Regression
	n
	R2
	p

	< 0.4
	log10 [Chl-a] = 1.4092 [log10 TP] - 1.0489  
	15
	0.708
	0.0

	0.4 – 0.6
	log10 [Chl-a] = 1.1088 [log10 TP] - 0.5986 
	11
	0.72
	0.0

	0.6 – 1.2
	log10 [Chl-a] = 0.4492 [log10 TP] + 0.4605
	14
	0.122
	0.202

	1.2 – 2.0
	log10 [Chl-a] = 0.691 [log10 TP] - 0.133
	17
	0.355
	0.012

	> 2.0
	log10 [Chl-a] = 0.6988 [log10 TP] + 0.1
	13
	0.379
	0.019





The chlorophyll-a response in lakes and reservoirs with flushing rates of less than 0.6 is very distinct.  For the assessment  levels, two lakes within each group were identified by RTAG as reference lakes in the region.  For the C1 group, these were Forest lake and Nehai Tonkeia.  In the C2 group, they were Deer Ridge and Lincoln. The 75th percentile for chlorophyll-a in the C1 group is 5 ug/L and in the C2 group is 16 ug/L.  The regressions were developed from the data sets of the entire groups.

For the action levels, the following response variables were applied:  20 ug/L chl-a for the C1 group and 25 ug/L Chl-a for the C2 group.  These were based on literature values, BPJ and an examination of the total data set for each group. 

Lakes with flushing rates greater than 0.6 show a poor correlation of chlorophyll-a response to nutrient loading.  This is mainly due to high sediment loading in these lakes, which results in lower transparency and lower algae growth (Knowlton and Jones, 2003).  Along with sediments, nutrient loading tends to increase with flushing rate.  It follows that, for a given flushing rate, the predicted TP concentration will fall within a certain range.  A regression was calculated for TP response to flushing rate for all the plains lakes.  The assessment criteria is based on the regression calculation.  The action criteria is based on the upper prediction interval for individual estimates (α = 0.05).  The graph below shows the regression and prediction intervals, as well as long term means and maximum yearly geomeans for lakes within the plains region.
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b) Ozarks:  Nutrient loading is more difficult to predict in this region.  High variability in geologic and hydrologic factors also complicates the relationship between loading and response in this region. For instance, much of the area is underlain by karst geology, which tends to increase sensitivity of lake systems to nutrients in overland runoff.  The variability of landforms is partially sorted out by ecoregions that have been defined by Nigh and Schroeder (2002).  Lakes and reservoirs in the Ozark Border regions, the Springfield Plateau, and the Central Plateau are to be protected for eutrophic conditions except for those lakes that have been identified as supporting a lower trophic level.  Lakes and reservoirs in the St Francois Mountain will  be assigned criteria to maintain oligotrophic conditions.  Lakes and reservoirs in the remaining portion of the Ozark highlands will be assigned criteria protective of mesotrophic conditions.  TP values for lakes in the three trophic states are drawn from Jones and Knowlton (1993).
.
Criteria for L2 lakes (defined as “major reservoirs”, MO SOS, 2005)in the region are based on site specific regression of chlorophyll-a response to TP concentrations.  The following robust regressions were developed from the data for each lake.  Variations in data characteristics have resulted in the use of different data transformations in order to maintain normal distributions for the analyses.

Clearwater Lake: ln(Chl-a) = 1.097*ln(TP) –1.371

R2 = 0.565

Lake of the Ozarks: ln(Chl-a) = 13.221*(-1/√TP) + 5.285
R2 = 0.7358

Pomme de Terre Lake: ln(Chl-a) = 9.93*(-1/√TP) + 4.651
R2 = 0.4546

Stockton Lake: ln(Chl-a) = 0.854*ln(TP) – 0.391

R2 = 0.504

Table Rock Lake: ln(Chl-a) = 0.856*ln(TP) – 0.321

R2 = 0.6409

Lake Taneycomo: ln(Chl-a) = 1.122*ln(TP) – 2.698

R2 = 0.7956

Lake Wapappello: ln(Chl-a) =  0.05*(TP) + 0.855

R2 = 0.835

TP criteria were determined by back calculation of these regressions from chlorophyll-a data for each lake.  Assessment levels were calculated from the median and action levels were calculated from the 75th percentile.


c) Big Rivers: Lakes in the Big River region tend to have low TN/TP ratios.  Therefore, nitrogen tends to be the most limiting nutrient in these waterbodies.  A robust regression was performed to measure chlorophyll-a response to TN concentration.  Sugar Lake and Contrary Lake in Buchanan County were excluded from this analysis, as there is anecdotal evidence that these lakes have been subjected to higher than normal levels of nutrient loading from nearby septic systems.  The data appear to reflect that.

ln(Chl-a) = 96.2*(-1/√TN) + 6.092



R2 = 0.6497


TN criteria are based on the back calculation of the regression response of chlorophyll-a values for 25 and 90 μg/L respectively for the assessment and action levels.
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