Report of the Academic Advisory Committee to Virginia Department of Environmental Quality: Freshwater Nutrient Criteria

Second Addendum to January 2005 Report

July 6, 2005
Purpose:

The January 2005 report of the Academic Advisory Committee recommended to DEQ that candidate nutrient criteria for the protection of fishery recreation and aquatic life for chlorophyll-a be expressed in units of median values for monthly monitoring data collected over the April – October period (Table 1). The May 2005 addendum to that report translated those values to an alternative expression, as 90th percentiles (Table 2). The ACC recommends these values expecting that they would be considered along with candidate criteria to protect contact recreation and public water supply designated uses. The purpose of the analysis described in this report is to determine water-clarity levels that are comparable to the chlorophyll-a values of Tables 1 and 2.  An assessment is then made as to whether these water clarity levels would also be protective of contact recreational uses such as swimming. Stephenson (2005) has reviewed academic literature describing contact recreational user perceptions of water clarity levels (Table 3).
Table 1. Candidate criteria to accommodate fishery recreation and protect aquatic life, as recommended by AAC January 2005 report.a
	Fishery Type
	Warm-water
	Coolwater
	Coldwater (trout)
	Managed / Fertilized

	Ecoregion
	 - - - - - - - - chl-a (μg/L)- - - - - - - - - 

	
	
	
	
	

	11
	25
	10
	4
	

	9
	25
	10
	
	60

	14
	25
	10
	
	


a TP and Chl-a are median values representative of the April – October period.
Table 2. Potential candidate criteria for chl-a 90  to protect fishery recreation and aquatic life expressed as 90th percentiles of water-monitoring observations collected monthly and evenly distributed over the April – October period.a
	Fishery Type
	Warm-water
	Coolwater
	Coldwater (trout)
	Managed / Fertilized

	Ecoregion
	 - - - - - - - - chl-a (μg/L)- - - - - - - - - 

	
	
	
	
	

	11
	35
	25
	10
	

	9
	35
	25
	
	60

	14
	60
	25
	
	


Table 3. Summary of Selected Water Clarity Perception Studies

	Study
	Location
	Surveyed Group
	Respondent Ranking 
	Secchi Depth  (meters)
	Chl-a Level

(µg/L)

	Hoyer et al. 2004
	FL
	Citizen lake monitors
	Excellent for swimming (rank=1,2)
	2 to 2.3  (mean)

0.4 – 4.3 (min/max±)
	7 to 12 (mean)

2.5 – 10.5 (range+)

	
	
	
	Slightly impaired for swimming (rank=3)
	1.6 (mean)

0.4 – 4.3 (min/max±)
	14 (mean)

5 – 11 (range+)

	
	
	
	Undesirable 
(rank=4,5)
	0.8 to 1.7 (mean)

0.2 – 5.5 (min/max±)
	5 to 80 (mean)

2.5 – 110 (range+)

	Smeltzer & Heiskary  1990
	Northern MN, VT
	Citizen lake monitors
	Excellent for swimming (rank=1,2)
	3 to 6 (mean)


	

	
	
	
	Slightly impaired for swimming (rank=3)
	2 to 4 (mean)

1.5 – 4.5 (range+)
	

	
	
	
	Undesirable 
(rank=4,5)
	1 to 1.7 (mean)


	

	Smeltzer & Heiskary  1990
	Central, Southern MN
	
	Excellent for swimming (rank=1,2)
	0.9 to 2.75 (mean)


	

	
	
	
	Slightly impaired for swimming (rank=3)
	0.6 to 1.25 (mean)

0.5 – 1.75 (range+)
	

	
	
	
	Undesirable 
(rank=4,5)
	0.4 to 0.6 (mean)


	

	Heiskary & Walker 1988
	MN
	Agency staff
	Excellent for swimming (rank=1,2)
	2.5 to 5 (mean)

1.5 – 5 (range+)
	5 to 10 ppb (mean)

2 – 17 ppb (range+)

	
	
	
	Slightly impaired for swimming (rank=3)
	1 (mean)

0.5 – 1.3 (range+)
	45 (mean)

15 – 60 ppb  (range+)

	
	
	
	Undesirable 
(rank=4,5)
	0.7 (mean)

0.5 – 1 (range+)
	55 ppb (mean)

40 – 75 ppb  (range+)

	Smith et al. 1995
	New Zealand
	Rec. users
	Just suitable or better ranking for swimming
	 ≥ 1.5 (80% users)

 ≥ 2.75 (90% users) 
	

	Smith et al. 1992
	New Zealand
	Agency staff
	Marginally suitable bathing
	1.375 (mean)
	

	
	
	
	Suitable for bathing
	2.0 (mean)
	


± Minimum and maximum values reported for a given respondent water quality ranking

+ Values fall within the 25th and 75th quartiles of all observations

Method:
All DEQ lakes monitoring observations values for Secchi Depth (SD), chlorophyll-a (chl-a), and total suspended solids (TSS) collected during the 1990-2003 period were analyzed. To initiate the analysis, 2 SD-prediction models were evaluated for each ecoregion:
Ln(SD) = β0 + β1*Ln(chl-a)




(1)
Ln(SD) = β0 + β1*Ln(chl-a) + β2*Ln(TSS)


(2)
Logarithmic functional forms were selected based on several factors: all variable distributions were positively skewed, with chl-a and TSS being severely skewed; similar functional forms have been used successfully in other studies of this type; and, in a preliminary analysis using statewide data, functional forms using log-transformed variables gave higher R2 values than those that used non-log-transformed functional forms. In all cases, functions including both chl-a and TSS as explanatory variables resulted higher R2 values than SD-predictions functions utilizing only chl-a; this result was expected because studies in scientific literature demonstrate clearly that both algal biomass (as represented by chl-a) and non-algal turbidity (as represented by TSS) influence water clarity, especially in constructed impoundments.

For each ecoregion, DEQ monitoring data were evaluated to estimate a functional form of type (2) using least-squares regression procedures. These functional forms were applied to the chl-a values of Tables 1 and 2, using the ecoregion median value for TSS, to estimate comparable SD values.
Because initial application of the ln-based model did not yield precise results, 4 additional sets of models (2 spline functions, a quadratic, and a cubic) were also developed and applied using similar procedures.

Results:

Ln-based functional forms for ecoregions 9, 11, and 14, along with a comparison of predicted vs. observed SD values, are displayed in Figure 1. All models and model coefficients are statistically significant (p<.0001).
These functional forms were applied to estimate SD values “comparable” to the chl-a values of Tables 1 and 2, for each ecoregion, using ecoregion median values (3 mg/L in ecoregions 9 and 11, 4 mg/L in ecoregion 14) as estimates of TSS (Table 4). The four additional functional forms were applied similarly (Table 4).
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Figure 1. SD prediction equations, and predicted vs. observed Ln(SD) values for ecoregions 9, 11, and 14.  Values of 0.7 on the predicted and observed axes corresponds with Secchi depths of approximately 2 meters.
Table 4. SD values calculated as comparable to chl-a values of Tables 1 and 2.

	Eco- region
	chl-a (µg/L)
	Comparable SD (m),

Ln function
	Comparable SD values (m) calculated using other functional forms

	
	
	
	Spline1
	Spline2
	Quadratic
	Cubic

	9
	10
	1.67
	1.78
	2.08
	1.67
	1.59

	
	25
	1.46
	1.97
	1.92
	1.49
	1.55

	
	35
	1.39
	1.97
	1.87
	1.43
	1.60

	
	60
	1.28
	1.73
	1.78
	1.35
	1.77

	
	
	
	
	
	
	

	11
	4
	2.39
	2.58
	2.66
	2.39
	2.42

	
	10
	2.04
	2.14
	2.59
	2.04
	1.95

	
	25
	1.74
	2.21
	2.51
	1.73
	1.67

	
	35
	1.64
	2.26
	2.49
	1.62
	1.65

	
	
	
	
	
	
	

	14
	10
	1.24
	1.24
	1.29
	1.21
	1.19

	
	25
	1.07
	1.02
	1.21
	1.05
	1.06

	
	60
	0.93
	1.06
	1.15
	0.99
	1.01


Discussion:
Of the 3000+ DEQ lake monitoring observations (1990 – 2003; <1m depth) used in previous analyses, only 1032 contained the SD, chl-a, and TSS values necessary for this analysis. 

In addition to the ln-based functional form described above (equation 2, Figure 3), several other modeling procedures were employed (Table 4). However, none resulted in a model form that could be considered as superior to the models of Figure 3. Note that the spline1 and cubic models both yield results that are, in some cases, contrary to expectations based on scientific understanding (e.g., [predictions of increasing chl-a being accompanied by increasing SD). The spline2 model yields SD predictions that are higher, for most cases, than those of any other model. 
Whereas the ln-based model provides relatively tight fit for ecoregion 14 (R2 = 0.79), this is not the case for the two westernmost ecoregions. The problems with the ln-based models are primarily in the range of ln(SD)> 0.7 [SD > 2m], where the models’ ability to differentiate non-algal turbidity (TSS) effects on water clarity under these relatively clear conditions is hindered  by the fact that the majority of TSS values in the database are listed as 3 mg/L (detection limit). 

The comparable SD values of Table 9 exhibit some differences by ecoregion. For example and considering the ln-based model predictions, the SD value comparable to 10 ug/L chl-a varies from 1.24 m in Ecoregion 14 to 2.04 m in Ecoregion 11, despite the fact that ecoregion median TSS values varied only minimally. Whereas the ecoregion 9 and ecoregion 11 model coefficients are similar in magnitude (+/- 20%), the intercept and TSS coefficient magnitudes for ecoregion 14 are much smaller. This may reflect a greater contribution to non-algal turbidity by soluble constituents, and thus a decrease in background water clarity and a lesser contribution by TSS to non-algal turbidity, in ecoregion 14 than in areas further west.

This analysis is an approximation procedure; the “comparable” SD values of Table 4 should be considered as very rough estimates, and not as precise values. The modeling results are not sufficiently robust to draw precise conclusions about the correspondence of water clarity with chl-a levels in Virginia impoundments. However, we believe these results to be adequate to support the conclusions below. 
Conclusion:

Generally speaking, the studies reviewed by Stephenson (2005) were not conducted in lake conditions similar to the mid-Atlantic region.  In other regions generally characterized by clear lakes, USA users of SD values below 2m have generally been characterized using terms such as "slightly impaired" and "undesireable." However, perceptions of the desirability of lakes for recreational contact are not uniform over regions and tend to reflect perceptions that are relative to the conditions in the study area.  For example, user perceptions in a Minnesota study varied across regions depending on the eutrophic and oligotropic conditions of the region.  Waters ranked as excellent to good for swimming in more eutrophic regions (southern MN) ranged from SD of 1 to 3 meters while northern MN lakes with a similar rating had SD of 3 to 6 meters. Therefore, very little can be concluded about water quality preferences for recreational contact use in Virginia or the mid-Atlantic region from the existing literature.

While little can be inferred about the perceptions of water clarity by Virginia lakes for recreational contact, these results highlight a possibility that a single criterion could arbitrarily favor one designated use over another.   The majority of the chl-a values cited in Tables 1 and 2, especially those for the most common fishery types, were found to correspond with "comparable" SD values of less than 2 meters.  Two of the studies cited by Stephenson (2005) do cite correspondence of chlorophyll-a levels with recreational user satisfaction. Both studies cite perceptions of "excellent" at chl-a levels which are generally below candidate criteria for the most common fishery types. If there was evidence that Virginia recreational users expressed similar preferences, then achieving a recreational contact standard might come at the detriment of other recreational uses (sport fishing for example). 
These studies provide no basis for concluding that chl-a levels approaching the limits of suitability for recreational fishing will yield water clarity levels that satisfy user perceptions for contact recreation.
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