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SAMPLING RESULTS MEMO:
Whiskeytown E. coli and Fecal Coliform sampling, and Recommendation for removal of Whiskeytown Lake from the CWA 303(d) impaired waters list. 

Whiskeytown Lake is currently on the CWA 303(d) list of impaired waters because of elevated fecal coliform levels detected during the1980s by Regional Board staff.  Starting in 1991 the National Park Service has taken measures to reduce potential sources of fecal contamination including improving toilet facilities and excluding dogs from swim beaches.  Additionally, the Park Service follows an internal policy that specifies monitoring of Escherichia coli (E. coli) at high visitation swim areas.   Park Service monitoring from 1987 to 2007 provides a basis to assess contamination levels and whether the current listing is warranted at this popular swimming lake.  

Based on the extensive monitoring and improved conditions, the Park Service has requested the removal of Whiskeytown Lake from the Clean Water Act 303(d) list of impaired water bodies.  While reviewing the monitoring data, Regional Board staff determined that additional samples during high visitation conditions, and a comparison of E. coli and fecal coliform results, were needed to adequately evaluate the delisting proposal.   Regional Board staff conducted the additional sampling during 2006 and 2007 at Brandy Creek and Oak Bottom swim areas.  The results are summarized below and the Park Service monitoring data is included in attached reports. 

Methods and Sample Locations:  

Brandy Creek and Oak Bottom swim beaches have somewhat limited water circulation and high numbers of bathers.  These factors raise the potential for fecal contamination.  Previous sampling shows higher fecal bacteria levels at these two locations than elsewhere on the lake. Since these locations are the most likely spots for problematic levels of fecal contamination linked to bathing, they were selected as monitoring locations.   

Sampling periods were selected to coincide with conditions where fecal contamination was more likely.  High visitation weekends and during hot weather were preferentially sampled over cool periods with low total numbers of bathers.  Samples were preferentially collected during popular bathing hours between 11 and 4.  Generally the 4th of July and Labor Day weekend have the highest visitation numbers.  Park service records show an increase in visitation during summer 2007.  Previous sampling shows higher E. coli levels during hot weather on high use weekends.  During this study samples were preferentially collected during high visitation weekends when the fecal pathogen load is likely highest.  

Samples were collected at 1 to 2 feet water depth using a sterile container.  Samples were immediately placed in a cooler.  All water samples were analysed for E. coli by staff using the Colilert method in the Redding Regional Board office laboratory.  A holding time of 6 hours and Colilert protocols were followed.  Total coliform results from the Colilert method are included.

Fifteen samples were also collected for fecal coliform analysis and compared with E. coli results of paired grab samples.  Basic Lab of Redding performed the fecal coliform analysis per the SM 9221E (15 tube) method.  Reporting limits for the analytical methods are:  E. coli =1 most probable number (MPN), and fecal coliform = 2 MPN.

Regional Board Sampling Results

A total of 48 samples were collected from 23 July 2006 through 17 October 2007.  No exceedances of the E.coli standard or the fecal coliform standard in the Basin Plan were detected.  Results are included in the tables below.  Fecal bacteria levels were higher during hot weather on high-visitation weekends.  While bacteria levels were elevated during high-use conditions, no exceedances of the E. coli standard were detected.  Total coliform results show a crude correlation with the fecal bacteria results.   

Whiskeytown Lake - Brandy Creek Area 

Regional Board Sampling Results


	Brandy Creek Area Locations
	Date
	E. coli (MPN)

(standard

235/126 max/mean)
	Fecal Coliform (MPN)

(Basin Plan 400/200max/mean) 
	Total coliforms (MPN)

	swim beach(west)
	7-23-06 *
	108
	
	

	swim beach(center)
	7-23-06 *
	24
	
	

	swim beach(east)
	7-23-06 *
	90
	
	

	swim beach(W)
	9-3-06  *
	1
	
	

	swim beach(C)
	9-3-06 *
	7
	
	

	swim beach(E)
	9-3-06 *
	33
	
	

	swim beach(W)
	9-1-07 *
	3
	
	>435

	swim beach(E)
	9-1-07 *
	3
	
	>435

	swim beach (W)
	9-2-07 *
	51
	
	>435

	swim beach(E)
	9-2-07 *
	7
	
	>435

	swim beach (W)
	9-3-07 *
	31
	
	>435

	swim beach (E)
	9-3-07 *
	11
	
	>435

	marina offshore
	9-9-07
	<1
	
	31

	marina offshore
	9-9-07
	<1
	
	51

	marina offshore
	9-9-07
	<1
	
	15

	marina cove
	9-9-07
	1
	
	192

	marina cove
	9-9-07
	1
	
	141

	marina cove
	9-9-07
	<1
	
	276

	swim beach (W)
	9-11-07
	1
	13
	>435

	swim beach (C)
	9-11-07
	<1
	<2
	>435

	swim beach (E)
	9-11-07
	5
	30
	>435

	swim beach (W)
	10-17-07
	31
	50
	>435

	swim beach (C)
	10-17-07
	46
	23
	>435

	swim beach (E)
	10-17-07
	2
	4
	387

	Note: * indicates high numbers of bathers.


Whiskeytown Lake - Oak Bottom Area 

Regional Board Sampling Results

	Location
	Date
	E. coli (MPN)

Standard

235/126 max/mean
	Fecal Coliforms (MPN)

Basin Plan standard

400/200max/mean 
	Total Coliforms (MPN)

	swim beach(West)
	7-23-06 *
	161
	
	

	swim beach(East)
	7-23-06 *
	73
	
	

	swim beach(W)
	7-23-06 *
	86
	
	

	swim beach(E)
	9-3-06 *
	3
	
	

	swim beach(W)
	9-3-06 *
	6
	
	

	swim beach(E)
	9-3-06 *
	6
	
	

	swim beach(W)
	9-1-07 *
	6
	
	>435

	swim beach(E)
	9-1-07 *
	3
	
	196

	swim beach(W)
	9-2-07 *
	78
	
	>435

	swim beach(E)
	9-2-07 *
	111
	
	291

	swim beach(W)
	9-3-07 *
	8
	
	>435

	swim beach(E)
	9-3-07 *
	12
	
	308

	boat ramp cove
	9-1-07 
	5
	
	365

	boat ramp cove
	9-2-07 
	6
	
	>435

	boat ramp cove
	9-3-07 
	5
	
	>435

	swim beach(W)
	9-11-07
	1
	50
	>435

	swim beach(C)
	9-11-07
	<1
	8
	225

	swim beach(E)
	9-11-07
	1
	7
	308

	swim beach(W)
	10-17-07
	1
	<2
	387

	swim beach(C)
	10-17-07
	1
	<2
	326

	swim beach(E)
	10-17-07
	<1
	<2
	345

	Clear Creek (A)
	10-17-07
	91
	110
	158

	Clear Creek (B)
	10-17-07
	91
	170
	184

	Clear Creek (C)
	10-17-07
	61
	130
	173

	Note: * indicates high numbers of bathers.


E. coli and Fecal Coliform result correlation

The current Basin Plan standard uses fecal coliform as the pathogen load indicator.  The maximum allowed for a single sample is 400 MPN, and 200 MPN for the geometric mean from 5 or more samples in a 30-day period.  A proposed change of the Basin Plan to the more widely used E. coli standard (235 MPN max and 126 MPN mean) is under consideration.  The following comparison of the two methods is necessary in order to compare the extensive E. coli monitoring data collected by the Park Service to the current Basin Plan standard.   

Fifteen grab samples were collected for both fecal coliform and E. coli and the results plotted on the following chart.   Although the comparison is based on grab samples that have some initial variability, the two methods produced similar results.  
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The chart shows a good correlation between the two methods.  The best-fit line has the following formula: y = 1.43x + 8.25 with an R squared value of 0.81, a P value of 5.1 and error range of 24 MPN.  

The best-fit line, which can be used as a calibration relationship between the two methods, idicates E. coli is the more sensitive analysis method in this group of samples.  Using the formula, a sample with an E. coli level of 235 MPN (the max standard) corresponds to a fecal coliform result of 345 MPN, which is less than the Basin Plan standard of 400 MPN.   For Whiskeytown, this dataset indicates E.coli is the more sensitive indicator, less likely to generate a false negative than fecal coliform.   Put another way, E.coli analysis is more likely to detect a low-level exceedance than fecal coliform analysis.  The sensitivity of the E. coli standard supports use of E. coli monitoring data to evaluate delisting Whiskeytown Lake for fecal contamination.

Park Service and Regional Board Results Summary:  

Park Service and Regional Board sampling results from 2005 to 2007 are summarized in the table below.  The table shows a couple transient spikes in E. coli levels at Brandy Creek beach in 2006 and 2007.  These spikes did not persist, and the most recent spike on Labor Day weekend was only detected in one of two samples collected on the same day from the same location.  These results do not show fecal contamination at levels needed to list Whiskeytown Lake as impaired per Table 2 of Water Boards listing policy.  Earlier monitoring results from 1991 to 2004, summarized in attached Park Service reports, also show low numbers overall with an occasional transient spike as allowed under Water Boards delisting policy.  

Whiskeytown Lake 

Combined Park Service and Water Board Data

E. coli Results Summary  

2005 through 2007

	Location
	Year, 

(May to September period)
	Total Number of samples (sample size)
	Number of intervals that exceed geometric mean (126 MPN E. coli)
	Number of samples that exceed single sample limit (235 MPN E. coli) 
	Delisting criteria in Water Quality Control Policy *: number of exceedances allowed for sample size

	Brandy Creek Beach
	2007
	93
	0
	2
	15

	
	2006
	90
	0
	3
	14

	
	2005
	51
	0
	0
	8

	 East Beach 
	2007
	52
	0
	0
	8

	
	2006
	52
	0
	0
	8

	
	2005
	34
	0
	0
	5

	Oak Bottom

Beach
	2007
	38
	0
	0
	6

	
	2006
	27
	0
	0
	4

	
	2005
	17
	0
	0
	--

	Whiskey Creek Beach
	2007
	26
	0
	0
	4

	
	2006
	27
	0
	0
	4

	
	2005
	17
	0
	0
	--


* Water Boards Water Quality Control Policy, Table 4.2, adopted September 2004. 

Recommendation:  

Sampling performed by Park Service personnel and Regional Board staff does not show ongoing impairment of contact recreation, or support continued listing of Whiskeytown Lake for fecal contamination.  Based on improved conditions at the swim beaches, sampling results described above and continued Park Service monitoring, I recommend removal of Whiskeytown Lake from the Clean Water Act 303(d) list of impaired waters. 



Linda S. Adams


Secretary for


Environmental Protection
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.8993736909

		R Square		0.808873036

		Adjusted R Square		0.7941709618

		Standard Error		24.4192638214

		Observations		15

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		32807.0275408249		32807.0275408249		55.0176136613		0.0000050659

		Residual		13		7751.9057925084		596.3004455776

		Total		14		40558.9333333333

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		8.25418958		7.6254891552		1.0824472256		0.2987237518		-8.2196750044		24.7280541643		-8.2196750044		24.7280541643

		X Variable 1		1.4321343226		0.1930780387		7.4173859048		0.0000050659		1.0150146601		1.8492539852		1.0150146601		1.8492539852
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				Sample location		Sampling date		E.coli result MPN		Fecal coliform MPN

				obw		9/11/07				50

				obc		9/11/07				8

				obe		9/11/07				7

				bcs		9/11/07				13

				bcc		9/11/07				2

				bcn		9/11/07				30

				Location		Date		E. coli (MPN)		Fecal coliform		Basin Plan Fecal (E.coli)

				Brandy Creek (W)		7/23/07		108

				Brandy Creek (C)		7/23/07		24

				Brandy Creek (E)		7/23/07		90

				Brandy Creek (W)		9/1/07		3.1

				Brandy Creek (E)		9/1/07		3.1

				Brandy Creek (W)		9/2/07		51.2

				Brandy Creek (E)		9/2/07		7.4

				Brandy Creek (W)		9/2/07		727

				Brandy Creek (C)		9/2/07		11

				Brandy Creek (E)		9/2/07		10

				Brandy Creek (W)		9/3/07		30.5

				Brandy Creek (E)		9/3/07		10.9

				Brandy Creek (W)		9/11/07		1		13

				Brandy Creek (C)		9/11/07		<1		<2
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