Table 9b – Probit Analysis for Selenium


IPBLs for Selenium for West County Agency: Data, Calculation Methods, and Results

Data Sets

Selenium data for West County Agency (WCA) consisted of effluent quality results for 32 events, collected from April 1998 to April 2001.  There were only 4 detected values in the data set (13% of the total). The remainder of the data set was comprised of data below detection limits of 2 µg/L and 5 µg/L.

Calculation Methods

Interim Performance Based Limits (IPBLs) were calculated from this data set using Probit Analysis.   The distribution of the data were not evaluated because there were insufficient detected data, and it was assumed that the distribution followed a lognormal distribution, as is most typical for environmental water quality data. 

Because the majority of the selenium data were below detection, summary statistics and interim permit limits were calculated using the method of Helsel and Cohn (1988). This method uses regression on order statistics (ranks) and Ln-transformed data to estimate probabilities and distribution parameters for detected and below-detection data.  The “log-probit” method appears to be equivalent in concept to the Helsel and Cohn method, but the details of the log-probit method have not been made available for evaluation or comparison.  In addition to summary statistics for untransformed data, the method provides estimates of the mean and standard deviation of the natural log-transformed selenium data.  These parameters are used to calculate a value three standard deviations above the mean of the Ln-transformed data.  This value is then back-transformed (exponentiated) to the original concentration units to provide the IPBL.

Results for WCA Selenium data

The results of the analysis of WCA’s selenium data are summarized in Table 9b.1 below, and are compared to two other candidate IPBLs calculated by Regional Board staff.  Note that the methods used by the Regional Board are not consistent with their recommended log-probit method and produce results that are dependent on both the number of samples collected and the detection limits used for analysis.  Although confidence in the results of all of these methods are limited by the small number of detected data, the IPBL based on the Helsel and Cohn method of estimating distributional parameters appears to provide the most appropriate and statistically defensible selenium limit for WCA. 

Additional calculations supporting these results are provided in Table 9b.2.

References

Helsel, D., and T. Cohn. 1988. Estimation of descriptive statistics for multiply-censored water quality data. Water Resources Research 24: 1997-2004.


Estimated Interim Performance Based Limits for Selenium
IPBLs calculated Using the Method of Helsel and Cohn (1988) for estimating distribution  parameters for censored data with multiple detection limits. 

Table 9b.1.  Summary Statistics Analysis for Selenium Data

	IPBL (µg/L)
	Source
	Basis for limit calculation
	Comment

	7
	RB
	Maximum observed effluent concentration
	· No distributional assumption

· Data below detection not used

· Results dependent on number of samples collected and detection limits used

	6.3
	RB
	mean + 3*SD of untransformed selenium data
	· Assumes normal distribution 

· Inappropriate use of data below detection (assumes all non-detects are equal to 1/2 detection limit)

· Results highly dependent on detection limits used.

	17
	LWA

[see Table 2]
	Helsel and Cohn 1988;
exp(mean + 3*SD) of Ln(y)
	· Assumes log-normal distribution

· Appropriately handles data below detection

· Consistent with recommended Reg’l Board method

· Recommended IPBL


RB: Regional Board

LWA: Larry Walker and Associates

Table 9b.2.
Additional Results and Calculations

	Statistic
	Value

	N
	32

	%detected data
	12.50%

	Max
	7

	Min Detected
	3.6

	Probability Plot Regression Equation
	ln(y) = 0.1839 + 0.8853*Z

	10th percentile estimate
	0.3864

	25th percentile estimate
	0.6616

	50th percentile (median) estimate
	1.2019

	75th percentile estimate
	2.1831

	90th percentile estimate
	3.7383

	99.9th percentile estimate
	18.5422

	mean Ln(y)
	0.1839

	StDev Ln(y)
	0.8853

	Mean + 3*SD
	2.8398

	IPBL = exp(meanLN(y) + 3*SDLN(y))
	17.11
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