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Interim Performance-Based Limit for Cyanide – Method and Results

The purpose of this documentation is to describe the methods and present results of analyses to determine an Interim Performance-Based Limit (IPBL) for cyanide for Palo Alto’s Regional Water Quality Control Plant, and other advanced secondary wastewater treatment facilities, as desired.

Methods

The method used to calculate an IPBL for cyanide was based on methods established by the San Francisco Bay Regional Water Quality Control Board (SFBRWQCB) to calculate regionwide IPBLs for mercury (Katen 2001). This method results in IPBLs that are intended to be representative of regionwide effluent quality of wastewater treatment facilities using secondary and advanced secondary treatment processes. In brief, the method described in Katen 2001 consists of the following elements:

· Blanks and duplicates were removed from the dataset. Potential outliers were identified by examination of boxplots, and were verified, corrected, or removed.

· Distributions of raw and log-transformed data were evaluated using probability plots and the Anderson-Darling test for normality. 

· Effluent data from San Francisco Bay region municipal dischargers were evaluated to establish whether data may reasonably be pooled into appropriate subgroups. Methods of evaluation included inspection of boxplots and probability plots, and Mood’s Median Test. Based on these evaluations, data were pooled into Secondary Treatment and Advanced Secondary Treatment subgroups.

· Percentiles were calculated from the distribution parameters of the log-transformed data for each of the two pooled datasets, based on the evidence that the data were lognormally distributed. The 99.87th percentile was selected as the IPBL for each subgroup. Note that the 99.87th percentile is equivalent to a predicted concentration three standard deviations above the mean of log-transformed data, and is more stringent than the once-in-three-years allowable exceedance rate recommended by US EPA (equivalent to the 99.91st percentile concentration). The 99.87th percentile concentration can be expected to be exceeded with an average frequency of approximately once every 2.1 years.

· The mercury IPBLs are proposed as monthly average limits not to be exceeded. While cited as a “standard approach” for setting effluent limits in Katen 2001, this differs from USEPA’s recommended approach of limits with an allowable frequency of exceedance.

The methods described in Katen 2001 were used as the basis for developing a cyanide IPBL for advanced secondary wastewater treatment facilities, with some modifications.

The dataset used was based on discharger data provided by the SFRWQCB on 3/15/2003. The final dataset consisted of all effluent cyanide concentrations reported from January 1999 through the February 2003 for the advanced secondary treatment facility subgroup. Summary information for this dataset is provided in Table 1. The advanced secondary treatment subgroup established for mercury was also used for cyanide. Cyanide IPBLs were calculated only for the advanced secondary treatment subgroup, which consisted of the treatment facilities for Fairfield-Suisun Sewer District, Mountain View Sanitary District, Palo Alto, Petaluma, San Jose/Santa Clara, San Mateo City (dry season discharge only), and Sunnyvale. 

Because the cyanide data included a relatively high proportion of data below detection (69%), summary statistics and distribution parameters were estimated using the methods of Helsel and Cohn (1998). This method is consistent in concept with the Regional Board’s recommended “log-Probit method” for estimating IPBLs from data sets with data below detection, and provides unbiased estimates of distribution parameters and percentiles. Potential outliers were identified by inspection of probability plots and evaluation of distribution parameters.

The high percentage of cyanide data below detection also required alternate methods of evaluating the normality of the underlying distribution of the data. The assumption that the data were lognormally distributed was evaluated based on the R2 -statistic for a best-fit linear regression of the natural log-transformed data. This method is consistent with the Anderson-Darling test of normality in that both use the probability plot regression line fit statistic as a measure of normality of the data. Probability plots of the log-transformed cyanide data were also inspected for systematic deviations from normality.

Results

Summary statistics for cyanide concentrations reported in effluent of San Francisco Bay region advanced secondary treatment facilities are presented in Table 2. Inspection of a probability plot of detected cyanide data (Figure 1) indicates that the data are approximately lognormal. The high R2-value (0.9466) for the probability regression of natural log-transformed data also confirms the assumption of lognormality. No extreme value outliers were identified in the dataset used (Figure 1).

Based on the approximate lognormality of the data, IPBLs were calculated from the distribution parameters of the natural log-transformed data. Cyanide IPBLs based on the 99.87th and 99.91st percentiles were 32 µg/L and 35 µg/L, respectively, rounded to two significant digits (Table 3 and Figure 1). These IPBLs represent performance-based cyanide limits that are expected to be exceeded less than one day in 2.1 years (32 µg/L) and less than one day in 3 years (35 µg/L), on average. 
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Table 1.
Summary of effluent dataset used for calculating CN IPBLs.
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Dataset

Fairfield-Suisun Sewer District

52

29

81

21.9%

Mt. View Sanitary District

4

24

28

7.6%

Palo Alto

6

35

41

11.1%

Petaluma Permit

9

12

21

5.7%

San Jose & Santa Clara

2

56

58

15.7%

San Mateo City

19

7

26

7.0%

Sunnyvale

23

92

115

31.1%

Grand Totals

115

255

370

100%


Table 2.
Summary statistics for CN in effluent from SF Bay Area advanced secondary treatment facilities.
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31.1%

n detected

115

Mean

2.97

Standard Deviation

3.33

Coefficient of Variation

1.12

Lower 95% Confidence Limit about Mean

2.63

Upper 95% Confidence Limit about Mean

3.31

10th percentile

0.60

25th percentile (Lower Quartile )

1.05

50th percentile (Median)

1.96

75th percentile (Upper Quartile)

3.66

90th percentile

6.41

Inter Quartile Range

2.61

Minimum Detected Value

0.65

Maximum Detected Value

29

Minimum Reporting Limit

0.3

Maximum Reporting Limit

5

Summary Statistic

Beta_1 (slope)

0.9233

Beta_0 (intercept)

0.6748

Probability Regression Statistics for Ln-transformed Data

R

2

 for linear regression

0.9446


Table 3.
Interim Perfomance-Based Limits for cyanide, based on SFRWQCB method for developing regionwide mercury IPBLs (Katen 2001).
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Figure 1.
Probability plot of detected cyanide concentrations in effluent.
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