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Publicly Owned Treatment Works (POTWs), and other permitted point source discharges in Wisconsin, having the reasonable potential to cause bacterial contamination of surface waters, are currently regulated on the basis of Fecal Coliform bacterial concentrations in their effluent.   The Wisconsin Department of Natural Resources (DNR) plans to revise its ambient water quality criterion for bacteria, as well as policies for WPDES Permit issuance, to provide for regulation on the basis of Escherichia coli (E coli) rather than Fecal Coliform (F coli).  This is consistent with current U.S. Environmental Protection Agency policy.  DNR has formed the Bacterial Technical Advisory Committee (BTAC) to assist in rule and policy development.  As part of these deliberations, DNR asked the POTW representatives of the BTAC to locate and evaluate E coli and F coli data from POTWs, and to recommend an E coli limitation approach that would be equivalent to the current 400 col F coli/100 mL monthly geometric mean limitation currently contained in municipal WPDES Permits.
	Municipality/Agency
	Treatment Facilities

	Chicago IL (MWRDGC)
	Egan WWTP

Hanover Park WWTP

Kirie WWTP

	Columbus OH
	Southerly WWTP

	Denver CO
	North WWTP

South WWTP

	Green Bay WI MSD
	WWTP

	Madison WI MSD
	Nine Springs WWTP

	Milwaukee WI MSD
	Jones Island WWTP

South Shore WWTP

	Oshkosh WI
	WWTP

	Parkersburg WV
	WWTP

	Racine WI
	WWTP

	Wilsonville OR
	WWTP

	Table 1 – POTWs Providing E coli and F coli Data




A number of POTWs in Wisconsin and around the U.S. have gathered concurrent data on E coli and F coli.  We were able to obtain such data from ten municipalities-wastewater agencies, including data from fourteen municipal treatment facilities.  The purpose of this “white paper” is to summarize and draw conclusions from these data, and make recommendations to DNR for a monthly geometric mean E coli limitation that would be reasonable equivalent to the present 400 col/100 mL (four hundred colony forming units per hundred milliliters) currently used in WPDES permitting as a performance standard.
POTW Data Sources
Data were obtained and evaluated from the POTW sources as listed in Table 1 and representing fourteen wastewater treatment plants (WWTPs).  In addition, a paper has been published (Elmund, et al, Escherichia coli, Total Coliform and Fecal Coliform Populations as Indicators of Wastewater Treatment Efficiency, 1999, Journal Water Environ-ment Research, 71: 332-339) presenting E coli and F coli data for two WWTPs in the Fort Collins CO metropolitan area (Mulberry Water Reclamation Facility and Drake Water Reclamation Facility).  Conclusions from that study were reviewed for this white paper.
In addition to the E coli and F coli data reported for the Table 1 facilities, summary information was also obtained for the type of treatment processes employed, the methods of E coli and F coli testing used and typical Total Suspended Solids (TSS) levels in the WWTP effluent.

Method of POTW Data Analysis

For the data obtained from the sources listed in Table 1, POTW reported data were either obtained in electronic spreadsheet format, or transcribed to that form from hardcopy data.  Data were reviewed to identify zero and non-quantifiable data points in the sets, and data were only used in the evaluation where quantifiable and non-zero E coli and F coli results were available for the same day.  Once a data set was prepared for each WWTP in spreadsheet form for analysis, analysis of the data was conducted to determine relationships between E coli and F coli, including the average E coli to F coli ratio, the average ratio of the geometric means of E coli and F coli results, linear regression of E coli vs F coli, and linear regression of log E coli vs log F coli.  Were substantial data where available for a given facility, monthly statistics were developed as well as overall statistics.
Chicago IL – John Eagan WWTP Data and Analysis

MWRDGC’s (Metropolitan Water Reclamation District of Greater Chicago) John Eagan WWTP employs primary treatment and activated sludge (nitrification), together with chlorination-dechlorination.  F coli measurements were made using the MFC method; mTEC  was used for E coli.  Eighteen pairs of non-zero and quantifiable results are available for the 5/01 to 10/02 period.  The average E coli/F coli ratio was 0.61 (std. dev. = 0.32).  The ratio of the geometric means was 0.52.  A linear regression trend was determined from the data as E coli = 0.56 F coli (R2 = 0.88).  A linear regression trend from the data of log E coli = 0.79 log F coli + 0.06 (R2 = 0.67) was also determined.  Figure 1 and Figure 2 (attached) show the linear regression trends for the data and for the log values of the data, respectively.
Chicago IL – Hanover Park WWTP Data and Analysis

MWRDGC’s Hanover Park WWTP employs primary treatment and activated sludge (nitrification) together with chlorination-dechlorination.  F coli measurements were made using the MFC method; mTEC was used for E coli.  Sixteen non-zero and quantifiable pairs of data are available from the 9/00 to 5/03 period.  The average E coli/F coli ratio was 0.70 (std. dev. = 0.52).  The ratio of the geometric means was 0.55.  A linear regression trend was determined from the data as E coli = 0.48 F coli (R2 = 0.94).  A linear regression trend from the data of log E coli = 0.63 log F coli + 0.30 (R2 = 0.51) was also determined.  Figure 3 and Figure 4 (attached) show the linear regression trends for the data and for the log values of the data, respectively.

Chicago IL – James Kirie WWTP Data and Analysis

MWRDGC’s Hanover Park WWTP employs primary treatment and activated sludge (nitrification) together with chlorination-dechlorination.  F coli measurements were made using the MFC method; mTEC was used for E coli.  Twenty quantifiable and non-zero pairs of data are available from the 9/00 to 9/03 period.  The average E coli/F coli ratio was 1.09 (std. dev. = 0.65).  The ratio of the geometric means was 0.96.  A linear regression trend was determined from the data as E coli = 0.64 F coli (R2 = 0.48).  A linear regression trend from the data of log E coli = 0.66 log F coli + 40 (R2 = 0.63) was also determined.  Figure 5 and Figure 6 (attached) show the linear regression trends for the data and for the log values of the data, respectively.

Columbus OH – Southerly WWTP Data and Analysis

The Columbus OH Southerly plant employs primary and activated sludge (nitrification).  At the time the data were collected, chlorination-dechlorination was used.  Effluent TSS are generally well below 10 mg/L.  MFC was used for F coli testing; a membrane filtration method was used for E coli. One hundred and eighty-four pairs of non-zero and quantifiable data are available for the period 5/93 to 10/93.  The average E coli/F coli ratio was 5.22 (std. dev. = 10.2).  The ratio of the geometric means of E coli to F coli for the entire set of data was 3.15, and varied from month to month as: 2.10, 2.11, 2.23, 5.51, 3.69, and 4.88.  Figure 7 (attached) shows a linear regression obtained from the entire data set as:  E coli = 2.36 F coli (R2 = 0.74).  Figure 8 (attached) shows a linear regression obtained from the monthly geometric means as:  E coli = 3.29 F coli (R2 = 0.44).  Figure 9 (attached) shows a linear regression obtained of the logs of the entire data set as:  log E coli = 0.67 log F coli + 1.11 (R2 = 0.50).  In discussions with Columbus staff concerning the relatively high E coli to F coli ratio, it was conveyed that U. S. Geological Survey personnel, in evaluating the data, felt that the E coli test method employed recovered stressed coliform organisms that were not recovered in the F coli test.
Denver CO – North WWTP Data and Analysis

Denver CO has provided data for their North WWTP trains for the period 3/04 through 5/04, including forty days where data are quantifiable and non-zero.  MFN was used for F coli.  Data are available for E coli for both MPN-MUG and mTEC.  Comparative data for both E coli methods was not available for each of the forty days, owing to an unquantifiable or zero reported result on a few days.
Comparing E coli by MPN-MUG with the MPN F coli results, the average E coli to F coli ratio was 0.31 (std. dev. = 0.28), and the ratio of the geometric means (E coli to F coli) was 0.23.  The ratio of the geometric means varied monthly as:  0.29, 0.14, and 0.13.  The data do not correlate well using linear regression analysis (Figure 10, attached).
Comparing E coli by mTEC with the MPN F coli results, the E coli to F coli ratio was 0.11 (std. dev. = 0.11), and the ratio of the geometric means (E coli to F coli) was 0.08.  The ratio of the geometric means varies monthly as:  0.14, 0.06, and 0.04.  The data do not correlate well using linear regression analysis (Figure 11, attached).

Denver CO – South WWTP Data and Analysis

Denver CO has provided data for their South WWTP train for the period 3/04 through 5/04, including thirty-six days where data are quantifiable and non-zero.  MFN was used for F coli.  Data are available for E coli for both MPN-MUG and mTEC.  Comparative data for both E coli methods was not available for each of the forty days, owing to an unquantifiable or zero reported result on a few days.

Comparing E coli by MPN-MUG with the MPN F coli results, the average E coli to F coli ratio was 0.31 (std. dev. = 0.28), and the ratio of the geometric means (E coli to F coli) was 0.45.  The ratio of the geometric means varied monthly as:  0.71, 0.33, and 0.33.  The data do not correlate well using linear regression analysis (Figure 12, attached).

Comparing E coli by mTEC with the MPN F coli results, the E coli to F coli ratio was 0.57 (std. dev. = 0.85), and the ratio of the geometric means (E coli to F coli) was 0.08.  The ratios of the geometric means vary monthly as:  0.14, 0.06, and 0.04.  The data do not correlate well using linear regression analysis (Figure 13, attached).

Green Bay WI WWTP Data and Analysis

Green bay operates a WWTP with primary clarification, activated sludge (nitrification) and chlorination-dechlorination.  F coli are measured using a membrane filter technique (Std. Meths. 9222d); E coli are measured using a membrane filter technique (Std. Meths. 9222g).  Twenty-four pairs of non-zero and quantifiable results were evaluated from 8/03 through 9/04.  The ratio of E coli to F coli for this period averaged 0.70 (std. dev. = 0.21).  The ratio (E coli/F coli) of the geometric means of the data was 0.59.  A linear regression of the entire data set (Figure 14, attached) yields:  E coli = 0.62 F coli (R2 = 0.84).  A linear regression of the logs of the data (Figure 15, attached), yields:  log E coli = 0.88 log F coli + 0.03 (R2 = 0.77).
Madison WI – Nine Springs WWTP Data and Analysis
The Madison MSD Nine Springs Wastewater Treatment Plant employs primary clarification and activated sludge (nitrification and biological phosphorus removal), with disinfection using UV.  Effluent TSS is typically less than 5 mg/L.  Seventeen pairs of E coli and F coli data, having non-zero and quantifiable results are available for the period 4/04 to 6/04.  MFC is used for F coli; MF MUG is used for E coli.  The E coli to F coli ratios of these data average 0.42 (std. dev. = 0.08).   The ratio of the geometric means (E coli/F coli) is 0.41.  A linear regression of the data (Figure16, attached) yields:  E coli = 0.42 F coli (R2 = 0.95).  A linear regression of the logs of the data (Figure 17, attached) yields:  log E coli = 0.99 log F coli – 0.37 (R2 = 0.93).
Milwaukee WI – Jones Island WWTP Data and Analysis
MMSD’s Jones Island WWTP employs primary clarification and activated sludge.  Disinfection is accomplished by chlorination-dechlorination.  Comparative E coli vs F coli data were reviewed for a period of over four hundred days from 1/03 to 4/04.  F coli are monitored using MFC; E coli are monitored using the IDEXX® Colilert method.  The E coli to F coli ratio for these data average 2.60 (std. dev. = 4.64).  The ratio of monthly geometric means (E coli/F coli) averaged 1.53 (std. dev. = 0.98).  A linear regression analysis (Figure 18, attached) of the entire set of data yields:  E coli = 3.92 F coli (R2 = 0.41).  A linear regression (Figure 19, attached) of the monthly geometric mean data does not correlate well.  A linear regression analysis (Figure 20, attached) of the entire set of data, using the log of the daily values, yields:  log E coli = 1.03 log F coli + 0.05 (R2 = 0.59).
Milwaukee WI – South Shore WWTP Data and Analysis

MMSD’s South Shore WWTP employs primary clarification and activated sludge, with chlorination-dechlorination for disinfection.  Comparative data sets for over 400 days from 1/03 to 4/04 were evaluated.  F coli are monitored using MFC; E coli are monitored using the IDEXX® Colilert method.  The E coli to F coli ratio for these data average 6.85 (std. dev. = 12.46).  The ratio of monthly geometric means (E coli/F coli) averaged 4.38 (std. dev. = 2.20).  Removing one far outlying data point (2/26/04), a linear regression analysis (Figure 21, attached) of the entire set of data yields:  E coli = 3.03 F coli (R2 = 0.56).  A linear regression (Figure 19, attached) of the monthly geometric mean data does not correlate well:  E coli = 4.15 F coli (R2 = 0.36).  A linear regression analysis (Figure 23, attached) of the entire set of data, using the log of the daily values, yields:  log E coli = 0.99 log F coli + 0.54 (R2 = 0.60).
Oshkosh WI WWTP Data and Analysis

Oshkosh employs primary clarification and activated sludge (nitrification).  Chlorination-dechlorination is used for disinfection.  Effluent TSS are generally less than 5 mg/L.  Ten pairs of quantifiable non-zero data are available from 6/04 to 8/04.  MFC was used for F coli, and the IDEXX® Colisure method for E coli.    The average E coli/F coli ratio for the data is 2.37 (std. dev. = 2.57).  The ratio of the geometric means (E coli/F coli) is 1.13.  A linear regression (Figure 24, attached) of the data set yields:  E coli = 5.01 F coli (R2 = 0.66).  A linear regression (Figure 25, attached) of the logs of the data yields:  log E coli = 1.98 log F coli – 0.73 (R2 = 0.74).
Parkersburg WV WWTP Data and Analysis

The Parkersburg Utility Board operates a regional facility with primary clarification and rotating biological contactors (partial nitrification), with disinfection using gaseous chlorine.  Effluent TSS is typically in the 20 to 30 mg/L range.  Eight sets of comparative E coli and F coli data are available from 1/04 to 2/04.  MFC is used for F coli; The Hach/Millipore 24Coliblue method is used for E coli.  The average E coli/F coli ratio for the data is 0.78 (std. dev. = 0.16).  The ratio of the E coli geometric mean to the F coli geometric mean is 0.77.  A linear regression analysis of the data (Figure 26, attached) yields:  E coli = 0.89 F coli (R2 = 0.98).  A linear regression analysis of the logs of the data (Figure 27, attached) yields:  log E coli = 1.06 log F coli – 0.18 (R2 = 0.96).
Racine WI WWTP Data and Analysis

Racine’s WWTP utilizes primary clarification and activated sludge (nitrification).  Effluent TSS values are typically 5 to 10 mg/L.  Since late 2003, disinfection has been by UV.  Prior to that time chlorination was employed.  MFC is used for F coli analysis; IDEXX® Colilert for E coli.  From 1/04 through 7/04 there are about 200 data pairs that were available and used for analysis.  The average E coli/F coli ratio for the entire data set is 0.67 (std. dev. = 1.86).  The ratio of the geometric mean of the E coli data to the geometric mean of the F coli data for this set is 0.45.  This ratio varies by month for the data as:  0.63, 0.38, 0.41, 0.39, 0.48, 0.57, and 0.37 (std. dev. = 0.10).  A linear regression analysis (Figure 28, attached) did not correlate well.  A linear regression of the monthly geometric means (Figure 29, attached) yields:  E coli = 0.43 F coli (R2 = 0.41), a relatively weak correlation.  A linear regression of the logs of the data (Figure 30, attached) yields:  log E coli = 0.50 log F coli + 0.56 (R2 = 0.42), also a relatively weak correlation.
E coli and F coli data for Racine were also available for a period where chlorination was used.  About 90 pairs of non-zero and quantifiable data are available for 6/03 to 8/03.  The average E coli to F coli ratio for these data is 35.9 (std. dev. = 57.0).  The ratio of the geometric mean of the E coli data to the geometric mean of the F coli data for this set is 14.9, varying by month as:  28.8, 11.6 and 9.9.  Figure 31 (attached) is a linear regression analysis of the data; correlation is weak.  Figure 32 (attached) is a linear regression analysis of the monthly geometric means, yielding:  E coli = 10.2 F coli (R2 = 0.92).  The correlation is good, but it is based only on three data points.  Figure 33 (attached) is a linear regression analysis of the logs of the data for this set.  The correlation is weak, yielding:  log E coli = 0.40 log F coli + 1.87 (R2 = 0.23).

Wilsonville OR WWTP Data and Analysis
Wilsonville utilizes primary clarification, activated sludge process (with anoxic selector-nitrification), sand filtration (summer season), and UV disinfection.  Discarding a few very obvious outliers, sixty-two daily pairs of E coli and F coli data were available.  F coli was analyzed using MFC.  E coli was analyzed using MF-MUG.  The average of the E coli to F coli ratios is 0.56 (std. dev. = 0.16).  The ratio of the E coli and F coli geometric means is 0.42.  A linear regression of the data (Figure 34, attached) yields:  E coli = 0.65 F coli (R2 = 0.91).  A linear regression of the logs of the data (Figure 35, attached) yields: log E coli = 1.14 log F coli – 0.49 (R2 = 0.82).
Fort Collins CO Mulberry Facility

According to the Elmund paper (op. cit.), the Mulberry Facility employs a coupled trickling filter-activated sludge process, with UV disinfection.  Disinfected effluent was sampled daily for F coli and five days per week for E coli, from late May 1966 through the end of February 1997.  The MFC method was used for F coli and the IDEXX® Colilert method for E coli.  It was concluded that E coli values were about 49 percent of F coli values.

Fort Collins CO Drake Facility

According to the Elmund paper (op. cit.), the Drake Facility employs activated sludge, with a chlorination-dechlorination disinfection process.   Disinfected effluent was sampled daily for F coli and five days per week for E coli, from late February 1966 through the end of February 1997.  The MFC method was used for F coli and the IDEXX® Colilert method for E coli.  It was concluded that E coli values were about 74 percent of F coli values.

Discussion

The fecal coliform group includes all of the rod-shaped bacteria that are non-sporeforming, gram-negative , lactose-fermenting in 24 hours at 44.5 ° C, and which can grow with or without oxygen.  Fecal coliform bacteria, members of the family Enterobacteriacae, include Escherichia coli , Citrobacter, and Klebsiella species.  E coli are reported to be the most common F coli.  Because E coli are one of several organisms comprising the F coli group, one would expect that E coli analytical values would be equal to or lower than F coli analytical values in a given sample.  This presumption, however, ignores variations in the sensitivity of the test methods employed and their ability to recover (as positives) organisms that may be stressed from exposure to a wastewater disinfection process.  For example, the F coli test used at a particular POTW may not recover stressed organisms well while the E coli test used does.  In that case, the ratio of E coli to F coli may be greater than one.
Table 2, below, summarizes the data presented above.  The E coli/F coli fraction listed is the calculated ratio of the geometric means of the entire data set or, in the case of Fort Collins Co, the E coli/F coli fraction as given in the paper by Elmund, et. al. (op. cit.).  The information is further broken down in the table with respect to IDEXX® (Colisure and Colilert) and other test methods, and the disinfection method employed (UV or chlorination).  From this information, the following are apparent:

· Facilities using chlorine and IDEXX® testing methods generally had the highest reported E coli fractions.  The IDEXX® methods may recover more E coli organisms stressed by chlorine than the other methods.

· The facilities using UV disinfection all had similar reported E coli fractions, regardless of testing method.

· Facilities using chlorine generally had higher reported E coli fractions than those using UV.

From the information in Table 2, and a review of the data collected for this white paper, it is evident that, at least for WWTPs employing chlorination and using IDEXX® testing methods, compliance 
with an E coli limitation could be more problematic than compliance with the present F coli requirements.  Racine, for example, during August 2003 when chlorination was practiced, would have reported a monthly geometric mean of 528 col E col/100 mL when the reported F coli monthly geometric mean was only 48 col F col/100 mL.  Likewise, Milwaukee’s South Shore facility would 
	
	IDEXX® (Colilert/Colisure) E coli Analytical Method Employed
	Other E coli Analytical Method Employed

	
	Facility
	ECgm/FCgm
	Facility
	ECgm/FCgm

	UV Disinfection Used
	Racine WI

Ft Collins CO – Mulberry

Ave
	0.45

0.49

0.47
	Madison WI

Wilsonville OR

Ave
	0.41

0.42

0.42

	Chlorine Disinfection Used
	Milwaukee WI – JI

Milwaukee WI – SS

Oshkosh WI

Racine WI

Ft Collins Co – Drake

Ave
	1.53

4.38

1.13

14.9

0.74

4.5
	Chicago IL – Eagan

Chicago IL – Hanover

Chicago IL – Kirie

Columbus OH

Denver CO – North

Denver CO – South 

Green Bay WI

Parkersburg WV

Ave
	0.52

0.55

0.96

3.15

0.23

0.45

0.59

0.77

0.90

	Notes:

1. ECgm/FCgm denotes ratio of E coli geometric mean and F coli geometric mean.
2. Denver ratios based on MF-MUG results for E coli.

3. Fort Collins CO ratio is estimated fraction as stated in published paper (see text).
Table 2 – E coli Fraction of F coli for Various Disinfection and Analysis Conditions


have reported a monthly geometric mean of 253 col E coli/100 mL in December 2003, when the reported F. Coli monthly geometric mean was 44 col F coli/100 mL.  Although it is not believed that Columbus OH used an IDEXX® method for their E coli data collection, their data for September 1993 had a geometric mean of 445 col E coli/100 mL when the reported geometric mean for F coli was 121 col/ 100 mL.  As previously stated, plant staff reported that USGS personnel, in reviewing the Columbus OH results, believed that the method used by Columbus for E coli testing enhanced recovery of chlorine stressed organisms.  It is evident, particularly if chlorine is used for disinfection, that POTWs may need choices for E coli testing other than the IDEXX® methods if they are to avoid potential noncompliance for elevated E coli even when F coli levels meet the previous limit of 400 col/100 mL as a monthly geometric mean.
Based on the collected information as presented herein, an effort was made for each of the facilities to project the potential monthly geometric mean E coli level at a geometric mean of 400 col F coli/100 mL.  Table 3, below, presents this information, together with notes as to the method used in making the projection.    As indicated in the table, Table 2 information (ratio of geometric means) was used for the E coli projections, unless linear regression analysis yielded a strong correlation.  This information must be considered approximate, as in a number of cases the projections are being made outside the bounds of available data.  

	Facility
	F coli

col/100 ML
	E coli

col/100 mL
	Method for Projecting E coli

	Racine WI (Chlorination)
	400
	5,960
	Table 2

	Oshkosh WI
	400
	2,004
	Figure 24

	Milwaukee WI – S Shore
	400
	1,329
	Figure 23

	Columbus OH
	400
	1,260
	Table 2

	Milwaukee WI – Jones Is
	400
	537
	Figure 20

	Green Bay WI MSD
	400
	430
	Figure 15

	Chicago IL – Kirie 
	400
	384
	Table 2

	Parkersburg WV
	400
	352
	Figure 26

	Ft Collins CO – Drake
	400
	296
	Table 2

	Wilsonville OR
	400
	260
	Figure 34

	Chicago IL – Egan
	400
	220
	Figure 1

	Chicago IL – Hanover Park
	400
	220
	Table 2

	Racine WI (UV)
	400
	196
	Table 2

	Ft Collins CO – Mulberry
	400
	196
	Table 2

	Denver CO - South
	400
	180
	Table 2

	Madison WI MSD
	400
	168
	Figure 16

	Denver CO - North
	400
	92
	Table 2

	Notes:

1. Bold and italics indicates chorinated effluent and IDEXX® analytical methodology for E coli.

2. Table 2 method uses ratio of geometric means.

3. Figure reference indicates linear regression relationship used as indicated on figure.

Table 3 – Projected E coli Geometric Mean for 400 col E Coli/100 mL Geometric Mean


The facilities having the highest projected E coli (at 400 F coli) are those employing chlorination and IDEXX® E coli analytical technology.  Columbus OH also has a high projected E coli level.  As previously stated, plant staff report that USGS personnel believed that the analytical method used for the Columbus E coli data, although not an IDEXX® method, enhanced recovery of stressed organisms.
Recommendations for E coli Effluent Limitation Approach
DNR has advised that the current 400 col/100 mL monthly geometric mean limitation for F coli was set as a technology-based categorical standard, representative of a well operating POTW disinfection system.  POTWs have been regulated on the basis of F coli for decades, and staff have developed familiarity with testing procedures to yield consistent results, and have established operating procedures for disinfection systems for reliably meeting WPDES Permit limitations.  Based on a typical value of 10 million F coli/100 mL in a raw wastewater sample, and 10 thousand F coli/100 mL in a treated wastewater sample prior to disinfection, a 400 col/100 mL performance level represents an overall removal of 99.996% on a raw wastewater basis and 96% on a treated wastewater basis.  Overall, this is excellent performance.  In setting a new performance-based standard for E coli, we should establish a standard that ensures a continued excellent level of disinfection, but does not cause a regulatory compliance issue because of the vagaries of E coli testing procedures.  Few POTWs have investigated E coli analytical procedures, or have begun testing for E coli in their wastewater effluent.  Furthermore, as of this writing, the U.S. EPA has not yet approved any procedures for E coli analysis in treated wastewater effluent.  It is therefore reasonable at this time to adopt a stepwise approach in changing the performance measure for POTW disinfection from F coli to E coli.
Based on the values of Table 3, and assuming that the IDEXX® analytical methods will be approved by the U.S. EPA for the analysis of disinfected wastewater, it would appear that a monthly geometric mean of 2,000 col E coli/100 mL would be a reasonable initial performance requirement, as it would be exceeded in only about 10% of POTWs meeting a 400 col/100 mL F coli performance level.  This assumes that the POTW sample and performance values reviewed herein are representative of the larger POTW community.  At the same time, an ultimate “goal” of 500 E coli/100 mL as a monthly geometric mean appears reasonable, so long as permittees will have flexibility in selecting an analytical method.  Assuming that the data reviewed herein are representative, a 500 E coli/100 mL performance value appears achievable by about 90% of POTWs not employing IDEXX® analytical methods.  Improved performance may be achievable by POTWs having high E coli to F coli ratios as experience is gained meeting E coli operational targets, with E coli analytical methodologies, and perhaps with selection of a locally appropriate E coli analytical method.  The ultimate E coli standard can be revised from the “goal” as more experience with analysis and system operation is gained in the POTW community.
Table 4 provides a summary of the recommended approach for the implementation of E coli limits in WPDES permits.

	Timing
	Actions by Permittee

	First Two Years of Reissued Permit Cycle
	Compliance with monthly geometric mean of 400 F coli/100 mL or 2,000 E coli/100 mL (Permittee must demonstrate that performance level is locally equivalent to 400 F coli/100 mL).
Study and evaluate POTW E coli performance under variety of loading and operational conditions, and ability to comply with ultimate “goal.”

	Final Three Years of Reissued Permit Cycle
	Implement actions/operating procedures to achieve compliance with ultimate “goal.”
Ultimate “goal” achieved by end of permit term.

	Table 4 – Recommendations for Implementation of E coli WPDES Permit Limitations


The above proposed schedule assumes that DNR will evaluate data and POTW performance capabilities over the next several years, so that the goal can be refined and revised into a defensible final limitation, achievable at well operated POTWs.
Questions and Comments

Questions and comments concerning this white paper should be referred to:

	Michael D. Doran, P.E. DEE

Michael Doran Techknowledge, LLC

5212 Tonyawatha Trail

Monona, WI  63716

608-334-4810

608-221-4872 (fax)

michael_doran@charter.net
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