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1.0 SCOPE AND APPLICABILITY

This document presents the North Dakota Department of Environmental Quality (NDDEQ),
Division of Water Quality, Watershed Management Program’s (WMP) Standard Operating
Procedure (SOP) for processing Escherichia coli (E. coli) bacteria water quality data. This SOP
applies to all WMP staff and should be followed to ensure appropriate comparison of E. coli lab
results.

2.0 BACKGROUND

The North Dakota Public Health Laboratory (NDPHL) analyzes surface water samples for E. coli
bacteria. In 2018 NDPHL methods changed from membrane filtration and dilution to multi-well
distribution. Membrane filtration and dilution measures E. coli as Colony Forming Units (CFU)
per 100 mL of solution. Samples may be diluted in order to count large numbers of organisms.
Multi-well distribution (Quanti-Tray) measures E. coli as Most Probable Number (MPN). MPN
and CFU represent units specific to analytical techniques but are considered equivalent
measures of bacteria concentration (EPA, 2001). As a result, NDPHL displays all E. coli sample
results, regardless of method, as units of CFU/100mL.

Although CFU and MPN are considered equivalent measures of E. coli, each laboratory method
has different upper limits. Membrane filtration and dilution measures up to 800 or 8,000
CFU/100mL (depending on the number of dilutions performed) and Quanti-Tray measures up to
24,000 CFU/100mL (MPN). All results are reported in bacteria counts/100 mL (CFU/100mL).

To compare data analyzed with membrane filtration and dilution the appropriate dilution result
needs to be selected. To compare data from both membrane filtration and dilution and Quanti-
Tray methods, which have different measurement limits, data must first be processed to reflect
the same scale. The following methods outlines steps for processing E. coli data from each
method, and from both methods together.

3.0 SUMMARY OF METHODS
Steps for processing E. coli data fall into three scenarios:

1) Processing E. coli data from (only) the membrane filtration laboratory method.
2) Processing E. coli data from (only) the Quanti-Tray laboratory method.
3) Processing E. coli data from BOTH membrane filtration and Quanti-Tray methods.

Selecting an E. coli dataset (period of time) may be specific to the project or analysis. When
possible and representative (for example, considering sample size and frequency), compare
data from the same analytical laboratory method rather than comparing data across different
methods. A one-page reference sheet of all three methods is included in Appendix A.
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3.1 Scenario 1: Processing E. coli Data from the Membrane Filtration and Dilution Method

The membrane filtration and dilution laboratory method may include multiple dilutions, and as a
result may report more than one result for the same sample (1% dilution, 2" dilution, etc.). If
multiple dilutions are performed, all dilution results will be reported. The 1% result is based on
analyzing 10 mL of stream water and the second 1 mL, or a ten-fold dilution. Larger sample
volumes (1% dilution) yield more consistency in results, but are more difficult to count and as a
result may need to be diluted.

If your E. coli dataset consists of results ONLY from the membrane filtration and dilution
laboratory method (pre-2018), use the following steps to process:

1) For samples with only one dilution (1% dilution, only one result for the sample) -
a. If result is “too numerous to count” update to “800” (1% dilution upper limit)
b. If resultis “non-detect” update to “5” (half detection level)
2) For samples with multiple dilutions -
a. If 18t dilution < 800, select 1% dilution result
i. Ifresultis “non-detect” update to “5” (half detection level)
b. If 1%t dilution = 800 or “too numerous to count” select 2" dilution result
i. If 2" dilution result is “too numerous to count” update to 8,000 (2" dilution
upper limit)
c. Always default to the higher result
i. For example, if the 1% dilution result is “TNTC” but the 2" dilution result is
less than 800, select the 1%t dilution limit of “TNTC” and update to 800

Note: Other (uncommon) but possible variations of a sample with a very high count include:
e Confluent (or, Confluent Growth)
e Present>QL
o Present Above Quantification Limit

For bacteria, these can be interpreted the same as “too numerous to count.”

The best accuracy for a 1% dilution is between 200 and 600. The best accuracy for a 2" dilution
is between 2,000 and 6,000. TNTC (“too numerous to count”) on a 1% dilution is = 800; TNTC on
a 2" dilution is

= 8,000 (upper limits of dilutions).
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3.2 Scenario 2: Processing Quanti-tray E. coli Data

In 2018 the NDPHL stopped analyzing E. coli samples using membrane filtration and dilution
and began using the Quanti-Tray/2000 method. Quanti-Tray/2000 yields a count of 1-2,419. For
surface waters a 10 mL sample is tested, giving a 1:10 dilution so that the range is < 10 to
24,000. If all Quanti-Tray wells are positive, the result is reported as > 24,000 (“too numerous to
count” or “TNTC”).

If your E. coli dataset consists of results ONLY from the Quanti-Tray laboratory method (2018-
present), use the following steps to process:

1) Use the single result given
a. If the result is “too numerous to count” update to “24,000” (upper limit)

b. If the result is “non-detect” update to “5” (half detection level)

Appendix B includes an example and illustration of the Quanti-Tray/2000 laboratory method.

3.3 Scenario 3: Processing E. coli Data from BOTH Membrane Filtration and Quanti-Tray

If your E. coli dataset consists of results from BOTH the membrane filtration and Quanti-Tray
methods, use the following steps to process:

1) Follow the steps detailed in section 3.1 to process membrane filtration E. coli data to
select the appropriate dilution for each sample
a. If ALL of the membrane filtration data selected are 1% dilution results only, cap all
results (including Quanti-Tray) at 800
b. If any of the membrane filtration data being used consist of 2" dilution results,
cap all results (including Quanti-Tray) at 8,000
c. Update any “non-detect” results to “5” (half detection level)
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4.0 RESPONSIBILITIES

Staff should keep note of the method(s) they use to process data. When analyzing E. coli data
that has been processed, include a footnote or similar in your data table or description that
clarifies the steps you have taken to refine the data.

5.0 QUALITY ASSURANCE AND QUALITY CONTROL

This SOP exclusively outlines methods for processing surface water E. coli results from
samples analyzed at NDPHL. Proper data processing procedures ensure consistent and
appropriate comparison of results from lab methods with different measurement limits.

6.0 REFERENCES

EPA. (2001). Protocol for Developing Pathogen TMDLs. EPA 841-R-00-002. U.S.
Environmental Protection Agency, Office of Water, Washington, D.C.
https://nepis.epa.qov/Exe/ZyPDF.cqi/200040SZ.PDF?Dockey=200040SZ.PDF

NDDEQ & NDPHL email communications (multiple).


https://nepis.epa.gov/Exe/ZyPDF.cgi/20004QSZ.PDF?Dockey=20004QSZ.PDF
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APPENDIX A - Quick Reference Sheet for Processing E. coli Data

¢ In 2018 the lab switched from membrane filtration and dilution to Quanti-Tray
¢ When possible, compare data from the same lab method
o All results are reported in bacteria counts/100 mL (CFU/100 mL)

Scenario 1 - Processing E. coli data from membrane filtration and dilution method
1) For samples with only one dilution (1% dilution, only one result for the sample) -
a. Ifresult is “too numerous to count” update to “800” (1% dilution upper limit)
b. If result is “non-detect” update to “5” (half detection level)
2) For samples with multiple dilutions -
a. If 15 dilution < 800, select 1% dilution result
i. Ifresultis “non-detect” update to “5” (half detection level)
b. If 1% dilution = 800 or “too numerous to count” select 2" dilution result
i. If 2" dilution result is “too numerous to count” update to 8,000 (2" dilution upper
limit)
c. Always default to the higher result
i. For example, if the 15 dilution result is “TNTC” but the 2" dilution result is less than
800, select the 1 dilution limit of “TNTC” and update to 800

Scenario 2 — Processing E. coli data from Quanti-Tray method
1) Use the single result given
a. If the result is “too numerous to count” update to “24,000” (upper limit)

b. If the result is “non-detect” update to “5” (half detection level)

Scenario 3 - Processing E. coli data from BOTH membrane filtration and Quanti-Tray
methods
1) Follow the steps detailed in section 3.1 to process membrane filtration E. coli data to
select the appropriate dilution for each sample
a. If ALL of the membrane filtration data selected are 1% dilution results only, cap all
results (including Quanti-Tray) at 800
b. If any of the membrane filtration data being used consist of 2" dilution results, cap all

results (including Quanti-Tray) at 8,000

c. Update any “non-detect” results to “5” (half detection level)
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APPENDIX B - Quanti-Tray Laboratory Method Example

As an example, if there are 49 positive large wells and 44 positive small wells the MPN (most
probable number) value is 1553.1, multiplied by the dilution factor of 10 (1553.1 x 10 = 15,530).
Results are reported to two significant figures so it would be rounded to 16,000.

Quanti-Tray/2000
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