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E. coli Test Method Help Sheet

Goal: Provide information to help compliance staff respond to questions from externals (operators, labs, etc.)
and verify compliance with testing methods, procedures, and standards during inspections.

GENERAL INFORMATION

s. NR 219.04 Table A, Wis. Adm. Code - Bacteria Testing Standards

s. NR 219.04 Table F, Wis. Adm. Code — Sample Maximum Holding Times (as soon as possible, but test started no
later than 8 hours after collection)

s. NR 219.037(3), Wis. Adm. Code — Exclusion for test to be performed by a certified or registered lab (allows for
test to be done “in house”)

*Note that the information from the WDNR 2020 Bacteria Fact Sheet has been
WDNR 2020 Bacter included within this help sheet. The 2020 Fact Sheet may be given to externals, while
ia_Fact Sheet_E Coli this help sheet is intended for internal use only.

How to Perform Serial Dilutions: https://www.youtube.com/watch (theory) and
https://www.youtube.com/watch (demonstration)

Direct and Indirect Measurements of Bacteria: https://www.youtube.com/watch

MEMBRANE FILTRATION TECHNIQUE

In the membrane filtration approach, a
o Membrane

water sample is filtered through a membrane. filtration
The membrane is then placed on culture media
that is selective for E. coli. Because the bacteria
are retained on the surface of the filter, they
grow on the media and develop into a visible »

= -
Membrane filter placed in plate
Sample filtered containing growth media*

colony.
The number of colonies that are formed are Yoush
counted and reported as the colony forming membrane filter

units (CFUS) Colony forming units (cfu)
determined by counting the
number of colonies that form on
mColiblue-24® by Hach Company is a the fitter

commercially available culture media that can
be Used tO quantlfy E COII V|a the mem bra ne *Growth media may contain substrates that produce color or fluorescence in the

. . presence of E. coli due to reactions between the substrate and the bacterium
filtration approach.



http://docs.legis.wisconsin.gov/code/admin_code/nr/200/219.pdf
http://docs.legis.wisconsin.gov/code/admin_code/nr/200/219.pdf
http://docs.legis.wisconsin.gov/code/admin_code/nr/200/219.pdf
https://www.youtube.com/watch?v=AVnVHGda21M&list=PL7zPcraYKbGDswwiRqeFuS7mQqWvuv1C0&index=13
https://www.youtube.com/watch?v=Ppe_bgnPFHU
https://www.youtube.com/watch?v=1gIVg2cHWDY
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Approved Methods (Single Step)
- EPA Standard Method 1603
PIF PIF

- HACH mColiblue-24 (commercial technology)

method_1603_2014. Hach membrane
Approved Methods (Double Step) pdf filter technique.pdf
- SM9222B-2015
- SM9222I-2015
Analytical Standardized Commercial Advantages Disadvantages
Approach ~  Test Method Technology _
Membrane e Readily available e Labor and material intensive
filtration: e Used to establish EPA’s E. e  Require high degree of
coli criteria® technical skill to evaluate
Single-step EPA 1603 mColiBlue-24°® . Results can be compared results
or directly to fecal coliform e Additional analysis may be
Two-step SM 9222B-2015 N/A results needed for samples with
SM 92221-2015 e Media less costly high turbidity, high levels of

noncoliform bacteria, or
organisms stressed by
chlorine

1. Membrane filtration was used to quantify E. coliin EPA’s 1986 Ambient Water Quality Criteria for Bacteria. The EPA
used the 1986 E. coli data in their 2012 Recreational Water Quality Criteria because new E. coli data was not collected
as part of the epidemiological studies.

SM = Standard Methods for the Analysis of Water and Wastewater

Links to Instructional Videos

How to Video: https://www.youtube.com/watch

Pour Plate vs. Spread Plate: https://www.youtube.com/watch

Difference in HACH E. coli versus fecal coliform methods
- Different broth (mColiBlue24®) and a lower dry incubator temperature (35 deg C).

Main Differences Between the Two Methods (EPA Standard and HACH)
- HACH mColiblue24® is a variant of the EPA 1603 Standard
“Broth” - 1603 Standard uses a modified mTEC agar while HACH uses the mColiblue-24® broth
- Incubator Temperature - 1603 Standard uses 44.5+0.2 °C while HACH uses 35+0.2 °C

If using mColiblue24® broth, make sure the HACH method is being followed.

“Word on street” is that the 1603 method, after the recent changes in 2014, is a little too time/effort intensive
with the verification procedures. So other methods such as the HACH method or MTMW is used instead.

Questions to Ask:
1. Isthe test performed in house or sent to a lab?
2. How quickly is the test started after sample collection?
3. Which method is used? (Ask for a demonstration/talk through the testing process.)


https://www.youtube.com/watch
https://www.youtube.com/watch?v=H84koMH6GzA

MuLTIPLE TUBE/MULTIPLE WELL (MTMW)

In the multiple tube/multiple well approach,
a water sample is mixed with a commercial
reagent containing methylumbelliferyl-B-
glucuronide (MUG). E. coli enzymatically
cleaves MUG, forming a fluorescent product.
Samples are distributed into a multi-well
plate. After incubating for 24 hours, the most
probable number (MPN) is estimated from
the number of wells that are positive for the
presence of bacteria growth using a
standardized table. The MPN is a statistical
estimate of the mean bacteria density.

Colilert®and Colilert-18® by IDEXX
Technologies are commercially available kits
that can be used to quantify E. coli via the
multiple tube/multiple well approach.

Approved Methods
- SM9223B-2016
- AOAC991.15
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Multiple tube/
multiple well

QI

Sample evenly
distributed on
multi-well plate

Substrate
added to
sample

Ultraviolet Light

O0O00O0O0O

Most Probable Number (MPN) is
(3 O (3 O O (j determined by comparing the
number of wells with blue
C) <> C) O O O fluorescence to a standardized table
00000

- Colilert® & Colilert-18® (commercial technology)

Links to Instructional Videos

https://www.idexx.com/en/water/water-products-services/colilert/

https://www.idexx.com/en/water/water-products-services/quanti-tray-system/

Multiple Tube: https://www.youtube.com/watch

Differences Between Colilert Equipment/Kits
- Colilert® vs Colilert-18®
o 24 hrsvs 18 hrs for incubation time

o Both Colilert® and Colilert-18® are used to quantify E. coli in drinking water
o Colilert-18® is also used to quantify fecal coliform in wastewater (when incubated at 44.5+0.2

OC)
- Quanti-Tray vs Quanti-Tray/2000
o Used for counts up to 200 vs 2,419

- Quanti-Tray/Legiolert: only used to quantify Legionella pneumophila

Tray method.

*Note: a facility may need to perform a dilution of their sample in order to quantify their E. coli counts using the Quanti-



https://www.idexx.com/en/water/water-products-services/colilert/
https://www.idexx.com/en/water/water-products-services/quanti-tray-system/
https://www.youtube.com/watch?v=9eaoErq6lNc

Analytical Standardized Commercial

Approach Test Method Technology
Multiple tube/ SM 9223-B-2016 Colilert®?!

multiple well AOAC 991.15 Colilert-18%1

Advantages

Commercially available
Standardized media and
procedure

Less labor, material, and
time intensive
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Disadvantages

e May yield higher values than
membrane filtration
methods?

e Reagent more costly?

e  Requires specialized

Requires minimal technical equipment

skill to evaluate results

1. The advantages listed are specific to the Colilert® technologies.

2. Potential causes of discrepancies may include: (1) a greater-than-average false-positive rate with Colilert®; (2) a high
number of false negatives with membrane filtration; (3) the ability for Colilert® to detect injured and viable but non-
culturable bacterial cells while these cells cannot be detected via membrane filtration.

3. Facilities may potentially get a discount on Colilert which could make MTMW cheaper than membrane filtration after

the initial upfront costs of equipment.

SM = Standard Methods for the Analysis of Water and Wastewater

AOAC = Association of Analytical Chemists

MULTIPLE TUBE FERMENTATION

The multiple tube fermentation approach is
a two-step process. First, a water sample is
added to test tubes containing bacteria
growth media and incubated for 24-48 hrs.
Tubes that are positive for the production
of acid and/or gas are then added into a
series of tubes with media containing MUG.
After 24 hours, the tubes are examined for
fluorescence.

The bacteria level is reported as the most
probable number (MPN). The MPN is
estimated from the number of tubes that
are positive for the presence of bacteria
growth using a standardized table.

This approach is not used frequently as the

)

A 3
Broth inoculated

with water sample

Ultraviolet Light

Multiple Tube
Fermentation

‘ = ==
|
|
1 10
Tube with MUG-supplemented broth are inoculated

with samples that are positive for acid and gas
production

]

Most Probable Number (MPN) is
determined by comparing the
number of tubes with blue
fluorescence to a standardized table

precision is low unless a large number of samples are collected, and it is more labor and time intensive than the

other approaches.

Approved Methods
- SM9221B.3-2014
- SM9221F-2014

Not commonly used and so additional details not provided at this time.
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Analytical Standardized Test Commercial Advantages Disadvantages

Approach Method Technology

Multiple tube  SM 9221B.3-2014 N/A e Oneofthefirst e Notcommonly used

fermentation SM 9221F-2014 approved e Labor and time
methods for intensive
quantifying E. e May underestimate
coli bacterial density

SM = Standard Methods for the Analysis of Water and Wastewater

REPORTING RESULTS

Results shall be reported on the DMRs in #/100 mL. If a dilution of the effluent sample is performed in order to
quantify their result, the facility will need to calculate the number of colonies per 100 mL.

For example, a sample volume of 25 mL (with 75 mL of distilled water), produces a count of 75 colonies. The
reported result on the DMR would be 300 #/100 mL.

75 #
25mL

x 100 = 300 #/100mL

If a Too Numerous to Count (TNTC) occurs, then an asterisk (*) should be recorded for that day on the DMR and
a new sample obtained immediately. One of following changes should be made to the test method:

- If the membrane filtration method is being used, to reduce interference from overcrowding, the dilution
series should be changed, or a smaller portion of the sample should be filtered such that a countable
number is obtained.

- If the multiple tube/multiple well method is being used, the dilution series should be changed, or a
different count tray should be utilized which has a higher range.

All less than (<) daily values should be reported on the DMR as less than whatever the dilution series would
indicate. For example, if counts from all filters in a dilution series are zero, report the count for the fecal coliform
as a less than value. Calculate the number of colonies per 100 ml that would have been reported if there had
been one colony on the filter representing the largest filtration volume. For example, sample volumes of 25, 10-
and 2-ml produced colonies of 0, 0, and 0 respectively. The count would be reported as <4 colonies per 100 ml.

<1l#
25mL

x 100 =<4 #/100mL
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