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2. Document Revision History 

Date of Revision Page(s) Revised Revision Explanation 

03/18/2011 Entire Document New Document 

08/27/2018 Entire Document 

Reformatted entire document.  Added 

Sample Dilution procedures.  Added 

Computer Software section.  

   

   

   

   

   

 

 

 

Suggested Citation: Kentucky Division of Water (KDOW). 2018.  Rev. 2.0 Enzyme Substrate Test for the 

Detection Total Coliforms and Escherichia coli.  Kentucky Department for Environmental Protection, 

Division of Water, Frankfort, Kentucky. 
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4.  Scope and Applicability 
This document provides laboratory methods and quality assurance/quality control (QA/QC) activities for 

Escherichia coli (E. coli) and total coliforms samples collected by Kentucky Division of Water (KDOW) 

personnel from ambient waters.  

   

5. Summary of Method 
KDOW follows the multi-well enzyme substrate method for the enumeration of E. coli and total 

coliforms (APHA 2012).  Currently, KDOW exclusively uses IDEXX Laboratories, Inc. Defined Substrate 

Technology® reagent products to conduct these analyses.  The reagent Colilert® contains two nutrient-

indicators, ortho-Nitrophenyl-β-galactoside (ONPG) and 4-methyl-umbelliferyl-β -D-glucoside (MUG), 

which are metabolized by total coliforms and E. coli.  When total coliforms metabolize ONPG, the 

sample turns yellow; when E. coli metabolize MUG, the sample fluoresces.  

On the occasion that KDOW personnel determine that any of the procedures described in this manual 

are inappropriate, inadequate, or impractical, the variant procedure will be documented in field log 

books or field observation sheets, as will a description of the circumstances requiring its use.     

This manual should be considered a dynamic document that is reviewed and updated as new methods 

are employed.  

 

6. Acronyms 
CFU:  Colony Forming Unit 

COC:  Chain of Custody 

DEP:  Department for Environmental Protection 

KDOW:  Kentucky Division of Water 

K-WADE – Kentucky Water Assessment Data for Environmental Monitoring 

MPN:  Most Probable Number 

NIST: National Institute of Standards 

PPE:  Personal Protective Equipment 

QA:  Quality Assurance 

QAPP:  Quality Assurance Project Plan 

QC:  Quality Control 

SOP:  Standard Operating Procedures 

TSB:  Tryptic Soy Broth 

 

7.  Human Health 
Field staff working in and around potentially contaminated surface waters should receive an 

immunization shot for Hepatitis A in accordance with DEP Policy SSE-708.  In addition, staff should 

receive immunization for Hepatitis B and tetanus, to aid in the prevention of contracting those 

pathogens.  All field staff should also be trained in CPR, First Aid and Blood Borne Pathogens in 

accordance with DEP Policy SSE-711. 

Personal protective equipment (PPE) should be used when analyzing samples from waters known to 

have the potential for adverse health effects, or in unknown waters that have been determined 

impaired, but without specifically identified pollutants.  Field staff must review “DEPs Personal 

Protective Equipment Program” document located at the following intranet website:  

http://eecintra.eppc.pri/DEP/HS/Health/Forms/AllItems.aspx. 
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The following items are examples of PPE that may be used during analyses: 

 Powderless latex or nitrile gloves 

 Goggles, or glasses with splash guards 

 Lab coats or aprons 

8.  Cautions and Interferences 
Cautions 

The following precautions shall be considered when performing bacteriological analyses 

Sample Handling Precautions 

• All samples must be stored in a secure location to ensure sample integrity. 

• All samples must have appropriate Chain of Custody (COC) documentation and COC 

documentation must remain with all samples throughout analyses. 

Analytical Precautions  

• These procedures are intended for the analysis of ambient water samples and should not be 

used for drinking water or wastewater compliance purposes. 

• Colilert® results are definitive only after a 24-28 hour incubation period.  Positives for both 

total coliforms and E. coli observed before 24 hours and negatives observed after 28 hours are 

also valid (IDEXX 2013a). 

• If sample dilutions are made, multiply the most probable number (MPN) value by the dilution 

factor to obtain the final result. 

• Use only sterile, nonbuffered, oxidant-free water for dilutions. 

• In samples with excessive chlorine, a blue flash may be seen when adding Colilert®.  If so, 

consider the sample invalid and discontinue testing. 

• Aseptic technique must always be followed when using Colilert®. 

Interferences 

Staff must remain cognizant of potential contamination sources during laboratory analyses.  Always 

disinfect bench tops with anti-bacterial cleaning products.  Floors must be cleaned on a regular basis, 

and hands must be washed with anti-bacterial soap prior to lab analyses. 

Water with high iron or manganese levels in the presence of hydrogen sulfide may react with the 

Colilert® media to cause an atypical color change (greenish-black or black).  Any tests with atypical color 

changes are invalid and must be repeated on new sample water.    

9.  Personnel Qualifications  
All personnel involved in microbiological laboratory analysis will meet at least the minimum 

qualifications for their job classification.  Analysts should participate in annual sample collection and 

laboratory training provided by the WQB Microbiology Laboratory Coordinator. On-the-job training will 

continue through interaction with experienced personnel and outside training, pending availability.  

Each analyst must read this SOP annually.   

10. Equipment and Supplies 

Table 1 contains a list of supplies that may be required for laboratory analysis. 
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in or by storing them in a refrigerator that is monitored for temperature.  Sample analysis must occur 

within the 8 hour holding time or discarded.     

11.3 Sample Preparation and Analysis 

Sample Preparation 

Prior to analysis, ensure that all sample bottles contain the required volume (100mL) and at least 2.5 cm 

of headspace for sufficient mixing by shaking.  If the sample volume is < 100mL (or <200mL for 

replicate/split samples) then discard the sample.  If the bottle was over-filled (i.e. < 2.5 cm of 

headspace), gently shake the bottle ~25 times, and use a sterile pipette to withdraw and discard the 

excess sample until the appropriate headspace is achieved (2.5 cm). 

Analytical Procedures 

Analysis using Colilert® Test kits should be performed according to the Quanti-Tray® Enumeration 

Procedure (Appendix A ; IDEXX 2013a) and user instructions for Quanti-Tray/2000 in (Appendix B; IDEXX 

2013b).  Aseptic technique MUST be followed during this procedure:     

 

1. Label mixing vessel lids and Quanti-Trays (trays) with the Locale Name/Station ID.  The date of 

analysis must be written on the trays. 

2. Turn on Quanti-Tray Sealer (sealer) and allow to warm up.  An orange light indicates that the 

unit is on.  A green light will turn on when the sealer is ready to use. 

3. Gently shake sample bottle ~25 times.  Pour sample to the fill line of a 100mL IDEXX sterile 

mixing vessel. 

4. For replicate/split samples:  Gently shake sample bottle ~25 times.  Pour sample to the fill line of 

one sterile mixing vessel.  Recap sample bottle and shake bottle ~25 times.  Pour remainder of 

sample to the fill line of a second sterile mixing vessel. 

5. Add contents of one Colilert media pack to the vessel.  Cap vessel and shake until the media 

completely dissolves. 

6. Allow any foam to settle.  Pour sample/media mixture into a tray.  Avoid contact with the foil 

tab and the inside of the tray while pouring.   

7. Close the tray by folding the foil tab.  Tap the small wells 2-3 times to release any bubbles.  

Allow any foam to settle.  

8. Place the tray in the rubber insert of the sealer.  Place the rubber insert and tray onto the feeder 

tray of the sealer well-side down with the tray’s tab facing to the left onto the feeder tray of the 

sealer. 

9. Gently push the tray until the sealer grabs hold.  Once the tray is sealed, remove it from the 

rubber insert and inspect it to ensure that it was properly sealed and all wells contain sample.   

10. Invert the trays and incubate in a 35°± 0.5°C incubator for 24 hours. 

Sample Dilutions 

The Colilert method has an upper quantification range limit of 2420 colony forming units (cfu) for 

sample water run without dilutions.  Dilutions, using sterile non-buffered water, can be made in order to 

obtain quantifiable results >2,420cfu.  Typical dilutions include 1:10, 1:100, and 1:1000.  Record the 

dilution factor on the laboratory bench sheet in the “Dilution Factor” field under the “Sample Info” 

column.  The following steps should be followed: 

1. Determine the dilution factor and choose a suitable-sized sterile pipette and pipettor. 
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2. Open the sterile mixing vessel, placing the lid face up on the counter top.  Shake the sample 

container gently ~25 times in order to homogenize the sample.   

3. Open the sample container and carefully insert the pipette being careful not to touch the sides 

of the container with the pipette or hands.  Draw the desired amount of sample into the pipette 

(e.g. 10mL if dilution factor equals 1:10).  Dispense sample into the open sterile mixing vessel.  

Close the sample container. 

4. Open the sterile water container, placing the lid face up on the countertop.  Carefully pour the 

sterile water into the mixing vessel until the volume reaches the 100mL fill line.  If the vessel 

becomes overfilled, repeat step 3 using a new mixing vessel. 

5. Add the contents of one Colilert media pack to the mixing vessel.  Cap vessel and shake until the 

media is completely dissolved.  Follow steps 3-9 in Analytical Procedures above. 

11.4 Waste Disposal 

Used sterile mixing vessels and trays must be placed in a biohazard bag and sterilized in an autoclave at 

119°-124°C for 30-45 minutes prior to disposal.  Used sample containers, Colilert media packs, and 

pipettes can be discarded in a trash.  Unused sample water can be poured down a sink drain. 

 

12.  Instrument or Method Calibration and Standardization 
See Section 17, Table 3 for details pertaining to instrument calibration and standardization requirements 

and schedules. 

 

13.  Troubleshooting 

To prevent sample confusion, label both the mixing vessel lids and trays with sample identifiers (e.g. 

Station ID, Locale Name, Activity Date/Time).  When performing multiple analyses, line up labeled trays 

on the bench top and place the matching mixing vessel (after mixing the sample and media) on top of 

the tray while allowing foam to settle.   

 

14.  Data Acquisition and Calculations 

14.1 Interpreting Results 

Results should be interpreted using the guidance provided in Table 2.  Total coliform results can be read 

using ambient light.  E. coli results must be read using a 6-watt, 365 UV light within 5 inches of the 

sample in a dark environment. An IDEXX Quanti-Tray/2000 comparator should be used to aid in 

distinguishing a minimal positive from a negative result.     

Results must be read after the 24 hour incubation time has been reached.   If results are not 

interpretable after 24 hours, then incubate the trays for up to an additional 4 hours.  Remove trays from 

the incubator when the 24-28 hour incubation is complete.  Use the comparator to aid in result 

interpretation.  Any results read after 28 hours are invalid.  Any wells that are lighter than the 

comparator after 28 hours of incubation shall be reported as negative. 
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Table 2.  Colilert® Result Interpretation (from IDEXX 2013b) 

 

 
 

14.2 Determining Most Probable Number (MPN) 

Record the positive large well (LW) count and positive small well (SW) count for both total coliforms and 

E. coli in the “Well Counts” columns on a laboratory bench sheet (Appendix C). Use the IDEXX Quanti-

Tray/2000 MPN table (Appendix B) to obtain the final result by finding the LW count on the vertical table 

axis and the SW count on the horizontal table axis.  The point where these two axes meet is the final 

result reported as Most Probably Number (MPN)/100 mL.  Final results are rounded to the nearest 

whole number and recorded in the “MPN” column of the bench sheet.   

If sample dilutions were made, multiply the MPN table value by the dilution factor to calculate the final 

result.  For example, if a 1:10 dilution (10mL sample diluted with 90mL dilution water) was analyzed and 

the resulting MPN is 437.5, then the final result would be 4,375 MPN/100 mL.  Record the MPN result in 

the “MPN” column and the final calculated result in the “Calculated MPN (dilutions)” column on the 

bench sheet. 

 

15.  Computer Software 
IDEXX provides a free Windows-based MPN Generator software for calculating and recording results.  

The software converts the number of positive wells to an MPN with upper and lower 95% confidence 

limits, and includes a dilution option that calculates the dilution factor.  The software includes fields for 

sample ID and date and creates output files for use in Microsoft Excel and Word.  While this software 

can be used in lieu of the MPN table (Appendix B), analysts must still record all results on the laboratory 

bench sheet. The software can be downloaded freely (https://www.idexx.com/en/water/resources/mpn-

generator/). 

 

16.  Data and Records Management 

16.1 Chain of Custody Records 

A Chain of Custody (COC) should accompany all KDOW samples, and they must contain the following 

information: 

• Station ID 

• Activity Date/Time 

• Location description (e.g., county, etc.)  

• Sample Matrix 

• Collection Method (e.g., grab, composite, automated, etc.)  

• Analyses Requested  



--------------------------------------------------------------------------------------------------------------------------------- 

Enzyme Substrate Test Method for the Detection of Total Coliforms and Escherichia coli  

EFFECTIVE DATE – January 1, 2019  Page 10 of 21 DOWSOP03025 

  Revision: 2.0 

• Preservation  

• Signature Blocks - sample custody identification and signature blocks, date and time blocks for 

relinquishment of samples. 

Any changes or corrections made to original entries on COCs should be crossed out with a single line and 

initialed.  All original COCs for each project must be maintained permanently in individual project files 

following quality assurance project plans (QAPP). 

16.2 Analytical Records 

Analytical results should be recorded using indelible ink on laboratory bench sheets (Appendix C) or in 

bound logbooks.  Any changes or corrections made to the original entry should be crossed out with a 

single line and initialed.  The following information must be recorded for each sample: 

 

• Lab sample ID (must be unique to analytical laboratory) 

• Collection date, time, and collector’s initials 

• Analysis date/time and analyst initials 

• Station ID/Sample Source 

• Sample volume 

• Dilution factor, if dilution completed 

• Date and time the sample is read and analyst initials 

• Large well and small well counts (LW and SW) 

• Result from MPN table 

• Calculated MPN based on a dilution factor, if dilution made 

 

Laboratory bench sheets or logbooks produced by each laboratory must be scanned annually and saved 

as PDFs.  Additionally, they must be maintained permanently in electronic and physical laboratory files, 

according to QAPP guidelines. 

16.3 Data Management 

When entering final results into the Kentucky Water Assessment Data for Environmental Monitoring (K-

WADE) database, the following parameters should be used:  “Total Coliform – Most Probable Number” 

and “Escherichia coli – Most Probable Number”.  

 

17.  Quality Control and Quality Assurance   

A rigorous QA/QC program must be followed by KDOW laboratories.  QA/QC practices are based on 

guidelines from Section 9020B of Standard Methods (APHA 2012) and Commonwealth of Kentucky 

Wastewater Laboratory Certification Manual (KDOW 2013).   

 

Analytical laboratories should maintain records of all QA/QC activities related to microbiological testing. 

Equipment maintenance logs should include the make and model number, the annual service date, and 

the vendor who provided the service.  Laboratory supply logs should include the manufacturer’s name, 

lot number and expiration date, if any.  An example log for QA/QC activities can be found in Appendix D.  

Electronic versions of the current logs are also available:  V:\DOWWQB\Bacteria\QC.log.sheets\KDOW 

QC Logs.xls. 
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A laboratory supplies log shall be used to document the receipt and quantity of all laboratory supplies.  

This ensures that all supply manufacturers and lot numbers can be tracked if needed to implement 

corrective actions for failed QA/QC tests. 

The QA/QC and laboratory supplies logs produced by each laboratory must be scanned annually and 

saved as PDFs.  Additionally, they must be maintained permanently in electronic and physical laboratory 

files, according to the QAPP guidelines. 

17.1 Quality Control Practices 

Table 3 summarizes QC practices that to be implemented and the frequency they are to be performed.  







--------------------------------------------------------------------------------------------------------------------------------- 

Enzyme Substrate Test Method for the Detection of Total Coliforms and Escherichia coli  

EFFECTIVE DATE – January 1, 2019  Page 14 of 21 DOWSOP03025 

  Revision: 2.0 

18. References 

American Public Health Association (APHA), American Water Works Association, and Water 

Environment Federation.  2012.  Standard Methods for the Examination of Water and 

Wastewater, 22nd ed. APHA Washington, DC. 

"Guidelines Establishing Test Procedures for the Analysis of Pollutants; Analytical Methods for Biological 

Pollutants in Wastewater and Sewage Sludge:  Final Rule" Code of Federal Regulations (CFR) Title 

40, Pts. 136.3, September 12, 2017 Ed. 

IDEXX Laboratories, Inc. (IDEXX).   2013a. Colilert Test Kit.  Westbrook, Maine. 

https://www.idexx.com/resource-library/water/colilert-procedure-en.pdf 

---.  2013b. IDEXX Quanti-Tray/2000; Insert and Most Probable Number (MPN) Table.  Westbrook, 

Maine.  https://www.idexx.com/resource-library/water/quanti-tray-2000-procedure-en.pdf 

Kentucky Division of Water (KDOW).  2013.  Commonwealth of Kentucky Wastewater Laboratory 

Certification Manual.  Environmental and Public Protection Cabinet, Department for 

Environmental Protection, Division of Water.  Frankfort, KY. 

---.  2011. Sampling the Surface Water Quality in Lotic Systems. Revision 2.  Kentucky Department for 

Environmental Protection, Division of Water, Frankfort, Kentucky. 

---.  2009. Sample Control and Management. Kentucky Department for Environmental Protection, 

Frankfort, Kentucky. 

 

   

 

 



--------------------------------------------------------------------------------------------------------------------------------- 

Enzyme Substrate Test Method for the Detection of Total Coliforms and Escherichia coli  

EFFECTIVE DATE – January 1, 2019  Page 15 of 21 DOWSOP03025 

  Revision: 2.0 

Appendix A.  Colilert Test Kit Method (IDEXX 2013a) 
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Appendix B.  Quanti-Tray/2000 Instruction Manual (IDEXX 2013b) 
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Appendix C.  Laboratory Bench Sheet 

 






