APPENDIX C2
Ohio Water Microbiology Laboratory

MI method for total coliforms and Escherichia coli
U.S. Environmental Protection Agency Method 1604

Updated March 2013
The MI agar method is a membrane-filtration method that allows the simultaneous detection of total coliforms and Escherichia coli (E. coli) on one medium (U.S. Environmental Protection Agency, 2002). This method can be done in the field or laboratory.
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THEORY: Two enzyme substrates are included in MI medium—a fluorogen reacts with the enzyme found in total coliforms (galactosidase), and a chromogen reacts with an enzyme found in E. coli (glucuronidase). Cefsulodin, an antibiotic, is added to MI medium to inhibit non-target growth. After 24 hours of incubation at 35(C, total coliform colonies glow under a long-wave ultraviolet light (366 nanometer), and E. coli colonies appear blue under natural light.

USE: The MI method has been validated for use with drinking water. This method is especially suitable for enumerating bacteria in groundwater because in groundwater studies, it is often desirable to enumerate both total coliforms and E. coli. The method can also be used to enumerate E. coli in surface waters; however, plates may be difficult to read because of non-target growth in moderately- or highly-polluted waters.
NOTE: Bright green fluorescent colonies are NOT to be counted as total coliforms These are Pseudomonas species and may indicate the breakdown of cefsulodin in the agar. Total coliform colonies are bright blue or blue-white under ultraviolet light.
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MEDIA SOURCES: Dehydrated MI medium can be ordered from Government Scientific Source, (800/248-8030, Cat 214882 (100 g) or Cat 214883 (500g)). Freshly prepared cefsulodin solution must be added to the tempered agar medium before pouring the plates. Cefsulodin can be purchased from Sigma-Aldrich Corp. (800/325-3010, Cat C-8145 (100 mg)). See preparation instructions below. 
Pre-poured plates can be purchased from Fisher Scientific (800/766-7000, Cat B14986 (20 plates)) or VWR (800/932-5000, Cat 90000-840 (20 plates)). Cefsulodin is incorporated in the prepoured plates and does not have to be added. 

Use phosphate buffered dilution water and 0.45 m membrane filters. Buffer can be purchased from Hardy Diagnostics (800/266-2222, Cat D699 (99mL) or Cat U193 (500mL)). See buffer preparation (Appendix A2).


MEDIA PREPARATION
Instructions for preparation of MI medium (U.S. Environmental Protection Agency, 2002)
	Ingredients
	To make 100 mL
	To make 1L

	Dehydrated MI agar
	3.65 g
	36.5 g

	Deionized or distilled water
	100 mL
	1000 mL


1. Add amounts specified in above table of dehydrated MI agar to deionized or distilled water in the appropriate-sized flask.

2. Stir this mixture for several minutes to break up clumps. Make sure that none of the medium adheres to the bottom or side of the flask.

3. Place the flask in a heated water bath or on a hot plate and heat slowly to boiling. If using a hot plate, stir the mixture constantly or use a stir bar and magnetic stirring hot plate to prevent scorching. After boiling begins, remove the flask from the heat source.
4. Aliquot 100-mL volumes into autoclavable bottles and autoclave at 121°C and 15 lb/in2 pressure for 15 minutes. Allow to cool to 45-50°C. Either pour plates (step 5) or store 100-mL aliquots of medium at 4°C (step 6).

5. Pouring plates:

a. Preparation for pouring:

i. Prepare cefsulodin solution by adding 0.02 g of cefsulodin to 20 mL of deionized or distilled water. Sterilize the cefsulodin solution by filtering through a disposable, sterile 0.22-μm syringe filter. Store in a sterile container at 4°C until needed. Prepare a fresh solution each time MI is made. Do not save any unused portion because it will degrade. 

ii. Cefsulodin solution is added after the MI medium is autoclaved and cooled to 45-50°C.
iii. Add 0.5 mL of freshly prepared cefsulodin solution to each 100-mL volume of tempered agar medium and mix gently.

b. Pour 6 to 7 mL of the medium into 50-mm Petri-dish bottoms. Quickly place the Petri-dish tops loosely onto the bottoms to allow condensation to escape.

c. When the medium has solidified (about 10 minutes), close the Petri dishes by pressing firmly on the tops. These plates are suitable for use after the medium has solidified. About 15 to 20 plates can be prepared from 100 mL of medium. Label and date.

d. Prepared Petri dishes, sealed in small plastic bags to prevent drying, can be stored in a refrigerator for up to 2 weeks.
6. Long-term storage:

a. 100-mL aliquots of MI medium without cefsoludin can be stored at 4°C for up to 6 months.

b. To prepare plates from refrigerated agar, melt the medium using a beaker with water on a hot plate or by placing in the autoclave for a 5-minute cycle. Add cefsulodin solution as indicated in step 5.a and follow above instructions to pour plates.
ANALYZING SAMPLES:

Refer to the USGS National Field Manual (Myers and others, 2007) for membrane filtration procedures. Record results on a bench sheet form (an example is attached).
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NWIS CODES:

Total coliforms, MI membrane-filtration method, colony-forming units per 100 mL

 
Parameter code: 90900


Method code: BAC52

E. coli, MI membrane-filtration method, colony-forming units per 100 mL


Parameter code: 90901


Method code: BAC18
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Total coliforms and Escherichia coli on MI – Water

To be filled out at time of collection:

 Site Name:
______________________
Date:  ____/____/​​___

Time:  ___________


MM / DD /YY


    (military)
To be filled out by laboratory analyst:

Analyzed by (initials):  _____________

Analysis Date: ​​​​​​​​​​​​____________

Date MI poured: ______________ 


Time in 35(C (22–24hr):  ____________

Filter (0.45 m) lot number:  ____________

Time out of incubator:  ____________

Read by: ____________ 



Date plates read: ____________

Colony counts:

Suggested sample volumes: 100, 30, 10, 3, 1, 0.3 (30mL of 10-2 dilution), and 0.1 (10mL of 10-2 dilution)

[Total Coliforms Positive: all colonies which fluoresce blue/white under UV light; 
E. coli Positive: blue-green colonies under ambient light]
	Sample size

(volume - mL)
	Total coliforms  colony count
	E. coli  colony count

	 
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Filter Blank 

(before plating series)
	
	

	Process Blank 

(after plating series)
	
	

	RESULTS

colonies/100 mL
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