APPENDIX C10
Ohio Water Microbiology Laboratory

mCP Agar Method for Clostridium perfringens 

Modified from U.S. Environmental Protection Agency (1996)

Updated March 2013
The mCP agar method is a two-step membrane-filtration technique for the detection of Clostridium perfringens (C. perfringens) vegetative cells and spores in environmental waters. This method cannot be performed in the field; it must be completed in a laboratory, due to the need for colony exposure to ammonium hydroxide in a chemical fume hood. 

THEORY: First, the sample is filtered through a 0.45 m membrane and the filter is transferred to an mCP agar plate.  The plates are incubated anaerobically (either in an anaerobic jar or bag) at 44.5(C for 24 hours. The mCP agar contains differential and selective agents. D-cycloserine and polymyxin B sulfate are antibiotics that inhibit background growth. Bromocresol purple identifies colonies, including C. perfringens that can ferment sucrose. Phenolphthalein diphosphate identifies colonies that produce acid phosphatase, such as C. perfringens.

After incubation on mCP, filter membranes containing yellow straw-colored colonies are transferred to pads saturated with ammonium hydroxide in a chemical fume hood.  Following a 15 second exposure, colonies that turn dark pink to magenta are counted as C. perfringens. The color change upon exposure to ammonium hydroxide is an indication that acid phosphatase has cleaved the phosphate in phenolphthalein diphosphate.

USE:  The mCP method can be used for monitoring all types of waters. C. perfringens is present in large numbers in human and animal wastes, and its spores are resistant to wastewater-treatment practices, extremes in temperature, and environmental stress. The method has been recommended for use in the examination of (1) chlorinated waters and untreated water containing industrial wastes lethal to non-sporeforming bacteria, (2) sewage sludge, and (3) situations in which the detection of remote, as well as recent, contamination is desirable.
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To quantify the number of C. perfringens spores present in a sample, the above procedure is modified.  Prior to filtration, the samples are heat treated at 60 oC for 15 min to kill vegetative cells.  Although Clostridium perfringens spores are not an official surrogate of contamination, some researchers have proposed their use as an indicator for viral and parasite removal in drinking water.  This adaptation of the procedure is for research purposes, and therefore does not have a parameter code.

MEDIA SOURCES:  The mCP basal medium can be bought (Oxoid CM0992) or made by combining individual chemicals. The Ohio Water Microbiology Laboratory (OWML) prepares the medium in 100-mL quantities. The agar medium may be stored at 4(C for up to 6 months. Before agar plates are poured, five reagents must be added to the tempered medium. Once poured, the plates can be stored at 4(C for no more than one month. Anaerobic GasPack bags can be purchased from Fisher (B260683).

Use phosphate buffered dilution water and 0.45 m membrane filters.  Buffer can be purchased from Hardy Diagnostics (800/346-2766, Cat D699 (99mL) or Cat U193 (500mL)).  See buffer preparation (Appendix A2).


MEDIA PREPARATION
1. Prepare mCP basal agar as follows (or order Oxoid CM0992):



  1 L reagent water



30.0 g tryptose



20.0 g yeast extract



5.0 g sucrose



1.0 g L-cysteine hydrochloride



0.1 g MgSO4·7H2O



0.04 g bromcresol purple



15.0 g Bacto agar

2. Adjust the pH of the agar to 7.6 (with 1 N NaOH)
3. Dispense 100-mL aliquots into dilution bottles and autoclave for 15 minutes at 121(C.

4. Store bottles in the refrigerator for up to 6 months.

5. To prepare plates, melt the agar using a beaker with water on a hot plate OR by placing in the autoclave for a 5-minute cycle.  After the agar is tempered and before pouring plates, add the following ingredients to each 100-mL bottle of agar:



0.04 g D-cycloserine



0.0025 g polymyxin-B sulfate



0.2 mL 4.5% FeCl3(6H2O solution 

(filter-sterilize 0.45 g FeCl3 in 10 mL reagent water, store at 4(C for up to 2 months)


2.0 mL 0.5% Phenolphthalein diphosphate solution* 



(filter-sterilize 0.5 g phenolphthalein diphosphate in 100 mL reagent water, store at 4(C)



8.0 mL 0.075% indoxyl -D glucoside solution**



(dissolve 0.006 g indoxyl -D glucoside in 8.0 mL sterile reagent water)


*Alternatively, 0.01 g phenolphthalein diphosphate can be added directly without making the solution.


**Alternatively, 0.006 g indoxyl -D glucoside can be added directly without making the solution.

6. To make a large batch of agar, combine the 100-mL bottles into a sterile flask, calculate the amounts of additives for the total volume of agar, and add each additive in one batch.

7. Store plates inverted in the refrigerator for up to 1 month.

8. Record results on a bench sheet form (an example is attached).
ANALYZING SAMPLES:
1. Analyze samples by membrane filtration using appropriate volumes.  For turbid surface water, use 3-, 10-, and 30-mL volumes.  For clean surface water, use 10-, 30-, and 50-mL volumes.  Record media batch and sub-batch numbers on the Results Worksheet.

Note: To quantify the concentration of spores only, heat treat the sample at 60oC for 15 min prior to filtration.

2. Run a filter blank using buffer water before filtering each sample.

3. Plate a positive control (10 and 30 mL of 10-2 dilution raw sewage) for every 20th sample or when a new analyst is processing or reading plates.

4. Incubate plates anaerobically in a GasPak bag or chamber at 44.5(C for 24 hours for the analysis of vegetative bacteria or at 41oC for 24 hours for the analysis of spores.
5. In the fume hood using protective gloves and forceps, place membrane filters with straw-yellow colonies onto cellulose pads saturated with NH4OH.  Wait for approximately 15 seconds, then examine for positive colonies.

6. Magenta colonies that are approximately 1 to 2 mm in diameter are enumerated as C. perfringens.  New analysts may compare size and color of colonies to those in the positive control.  

7. Calculate the number of colony-forming units per 100 mL (CFU/100 mL) sample using the following equation:
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NWIS CODES:

C. perfringens, mCP membrane-filtration method, colony-forming units per 100 mL


Parameter code: 90915 

Method code: BAC04
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Clostridium perfringens on mCP - 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 mCP poured: _____ 



Time in 41(C (22–24hr):  ____________

Filter (0.45 m) lot number:  ____________

Time out of incubator:  ____________

GasPak lot: __________

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)

[Positive colony (C. perfringens):  magenta after exposure to ammonium hydroxide]
NWIS parameter code for C. perfringens on mCP: 90915; Method code: BAC04
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	Filter Blank 

(before plating series)
	

	Process Blank 

(after plating series)
	

	RESULTS

C. perfringens colonies/100 mL
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