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Total Coliform Bacteria (M F) 
Membrane Filter Procedure 
Introduction 

The tests required to detect specific pathogens in wastewater are 

very difficult and expensive so it is impractical for sewage utilities 

to routinely test for specific types of organisms or pathogens. A 

more practical approach is to examine the wastewater for indicator 

organisms associated with contamination. The coliform group of 

bacteria meets all of the criteria for an ideal indicator. These 

bacteria are generally not pathogenic, yet they are usually present 

when pathogens are present. As a rule, where coliforms are found 

in water or sludge it is assumed that pathogens may also be 

present, and if coliforms are absent, the water or sludge is 

assumed to be safe. Total coliform can be used as a general 

measure of the quality of the sludge as well as evaluating the 

efficiency of various stabilization processes. 

 

Test methods 

Total coliform bacterial densities may be determined either by the 

multiple-tube procedure or by the Membrane Filter (MF) technique. 

The Total coliform MF procedure uses an enriched lactose 

medium and incubation temperature of 35 ± 0.5 °C for selectivity. 

Because incubation temperature is critical, submerge waterproofed 

(plastic bag enclosures) MF cultures in a water bath for incubation 

at the elevated temperature or use an appropriate solid heat sink 

incubator or other incubator that is documented to hold the 35 °C 

temperature within 0.5 °C throughout the chamber, over a 24 h 

period.  
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Laboratory Apparatus 

For MF analyses use glassware and other apparatus composed of 

material free from agents that may affect bacterial growth. 

 

a. Sample bottles: 

For bacteriological samples, use sterilizable bottles of glass or 

plastic of any suitable size and shape. Use bottles capable of 

holding a sufficient volume of sample for all required tests and an 

adequate air space, permitting proper washing, and maintaining 

samples uncontaminated until examinations are completed. 

Ground-glass-stoppered bottles, preferably wide-mouthed and of 

resistant glass, are recommended. Plastic bottles of suitable size, 

wide-mouthed, and made of nontoxic materials such as 

polypropylene that can be sterilized repeatedly are satisfactory as 

sample containers. Presterilized plastic bags, with or without 

dechlorinating agent, are available commercially and may be used. 

Plastic containers eliminate the possibility of breakage during 

shipment and reduce shipping weight. 
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b. Dilution bottles: 

Use bottles or tubes of resistant glass, preferably borosilicate 

glass, closed with glass stoppers or screw caps equipped with 

liners that do not produce toxic or bacteriostatic compounds on 

sterilization. Do not use cotton plugs as closures. Mark graduation 

levels indelibly on side of dilution bottle or tube. Plastic bottles of 

nontoxic material and acceptable size may be substituted for glass 

provided that they can be sterilized properly. 

 

C. Pipets and graduated cylinders: 

Before sterilization, loosely cover opening of graduated cylinders 

with metal foil or a suitable heavy wrapping-paper substitute. 

Immediately after sterilization secure cover to prevent 

contamination. 

 

d  Culture dishes:  

Ttight-fitting plastic dishes are preferred because the membrane 

filter cultures are submerged in a water bath during incubation. 

Place Total coliform cultures in plastic bags or seal individual 

dishes with waterproof (freezer) tape to prevent leakage during 

submersion. Presterilized disposable plastic dishes with tight-fitting 

lids that meet the specifications above are available commercially 

and are used widely. Reseal opened packages of disposable dish 

supplies for storage. 

 

e. Incubator: 

The specificity of the Total coliform test is related directly to the 

incubation temperature. Static air incubation may be a problem in 

some types of incubators because of potential heat layering within 

the chamber, slower heat transfer from air to the medium, and the 

slow recovery of temperature each time the incubator is opened 

during daily operations. To meet the need for greater temperature 

control uses a water bath, a heat-sink incubator, or a properly 

designed and constructed incubator shown to give equivalent 

results. A temperature tolerance of 35 ± 0.5 °C can be obtained 

with most types of water baths that also are equipped with a gable 

top for the reduction of water and heat losses. 
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f. Containers for culture medium: 

Use clean borosilicate glass flasks. Any size or shape of flask may 

be used, but erlenmeyer flasks with metal caps, metal foil covers, 

or screw caps provide for adequate mixing of the medium 

contained and are convenient for storage. 

 

g. Filtration units: 

The filter-holding assembly (constructed of glass, autoclavable 

plastic, porcelain, or stainless steel) consists of a seamless funnel 

fastened to a base by a locking device or by magnetic force. The 

design should permit the membrane filter to be held securely on 

the porous plate of the receptacle without mechanical damage and 

allow all fluid to pass through the membrane during filtration. 

Discard plastic funnels with deep scratches on inner surface or 

glass funnels with chipped surfaces. 

Wrap the assembly (as whole or separate parts) in heavy wrapping 

paper or aluminum foil, sterilize by autoclaving, and store until use. 

Alternatively expose all surfaces of the previously cleaned 

assembly to ultraviolet radiation (2 mm exposure) for the initial 

sanitization before use in the test procedure, or before reusing 

units between successive filtration series. Field units may be 

sanitized by dipping or spraying with alcohol and then igniting or 

immersing in boiling water for 2 mm. After submerging unit in 

boiling water, cool it to room temperature before reuse. Do not 

ignite plastic parts. Sterile, disposable field units may be used. 
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Materials and Culture Medium 

A. M-ENDO medium:  

The need for uniformity dictates the use of dehydrated media. 

Never prepare media from basic ingredients when suitable 

dehydrated media are available. Follow manufacturer's directions 

for rehydration the commercially prepared media (sterile 

ampoules) or powder. 

Rehydrate product in 1 L water. Heat to near boiling, promptly 

remove from heat, and cool to below 50 °C. Do not sterilize by 

autoclaving. Final pH should be 7.4 ± 0.2. Refrigerate finished 

medium, preferably in sealed plastic bags or other containers to 

reduce moisture loss, and discard unused broth after 96 h. 

 

B. Buffered dilution water: 

Prepare a stock solution by dissolving 34 grams of KH2PO4 in 500 

ml distilled water, adjusting the pH to 7.2 with 1 N NaOH and dilute 

to one liter. Prepare dilution water by adding 1.25 ml of the stock 

phosphate buffer solution and 5.0 ml magnesium sulfate (50 grams 

MgSO4.7H2O dissolved in one liter of water) to 1 liter distilled 

water. This solution can be dispersed into various size dilution 

blanks or used as a sterile rinse for the membrane filter test. 

 

Procedure 

A. Selection of sample size: 

Select a volume of the wastewater sample to be examined about 

50-100 ml. Use sample volume and dilution that will yield counts 

between 20 and 60 Total coliform colonies per membrane. 

When the bacterial density of the sample is unknown, filter several 

volumes or dilutions to achieve a countable density. Estimate 

volume and/or dilution expected to yield a countable membrane 

and select two additional quantities representing one-tenth and ten 

times this volume, respectively. 
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B. Filtration of sample:  

Using sterile forceps, place a sterile membrane filter (grid side up) 

over porous plate of receptacle. Carefully place matched funnel 

unit over receptacle and lock it in place. Filter sample under partial 

vacuum. With filter still in place, rinse the interior surface of the 

funnel by filtering three 20 to 30 ml portions of sterile dilution 

water. Alternatively, rinse funnel by a flow of sterile dilution water 

from a squeeze bottle. This is satisfactory only if the squeeze 

bottle and its contents do not become contaminated during use. 

Rinsing between samples prevents carryover contamination. Upon 

completion of final rinse and the filtration process disengage 

vacuum, unlock and remove funnel, immediately remove 

membrane filter with sterile forceps, and place a pad in the culture 

dish and saturate with at least 2.0 ml M-ENDO medium and 

carefully remove excess medium by decanting the plate. Place 

prepared filter directly on pad, invert dish, and incubate for 22 to 

24 h at 35 ± 0.5 °C. 

Differentiation of some colonies from liquid medium substrates 

may be lost if cultures are incubated beyond 24 h. 

Insert a sterile rinse water sample (100 ml) after filtration of a 

series of 10 samples to check for possible cross-contamination or 

contaminated rinse water 

 

c. Incubation:  

Place prepared dishes in waterproof plastic bags or seal, invert, 

and submerge petri dishes in water bath, and incubate for 24 ± 2 h 

at 35 ± 0.5 °C. Anchor dishes below water surface to maintain 

critical temperature requirements. Place all prepared cultures in 

the water bath within 30 min after filtration. Alternatively, use an 

appropriate, accurate solid heat sink or equivalent incubator. 
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d. Counting:  

Colonies produced by Total coliform bacteria on M-ENDO medium 

are of metallic sheen. Non-Total coliform colonies are dark brown. 

Normally, few non-Total coliform colonies will be observed on M-

ENDO medium because of selective action of the elevated 

temperature and the selectivity of the media. Count colonies with a 

low-power (10 to 15 magnifications) binocular wide-field dissecting 

microscope or other optical device. 

 

Calculation of Total Coliform Density 

a. General: Compute the density from the sample quantities that 

produced MF counts within the desired range of 20 to 60 Total 

coliform colonies. This colony density range is more restrictive 

than the 20 to 80 total coliform range because of larger colony size 

on M-ENDOmedium. Calculate Total coliform density and record 

densities as Total coliforms per 100 ml. 

 

"ÁÃÔÅÒÉÁȾρππ ÍÌ 
.ÏȢÏÆ #ÏÌÏÎÉÅÓ #ÏÕÎÔÅÄ 

$ÉÌÕÔÉÏÎ ÆÁÃÔÏÒ
 

OR 

"ÁÃÔÅÒÉÁȾρππ ÍÌ 
.ÏȢÏÆ #ÏÌÏÎÉÅÓ #ÏÕÎÔÅÄρππ ÍÌ 

3ÁÍÐÌÅ 6ÏÌÕÍÅ &ÉÌÔÅÒÅÄȟÍÌ ÉÎ ρππ ÍÌ
 

 

Note: 

To aid in quality assurance, analyze samples in duplicate. 
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Suggested samples volumes for membrane filter total coliform test 

  Volume (X) To Be Filtered 

  ml 

         

Water Source 100 50 10 1 0.1 0.01 0.001 0.0001 

Lakes, reservoirs X X       

Wells, springs X X       

Water supply 

intake 
 X X X     

Natural bathing 

waters  
 X X X     

Sewage treatment 

plant  
  X X X    

Farm ponds, 

rivers 
   X X X   

Stormwater 

runoff   
   X X X   

Raw municipal 

sewage 
    X X X  

Feedlot runoff      X X X  

Sewage sludge      X X X 
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Dilution scheme 
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Outline of Procedure for inoculation of Membrane Filter 
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a EXAPMLES OF TOTAL COLIFORM PLATES 

 

 

A ï plate shows the metalic sheen colonies of total coliforms 

growing on M-ENDO media. The number of colonies is perfect for 

counting. The sample portion and dilution used is correct. 

B ï plate shows no colonies growing on M-ENDO media. The 

sample collected from filtered chlorinated water. 

C ï plate shows a huge number of total coliform colonies due to 

incorrect dilution 

 

Calculation 

"ÁÃÔÅÒÉÁȾρππ ÍÌ 
.ÏȢÏÆ #ÏÌÏÎÉÅÓ #ÏÕÎÔÅÄ 

$ÉÌÕÔÉÏÎ ÆÁÃÔÏÒ
 

 

OR 

"ÁÃÔÅÒÉÁȾρππ ÍÌ 
.ÏȢÏÆ #ÏÌÏÎÉÅÓ #ÏÕÎÔÅÄρππ ÍÌ 

3ÁÍÐÌÅ 6ÏÌÕÍÅ &ÉÌÔÅÒÅÄȟÍÌ ÉÎ ρππ ÍÌ
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Example (1): 

A total of 42 colonies grew after filtering 100 ml of a sample with 

dilution factor 1: 10. 

"ÁÃÔÅÒÉÁȾρππ ÍÌ 
τς

πȢρ
τςπρππϳ ÍÌ 

 

Example (2): 

A total of 22 colonies grew after filtering a 10 ml sample. 

ςς #ÏÌÏÎÉÅÓρππ ÍÌ 

ρπ ÍÌ
 

 

= 220 per 100 ml 

 

(B) Total Coliform Bacteria (MPN) 
Introduction 

The coliform group consists of several genera of bacteria 

belonging to the family Enterobacteriaceae. this group has been 

based on the method used for detection (lactose fermentation) 

when the fermentation technique is used, this group is defined as 

all facultative anaerobic, gram-negative, non-spore-forming, rod 

shaped bacteria that ferment lactose with gas and acid formation 

within 48 h at 35 °C. If the medium has been refrigerated after 

sterilization, incubate overnight at room temperature (20 °C) before 

use; discard tubes showing growth and/or bubbles. 
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a. Laboratory Apparatus 

 

 

A Sample collection: 

Á See sampling part (sheet) 

 

B Equipments: 

1- Incubation  

2- Fermentation tubes with an inverted vial. 

3- Autoclave. 
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1.1. Presumptive Phase 

Use lauryl tryptose broth in the presumptive portion of the multiple-

tube test. 

A preparation: 

a- Add 35.6 g dehydrated prepared media to 1litre distilled water, 

mix through, and warm slightly to dissolve (pH 6.8 ±.2) after 

sterilization.  

b- Before sterilization dispense sufficient medium (10 ml media), in 

Fermentation tubes with an inverted vial, add .01 g/l bro-cresol 

purple to Presumptive medium to determine acid production .close 

the tubes with metal or heat resistant plastic caps. 

c- The media sterilized on the autoclave at temperature 121 ºC for 

15 min. 

 

Notes: 

If the medium has been refrigerated after sterilization, incubate 

overnight at room temperature (20 °C) before use discards tubes 

showing growth and/or bubbles. 

 

B. Procedure: 

1- Arrange fermentation tubes in rows of five or ten tubes each in a 

test tube rack. The number of rows and the sample volumes 

selected depend upon the quality and character of the water to be 

examined. For potable water use five 20 ml portions, ten 10 ml 

portions, or a single bottle of 100 ml portion; for non potable water 

use five tubes per dilution (of 10, 1, 0.1 ml, etc.). 

2- Incubate inoculated tubes or bottles at 35 ± 0.5 °C. After 24 ± 2 

h. Swirl each tube or bottle gently and examine it for growth, gas, 

and acidic reaction (shades of yellow color) and, if no gas or acidic 

reaction is evident, re incubate and reexamine at the end of 48 ± 3 

h. 

Record presence or absence of growth, gas, and acid production. 

If the inner vial is omitted, growth with acidity signifies a positive 

presumptive reaction. 
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C  Interpretation: 

- Production of an acidic reaction or gas in the tubes or bottles 

within 48 ± 3 h constitutes a positive presumptive reaction. Submit 

tubes with a positive presumptive reaction to the confirmed phase. 

-The absence of acidic reaction or gas formation at the end of 48 ± 

3 h. of incubation constitutes a negative test. 

- Submit drinking water samples demonstrating growth without a 

positive gas or acid reaction to the confirmed phase. 

 

1.2. Confirmed Phase 

Use brilliant green lactose bile broth fermentation tubes for the 

confirmed phase. 

 

A. preparation: 

a- Add 40 gram dehydrated ingredients to distilled water, mix 

thoroughly, and warm slightly to dissolve. pH should be7.2 ± 0.2 

after sterilization. 

b- Before sterilization, dispense, in fermentation tubes with an 

inverted vial, sufficient medium to cover inverted vial at least one-

half to two-thirds after sterilization. Close tubes with metal or heat-

resistant plastic caps. 

c-The media sterilized on the autoclave at temperature 115 ºC for 

15 min. 

 

B. Procedure: 

1- Submit all presumptive tubes or bottles showing growth, any 

amount of gas, or acidic reaction within 24 ± 2 h of incubation to 

the confirmed phase. If active fermentation or acidic reaction 

appears in the presumptive tube earlier than 24 ± 2 h, transfer to 

the confirmatory medium; preferably examine tubes at 18 ± 1 h. If 

additional presumptive tubes or bottles show active fermentation or 

acidic reaction at the end of a 48 ± 3 h incubation period submit 

these to the confirmed phase. 

2-.Gently shakes or rotates presumptive tubes or bottles showing 

gas or acidic growth to resuspend the organisms. 
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3- With a sterile loop 3.0 to 3.5 mm in diameter, transfer one or 

more loopfuls of culture to a fermentation tube containing brilliant 

green lactose bile broth. Repeat for all other positive presumptive 

tubes. 

4- Incubate the inoculated brilliant green lactose bile broth tube at 

35 ± 0.5 °C. 

 

c. Interpretation: 

Formation of gas in any amount in the inverted vial of the brilliant 

green lactose bile broth fermentation tube at any time (e.g., 6 ± 1 

h, 24 ± 2 h) within 4 8 ± 3 h constitutes a positive confirmed phase. 

Calculate the MPN value from the number of positive brilliant 

green lactose bile tubes as described in calculation. 

 

D. Estimation of bacterial density: 

Table reading and recording of most probable number. 

- Record coliform concentration as MPN/100 ml values of positive 

and negative tube combination and the sample volumes indicated 

as in table below which illustrates the MPN values for combination 

of positive and negatives results when five 1 ml and five 0.1 ml 

sample portion volumes of non potable water  

- Select MPN value from the table for the combination of positive 

and negative results and calculate according to the following 

formula  

 

-0.ȾρππÍÌ
 ÔÁÂÌÅ -0. Ⱦ ρππÍÌ ρπ

6
 

 

Where: 

V: volume of sample portion at lowest collected dilution  

Unit: The result is recorded as MPN/100ml. 
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Selection rules for different dilution: 

When more than three dilutions are used in a decimal series of 

dilutions, use the following guidelines to select the three most 

appropriate dilutions and refer to Table 9221: IV. Several 

illustrative examples (A throughG) of combinations of positives are 

shown in Table 9221: V.  

First, remove the highest dilution (smallest sample volume) if it has 

all negative tubes and at least one remaining dilution has a 

negative tube.  

Next, remove the lowest dilution (largest sample volume) if it has 

all positive tubes and at least one remaining dilution has a positive 

tube. According to these guidelines. 

1-The three dilutions in (Example A) are selected by removal of the 

highest (0.001 ml) and the lowest (10 ml) dilutions. 

2-If the lowest dilution does not have all positive tubes, and several 

of the highest dilutions have all negative tubes, and then remove 

the highest negative dilutions (Example B). 

3-More than three dilutions may remain after removal of the lowest 

dilution with all positive tubes and high dilutions with all negative 

tubes. In this case, if the highest dilution with all positive tubes is 

within two dilutions of the highest dilution with any positive tubes, 

then use the highest dilution with any positive tubes and the two 

immediately lower dilutions. In (Example C), the highest dilution 

with all positive tubes is 0.1 ml, which is within two dilutions of 

0.001 ml, which has one positive tube. 

In Example D, the highest dilution with all positive tubes is 0.01 ml, 

which is within two decimal dilutions of 0.001 ml. 

4-If, after removal of the lowest dilution with all positive tubes, no 

dilution with all positive reactions remains, then select the lowest 

two dilutions and assign the sum of any remaining dilutions to the 

third dilution. (Example E). 

5-If no dilution has all positive tubes (Example F), select the lowest 

two dilutions, corresponding to 10 and 1 ml sample. For the third 

dilution, add the number of positive tubes in the remaining dilutions 

(0.1, 0.01, and 0.001 ml sample), to yield a final combination of 4-

3-2. If the third dilution is assigned more than five positive tubes, 

then the selected combination will not be in Table 9221: IV. 
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If the three dilutions selected are not found in Table 9221: IV, then 

something in the serial dilution was unusual. In this case, the usual 

methods for calculating the MPN, presented here, may not apply. If 

a new sample cannot be collected and an MPN value is still 

desired, use the highest dilution with at least one positive tube and 

the two dilutions immediately lower as the three selected dilutions. 

In (Example G), the first selection, 4-3-6 (the outcome from the 

highest three dilutions), is not in Table 9221: IV because 6 is 

greater than 5. The second selection, according to the above 

guidelines, would be 3-2-1. If this second set of selected dilutions 

is not in Table 9221: IV 
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Reference: 

(Standard methods for the examination of water and wastewater 
TM, 22 nd edition. 9221B) 
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Schematic outline of presumptive and confirmed phases for 

total coliform detection. 

 

 

 

Note: if gas or acid growth occurs before maximum incubation 

time (ex. 6 ±1 h), transfer to next appropriate medium. 






































































































