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1 An introduction to microbiology, 
Basics and Water microbiology 

1.1 Introduction: 

The study of microorganisms is called microbiology, a subject that began with Anton 

van Leeuwenhoek’s discovery of microorganisms in 1675, using a microscope of his 

own design. 

A microbe, or microorganism, is a microscopic organism that comprises either a single 

cell (unicellular); cell clusters; or multi cellular, relatively complex organisms. 

Microorganisms are very diverse; they include bacteria, fungi, algae, and protozoa; 

microscopic plants (green algae); and animals such as rotifers and planarians. Some 

microbiologists also include viruses, but others consider these as nonliving. Most 

microorganisms are unicellular and some microorganisms are multicellular. 

 

 

 

Microorganisms live in all parts of the biosphere where there is liquid water, including 

soil, hot springs, on the ocean floor, high in the atmosphere, and deep inside rocks 

within the Earth’s crust. Most importantly, these organisms are vital to humans and the 

environment, as they participate in the Earth’s element cycles, such as the carbon cycle 

and the nitrogen cycle. 

Microorganisms are useful as well as harmful. As a useful microorganisms they fulfill 

other vital roles in virtually all ecosystems, such as recycling other organisms’ dead 

remains and waste products through decomposition. Microbes have an important 

place in most higher-order multicellular organisms as symbionts, and they are also 

used by people in biotechnology, both in traditional food and beverage preparation, and 
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in modern technologies microorganisms are used in genetic engineering. Pathogenic 

microbes are harmful, however, since they invade and grow within other organisms, 

causing diseases that kill humans, animals, and plants. 

1.1.1 Bacteria: 

Bacteria are microscopic, single-celled organisms that thrive in diverse environments. 

These organisms can live in soil, the ocean and inside the human gut.Bacteria (singular: 

bacterium) are classified as prokaryotes, which are single-celled organisms with a 

simple internal structure that lacks a nucleus, and contains DNA that either floats freely 

in a twisted, thread-like mass called the nucleoid, or in separate, circular pieces called 

plasmids. 

 

There are three basic bacterial shapes: Round bacteria called cocci (singular: coccus), 

cylindrical, capsule-shaped ones known as bacilli (singular: bacillus); and spiral bacteria 

called spirilla (singular: spirillum). 

 

Many bacteria can be classified into one of two types: gram-positive, which show the 

stain and appear violet in color under a microscope, and gram-negative, which only 

show the counterstain, and appear red. Gram-positive bacteria appear violet because 

they have thick cell walls that trap the crystal violet-iodine complex. The thin cell walls of 

gram-negative bacteria cannot hold the violet-iodine complex, but they can hold 

safranin. This makes gram-negative bacteria appear red under Gram staining. Example 

https://www.livescience.com/37247-dna.html
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of gram-positive bacteria’s is Staphylococcus aureus and a gram negative bacterium 

is Escherichia coli (E. coli). 

Bacteria can be beneficial as well as harmful to human health.  "Friendly" bacteria, 

share space and resources within our bodies and tend to be helpful in digestion of food 

and to develop the immune system. Similarly many of the bacteria may be pathogenic 

and causing many diseases in human, plants and animals. 

1.1.2 Viruses: 

A virus is a small infectious agent that replicates only inside the living cells of an 

organism. These are tiniest of all the organisms and visible only with electron 

microscope. Viruses can cause disease in all types of life forms, from animals and 

plants to microorganisms, including bacteria and archaea. Most viruses have 

either RNA or DNA as their genetic material. 

They are roughly one-hundredth the size of a bacterium and consist of two or three 

distinct parts: 

 

a) genetic material, either DNA or RNA 

b) a protein coat, or capsid, which protects the genetic information 

c) a lipid envelope is sometimes present around the protein coat when the virus is 

outside of the cell. 

Viral Concentrations cause disease in humans such as Chicken Pox, Influenza, 

Poliomyelitis, Measles, Pneumonia, Aids and Hepatitis (A, B, C, D, and E). 

1.1.3 Fungus: 

 

https://www.livescience.com/64436-e-coli.html
https://www.ncbi.nlm.nih.gov/books/n/mcb/A7315/def-item/A7786/
https://www.ncbi.nlm.nih.gov/books/n/mcb/A7315/def-item/A7455/
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Fungi can be single celled or very complex multicellular organisms. They are found in 

just about any habitat but most live on the land, mainly in soil or on plant material rather 

than in sea or fresh water. Fungi cannot prepare their own food as they lack chlorophyll. 

A group called the decomposers grows in the soil or on dead plant matter where they 

play an important role in the cycling of carbon and other elements. Some are parasites 

of plants causing diseases such as mildews, rusts, scabs or canker. In crops fungal 

diseases can lead to significant monetary loss for the farmer. A very small number of 

fungi cause diseases in animals. In humans these include skin diseases such as 

athletes’ foot, ringworm and thrush. 

1.1.4 Algae 

Most algae live in fresh or sea water where they can either be free-floating (planktonic) or 

attached to the bottom. Some algae can grow on rocks, soil or vegetation as long as 

there is enough moisture. A few algae form very close partnerships with fungi to form 

lichens. All algae contain a pigment called chlorophyll a (other types of chlorophyll such 

as b, c and / or d may also be present) and they make their own food by photosynthesis. 

The chlorophyll is contained in the chloroplasts and gives many algae their green 

appearance. However some algae appear brown, yellow or red because in addition to 

chlorophylls they have other accessory pigments that camouflage the green colour. 

1.1.5 Protozoa: 

Protozoa are single celled organisms. They come in many different shapes and sizes 

ranging from an Amoeba which can change its shape toParameciumwith its fixed shape 

and complex structure. They live in a wide variety of moist habitats including fresh 

water, marine environments and the soil. Examples are Cryptosporidium and Giardia. 

Disease caused by cryptosporidium is Cryptosporidiosis which is a diarrheal disease. 
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Giardiasis is also adiarrheal diseasecaused by the microscopic parasite Giardia 

Lamblia. 

  

Cryptosporidium Giardia 

1.2 Water Microbiology: 

Water microbiology is the scientific discipline that is concerned with the study of all 

biological aspects of the microorganisms (bacteria, archaea, viruses, fungi, parasites 

and protozoa) that exist in water or simply the study of those microorganisms that are 

found in water is called water microbiology. 

 

An important aspect of water microbiology, particularly for drinking water, is the testing 

of the water to ensure that it is safe to drink. Microbiological examination of the water 

provides the most sensitive indication of pollution of drinking water supplies. For the 

routine water quality examination, it is difficult to generate the results for the complete 
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list of pathogenic bacteria in order to implement the remedial measures. Therefore the 

testing of indicator organisms is used as the criteria to determine the efficiency of 

treatment plant operation and the integrity of the distribution system. In this connection, 

group of Coliform organisms is used as “Indicator Bacteria”.  

1.2.1 Total Coliforms: 

There are many types of bacteria on earth, but not all pose a health threat to animals 

and humans. Some consume organic debris or produce byproducts that kill some 

pathogens. Total Coliform bacteria are a group of closely related species that are 

generally not harmful; therefore they have been selected as an indicator of other 

harmful biological organisms in drinking water for two main reasons. First, if total 

coliform bacteria are found in a water sample, it indicates surface contamination (from 

construction or recent repairs) has reached the water and disease causing organisms 

may be present. Second, total coliform bacteria can be killed by disinfection, meaning 

chlorination or boiling of the water. 

The Coliform group consists of several genera of bacteria belonging to the family 

Enterobacteriaceae. Total coliforms include bacteria that are found in the soil, and 

in water that has been influenced by surface water, and in human or animal waste. 

Coliform bacteria will not likely cause illness. However, their presence in drinking water 

indicates that disease-causing organisms (pathogens) could be in the water system. 

These are defined as gram negative, non-spore forming rods which ferment lactose with 

acid and gas production in 48 hours at 35 °C. These are the principle indicator of 

suitability of particular water for domestic, dietetic or other uses.  

Total Coliforms consists of Fecal Coliforms and non-Fecal Coliforms. E.coli is an 

important member of Fecal Coliforms. As compared to all the pathogenic organisms, 

indicator bacteria are tested in routine as these are always present when the pathogens 

are of like origin or present. Indicator organisms are present in large numbers, easy and 

quick to detect and have great survival time than pathogens, absent from un-polluted 

water and have similar sensitivity to disinfection as of pathogens. The term total coliform 

bacteria include all coliform bacteria that come from the gut of vertebrates as well as 

from soil dwelling bacteria. Total Coliform can be separated into two major groups; 

 GROUP-I;  Fecal Coliforms (E-coli) 

 GROUP-II;  Non Fecal Coliforms (Citrobacter, Enterobacter, Klebsiella, Serratia) 

1.2.2 Fecal Coliforms 

The Fecal Coliforms are considered to be those organisms among the Coliforms, which 

are able to grow, ferment lactose at temperature higher than normal (44-45.5oC). Fecal 

coliform bacteria are only present in the intestines of warm blooded animals.Fecal 

coliform bacteria can create intestinal problems. However, they are not, themselves, 
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usually considered pathogenic. Their importance is that their presence indicates that 

excrement from humans or other warm blooded animals has contaminated a water 

source. Unprocessed toilet wastes, farm animal wastes and pet waste that make it into 

a water supply or swimming area can contaminate that water body. Untreated overflow 

from wastewater treatment plants or sewer systems can discharge contaminated 

wastewater into a lake, river or estuary. Faulty septic tanks also allow harmful bacteria 

to pass untreated into another water body. Diseases such as hepatitis, dysentery, 

typhoid fever and ear infections can be contracted in water with high Fecal Coliform 

counts. These comprise mostly a high proportion of E.coli which is useful to indicate a 

probable fecal source. E.coli is the generally preferred indicator of fecal contamination. 

1.2.3 Escherichia coli (E. coli) 

Escherichia coli (E.coli) is a type of fecal coliform that is commonly monitored by water 

quality laboratories. Escherichia coli (E. coli) is a bacterium commonly found in the gut 

of warm-blooded organisms. Most strains of E. coli are not harmful but are part of the 

healthful bacterial flora in the human gut. However, some types can cause illness in 

humans, including diarrhea, abdominal pain, fever, and sometimes vomiting. 

The most common important pathogenic microorganisms, which can be demonstrated 

in water, are Salmonella, Shigella, Entero-Pathogenic Escheriecia coli, Leptospira, & 

Vibrio. However, Coliforms other than E.coli are useful indicator, of unsatisfactory 

hygiene or sanitation. The presence of large number of Coliforms in water indicate the 

opportunity for multiplication of Salmonella, Shigella, Staphylococcus etc. 
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2 Water Quality Sampling for 
Microbiological Samples 

 

The sampling procedure for microbiological examination is an important step to 

generate the reliable results as 92% errors comes from sampling, 7% from wrong 

sample transportation and 1% from laboratory practices.  

2.1 Guidelines for Water Sampling 

A critical part of monitoring water quality is taking samples. It is important that samples 

represent the water source and that sampling procedures are reproducible and 

consistent. Samples must be taken from locations that are representative of the water 

source, treatment plant, storage facilities, distribution network, points at which water is 

delivered to the consumer, and points of use.  Sampling keeps basic importance to 

generate reliable test data. 

 

2.2 Preparations for Water Quality Sampling 

2.2.1 Sampling Containers for Microbiological Analysis 

Pre-sterilized sampling bottles of 250 ml capacity made of plastic or autoclave able 

glass can be used for water sampling. Prior to sampling all bottles should be checked 

for physical defects i.e. leakage etc. At the time of purchase of pre-sterilized bottles 

vendor should be asked for certificate of sterilization. 

2.2.2 De-chlorination 

Whenever chlorine is used for disinfection, residual chlorine may be present in the water 

after sampling and will continue to act on any bacteria in the sample; the results of the 

microbiological analysis may therefore not be indicative of the true bacteriological 
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content of the water. To overcome this difficulty, it is common procedure to add sodium 

thio-sulfate to the sample, which immediately inactivates any residual chlorine but does 

not affect the microorganisms that may be present. The sodium thiosulfate should be 

added to the glass bottles before they are sterilized. For 250-ml samples, four or five 

drops of aqueous sodium thiosulfate solution (100 g/litre) should be added to each 

clean sample bottle. The bottle is then sterilized in an autoclave at 121 ºC for 20 

minutes. If no other facilities are available, a portable sterilizer or pressure cooker can 

be used, but sterilization will then take 30–45 minutes. In case of pre-sterilized bottles 

already sterilized sodium thiosulfate can be added directly during sampling under 

aseptic conditions. This chemical neutralizes any residual chlorine and prevents 

continuation of bactericidal action during sample transit. 

2.2.3 Key Points for Preventing Contamination during Microbiological 

Sampling 

Contamination is a real problem during water sampling. Most of the risks can be 

overcome by introducing basic aseptic techniques into the sampling procedure. The 

following points suggest the most obvious ways to reduce the chance of contamination:  

 Contamination must be avoided during the sampling procedure as 92% error 

comes from sampling. 

 Sampling points may often introduce contamination and therefore disinfection or 

flushing may be required to obtain a representative sample. 

 Never touch the neck of the bottle, or inside the lid. When filling the bottle, the lid 

should not be placed on a surface, but remain in the hand.  

 The sample bottle should not be rinsed out prior to filling.  

 The flow rate of the tap should not be changed during sampling as this may 

dislodge bacterial films inside the tap.  

 A small air gap should be left in the bottle.  

 Once the bottle is filled and the lid replaced the sample should be placed in a 

cool box for transfer to the laboratory/testing point in the field.  

 If accidental contamination is suspected then the sample should be discarded 

and taken again using a fresh container.  

2.2.4 Labeling of microbiological samples 

Correct labeling and accurate records are essential during water sampling due to the 

large number of people who will be processing the sample. If this practice is not 

followed carefully, then samples can be incorrectly reported or lost completely. Labeling 

is done with permanent ink. The label should contain the following information;  
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 Sample code 

 The date and time of sampling,  

 The exact location of a sampling point,  

 The type of water to be tested (e.g. filtered, treated) 

2.2.5 Sample transportation 

Samples should immediately be transferred to dark storage between 2 and 8 oC. The 

most suitable containers for this purpose would be ice boxes.  

 The boxes should be used exclusively for the transport of water samples, and 

should be regularly cleaned and disinfected.  

 Ideally, samples should be analyzed within 6 hours, and during this time should 

be stored in cool dark conditions. 

 The longer the delay between sampling and analysis, the more likely that 

changes will occur in the sample, which may no longer be representative.  

2.2.6 Reception of samples by the laboratory 

It is good practice for a member of the laboratory staff to sign for the receipt of samples 

and to make the following checks at the same time: 

 All of the necessary details are recorded on the labels of sample bottles. 

 The samples are contained in pre-sterilized bottles without any defect or leakage. 

 Samples have arrived in time for subsequent analysis to provide a reliable picture 

of water quality at the time of sampling. 

 Samples have been stored at appropriate temperatures, maintained throughout 

transport. 

Samples should be logged into the laboratory system as soon as they arrive and 

(generally) transferred to a refrigerator at about 2-8 °C. If someone other than laboratory 

staff is to receive the samples, they should be instructed to transfer them directly to a 

refrigerator, noting the time and the condition of the samples, and then inform laboratory 

staff accordingly. Where sample storage times and/or conditions have been such as to 

make it unlikely that analyses will yield reliable results, laboratory staff should decline to 

accept the affected samples. Supervisory staff should lend their support to the decision 

to reject samples on this basis. 
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2.3 Sampling Procedures 

2.3.1 Location of sampling points 

Samples must be taken from locations that are representative of the water source, 

treatment plant, storage facilities, distribution network, points at which water is delivered 

to the consumer, and points of use.  

2.3.2 Water can be divided into three basic types for the purpose of sampling: 

 Water from a tap in a distribution system or from a fixed pump outlet, etc. 

 Water from a watercourse (river, lake, etc.) or a tank 

 Water from a dug well, etc., where sampling is more difficult than from an open 

watercourse 

a) Sampling methods for bacteriological testing 

When water samples are collected for analysis, care should be taken to ensure that 

there is no external contamination of the samples. Unless valid samples are collected, 

the results of the subsequent analysis may be misleading.  

b) Sampling from distribution network or pump outlet 

The water samples from the distribution network are collected from the source of supply 

(as closely as possible) to minimize the effects of pollution in the distribution system and 

from consumers end to evaluate the actual quality of water being used. All water sample 

containers are filled slowly to avoid turbulence and air bubbles after flushing the system 

for sufficient time. Un-rusted taps are selected for collection of water samples. These 

taps are properly cleaned and allowed to flow for a few minutes before collecting the 

sample. 

Step One: Clean the tap 

Choose a sample tap that represents the water in distribution system. Avoid poor 

sample sites such as swivel faucets, hot and cold mixing faucets (with a single lever), 

leaky or spraying faucets, drinking fountains, janitorial sinks and faucets below or near 

ground level. Using a clean cloth, wipe the outlet to remove any dirt. 
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Step Two:  Open the tap 

Remove any attachments from the faucet, including aerators, screens, washers, hoses, 

and water filters. Open the tap for 5 minutes to flush out the standing water.  

 

Step Three. Sterilize the tap 

Sterilize the tap for a minute with the flame from a gas burner, cigarette lighter, or an 

ignited alcohol-or spirit soaked cotton-wool swab or spray a small quantity of spirit on 

surface of tap and flame it with match stick and let it cool down. 

.  

Step Four: Open the tap before Sampling 

Spray some spirit on your hands and then open the tap again to turn the water down to 

a thin stream (about the width of a pencil) and let it run for one minute. Do not adjust the 

flow after it has been set. 
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Step Five:  Open the sterilized bottle 

Take out a bottle and carefully unscrew the cap or pull out the stopper. To avoid 

contamination while taking the sample, hold the bottle near the bottom with one hand, 

hold the top of the cap with the other, and then unscrew the cap. Do not place the cap 

on the ground. 

 

Step Six: Fill the bottle 

While holding the cap and protective cover face downwards (to prevent entry of dust, 

which may contaminate the sample), immediately hold the bottle under the water jet, 

and fill.Be careful not to let the bottle touch the sample tap. Fill the bottle to the neck 

(leave 1” from tap) but do not allow it to overflow. Remove the bottle from the water 

flow. A small air space should be left to make shaking before analysis easier. 
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Step Seven:  Stopper or cap the bottle 

Place the stopper on the bottle or screw on the cap and tightly close it.  

 

Step Eight:  Record the Information 

Complete the questionnaire/Performa. If there was anything unusual about the sample 

collection, note it down. Label the bottle with permanent marker and deliver the sample 

to laboratory or to a designated drop-off location for the lab as soon as possible. Lab 

analysis must begin within 6 hours of sample collection. 

c) Sampling from a Watercourse or Reservoir 

Step One:  Open the sterilized bottle as described in Step-Five. 

Step Two: Fill the bottle. Holding the bottle by the lower part, submerge it to a depth of 

about 20cm, with the mouth facing slightly upwards. If there is a current, the bottle 

mouth should face towards the current. The bottle should then be capped or Stoppard 

as described previously. 

 

Figure 1: Sampling from a Water Course or Reservoirs 
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d) Sampling from Tube wells  

The water samples from tube wells are collected after allowing them to flow for at least 

10 minutes to get representative sample of the groundwater. 

e) Sampling from Dug wells  

Step One: Prepare the bottle 

With a piece of string, attach a clean weight to the sampling bottle.  

Step Two: Attach the bottle to the String 

Take a 20-m length of clean string rolled around a stick and tie it to the bottle string. 

Open the bottle as described in section  

 

Step Three: Lower the bottle 

Lower the bottle, weighed down by the weight, into the well, unwinding the string slowly. 

Do not allow the bottle to touch the sides of the well. 
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Step Four: Fill the bottle 

Immerse the bottle completely in the water and lower it well below the surface without 

hitting the bottom or disturbing any sediment. 

 

Step Five: Raise the bottle 

Cap the bottle tightly and proceed further. 

Water samples are collected from hand pumps or dug wells after purging of the hand 

pump or well. The purging is carried out by making one stroke for every foot of depth (A 

hand pump or dug well having 30 feet of depth, needs 30 strokes for its purging).  
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3 Instrumentation 
 

This unit contains specification for basic microbiological laboratory equipment. 

Equipment are required to be calibrated annually by calibrating body. Conduct 

maintenance at least annually, either in-house or by service contract following 

manufacturers and analytical requirements. 

3.1 Incubator: 

3.1.1 Scope: 

The scope of the incubator is to set and maintain a specific temperature required to 

attain the growth of the bacteria. 

3.1.2 Principle: 

Microbiological incubator is designed for exact incubation of harmless materials. 

Because of their precise accuracy these devices are especially useful for incubation of 

cultures at standard temperature. 

3.1.3 Operation: 

3.1.3.1 Step 1: Installation 

 The unit should be installed on an even, non-flammable surface.  

 In order to ensure optimum operation, the unit should be aligned with a spirit 

level. 

3.1.3.2 Step II: Setting of temperature: 

 Plug is inserted into socket. Green Standby “LED” illuminates. 

 Power button is pressed until the display lights up. 

 Actual temperature is displayed. 

  X/W button is pressed, the display shows “SP” for approximately 1 sec and then 

changes to the input level. 

 Up and down buttons are used to set the required temperature. 

 The set temperature is automatically adopted after approximately 2 seconds. 

 X/W button is pressed to return to the actual display. 

 Quality Practices: 
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3.1.3.3 Quality control 

 One-inch space between the walls of the incubator and the stacks of dishes or 

buckets are maintained. 

 Calibrated thermometer with the bulb continuously immersed in water is placed 

on each shelf within the incubator to note the reading on daily basis. 

  Air quality and sterility testing on weekly basis is monitored. It is done only after 

the weekly cleaning of incubator with 90 % ethanol. 

3.1.4 Cleaning 

 The outside, inside, walls and doors of incubators are cleaned with soft cloth 

which has been immersed in 70% ethanol.  

3.1.5 Maintenance 

 All work must be carried out by qualified electricians or technicians. 

 Before maintenance work is performed, the unit must be de-energized. 

 The moving parts of the doors are greased twice a year with thin silicone grease. 

3.1.6 Safety Precautions: 

 The solvent content, which is kept inside, should not be explosive. 

 The user must know about any potential health risks caused by the charging 

material. 

3.2 Analytical Balance: 

3.2.1 Scope: 

To provide guideline for analytical balance to obtain the best accuracy in measurements 

3.2.2 Calibrating weights: 

 Certified calibration weights of 1g and 100 g masses. 

3.2.3 Operation: 

3.2.3.1 Weighing: 

 The balance is turned ON and left for 10 minutes as a warm up time. 

 The balance is then tared. 

 The reference sample quantity is then displayed and placed on the balance. 
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 Weight and quantity is then displayed. 

 The balance is then unloaded.  

3.2.4 Quality Practices: 

3.2.4.1 Quality Control: 

 Reference weights are inspected with each use and discarded if damaged or 

corroded. 

3.2.4.2 Cleaning: 

 To keep the balance operating properly, the cover, housing and removable pan 

are kept clean and free from foreign materials. 

 Power cord is disconnected before cleaning. 

 Any aggressive cleaning agents are not used. 

 For removing and cleaning the weighing pan, it is lifted up with the pan support 

by gripping them from under the shield ring but do not damage the weighing 

system. 

3.2.5 Maintenance: 

  Service contract or internal maintenance protocol is maintained annually with 

records. 

3.2.6 Precautions: 

 Clean balance pans after each use with a soft brush. 

 Avoid placing the balance in close proximity to a heater or direct sunlight. 

 Avoid exposing the balance to extreme vibrations and moisture over long period. 

3.3 Autoclave 

3.3.1 Scope: 

Autoclave used is semi-automatic control system and digital temperature reading, used 

for the decontamination of the media. 

3.3.2 Sterilization temperature & Time: 

 Temperature 121oC for 15 minutes. 
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3.3.3 Operation: 

Step 1: Installation 

 Autoclave is installed near suitable electric mains. 

 Hose is fixed in the water/steam exit nipple of the machine and also fix the other 

end to a drain or deposit without obstructing the flow. 

Step II: Starting up: 

 Steam valve and the drainage valves are checked that they are closed. 

 The autoclave tank is filled up to the brim level. 

 The material is placed inside which is to be sterilized. 

 The cover is then closed. 

 The autoclave is turned on with the main switch. 

 The sterilization temperature is selected with the temperature controller switch 

knob. 

Step III: Temperature set selection: 

 P button is pushed, SP appears in display. 

 Up and down keys are pushed to preset the desired temperature. 

 P button is pushed to confirm the selected temperature. 

 P and up or down key is simultaneously pushed to return main menu. 

 Sterilization temperature is selected with the timer knob. 

 To stop the autoclave, main switch is pressed. 

3.3.4 Quality Practices: 

3.3.4.1 Quality Control: 

 For sterility test heat-indicating tape is used to identify that supply and materials 

have been sterilized. 

3.3.4.2 Cleaning: 

Unit is cleaned and washed with Teepol on monthly basis. 



 

24 

3.3.5 Maintenance: 

 Before removing the cover disconnect the apparatus from the mains. 

 The manipulations of internal electronic circuits of the apparatus by unauthorized 

personnel can cause irreparable damage so it should be serviced by authorized 

technical persons. 

3.3.6 Safety Precautions 

 Do not install the autoclave in places where inflammable liquids are stored or in 

zones with special protection. 

 Before opening the cover always check that there is not pressure. The pressure 

gauge indicator installed in the control panel must read 0kg/cm2. 

 At the end of the sterilization cycle, autoclave is left to cool slowly until the 

pressure is 0kg/cm2. 

3.4 Water Bath 

3.4.1 Scope 

The scope of the water bath is to set and maintain a specific temperature required to 

attain the growth of the bacteria. 

3.4.2 Temperature control range: 

 37 °C up to 100 °C                              

3.4.3 Operation: 

 Distilled water is filled into water bath before plug in. 

 Plug in, start button is pushed and green light is on. It means heating is in 

progress. 

 Temperature setting knob is turned to the desired temperature value. The green 

light means heating. 

 When the red and green light is on by turn, the system is in constant 

temperature, the value showed on the scale is the real temperature. 

3.4.4 Quality Practices 

3.4.4.1 Quality control 

 Accurate thermometer with the bulb continuously immersed in water is to be 

maintained in the water bath and daily reading on thermometer is recorded. 
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 Distilled water is changed monthly and Anticorrosive (1%glycerol) is used in 

water. 

3.4.4.2 Cleaning 

 Inner and outer surfaces of water bath are cleaned with soft cloth which has been 

immersed in 70% ethanol. 

 In order to ensure correct operation and long life, it is absolutely essential that 

bath is cleaned as necessary. 

3.4.5 Maintenance 

 Proper attention is paid to regular maintenance. 

 Distilled/ de-ionized water is used in water bath to avoid clogging of salt particles. 

3.5 Safety Precautions 

 Make sure the water bath is safely electrically grounded. 

 Don’t let water into the electrical controlling case. 

 Water should not be off in water bath. 

 Only stainless steel, plastic-coated, or other corrosion-proof racks are used. 

 Water depth should be to immerse tubes to upper level of media. 

3.6 Refrigerator 

3.6.1 Scope: 

The scope of the refrigerator is to set and maintain a specific temperature to store 

prepared media and reference culture. 

3.6.2 Operation: 

Step 1: Installation 

 The refrigerator must be placed on a rigid, level surface. 

 Allow sufficient clearance between the refrigerators back, also the side wall, so 

the door can open fully and to minimize noise. 

 The refrigerator should not be exposed to direct sunlight, nor should it be close to 

a direct source of heat. 
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Step II: Before use: 

 Refrigerator is first cleaned and parts are put back in their original position. 

 The unit is pluged and thermostat is set to maximum. 

 Left the refrigerator is left empty for 2 to 3 hours. 

Step III: Temperature control: 

 Inside temperature is controlled by turning the thermostat dial. 

 Button is turned clockwise for colder temperature. 

 Button is turned counterclock wise for warmer temperature. 

 MIN: Minimum setting 

 MED.:Medium setting 

 MAX.: Coldest 

Step IV: Defrosting: 

 Refrigerator has an automatic defrost function which removes frost when 

needed.  

 During defrosting, the compressor stops and heater in evaporating system starts 

running. 

  Water produced as a result is collected in a drain tray at the bottom of the 

refrigerator and automatically evaporate by tube evaporator condenser.  

3.6.3 Quality Practices: 

3.6.3.1 Quality control: 

 Accurate thermometer with the bulb continuously immersed in water is 

maintained on shelf and daily temperature is recorded twice a day. 

 Sterility check of the refrigerator is done weekly after cleaning. 

3.6.3.2 Cleaning: 

 Before cleaning unplug the refrigerator and remove all the things inside. 

 For cleaning inside and outside a soft cloth with water, mild soap suds, with a 

mild detergent and warm water is used and finally is dried with a soft towel. 

 Compartment shelves, door racks, magnetic door seals etc. are washed with a 

mild detergent and warm water. Temperature control box is wiped with a soft 

cloth. 
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3.6.3.3 Maintenance: 

 Repairs of electric equipment should only be performed by a qualified technician. 

Incorrect repairs carried out by someone unqualified are a potential source of 

danger that may have a critical consequence for the user of the refrigerator. 

3.6.3.4 Safety Precautions: 

 Don’t put any flammable materials near the refrigerator and don’t use flammable 

sprays near the refrigerator. Electric spark may cause explosion. 

 Never store products that employ an inflammable propellant gas or explosive 

substances inside the refrigerator. 

3.7 Biology Safety Cabinet 

3.7.1 Scope: 

The scope of the safety cabinet is to protect the sample, the operator and the 

environment from biological hazards that otherwise do harm to human body during 

microbiological work. 

3.7.2 Principle: 

 HF safe safety cabinet is based on Class II type A/B3 vertical-air flow which uses 

the ULPA filter that exceeds the efficiency 99.99%. 

3.7.3 Operation: 

Step 1: Installation 

 Safety cabinet is installed on a level surface and is fixed tightly without loose or 

tilting. 

 Cabinet is lifted onto the stand or workbench vertically. 

 Stainless steel work panels are then placed into working chamber. 

 The power cord is then plugged into socket. 

Step II: Setting before start: 

 Limit value of the negative pressure is set. 

Step III: Start Up: 

 Power cord is plugged into socket. 

 General switch is turned at the position “I” by system administrator. Therefore 

power supply is connected to the cabinet. 



 

28 

 Display and function keys are inspected except UV light. 

 System is ready to use and work is then performed in the cabinet. 

 After the operation is over and before turning off the power, all use material is 

taken away from the equipment. 

 Air circulation is kept for a period of time, then front glass window is closed. 

 General power switch is switched off and front glass is locked. 

3.7.4 Maintenance and Cleaning: 

 Maintenance must be performed every 1000 operating hours or annually and 

every time when instrument is started.  

3.7.4.1 Daily and weekly cleaning: 

 Working chamber and work panel is disinfected with 70 % ethanol. . 

 Exterior cabinet surfaces and glass areas are cleaned with a detergent solution 

of glass cleaner. 

 Top of the cabinet is cleaned using vacuum cleaner. 

3.7.5 Quality control 

 The circulation and exhaust systems are checked for leakages. 

 Sterility check is done on weekly basis after disinfection of its surfaces. 

3.7.6 Safety Precautions: 

 Safety cabinet should be installed in a place that achieves certain cleanness 

degree to guarantee the performance of the cabinet and the product-life of the 

filters. 

 The lab should be equipped with ventilation equipment. If the experiment has the 

risk of contamination, the exhaust set of ventilation equipment must be equipped 

with adequate air filter. 

 Prior to turning the UV on, the front glass window is completely closed. If 

operator is standing beside when UV light is ON, he should be armed with the 

exposure suit and safety goggles. 

3.8 Microscope 

3.8.1 Scope: 

The scope of the microscope is to view the morphology of the micro-organisms.  
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3.8.2 Operation 

 Using switch ON/OFF, power is “ON”. 

 Objective 10 is set into operation. 

 Slide is then set on the stage. 

 Using 4 objectives, the auxiliary condenser is adjusted. 

 Aperture of diaphragm is adjusted. 

 By rotating the nose piece it is refocused with other objectives. 

 Oil immersion is used to focus between objective and the specimen. 

3.8.3 Special Settings: 

 The specimen is focused and inter-distance of the binocular is adjusted to 

combine left and right view. 

 Fine/Coarse focusing knobs are adjusted to bring specimen in clear view. 

 Slide is fixed up under stage clips. 

 Adjustment of intense knob is done to set brightness and light intensity.  

3.8.4 Quality Practices: 

3.8.4.1 Quality control: 

 Magnification is checked. 

 Lamp alignment is checked periodically especially when the lamp is changed. 

3.8.4.2 Cleaning: 

 Microscope objectives are cleaned with lens cleaner or xylol- never use alcohol 

on the lens. 

 Surface of microscope is cleaned daily and after work. 

3.8.5 Safety Precautions: 

    Make sure the light is turned off after using microscope. 

 Cover microscope when not in use. 

 Use lens paper to clean optics and stage after each use. 
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3.9 Hot Air Oven 

3.9.1 Scope: 

The scope of hot air oven is to sterilize the charging material and glassware by dry heat.  

3.9.2 Temperature range: 

 5 oC to 300 oC 

3.9.3 Operation: 

Step 1: Installation 

 The unit is installed on an even, non-flammable surface.  

Step II: Setting of temperature: 

 Plug is inserted into socket. Green Standby “LED” illuminates. 

 Power button is pressed until the display lights up. 

 Actual temperature is displayed. 

  X/W button is pressed, the display shows “SP” for approximately 1 sec and then 

changes to the input level. 

 Up and down buttons are used to set the required temperature. 

 The set temperature is automatically adopted after approximately 2 seconds. 

 X/W button is pressed to return to the actual display. 

3.9.4 Quality Practices: 

3.9.4.1 Quality control: 

 One inch space between the walls of the hot air oven and the stacks of dishes or 

buckets are maintained. 

3.9.5 Cleaning: 

 In order to ensure correct operation and long life, it is absolutely essential that 

any dust deposits on the condenser are removed with the vacuum cleaner, brush 

or bottle brush depending on the quality of dust. 

 The outside, inside, walls and doors of hot air oven are cleaned with soft cloth 

which has been immersed in 70% ethanol.  

 In any case do not pour any water into the hot air oven. 
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3.9.6 Maintenance: 

 All work must be carried out by qualified electricians or technicians. 

 Before maintenance work is performed, the unit must be de-energized. 

 The moving parts of the doors are greased twice a year with thin silicone grease. 

3.9.7 Safety Precautions: 

 The user should be informed about the physical and chemical properties of the 

charging material, as well as the contained moisture constituent and its behavior 

under addition of heat energy. 

 The solvent content which is kept inside should not be explosive. 
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4 Essential Methods for maintaining, 
preparing and using cultures 

 

4.1 Scope 

Preparation of stock cultures and working cultures from master cultures and use of 

these cultures for the quality control practices.  

4.2 Culture Media 

 Nutrient agar 

 Nutrient broth 

4.3 Reference Strains: 

Two different strains are maintained as reference cultures. 

 Escherichia coli-ATCC 8739 

 Staphylococcus aureus-ATCC 25923 

4.4 Reference Culture Maintenance Programme 

It may be convenient to maintain a stock of a pure culture instead of re-purchasing it 

when needed. Most of those considered suitable for use are also relatively easy to 

maintain by sub-culturing on the medium appropriate for growth but maintenance of 

stock cultures needs to be well organized. ATCC cultures for one year are maintained 

according to the pattern given in Table-2. Master cultures, stock cultures and working 

cultures are included in the system.  

Table 1: Reference Culture Maintenance for One Year 

Master Culture(one year) 

Stock Culture Stock Culture Stock Culture Stock Culture 

W.C W.C W.C W.C W.C W.C W.C W.C W.C W.C W.C W.C 

Jan Feb Mar Apr May 
Jun

e 
Jul Aug Sep Oct Nov Dec 

W.C = Working Culture  
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4.4.1 Master Culture: 

One culture bottle of E.coli and Staphylococcus aureus are maintained in nutrient agar 

medium as master culture during the year. 

4.4.2 Stock Culture: 

Stock cultures are prepared by sub-culturing from stock culture of E.coli and 

Staphylococcus aureus on nutrient agar medium.  

4.4.3 Working Culture: 

Working cultures of E.coli and Staphylococcus aureus are prepared by sub culturing 

stock cultures on nutrient agar medium once in every month. 

4.4.4 18 hours working culture of E.coli and Staphylococcus aureus: 

 For each test, 18 hours old working cultures of E.coli and Staphylococcus aureus are 

prepared and used for the quality control during routine testing. 

4.5 Sub Culturing Procedure 

4.5.1 Aseptic transfer technique 

 This technique involves avoiding any contact of the pure culture, sterile medium 

and sterile surfaces with contaminating microorganisms. 

 Sterilization is maintained at work area by cleaning with ethanol.  

 The transfer loop is sterilized by heating in the flame of bunsen burner before  

and after transferring.  

 The work performed quickly and efficiently to minimize the time of exposure 

during which contamination of the culture or laboratory worker can occur. 

4.5.2 Sub-culturing of E.coli 

 Working culture of E.coli is prepared by using its relevant stock culture. 

 Nutrient agar slants are prepared in Macotney bottles. Transfer loop is sterilized 

in flame until red hot and then is allowed to air cool. 

 The mouth of the culture bottle is opened near flame. 

 Small amount of culture is picked up from stock culture tube by using inoculating 

loop and is streaked on the nutrient agar slants. 

 The mouth of the culture bottle is resealed. 
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 Culture slants of E.coli are incubated at 37 ±10C for 24 hours. 

 After incubation period, growth is noted and culture is stored in refrigerator at  

4- 8°C. 

 While doing work, 18 hours working culture of E.coli is prepared and is used for 

inoculation after incubation at 37 ±1°C as quality control.  

 Monthly testing of E.coli is done by bio-chemical tests as in table-1. 

4.5.3 Sub culturing of Staphylococcus aureus 

 Working culture ofStaphylococcus aureus is prepared from stock cultures. 

 Using aseptic techniques, small amount of culture is picked up from stock culture 

tube by using inoculating loop and is streaked on the nutrient agar slants. 

4.5.4 Discard of expired cultures 

 Expired original ATCC cultures, master, stock and working cultures are discarded 

after autoclaving. 

 Culture slants of Staphylococcus aureus are incubated at 37 ±10C for 24 hours. 

 After incubation period, growth is noted and culture is stored in refrigerator. 

 Coagulate test is performed monthly for the confirmation of Staphylococcus 

aureus as in table 3. 

 Stock cultures are subjected to purity tests monthly by streaking on nutrient agar 

plates.  

 If purity test is negative, the stock culture is discarded and new stock culture is 

prepared from master culture.  

 Purity test is performed as following:  

4.6 Purity Check 

 Inoculating loop is sterilized until red hot and let it cool touching the side of Petri 

plate. Inoculating loop is touched on culture and streaked 1st set of four lines on 

nutrient agar (NA).  

 Inoculating loop is again sterilized and then the streaked nutrient agar plate is 

turned at an angle of 45°. 

 Inoculating loop is left to cool and 2nd set of four lines are streaked by making 

cross as shown in the figure-1. 
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 Streaking of 3rd and 4th sets of lines is done in similar way. The plates are 

incubated at 37 ±1 °C for 24 hours. 

 

Figure 2: Nutrient agar plate 

4.7 Bio-Chemical Tests 

Stock cultures are subjected to biochemical tests on monthly basis by culturing in 

nutrient broths. If biochemical tests answer negative, stock and master cultures are 

discarded and new ATCC culture is opened. (Table-2). 

Table 2: Bio-Chemical Tests for Stock Cultures 

Culture Biochemical test Typical reactions 

Escherichia coli 1. Indole reaction 1. Formation of red ring with Kovac’s 

reagent on SIM Agar deep tubes. 

2. Methyl red test 2. Methyl red indicator at pH 4 is 

turned in red coloration in MR-VP 

broth. 

3. Voges –Proskauer 

test 

3. Barrit’s reagents A & B are added 

in MR-VP broth and appearance of 

deep red coloration. 

4. Citrate test 4. Presence of growth in Simmon’s 

Citrate agar slants with deep 

Prussian blue coloration. 

Staphylococcus 

aureus 

1. Coagulase test 1. Clotting of rabbit plasma after 4 to 

6 hours of incubation in nutrient 

broth or brain heart infusion broth. 
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1.   IMViC TEST 

a)Kovac’s (Indole) reagent: 

Composition: Para-dimethyl amino benzaldehyde 5g 

Amyl alcohol 75ml 

Concentrated HCl 25ml 

Preparation: Mix the components. Store at room temperature (15–30°C) in the dark. 

Reagents may be stored in dark brown glass bottles or in clear bottles 

wrapped in aluminum foil to ensure darkness. It is stable for one month. 

b)MR-VP Medium 

Composition: Peptone 7.0 g 

Glucose 5.0 g 

Dipotassium hydrogen phosphate 5.0 g 

Water 1,000 ml 

pH 6.9 ±0.2 

Preparation: Dissolve the components in the water, by heating if necessary. Transfer 

10 ml of the medium into each of several tubes. Sterilize at121±1°C for 

20 min. Final pH is 6.9. Keep the prepared medium in the refrigerator. 

Simmon’s Citrate Agar Medium: 

Composition: Sodium ammonium hydrogenPhosphate 1.5 g  

Dipotassium hydrogen phosphate 1.0 g 

Magnesium sulphate 0.2 g 

Sodium citrate 3.0 g 

D. Water 1,000 ml 

pH 6.6 ±0.2 

Preparation: Dissolve the components in the water, by heating if necessary.  

Sterilize at121±1°C for 20 min. 

Barritt’s reagent A & B: 

Solution A: 
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Composition Alpha-naphthol  5 g 

Ethanol absolute 95 ml 

Preparation Alpha-naphthol is dissolved in the ethanol with constant stirring. 

Solution B: 

Composition Potassium hydroxide (KOH) 40 g 

Creatine 0.3 g 

Distilled Water 100 ml 

Preparation KOH is dissolved in 75 ml distilled water. The solution when cools 

down, creatine is added and remaining water is then added and stored 

in refrigerator. 

  Methyl Red Indicator: 

Composition Methyl red 0.10 g  

95% ethyl alcohol 300.0 ml 

Preparation Dissolve the methyl red in ethanol and make up to 500ml with distilled 

water. 

2. COAGULASE TEST 

   Brain-Heart infusion Broth 

Composition: Calf brain infusion solids 12.5 g 

Beef heart infusion solids 5.0 g 

Peptone 10.0 g 

Glucose 2.0 g   

Sodium chloride 5.0 g 

Disodium hydrogenorthophosphate 2.5 g 

Water 1000 ml 

Preparation: Dissolve the components or the dehydrated complete medium in water 

by heating if necessary. Adjust the pH so that after sterilization it is 7.4 

± 0.1. Transfer the culture medium into tubes or bottles in quantities of 

10 ml. sterilize the medium at 121±1 °C for 15- 20 minutes.  
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4.8 Positive and Negative Controls 

 Strain Escherichia coli is used as positive control whereas strain staphylococcus 

aureus is used as negative control. 

 Working cultures are used to prepare corresponding positive and negative 

controls for the laboratory. 

 Sterilized inoculating loop is touched on working cultures and cultures are 

transferred to the nutrient broth. 

 Nutrient broth is then incubated at 37±1°C for 18 hours. 

 After the incubation period cultures are used as positive and negative controls 

during routine testing. 

4.9 Preservation 

Bacterial cultures are preserved at 4-8°C on the surface of nutrient agar slants. 

 

Note:  

Master cultures, stock cultures and working cultures are prepared on nutrient agar 

slants, preserved with double autoclaved liquid paraffin at 4-8°C. 

Stock cultures are subjected to biochemical tests monthly by growing nutrients broth. If 

biochemical tests answer negative, stock and master cultures are discarded and new 

ATCC culture is opened. 

Stock cultures are subjected to purity tests monthly by streaking on nutrient agar plates. 

If purity test is negative, the stock culture is discarded and new stock culture is prepared 

from master culture.  

It is essential that after removal of sterile caps, plugs, or pipette canister tops these are 

kept in hand with sterile side down before replacing. It is not advisable to place on 

bench area. 

Any contamination of a stock culture by another organism will ruin the stock culture. 
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5 MICROBIOLOGY IN ACTION 

 

5.1 Method I: Enumeration Of Total Coliforms, Fecal Coliforms and E.coli 

by Most Probable Number (MPN) Method Using Culture Media 

5.1.1 Scope 

Most Probable Number (MPN) is a method used to estimate the concentration of viable 

microorganisms in a sample by means of replicate liquid broth growth in ten-fold 

dilutions. Test is applicable to detect Total Coliforms and fecal contamination from pipe 

water, public water and bottle water supplies.MPN is most commonly applied for quality 

testing of water i.e to ensure whether the water is safe or not in terms of bacteria 

present in it. 

5.1.2 Principle 

In the multiple tube method of counting bacteria measured volume of the water is tested 

in a liquid differential medium. It is assumed that, on incubation, each tube which   

received one or more viable organisms in the inoculums will show growth and then most 

probable number of organisms in sample may be estimated by the positive tubes and 

the statistical table of probability. 

5.1.3 Resources: 

Resources include glassware, apparatus and media. Detail is given in the table 3. 
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Table 3: Apparatus 

a) Glassware:  

1 Test tubes screw capped                  25 ml, 10 ml 

2 Durham’s tubes                          35mm x 8mm 

3 Sterilized sampling bottle 250 ml 

b) Equipment: 

Incubator at 35 ± 0.5 oC                  Biological Safety Cabinet                     

Autoclave at 121± 1oC                       Analytical Balance 

Incubators at 44.5 ± 0.2 oC Auto pipettes (10 ml, 1ml )                         

Hot airoven at 180 oC                         Autoclave able pipette tips 

Water baths at 44.5 ± 0.5 oC Bunsen burner 

Sterilized petri plates Wire loop 

Heating magnetic stirrer pH meter 

c) Culture Media and Reagents: 

Lauryl Tryptose Broth (LTB) MR-VP broth 

Brilliant Green Lactose Bile Broth (BGLB) Simmons citrate agar 

EC Broth Kovac’s reagent 

L-EMB Agar Methyl red indicator 

PCA slants Barritt’s reagent A & B 

SIM gar (Deep tubes)  
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5.1.4 Preparation of Media: 

Dehydrated media are used following supplier’s instructions. Media is prepared for 

detection of Coliforms, Fecal Coliforms and E.coli.  Media preparation is done in 

different steps. 

 Media is weighed in aluminum foil. Respective quantity as per manufacturer’s 

instruction is followed in weighing and is taken in measuring flask and 

rehydrated. 

 pH is measured before dispensing the medium to test tubes. Any adjustment 

required is done with 1 M NaOH or 1 M HCl. 

 Media is sterilized in an autoclave at 121±1 oC for 15 min. 

 Every lot of prepared media is assigned a lab batch No. 

 

a) Preparation of Lauryl Tryptose (LT) Broth: 

 

i) Double Strength Medium: 

Lauryl tryptose broth 71.2 g 

Distilled water 1000 ml 

pH 6.8  ±0.2 

Dissolve the ingredients in 1L of de-ionized water, adjust the pH, dispense 10 ml into 

the tubes of 25ml containing inverted Durham’s tubes and sterilize by autoclaving at 121 

± 1 oC for 15 min. 

 

ii) Single Strength Medium: 

Lauryl tryptose broth 35.6 g 

Distilled water 1000 ml 

pH 6.8  ±0.2 

Dissolve the ingredients in 1L of deionized water, adjust the pH, dispense 5 ml into the 

tubes of 18 ml containing inverted Durham’s tubes and sterilize by autoclaving at 121 ± 

1 oC for 15 min. 
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b) Preparation of Brilliant Green Lactose Bile Broth: 

Single strength: 

Brilliant Green Lactose Bile Broth    40 g 

Distilled water 1000 ml 

pH 7.2 ±0.2 

 

Dissolve the ingredients in 1000ml of de-ionized water, adjust the pH, dispense 5ml in 

the tubes of 10ml, containing inverted Durham’s tubes and sterilize by autoclaving at 

121±1oC for 15 min. 

c) Preparation of EC Broth: 

Single strength:   

EC Broth 37 g 

Distilled water 1000 ml 

pH 6.9 ±0.2 

 

Dissolve the ingredients in 1000ml of warm de-ionized water, adjust the pH at 25oC and 

sterilize by autoclaving at 121±1oC for 15 min. Dispense the EC broth in each test tube 

containing 5 ml. 

 

d) Preparation of Plate Count Agar 

PCA Agar 22.5 g 

Distilled water 1000 ml 

pH 7.0 ±0.2 

 

Dissolve the ingredients in 1000ml of warm de-ionized water, adjust the pH at 25 oC 

and sterilize by autoclaving at 121±1oC for 15 min. Dispense the PCA media in each 

test tube containing 10 ml and let these inclined for solidifying for slants. 

 

e) L-EMB Agar 

LEMB Agar 36 g 

Distilled water 1000 ml 
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pH 7.0±0.2 

Dissolve the ingredients in 1000ml of warm deionized water, adjust the pH at 25 oC and 

sterilize by autoclaving at121±1oC for 15 min. Dispense the L-EMB Agar in each test 

tube containing 10 ml. 

Media storage& Issuance: 

All sterilized media are kept in racks and stored in refrigerator at 4-8 oC and all the 

reagents are kept at 15-25 °C. Media are issued in accordance with the date of 

preparation. 

 



 

47 

5.1.5 Media Quality Control: 

Media quality control is done by using E-coli and Staphylococcus aureus. Detail of 

culture used and their expected results is given at Table B& C. 

Table 4: Cultures to be used in media quality control procedures: 

Medium Positive control Negative 

control 

Incubation condition 

Lauryl tryptose broth E. coli S. aureus 35 ± 0.5 oC for 48±3hrs 

Brilliant Green 

lactose Bile broth 

E. coli S. aureus 35 ± 0.5 oC for 48±3hrs 

EC Broth E. coli S. aureus 44.5 ±0.2 oC for 24±2 hrs  

Plate Count Agar E. coli S. aureus 35 oC for 24 hrs. 

L-EMB Agar E. coli S. aureus 35 oC for 24±2 hrs. 

Table 5: Expected reactions of positive and negative controls 

Medium Positive control Negative control 

LT broth Gas and acid production 

(Yellow colour) 

 No Gas and acid production 

Brilliant Green lactose 

Bile broth 

Gas production and 

turbidity 

No Gas production and No Growth 

EC Broth Gas and acid production No Gas and acid production 

Plate Count Agar Growth of colonies on 

Petri plates 

No growth on Petri plates 

L-EMB Agar Growth of colonies on 

Petri plates 

No growth on Petri plates 
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5.1.6 Performance of Sterility Check 

 Incubate sterilized LT broth tube, BGLB broth tube, EC broth tube, PCA slants 

and L-EMB agar plates at 35 ± 0.5oC and 44.5± 0.2oC  for 24-48hrs. 

 Observe LT, BGLB and EC broth tubes for acid and gas production. Medium is 

considered as sterile if LT broth tubes, BGLB broth tubes and EC broth tubes do 

not produce acid and gas. 

 Observe Plate Count Agar slants and L-EMB agar plates for the growth of the 

colonies.Agar is considered as sterile if Plate Count Agar and L-EMB agar plates 

do not show any growth of colonies. 

5.1.7 Procedure for Testing: 

Most Probable Number (MPN) is a method used to estimate the concentration of viable 

microorganisms in a sample by means of replicate liquid broth growth in ten-fold 

dilutions. In the multiple-tube method, a series of tubes containing a suitable selective 

broth culture medium is inoculated with test portions of a water sample. After a specified 

incubation time at a given temperature, each tube showing gas formation is regarded as 

“presumptive positive” since the gas indicates the possible presence of coliforms. 

However, gas may also be produced by other organisms, and so a subsequent 

confirmatory test is essential. The two tests are known respectively as the presumptive 

test and the confirmatory test. For the confirmatory test, a more selective culture 

medium is inoculated with material taken from the positive tubes. After an appropriate 

incubation time, the tubes are examined for gas formation as before. The most probable 

number (MPN) of bacteria present can then be estimated from the number of tubes 

inoculated and the number of positive tubes obtained in the confirmatory test, using 

specially devised statistical tables. This technique is known as the MPN method. 

5.1.7.1 MPN test is performed in 3 steps 

1. Presumptive test 

2. Confirmatory test 

3. Completed test 

 

 

MPN Method 

 

Presumptive Test Confirmatory Test Completed Test 
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5.1.7.2 Presumptive Test:  

The presumptive test looks for presence of Coliforms in the water sample by inoculating 

lactose broth with the water sample. 

5.1.8 Procedure: 

The presumptive test is a screening test to sample water for the presence of coliform 

organisms. If the presumptive test is negative, no further testing is performed, and the 

water source is considered microbiologically safe. If, however, any tube in the series 

shows acid and gas, the water is considered unsafe and the confirmed test is performed 

on the tube displaying a positive reaction. 

The procedure to be used for testing comprises of following steps: 

 

A. Remove the cap from the sample bottle. 

 

 

B. With the stopper in position, shake the bottle vigorously to achieve a 

homogeneous dispersion of bacteria. (If the bottle is completely full, remove the 

stopper and discard about 20–30 ml of water; then replace the stopper and 

shake. This ensures thorough mixing.) 

C. Arrange three rows of five tubes each in a test-tube rack. The tubes in the first 

row (F1) hold 10 ml of double-strength presumptive medium while the tubes in 

the second and third rows (F2, F3) contain5 ml of single-strength presumptive 

medium. 
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D. With a sterile pipette add 10ml of sample to each of the five tubes in row F1. 

 

E. With a sterile pipette, add 1ml of sample to each of the five tubes in row F2 and 

0.1 ml of sample to another row F3 with single strength of media. 

 

F. After gently shaking the tubes to mix the contents, incubate the rack with the15 

tubes at 35oC for 48 hours. 
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G. After incubation period presence or absence of growth, gas and acid production 

are recorded. If inner vial is omitted, growth with acidity signifies a positive 

presumptive reaction. The absence of formation of gas and acid at the end of 48 

hours incubation constitute a negative test.  

H. All the positive tubes are submitted for confirmed phase. 

5.1.9 Confirmed test: 

Some microorganisms other than Coliforms also produce acid and gas from lactose 

fermentation. In order to confirm the presence of Coliform, confirmatory test is done. 

Gently shake or rotate tubes showing gas or acidic growth to re-suspend the organisms. 

A loop ful is sub-cultured from each of the presumptive positive LTB tubes into tubes of 

Brilliant Green Lactose Bile broth. Inoculated tubes of Brilliant Green Lactose Bile broth 

are incubated for 48±3 hours at 35 ±0.5°C. 

Absence of acidic growth or gas formation (presumptive test) at the end of 48+3 hrs 

incubation constitutes a negative test. Formation of gas in any amount in the inverted 

vial of the Brilliant Green Lactose Bile Broth fermentation tubes at any time within 48+3 

hours constitutes a positive confirmed phase. 

Calculate MPN value from the number of positive Brilliant Green Lactose Bile Broth 

(BGLB) tubes using MPN table given in Appendix-A. Express the results as MPN of 

Coliforms per 100 ml. 
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5.1.10 Completed Phase for Coliforms 

Completed test is performed on at least 10% of positive confirmed tubes to establish the 

presence of coliform bacteria and to provide quality control data. LTB tubes showing 

gas or acidic growth are gently shaken or rotated to re-suspend the organisms. A loop 

ful is sub-cultured from each of the presumptive positive LTB tubes into tubes of EC 

broth. 

Inoculated tubes of EC broth are incubated at 44.5±0.2°C in water bath for 24±2 hours. 

The production of gas in the EC broth tubes within 24+2 hours or less is considered as 

positive completed test response for total Coliforms.  

5.1.11 Determination of Fecal Coliforms 

All the positive LTB tubes are submitted for the fecal coliform test. Positive LTB tubes 

showing gas or acidic growth are gently shaken or rotated to re-suspend the organisms. 

A loopful is sub-cultured from each of the presumptive positive LTB tubes into tubes of 

EC broth. 

Inoculated tubes of EC broth are incubated at 44.5±0.2°C in incubator for 24±2 hours.  

The production of gas in the EC broth tubes within 24+2 hours or less is considered as 

positive fecal coliforms reaction. Failure to produce gas (with little or no growth) 

constitutes a negative reaction. MPN value is calculated from the number of positive EC 

Broth tubes using MPN table given in Appendix-A. Express the results as MPN of Fecal 

Coliforms per 100 ml. 

 

5.1.12 Confirmation of E-coli 

The Positive EC tubes for Fecal Coliforms revealed by APHA Standard Method No. 

9221 E are submitted for confirmation of E-coli by an Internal Method (FAO Method 

mentioned in Reference Document) approved after method validation. Under aseptic 

conditions a loopful of suspension from each positive EC tube is streaked on L-EMB 

agar. 

L-EMB agar plates are incubated inverted for 24±2 hours at 35oC. 



 

53 

     Differentiation between these gram negative bacilli is based on the colony color. 

1. Colored colonies in EMB agar: Lactose fermenter 

2. Colorless colonies in EMB agar: Non lactose fermenter 

 

Well-isolated colony (dark centered purple colonies, flat, with or without metallic sheen) 

is picked from each plate and transferred to Plate Count Agar (PCA) slants, which are 

incubated at 35oC for 18-24 hours. After incubation period one colony is picked from 

each slant for Gram’s staining.  

All cultures appearing as Gram’s negative, short rods or cocci are further submitted for 

IMVIC test for confirmation of E-coli. 

Indole MR VP Citrate  

 

 

E. coli 
+ + - - 

- + - - 

5.1.13 IMViC Test: 

The IMViC series is a group of four individual tests that are commonly used to identify 

bacterial species, especially coliforms. Details are as follows:  
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Culture Biochemical test Typical reactions 

Escherichia coli 1. Indole reaction 1. Formation of red ring with Kovac’s 

reagent on SIM Agar deep tubes. 

2. Methyl red test 2. Methyl red indicator at pH 4 is turned 

in red coloration in MR-VP broth. 

3. Voges-Proskauer test 3. Barrit’s reagents A & B are added in 

MR-VP broth and appearance of deep 

red coloration. 

4. Citrate test 4. Presence of growth in Simmon’s 

Citrate agar slants with deep Prussian 

blue coloration. 

 

All cultures that ferment lactose with gas production in EC broth within 24 hour at 

44.5±0.2°C, show Gram’s negative reaction, non-spore forming rods or cocci and give 

IMVC patterns as following are confirmed as E-coli and reported as (-ve) or (+ve). 
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Table 6: Enumeration of Total Coliforms, Fecal Coliforms & E-coli by MPN Method 

Flow Diagram  

 

Preparation of   Glassware, Media and Reagents 

 

Arrange   Five tubes of LTB Double Strength & ten tubes of LTB 

Single strength 

 

Shake   Sampling Bottle for 25 Times 

 

Inoculate  Five LTB tubes double strength with 10 ml of sample, five tubes of 

LTB single  strength with 1 ml and five tubes of LTB with 0.1 ml of 

sample. 

 

Incubate   35±0.5oC for 24-48±3 hours 

 

Look for 

(Presumptive) 

  Gas and acid Production 

 

Subculture  BGLB (15 Tubes/for positive 

tubes) 

Single Strength (Confirmed test 

for Coliforms) 

EC broth (15 Tubes/for 

positive tubes) 

Single Strength  (Fecal 

Coliforms) 

   

Incubate  BGLB tubes at 35±0.5oC in 

incubator for 48±3 hrs. 

EC broth tubes at 44.5±0.2oC 

in water bath for 24±2 hours 

   

Look for 

(Confirmation) 

 Acid & Gas Production in BGLB 

broth tubes 

Acid & Gas Production in EC 

broth tubes 
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Proceed for 

Completed 

Test 

 Inoculate 10 % positive BGLB 

tubes into EC broth tubes Single 

Strength (Completed test), EC 

broth tubes at 44.5±0.2oC in water 

bath for 24±2 hours, Acid & Gas 

Production in EC broth tubes 

Note the Number of positive 

tubes of EC broth 

   

Calculate  MPN/100 ml for Total Coliforms 

(Confirmed) based on results of 

positive BGLB tubes 

MPN/100 ml for Fecal 

Coliforms based on results of 

positive EC tubes 

  

Streak on  - L-EMB agar plates 

  

Incubate  - 35 oC for 24 hours 

  

Observations 

for 

 - Well isolated colonies of dark 

centered purple, flat, with or 

without metallic sheen 

  

Inoculate on  - PCA slants 

    

Perform  - Gram staining 

    

Perform IMVIC 

tests 

 -  Gram Negative short rods or 

cocci 

    

Report   Positive/negative E-coli 
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5.1.14 QUALITY CONTROL 

Following positive and negative control organisms are tested each time the 

presumptive, confirmed and completed tests are performed. 

 Positive Escherichia coli 

 Negative       Staphylococcus aureus 

5.1.15 MEDIA DISPOSAL 

Media is disposed after autoclaving (121 ° C, 15 min) and all the glassware and petri 

plates are washed following discard guidelines. 

MPN Index and 95% Confidence Limits for Various Combinations of Positive 

Results When Five Tubes Are Used Per Dilution (10 ml, 1.0 ml, 0.1 ml) 

Combination of Positives 
MPN 

Index/100 

ML 

95% Confidence Limits 

10 ml 1 ml 0.1 ml 
Lower 

Upper 

0 0 0 Nil - - 

0 0 1 2 1.0 10 

0 1 0 2 1.0 10 

0 2 0 4 1.0 13 

1 0 0 2 1.0 11 

1 0 1 4 1.0 15 

1 1 0 4 1.0 15 

1 1 1 6 2.0 18 

1 2 0 6 2.0 18 

2 0 0 4 1.0 17 

2 0 1 7 2.0 20 

2 1 0 7 2.0 21 

2 1 1 9 3.0 24 

2 2 0 9 3.0 25 

2 3 0 12 5.0 29 

3 0 0 8 3.0 24 

3 0 1 11 4.0 29 

3 1 0 11 4.0 29 

3 1 1 14 6.0 35 

3 2 0 14 6.0 35 

3 2 1 17 7.0 40 

4 0 0 13 5.0 38 
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4 0 1 17 7.0 45 

4 1 0 17 7.0 46 

4 1 1 21 9.0 55 

4 1 2 26 12 63 

4 2 0 22 9.0 56 

4 2 1 26 12 65 

4 3 0 27 12 67 

4 3 1 33 15 77 

4 4 0 34 16 80 

5 0 0 23 9.0 86 

5 0 1 30 10 110 

5 0 2 40 20 140 

5 1 0 30 10 120 

5 1 1 50 20 150 

5 1 2 60 30 180 

5 2 0 50 20 170 

5 2 1 70 30 210 

5 2 2 90 40 250 

5 3 0 80 30 250 

5 3 1 10 40 300 

5 3 2 140 60 360 

5 3 3 170 80 410 

5 4 0 130 50 390 

5 4 1 170 70 480 

5 4 2 220 100 580 

5 4 3 280 120 690 

5 4 4 350 160 820 

5 5 0 240 100 940 

5 5 1 300 100 1300 

5 5 2 500 200 2000 

5 5 3 90 300 2900 

5 5 4 1600 600 5300 

5 5 5 1600 - - 
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5.2 Method II: Enumeration of Total Coliforms, Fecal Coliforms &E.Coliby 

Membrane Filtration Method 

5.2.1 Scope 

MF is most suitable technique for analysis of water samples; however, MF may be used 

in the analysis of sample from all stages of treatments and distributions and those 

sources of water having moderate turbidity. 

5.2.2 Principle 

The method involves passing a measured volume of water sample through a membrane 

of known physical properties. The membrane is then placed on a filter pad, which has 

been saturated with liquid medium, or it is placed on solid medium. 

 

5.2.3 Resources: 

Resources include glassware, apparatus and media. Detail is given in the table below:  

d) Glassware:  

1 Graduated measuring flasks 100 ml 

2 Petriplates Small size, gridded 

3 Sterilized sampling bottle 250 ml 

e) Equipment: 
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Incubator at 35 ± 0.5 oC                  Biological Safety Cabinet                     

Autoclave at 121± 1oC                       Analytical Balance 

Incubators at 44.5 ± 0.2 oC Grid-marked membrane filters 

Hot airoven at 180 oC                         Membrane filtration assambly 

Water baths at 44.5 ± 0.5 oC Bunsen burner 

Sterilized petri plates Colony counter 

f) Culture Media and Reagents: 

M-Endo agar LES  M-FC agar 

70 % ethanol Modified membrane-Thermotolerant 

Escherichia coli Agar   (Modified mTEC) 

5.2.4 Preparation of Media: 

Dehydrated media are used following supplier’s instructions. Media is prepared for 

detection of Coliforms, Fecal Coliforms and E.coli. Media preparation is done in different 

steps. 

 Media is weighed in aluminum foil.Respective quantity as per manufacturer’s 

instruction is followed in weighing and is taken in measuring flask and 

rehydrated. 

 pH is measured before dispensing the medium to test tubes. Any adjustment 

required is done with 1 M NaOH or 1 M HCl. 

 Every lot of prepared media is assigned a lab batch No. 

 M-Endo Agar and MFC media is heat till boiling whereas m-TEC media is 

sterilized in autoclave at 121 oC for 15-20 minutes. 

a) Preparation of L.E. S. Endo agar Medium: 

Composition: 

Yeast extracts 1.20 g 

Trypticase  3.70 g 

Thiopeptone or thiotone 3.70 g 

Tryptose 7.50 g 

Lactose 9.40 g 

Dipotassium hydrogen phosphate  3.30 g 
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Potassium dihydrogen phosphate  1.00 g 

Sodium chloride  3.70 g 

Sodium desoxycholate 0.10 g 

Sodium lauryl sulphate 0.05 g 

Sodium sulphite 1.60 g 

Basic fuchsin  0.80 g 

Agar 15.0 g 

Distilled water 1 L 

pH 7.2 ±0.2 

Re-dehydrate in distilled water containing 20ml of 95% ethanol, heat to boiling, promptly 

remove from heat and cool to below 45 oC. Don’t sterilize by autoclaving. Final pH 

should be between 7.1 and 7.3. Do not expose to direct sunlight. 

b) Preparation of M-FC agar Medium: 

Composition: 

Tryptose or biosate  10.0 g 

Proteose peptone No. 3 or Polypeptone 5.0 g 

Yeast extracts 3.0 g 

Sodium chloride 5.0 g 

Lactose 12.5 g 

Bile salts No. 3 or Bile salts mixture 1.5 g 

Alinine blue 0.1 g 

Agar 15.0 g 

Distilled water 1 L 

pH 7.4 ±0.2 

Re-dehydrate in distilled water containing 10ml of 01% Rosalic acid in 0.2N NaOH, heat 

to boiling, promptly remove from heat and cool to below 45 oC. Don’t sterilize by 

autoclaving. Final pH should be 7.4. Store finished medium at 2-10 oC and discard 

unused medium after 96hrs. 
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c) Diluent for Water: 

Composition: 

Peptone 1.0 g 

Sodium chloride 8.5 g 

Distilled water 1000 ml 

pH 7.0 ±0.2 

Preparation: 

Dissolve the ingredients in 1000ml of de-ionized water, adjust the pH, so that after 

sterilization it should be 7.0 at 25 oC and sterilize by autoclaving at121±1oC for 15 min. 

Dispense the diluents in each test tube contain 9 ml. 

d) Preparation of Modified m-TEC agar 

Composition: 

Protease peptone                                                                                 5.0 g 

Yeast extract                                                                                        3.0 g 

Lactose                                                                                                10.0 g 

Sodium Chloride                                                                                  7.5 g 

Dipotassium phosphate ( K2HPO4)                                                    3.3 g 

Monopotassium phosphate (KH2PO4)                                               1.0 g 

Sodium lauryl sulfate                                                                           0.2 g 

Sodium desoxycholate                                                                        0.1 g 

Chromogen (5-bromo-6-chloro-3-indolyl-β-D-glucuronide)                 0.5 g 

Agar                                                                                                    15.0 g 

Reagent-grade water                                      1.0 L 

 

Add dry ingredients to 1 L of reagent-grade water; mix thoroughly, heat to dissolve 

completely. Autoclave at 121±1oC (15 PSI) for 15 minutes, and cool in a 50o C water 

bath; adjust pH to 7.3 ±0.2oC with 1.0 N hydrochloric acid or 1.0 N sodium hydroxide. 

Pour the medium into each9 x 50 mm culture dish to a 4-5 mm depth (approximately 4-6 

mL), and allow to solidify. Store in a refrigerator. 
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Sterilizing Solutions: 

a) 95% Ethyl alcohol: 

Composition: 

Absolute Alcohol 95 ml 

D. water 05 ml 

Preparation: 

Mix both the components 

 

b) 70% Ethyl alcohol: 

Composition: 

Absolute Alcohol 70 ml 

D. water 30 ml 

Preparation: 

Mix both the components 

5.2.4.1 Media storage& Issuance: 

All sterilized media are kept in racks and stored in refrigerator at 4-8 oC and all the 

reagents are kept at 15-25 °C. Media are issued in accordance with the date of 

preparation. 

5.2.5 Media Quality Control: 

Media quality control is done by using E-coli and Staphylococcus aureus. Detail of 

culture used and their expected results is given at Table 7&8.  

Table 7: Cultures to be used in media quality control procedures: 

Medium Positive 

control 

Negative 

control 

Incubation condition  

L. E. S. Endo Agar  E. coli S. aureus 35 ±0.5 oC for 24±2 hrs 

M FC agar E. coli S. aureus 44.5 ±0.2 oC for 24±2 hrs 

m-TEC agar E. coli S. aureus 35 ±0.5 oC for 2 hours and 44.5 ±0.2 oC 

for 22hrs 
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Table 8: Expected reactions of positive and negative controls 

Medium Positive control Negative control 

L. E. S. Endo Agar  Dark red colour colonies with metallic sheen No Growth 

M FC agar Blue colour colonies No Growth 

m-TEC agar Reddish Pink colonies No Growth 

 

5.2.6 Performance of Sterility Check 

 Incubate sterilized m-Endo agar, m-FC agar and m-TEC agar plates at 35 ± 

0.5oC and 44.5± 0.2oC for 24-48hrs. 

 Observe m-Endo agar, m-FC agar and m-TEC agar platesfor the growth of the 

colonies. Agar is considered as sterile if m-Endo agar, m-FC agar and m-TEC 

agar platesdo not show any growth of colonies. 

5.2.7 Sample Size 

Size of sample was governed by the expected bacterial density 100 to 500 ml or more 

can be filtered if the expected count is high, suitable dilution of the sample are made. 

5.2.8 Sterilizationof Equipment 

 The apparatus and materials used in MF is sterilized as follows: 

 Autoclave-able parts of membrane filtration assembly are wrapped with 

aluminum foil and are autoclave at 121 °C. 

 Membrane filters are placed in biological safety cabinet and are sterilized under 

UV for 15-20 minutes. 

 Before and after each sample, 70% ethanol is passed, then 90 % ethanol is 

passed and then sterilized water is passed to wash away completely.  

5.2.9 PLATING 

 When the temperature of the media is reached at 45 °C, it is poured in petri 

plates and the plates are allowed to solidify. 



 

65 

5.2.10 Procedure 

 Using sterile forceps, a sterile filter paper is placed over the porous plate of the 

filtration unit with grid size up. 

 Carefully the matched funnel unit is placed over the receptacle and is locked in 

place. 

 Filtration is accompanied by passing the sample through the filter under the 

partial vacuum. 

 Funnel is unlocked and removed immediately; filter membrane is removed with 

sterile forceps and is placed on the surface of solid L.E.S m-Endo agar for 

Coliforms, M-FC agar for Fecal Coliforms and E.coli for m-TEC with a rolling 

motion to avoid the entrapment of air.  

 Filtration units are sterilized at the beginning of each filtration series. 

 Plates are incubated (inverted) at 35 ° ±0.5 C for 24 hours for Coliforms, 44.5 ° 

±0.2 oC for 24 hours for Fecal Coliforms and 35°C ± 0.5°C for 2 ± 0.5 hours to 

resuscitate injured or stressed bacteria, and then incubated at 44.5°C ± 0.2°C for 

22 ± 2 hours. 

 

.
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5.2.11 Interpretation and Calculation 

Counting 

 The typical coliform colony had a pink to dark red color with metallic sheen in m-

endo agar. 

 E.coli colonies are blue Colour in M-FC media 

 The target colonies on modified m-TEC agar are red or magenta in color after the 

incubation period as in (Figure 3). 

 

 

Figure 3: Colonies of Coliforms, Fecal Coliforms and E-coli on agar medium 

5.2.12 Calculation of Coliform Densities 

If the counts are greater than 100, a repeat sample shall be collected where possible, 

and tests repeated using either a smaller volume or a dilution design to produce a count 

in the range 20 to 80. 

5.2.13 Expression of Results 

Coliforms: Confirmed coliforms are recorded as CFU per 100 ml of sample as 

determined by the membrane filtration method. 

Fecal Coliforms: Confirmed Fecal Coliformsare recorded as CFU per 100 ml of sample 

as determined by the membrane filtration method. 

E.coli: Confirmed E-coli are recorded as CFU per 100 ml of sample as determined by 

the membrane filtration method. 
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Enumeration of Total Coliforms by MF Technique 

Flow Diagram  

 

Preparation of  Glassware, Filtration Assembly, Media and Reagents 

 

Assemble   Filtration Unit 

 

Filter  Appropriate Amount of Water Sample 

 

Place  Membrane Filter Over the Surface of Media 

 

Incubate  Plates Inverted at 35 ° C for 24 hours. 

 

 

Count  By Colony Counter 

 

Calculate  Coliform Density 

 

Express   As CFU/Volume of Sample 
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5.2.14 Media Disposal: 

Media is disposed after autoclaving (121±1 ° C, 15 min) and all the glassware and petri 

plates are washed following discard guidelines. 

 

5.3 Method III: Enumeration of Total Coliforms and Escherichia Coli Using 

Colilert IDEXX Quantitray Method 

 

5.3.1 Scope 

This standard operating procedure describes the test method that simultaneously detects or 

quantifies both Total Coliforms and Escherichia coli, with results in 24 hours. It is recommended for the 

analysis of drinking and source water samples. Formulations are also available for the analysis of marine 

waters.  

5.3.2 Principle 

Two enzyme substrates are included in Colilert---a chromogen that reacts with the enzyme found in 

Total Coliforms (galactosidase) and a fluorogen that reacts with an enzyme found in E-coli 

(glucuronidase). After 24 hours incubation at 35 oC, a Total Coliform-positive reaction turns the medium 

yellow; and E-coli positive reaction causes the medium to florescence under a long wave ultraviolet light 

(366 nm). 
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5.3.3 Resources: 

Resources include glassware, apparatus and media. Detail is given in the table below:  

g) Media / Reagents/Glassware: 

Graduated measuring flasks 100 ml 

Colilert® reagent for 100 ml samples  - 

Quanti-Tray®/2000 containing 97 wells each - 

Sterilized sampling bottle 100ml  

h) Equipment: 

Incubator at 35 ± 0.5 oC                  Quanti-Tray Sealer 

Autoclave at 121± 1oC                       Incubators at 44.5 ± 0.2 oC 

Biological Safety Cabinet   

 

5.3.4 Procedure: 

 Shake 100ml of water sample well before analysis.  

 Pour 100 ml of sample into a larger sterile container, mix properly, and proceeds 

for the analysis.  

 Pour 100 ml of sample directly into the sterile 100 ml mixing bottle (by filling to 

the 100 ml line). Open colilert ampuleand add the contents of ampule into the 

sample. 
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 Mix thoroughly; making sure the Colilert reagent is completely dissolved. Allow 

bubbles to settle or dissipate. Failure to do this may result in the wells filling or 

sealing improperly.  

 Transfer sample/reagent mixture from the mixing bottle into a quanti-tray  

 

 

 After transferring the sample into tray, seal it in the IDEXX Sealer. Labeling is 

done by writing the sample code, date and time on the back of the tray. 

 

 Incubate at 35.0 ± 0.5ºC for 24 hours.  

 Count the number of small and large positive wells i.e. yellow colour and refer to 

the MPN. 
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 Table at Appendix A to find the most probable number for Total Coliform.  

 Count E. coli results by placing the wells under a black light and counting the 

number of fluorescent wells. Refer to the MPN table to determine the E. coli 

concentration at appendix A. 

 

 

 

5.3.5 Quality Control: 

Following positive and negative control organisms are tested as a quality control. 

o Positive      Escherichia coli 

o Negative     Staphylococcus aureus 

5.3.5.1 Interpretation of Results: 

For Total Coliform and E. coli use the following Result Interpretation Table: 
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Appearance Result 

Colorless or slight tinge Negative for Total Coliforms and E. coli 

Yellow equal to or greater than the 

comparator (supplied by IDEXX) 

Positive for Total Coliforms 

Yellow equal to or greater than the 

comparator and fluorescence 

Positive for E. coli 

Note: If a dilution was performed, after obtaining the initial MPN result from the table, 

multiply that result by the dilution level to obtain the final result (e.g., if a 1:10 dilution 

was employed, multiply the result from the MPN table by 10 to get the final result in 

MPN/100 ml). 

 

 

#Large 

Wells 

Positive 

IDEXX Quanti-Tray®/2000 MPN Table(per100ml) 

#Small Wells Positive 

0           1           2           3           4           5           6           7           8           9          

10         11         12         13         14         15         16         17         18         19         

20         21         22         23         24 

0 

 

 

1 

 

 

2 

 

 

3 

 

 

4 

 

 

5 

<1        1.0        2.0        3.0        4.0        5.0        6.0        7.0        8.0        9.0       

10.0      11.0      12.0      13.0      14.1      15.1      16.1      17.1      18.1      19.1      

20.2      21.2      22.2      23.3      24.3 

1.0        2.0        3.0        4.0        5.0        6.0        7.1        8.1        9.1       10.1      

11.1      12.1      13.2      14.2      15.2      16.2      17.3      18.3      19.3      20.4      

21.4      22.4      23.5      24.5      25.6 

2.0        3.0        4.1        5.1        6.1        7.1        8.1        9.2       10.2      11.2      

12.2      13.3      14.3      15.4      16.4      17.4      18.5      19.5      20.6      21.6      

22.7      23.7      24.8      25.8      26.9 

3.1        4.1        5.1        6.1        7.2        8.2        9.2       10.3      11.3      12.4      

13.4      14.5      15.5      16.5      17.6      18.6      19.7      20.8      21.8      22.9      

23.9      25.0      26.1      27.1      28.2 

4.1        5.2        6.2        7.2        8.3        9.3       10.4      11.4      12.5      13.5      

14.6      15.6      16.7      17.8      18.8      19.9      21.0      22.0      23.1      24.2      

25.3      26.3      27.4      28.5      29.6 

5.2        6.3        7.3        8.4        9.4       10.5      11.5      12.6      13.7      14.7      

15.8      16.9      17.9      19.0      20.1      21.2      22.2      23.3      24.4      25.5      
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26.6      27.7      28.8      29.9      31.0 

6 

 

 

7 

 

 

8 

 

 

9 

 

 

10 

6.3        7.4        8.4        9.5       10.6      11.6      12.7      13.8      14.9      16.0      

17.0      18.1      19.2      20.3      21.4      22.5      23.6      24.7      25.8      26.9      

28.0      29.1      30.2      31.3      32.4 

7.5        8.5        9.6       10.7      11.8      12.8      13.9      15.0      16.1      17.2      

18.3      19.4      20.5      21.6      22.7      23.8      24.9      26.0      27.1      28.3      

29.4      30.5      31.6      32.8      33.9 

8.6        9.7       10.8      11.9      13.0      14.1      15.2      16.3      17.4      18.5      

19.6      20.7      21.8      22.9      24.1      25.2      26.3      27.4      28.6      29.7      

30.8      32.0      33.1      34.3      35.4 

9.8       10.9      12.0      13.1      14.2      15.3      16.4      17.6      18.7      19.8      

20.9      22.0      23.2      24.3      25.4      26.6      27.7      28.9      30.0      31.2      

32.3      33.5      34.6      35.8      37.0 

11.0      12.1      13.2      14.4      15.5      16.6      17.7      18.9      20.0      21.1      

22.3      23.4      24.6      25.7      26.9      28.0      29.2      30.3      31.5      32.7      

33.8      35.0      36.2      37.4      38.6 

11 

 

 

12 

 

 

13 

 

 

14 

 

 

15 

12.2      13.4      14.5      15.6      16.8      17.9      19.1      20.2      21.4      22.5      

23.7      24.8      26.0      27.2      28.3      29.5      30.7      31.9      33.0      34.2      

35.4      36.6      37.8      39.0      40.2 

13.5      14.6      15.8      16.9      18.1      19.3      20.4      21.6      22.8      23.9      

25.1      26.3      27.5      28.6      29.8      31.0      32.2      33.4      34.6      35.8      

37.0      38.2      39.5      40.7      41.9 

14.8      16.0      17.1      18.3      19.5      20.6      21.8      23.0      24.2      25.4      

26.6      27.8      29.0      30.2      31.4      32.6      33.8      35.0      36.2      37.5      

38.7      39.9      41.2      42.4      43.6 

16.1      17.3      18.5      19.7      20.9      22.1      23.3      24.5      25.7      26.9      

28.1      29.3      30.5      31.7      33.0      34.2      35.4      36.7      37.9      39.1      

40.4      41.6      42.9      44.2      45.4 

17.5      18.7      19.9      21.1      22.3      23.5      24.7      25.9      27.2      28.4      

29.6      30.9      32.1      33.3      34.6      35.8      37.1      38.4      39.6      40.9      

42.2      43.4      44.7      46.0      47.3 

16 

 

 

18.9      20.1      21.3      22.6      23.8      25.0      26.2      27.5      28.7      30.0      

31.2      32.5      33.7      35.0      36.3      37.5      38.8      40.1      41.4      42.7      

44.0      45.3      46.6      47.9      49.2 
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17 

 

 

18 

 

 

19 

 

 

20 

20.3      21.6      22.8      24.1      25.3      26.6      27.8      29.1      30.3      31.6      

32.9      34.1      35.4      36.7      38.0      39.3      40.6      41.9      43.2      44.5      

45.9      47.2      48.5      49.8      51.2 

21.8      23.1      24.3      25.6      26.9      28.1      29.4      30.7      32.0      33.3      

34.6      35.9      37.2      38.5      39.8      41.1      42.4      43.8      45.1      46.5      

47.8      49.2      50.5      51.9      53.2 

23.3      24.6      25.9      27.2      28.5      29.8      31.1      32.4      33.7      35.0      

36.3      37.6      39.0      40.3      41.6      43.0      44.3      45.7      47.1      48.4      

49.8      51.2      52.6      54.0      55.4 

24.9      26.2      27.5      28.8      30.1      31.5      32.8      34.1      35.4      36.8      

38.1      39.5      40.8      42.2      43.6      44.9      46.3      47.7      49.1      50.5      

51.9      53.3      54.7      56.1      57.6 

21 

 

 

22 

 

 

23 

 

 

24 

 

 

25 

26.5      27.9      29.2      30.5      31.8      33.2      34.5      35.9      37.3      38.6      

40.0      41.4      42.8      44.1      45.5      46.9      48.4      49.8      51.2      52.6      

54.1      55.5      56.9      58.4      59.9 

28.2      29.5      30.9      32.3      33.6      35.0      36.4      37.7      39.1      40.5      

41.9      43.3      44.8      46.2      47.6      49.0      50.5      51.9      53.4      54.8      

56.3      57.8      59.3      60.8      62.3 

29.9      31.3      32.7      34.1      35.5      36.8      38.3      39.7      41.1      42.5      

43.9      45.4      46.8      48.3      49.7      51.2      52.7      54.2      55.6      57.1      

58.6      60.2      61.7      63.2      64.7 

31.7      33.1      34.5      35.9      37.3      38.8      40.2      41.7      43.1      44.6      

46.0      47.5      49.0      50.5      52.0      53.5      55.0      56.5      58.0      59.5      

61.1      62.6      64.2      65.8      67.3 

33.6      35.0      36.4      37.9      39.3      40.8      42.2      43.7      45.2      46.7      

48.2      49.7      51.2      52.7      54.3      55.8      57.3      58.9      60.5      62.0      

63.6      65.2      66.8      68.4      70.0 

26 

 

 

27 

 

 

28 

 

35.5      36.9      38.4      39.9      41.4      42.8      44.3      45.9      47.4      48.9      

50.4      52.0      53.5      55.1      56.7      58.2      59.8      61.4      63.0      64.7      

66.3      67.9      69.6      71.2      72.9 

37.4      38.9      40.4      42.0      43.5      45.0      46.5      48.1      49.6      51.2      

52.8      54.4      56.0      57.6      59.2      60.8      62.4      64.1      65.7      67.4      

69.1      70.8      72.5      74.2      75.9 

39.5      41.0      42.6      44.1      45.7      47.3      48.8      50.4      52.0      53.6      

55.2      56.9      58.5      60.2      61.8      63.5      65.2      66.9      68.6      70.3      
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29 

 

 

30 

72.0      73.7      75.5      77.3      79.0 

41.7      43.2      44.8      46.4      48.0      49.6      51.2      52.8      54.5      56.1      

57.8      59.5      61.2      62.9      64.6      66.3      68.0      69.8      71.5      73.3      

75.1      76.9      78.7      80.5      82.4 

43.9      45.5      47.1      48.7      50.4      52.0      53.7      55.4      57.1      58.8      

60.5      62.2      64.0      65.7      67.5      69.3      71.0      72.9      74.7      76.5      

78.3      80.2      82.1      84.0      85.9 

31 

 

 

32 

 

 

33 

 

 

34 

 

 

35 

46.2      47.9      49.5      51.2      52.9      54.6      56.3      58.1      59.8      61.6      

63.3      65.1      66.9      68.7      70.5      72.4      74.2      76.1      78.0      79.9      

81.8      83.7      85.7      87.6      89.6 

48.7      50.4      52.1      53.8      55.6      57.3      59.1      60.9      62.7      64.5      

66.3      68.2      70.0      71.9      73.8      75.7      77.6      79.5      81.5      83.5      

85.4      87.5      89.5      91.5      93.6 

51.2      53.0      54.8      56.5      58.3      60.2      62.0      63.8      65.7      67.6      

69.5      71.4      73.3      75.2      77.2      79.2      81.2      83.2      85.2      87.3      

89.3      91.4      93.6      95.7      97.8 

53.9      55.7      57.6      59.4      61.3      63.1      65.0      67.0      68.9      70.8      

72.8      74.8      76.8      78.8      80.8      82.9      85.0      87.1      89.2      91.4      

93.5      95.7      97.9     100.2    102.4 

56.8      58.6      60.5      62.4      64.4      66.3      68.3      70.3      72.3      74.3      

76.3      78.4      80.5      82.6      84.7      86.9      89.1      91.3      93.5      95.7      

98.0     100.3    102.6    105.0    107.3 

36 

 

 

37 

 

 

38 

 

 

39 

 

 

59.8      61.7      63.7      65.7      67.7      69.7      71.7      73.8      75.9      78.0      

80.1      82.3      84.5      86.7      88.9      91.2      93.5      95.8      98.1     100.5    

102.9    105.3    107.7    110.2    112.7 

62.9      65.0      67.0      69.1      71.2      73.3      75.4      77.6      79.8      82.0      

84.2      86.5      88.8      91.1      93.4      95.8      98.2     100.6    103.1    105.6    

108.1    110.7    113.3    115.9    118.6 

66.3      68.4      70.6      72.7      74.9      77.1      79.4      81.6      83.9      86.2      

88.6      91.0      93.4      95.8      98.3     100.8    103.4    105.9    108.6    111.2    

113.9    116.6    119.4    122.2    125.0 

70.0      72.2      74.4      76.7      78.9      81.3      83.6      86.0      88.4      90.9      

93.4      95.9      98.4     101.0    103.6    106.3    109.0    111.8    114.6    117.4    

120.3    123.2    126.1    129.2    132.2 

73.8      76.2      78.5      80.9      83.3      85.7      88.2      90.8      93.3      95.9      
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40 98.5     101.2    103.9    106.7    109.5    112.4    115.3    118.2    121.2    124.3    

127.4    130.5    133.7    137.0    140.3 

41 

 

 

42 

 

 

43 

 

 

44 

 

 

45 

78.0      80.5      83.0      85.5      88.0      90.6      93.3      95.9      98.7     101.4    

104.3    107.1    110.0    113.0    116.0    119.1    122.2    125.4    128.7    132.0    

135.4    138.8    142.3    145.9    149.5 

82.6      85.2      87.8      90.5      93.2      96.0      98.8     101.7    104.6    107.6    

110.6    113.7    116.9    120.1    123.4    126.7    130.1    133.6    137.2    140.8    

144.5    148.3    152.2    156.1    160.2 

87.6      90.4      93.2      96.0      99.0     101.9    105.0    108.1    111.2    114.5    

117.8    121.1    124.6    128.1    131.7    135.4    139.1    143.0    147.0    151.0    

155.2    159.4    163.8    168.2    172.8 

93.1      96.1      99.1     102.2    105.4    108.6    111.9    115.3    118.7    122.3    

125.9    129.6    133.4    137.4    141.4    145.5    149.7    154.1    158.5    163.1    

167.9    172.7    177.7    182.9    188.2 

99.3     102.5    105.8    109.2    112.6    116.2    119.8    123.6    127.4    131.4    

135.4    139.6    143.9    148.3    152.9    157.6    162.4    167.4    172.6    178.0    

183.5    189.2    195.1    201.2    207.5 

46 

 

 

47 

 

 

48 

 

 

49 

106.3    109.8    113.4    117.2    121.0    125.0    129.1    133.3    137.6    142.1    

146.7    151.5    156.5    161.6    167.0    172.5    178.2    184.2    190.4    196.8    

203.5    210.5    217.8    225.4    233.3 

114.3    118.3    122.4    126.6    130.9    135.4    140.1    145.0    150.0    155.3    

160.7    166.4    172.3    178.5    185.0    191.8    198.9    206.4    214.2    222.4    

231.0    240.0    249.5    259.5    270.0 

123.9    128.4    133.1    137.9    143.0    148.3    153.9    159.7    165.8    172.2    

178.9    186.0    193.5    201.4    209.8    218.7    228.2    238.2    248.9    260.3    

272.3    285.1    298.7    313.0    328.2 

135.5    140.8    146.4    152.3    158.5    165.0    172.0    179.3    187.2    195.6    

204.6    214.3    224.7    235.9    248.1    261.3    275.5    290.9    307.6    325.5    

344.8    365.4    387.3    410.6    435.2 

09-63235-01 
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#Large 

Wells 

Positive 

IDEXX Quanti-Tray®/2000 MPN Table(per100ml) 

#Small Wells Positive 

25         26         27         28         29         30         31         32         33         34         

35         36         37         38         39         40         41         42         43         44         

45         46         47         48 

0 

 

 

1 

 

 

2 

 

 

3 

 

 

4 

 

 

5 

25.3      26.4      27.4      28.4      29.5      30.5      31.5      32.6      33.6      34.7      

35.7      36.8      37.8      38.9      40.0      41.0      42.1      43.1      44.2      45.3      

46.3      47.4      48.5      49.5 

26.6      27.7      28.7      29.8      30.8      31.9      32.9      34.0      35.0      36.1      

37.2      38.2      39.3      40.4      41.4      42.5      43.6      44.7      45.7      46.8      

47.9      49.0      50.1      51.2 

27.9      29.0      30.0      31.1      32.2      33.2      34.3      35.4      36.5      37.5      

38.6      39.7      40.8      41.9      43.0      44.0      45.1      46.2      47.3      48.4      

49.5      50.6      51.7      52.8 

29.3      30.4      31.4      32.5      33.6      34.7      35.8      36.8      37.9      39.0      

40.1      41.2      42.3      43.4      44.5      45.6      46.7      47.8      48.9      50.0      

51.2      52.3      53.4      54.5 

30.7      31.8      32.8      33.9      35.0      36.1      37.2      38.3      39.4      40.5      

41.6      42.8      43.9      45.0      46.1      47.2      48.3      49.5      50.6      51.7      

52.9      54.0      55.1      56.3 

32.1      33.2      34.3      35.4      36.5      37.6      38.7      39.9      41.0      42.1      

43.2      44.4      45.5      46.6      47.7      48.9      50.0      51.2      52.3      53.5      

54.6      55.8      56.9      58.1 

6 

 

 

7 

 

 

8 

 

 

9 

33.5      34.7      35.8      36.9      38.0      39.2      40.3      41.4      42.6      43.7      

44.8      46.0      47.1      48.3      49.4      50.6      51.7      52.9      54.1      55.2      

56.4      57.6      58.7      59.9 

35.0      36.2      37.3      38.4      39.6      40.7      41.9      43.0      44.2      45.3      

46.5      47.7      48.8      50.0      51.2      52.3      53.5      54.7      55.9      57.1      

58.3      59.4      60.6      61.8 

36.6      37.7      38.9      40.0      41.2      42.3      43.5      44.7      45.9      47.0      

48.2      49.4      50.6      51.8      53.0      54.1      55.3      56.5      57.7      59.0      

60.2      61.4      62.6      63.8 

38.1      39.3      40.5      41.6      42.8      44.0      45.2      46.4      47.6      48.8      
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10 

50.0      51.2      52.4      53.6      54.8      56.0      57.2      58.4      59.7      60.9      

62.1      63.4      64.6      65.8 

39.7      40.9      42.1      43.3      44.5      45.7      46.9      48.1      49.3      50.6      

51.8      53.0      54.2      55.5      56.7      57.9      59.2      60.4      61.7      62.9      

64.2      65.4      66.7      67.9 

11 

 

 

12 

 

 

13 

 

 

14 

 

 

15 

41.4      42.6      43.8      45.0      46.3      47.5      48.7      49.9      51.2      52.4      

53.7      54.9      56.1      57.4      58.6      59.9      61.2      62.4      63.7      65.0      

66.3      67.5      68.8      70.1 

43.1      44.3      45.6      46.8      48.1      49.3      50.6      51.8      53.1      54.3      

55.6      56.8      58.1      59.4      60.7      62.0      63.2      64.5      65.8      67.1      

68.4      69.7      71.0      72.4 

44.9      46.1      47.4      48.6      49.9      51.2      52.5      53.7      55.0      56.3      

57.6      58.9      60.2      61.5      62.8      64.1      65.4      66.7      68.0      69.3      

70.7      72.0      73.3      74.7 

46.7      48.0      49.3      50.5      51.8      53.1      54.4      55.7      57.0      58.3      

59.6      60.9      62.3      63.6      64.9      66.3      67.6      68.9      70.3      71.6      

73.0      74.4      75.7      77.1 

48.6      49.9      51.2      52.5      53.8      55.1      56.4      57.8      59.1      60.4      

61.8      63.1      64.5      65.8      67.2      68.5      69.9      71.3      72.6      74.0      

75.4      76.8      78.2      79.6 

16 

 

 

17 

 

 

18 

 

 

19 

 

 

20 

50.5      51.8      53.2      54.5      55.8      57.2      58.5      59.9      61.2      62.6      

64.0      65.3      66.7      68.1      69.5      70.9      72.3      73.7      75.1      76.5      

77.9      79.3      80.8      82.2 

52.5      53.9      55.2      56.6      58.0      59.3      60.7      62.1      63.5      64.9      

66.3      67.7      69.1      70.5      71.9      73.3      74.8      76.2      77.6      79.1      

80.5      82.0      83.5      84.9 

54.6      56.0      57.4      58.8      60.2      61.6      63.0      64.4      65.8      67.2      

68.6      70.1      71.5      73.0      74.4      75.9      77.3      78.8      80.3      81.8      

83.3      84.8      86.3      87.8 

56.8      58.2      59.6      61.0      62.4      63.9      65.3      66.8      68.2      69.7      

71.1      72.6      74.1      75.5      77.0      78.5      80.0      81.5      83.1      84.6      

86.1      87.6      89.2      90.7 

59.0      60.4      61.9      63.3      64.8      66.3      67.7      69.2      70.7      72.2      

73.7      75.2      76.7      78.2      79.8      81.3      82.8      84.4      85.9      87.5      

89.1      90.7      92.2      93.8 
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24 
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61.3      62.8      64.3      65.8      67.3      68.8      70.3      71.8      73.3      74.9      

76.4      77.9      79.5      81.1      82.6      84.2      85.8      87.4      89.0      90.6      

92.2      93.8      95.4      97.1 

63.8      65.3      66.8      68.3      69.8      71.4      72.9      74.5      76.1      77.6      

79.2      80.8      82.4      84.0      85.6      87.2      88.9      90.5      92.1      93.8      

95.5      97.1      98.8     100.5 

66.3      67.8      69.4      71.0      72.5      74.1      75.7      77.3      78.9      80.5      

82.2      83.8      85.4      87.1      88.7      90.4      92.1      93.8      95.5      97.2      

98.9     100.6    102.4    104.1 

68.9      70.5      72.1      73.7      75.3      77.0      78.6      80.3      81.9      83.6      

85.2      86.9      88.6      90.3      92.0      93.8      95.5      97.2      99.0     100.7    

102.5    104.3    106.1    107.9 

71.7      73.3      75.0      76.6      78.3      80.0      81.7      83.3      85.1      86.8      

88.5      90.2      92.0      93.7      95.5      97.3      99.1     100.9    102.7    104.5    

106.3    108.2    110.0    111.9 
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74.6      76.3      78.0      79.7      81.4      83.1      84.8      86.6      88.4      90.1      

91.9      93.7      95.5      97.3      99.2     101.0    102.9    104.7    106.6    108.5    

110.4    112.3    114.2    116.2 

77.6      79.4      81.1      82.9      84.6      86.4      88.2      90.0      91.9      93.7      

95.5      97.4      99.3     101.2    103.1    105.0    106.9    108.8    110.8    112.7    

114.7    116.7    118.7    120.7 

80.8      82.6      84.4      86.3      88.1      89.9      91.8      93.7      95.6      97.5      

99.4     101.3    103.3    105.2    107.2    109.2    111.2    113.2    115.2    117.3    

119.3    121.4    123.5    125.6 

84.2      86.1      87.9      89.8      91.7      93.7      95.6      97.5      99.5     101.5    

103.5    105.5    107.5    109.5    111.6    113.7    115.7    117.8    120.0    122.1    

124.2    126.4    128.6    130.8 

87.8      89.7      91.7      93.6      95.6      97.6      99.6     101.6    103.7    105.7    

107.8    109.9    112.0    114.2    116.3    118.5    120.6    122.8    125.1    127.3    

129.5    131.8    134.1    136.4 

31 

 

 

32 

 

91.6      93.6      95.6      97.7      99.7     101.8    103.9    106.0    108.2    110.3    

112.5    114.7    116.9    119.1    121.4    123.6    125.9    128.2    130.5    132.9    

135.3    137.7    140.1    142.5 

95.7      97.8      99.9     102.0    104.2    106.3    108.5    110.7    113.0    115.2    

117.5    119.8    122.1    124.5    126.8    129.2    131.6    134.0    136.5    139.0    
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141.5    144.0    146.6    149.1 

100.0    102.2    104.4    106.6    108.9    111.2    113.5    115.8    118.2    120.5    

122.9    125.4    127.8    130.3    132.8    135.3    137.8    140.4    143.0    145.6    

148.3    150.9    153.7    156.4 

104.7    107.0    109.3    111.7    114.0    116.4    118.9    121.3    123.8    126.3    

128.8    131.4    134.0    136.6    139.2    141.9    144.6    147.4    150.1    152.9    

155.7    158.6    161.5    164.4 

109.7    112.2    114.6    117.1    119.6    122.2    124.7    127.3    129.9    132.6    

135.3    138.0    140.8    143.6    146.4    149.2    152.1    155.0    158.0    161.0    

164.0    167.1    170.2    173.3 
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40 

115.2    117.8    120.4    123.0    125.7    128.4    131.1    133.9    136.7    139.5    

142.4    145.3    148.3    151.3    154.3    157.3    160.5    163.6    166.8    170.0    

173.3    176.6    179.9    183.3 

121.3    124.0    126.8    129.6    132.4    135.3    138.2    141.2    144.2    147.3    

150.3    153.5    156.7    159.9    163.1    166.5    169.8    173.2    176.7    180.2    

183.7    187.3    191.0    194.7 

127.9    130.8    133.8    136.8    139.9    143.0    146.2    149.4    152.6    155.9    

159.2    162.6    166.1    169.6    173.2    176.8    180.4    184.2    188.0    191.8    

195.7    199.7    203.7    207.7 

135.3    138.5    141.7    145.0    148.3    151.7    155.1    158.6    162.1    165.7    

169.4    173.1    176.9    180.7    184.7    188.7    192.7    196.8    201.0    205.3    

209.6    214.0    218.5    223.0 

143.7    147.1    150.6    154.2    157.8    161.5    165.3    169.1    173.0    177.0    

181.1    185.2    189.4    193.7    198.1    202.5    207.1    211.7    216.4    221.1    

226.0    231.0    236.0    241.1 
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153.2    157.0    160.9    164.8    168.9    173.0    177.2    181.5    185.8    190.3    

194.8    199.5    204.2    209.1    214.0    219.1    224.2    229.4    234.8    240.2    

245.8    251.5    257.2    263.1 

164.3    168.6    172.9    177.3    181.9    186.5    191.3    196.1    201.1    206.2    

211.4    216.7    222.2    227.7    233.4    239.2    245.2    251.3    257.5    263.8    

270.3    276.9    283.6    290.5 

177.5    182.3    187.3    192.4    197.6    202.9    208.4    214.0    219.8    225.8    

231.8    238.1    244.5    251.0    257.7    264.6    271.7    278.9    286.3    293.8    

301.5    309.4    317.4    325.7 

193.6    199.3    205.1    211.0    217.2    223.5    230.0    236.7    243.6    250.8    
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45 

258.1    265.6    273.3    281.2    289.4    297.8    306.3    315.1    324.1    333.3    

342.8    352.4    362.3    372.4 

214.1    220.9    227.9    235.2    242.7    250.4    258.4    266.7    275.3    284.1    

293.3    302.6    312.3    322.3    332.5    343.0    353.8    364.9    376.2    387.9    

399.8    412.0    424.5    437.4 

46 
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241.5    250.0    258.9    268.2    277.8    287.8    298.1    308.8    319.9    331.4    

343.3    355.5    368.1    381.1    394.5    408.3    422.5    437.1    452.0    467.4    

483.3    499.6    516.3    533.5 

280.9    292.4    304.4    316.9    330.0    343.6    357.8    372.5    387.7    403.4    

419.8    436.6    454.1    472.1    490.7    509.9    529.8    550.4    571.7    593.8    

616.7    640.5    665.3    691.0 

344.1    360.9    378.4    396.8    416.0    436.0    456.9    478.6    501.2    524.7    

549.3    574.8    601.5    629.4    658.6    689.3    721.5    755.6    791.5    829.7    

870.4    913.9    960.6   1011.2 

461.1    488.4    517.2    547.5    579.4    613.1    648.8    686.7    727.0    770.1    

816.4    866.4    920.8    980.4   1046.2  1119.9  1203.3  1299.7  1413.6  

1553.1  1732.9  1986.3  2419.6 >2419.6 

09-63235-01 
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5.4 Method IV: Determination of Aerobic Plate Count (APC) 

5.4.1 Scope 

The colony count method can estimate the number of live heterotrophic bacteria in 

water. 

5.4.2 Principle 

This method is based on the assumption that the microbial cells present in a sample 

form visible and separated colonies on agar medium. After incubation of the plates at 

22-25 oC for 72 hours and at 35 oC for 48 hours the number of mesophilic aerobic 

bacteria per ml of water sample is calculated from the number of colonies obtained in 

selected petri plates giving significant result. 

5.4.3 Apparatusand Glassware 

5.4.4 Resources: 

Resources include glassware, apparatus and media. Detail is given in the table A 

below:  

Tabel A: RESOURCES 

i) Glassware: 

Sterile disposable or glass Petri plates

 Medium size 

Testtubes 

Sterilized sampling bottle  

j) Equipment: 

Incubator at 35 ± 0.5 oC                  Analytical Balance 

Autoclave at 121± 1oC                       Incubators at 22-25 oC 

Biological Safety Cabinet  pH meter 

Hotairoven at 180 0C Water bath at 45 ºC 

Colonycounter Auto pipettes  (1 ml) 

k) Media & Reagents: 

Plate Count Agar (PCA) Diluent 
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5.4.5 Media Preparation and Pouring 

Diluent: 9 ml of the diluent is dispensed into test tubes. Media and diluents are 

autoclaved at 121±1oC for 15-20 min. 

Media preparation: 

Dehydrated media are used following supplier’s instructions. Media is prepared for 

detection of Aerobic plate count (APC): 

 Media is weighted in aluminum foil and respective quantity as per 

manufacturer’s instruction is followed in weighing and taken in measuring 

flask and rehydrated. 

 Media is heated to boil for 30 min, stirring frequently until the agar is 

completely dissolved. 

 pH is measured and any adjustment required is done with 1 M NaOH or 1 M 

HCl. 

 Media is sterilized in an autoclave at 121±1 oC for 15 min. 

 Every lot of prepared media is assigned a lab batch number. 

5.1.40 Media storage& Issuance: 

Prepared petri plates of media are stored in refrigerator at 4-8 oC and are issued when 

required. 

1.1.41 Performance of Sterility Check 

 Media plates are incubated after pouring the sterilized Plate count Agar media 

at 35  oC for 24±2 hrs. 

 Incubate sterilized Diluents tube at 35oC for 24±2 hrs. 

 Observe Plate count Agar media plates for growth. 

 Observe Diluents tube for growth (Turbidity and filaments). 

 Medium is considered as sterile if Plate Count Agar media plates and 

Diluent’s tubes do not show any kind of growth.  

5.4.6 Media Performance Test 

 20ml of melted Plate count Agar medium is poured into a sterilized Petri 

plates. After solidification, 20 lines with 18 hrs old S. aureus culture are 

streaked, as inoculating needle is not sterilized at intervals. Plates are 

incubated at 36 ±1 oC  for 48±2 hrs.  

 If medium produce colonies on 18 lines out of 21, it is considered as well 

performance. 
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5.4.6.1 Preparation of Plate Count Agar Medium: 

Composition: 

PC A Agar 22.5 g 

Distilled water 1000 ml 

pH 7.0 ±0.2 

Preparation: 

Dissolve the ingredients in 1000ml of deionized water, adjust the pH, and sterilize by 

autoclaving at 121±1oC for 15 min. Cool to 50oC and pour 15-20ml in each petri plate. 

5.4.6.2 Preparation of diluent Water: 

Composition: 

Peptone 1.0 g 

Sodium chloride 8.5 g 

Distilled water 1000 ml 

pH 7.0 ±0.2 

Preparation: 

Dissolve the ingredients in 1000ml of deionized water, adjust the pH, so that after 

sterilization it should be 7.0 at 25 oC and sterilize by autoclaving at121±1oC for 15 

minutes. Dispense the diluents in each test tube contain 9 ml. 

Table 9: Cultures to be used in media quality control procedures 

Medium Positive control Negative 

control 

Incubation condition 

Plate count Agar S. aureus No growth 35±1oC for 48±2 hrs 

Diluents Growth No growth 35±1oC for 48±2 hrs 

 

Table 10: Expected reactions of positive and negative controls 

Medium Positive control Negative control 

Plate count Agar Yellow colour colonies No Growth 

Diluents Turbidity No Growth 
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5.4.7 Procedure for Testing: 

a) Sample Preparation 

 Each plate is marked with sample number, dilution, date and any other 

necessary information before examination. 

 Duplicate plates are prepared for each volume of sample or dilution to be 

examined.  

 Samples or dilutions are mixed by agitated or mixed by making about 25 

complete up and down (or back and forth) movements. Optionally mechanical 

shaker can be used to shake sample or dilution for 15 seconds. 

b) Dilutions 

 Sample dilutions are required for highly contaminated, turbid or concentrated 

water.  

 For sample dilutions 0.1% peptone water as diluent is used for preparation of 

dilutions.  

c) Preparation of decimal dilutions: 

 Sample is shaken manually by 25 up-and-down movements to ensure the 

uniform distribution of the micro-organisms. 

 1 ml of this test sample is added to 9 ml of the diluent avoiding contact 

between pipette and the diluent to make up 10-1 dilution. Carefully the test 

portion and diluent are mixed ten times with a new pipette. 

 1 ml of the initial suspension 10-1 dilution is transferred into a tube containing 

9 ml of the sterile diluent. It is then thoroughly mixed to obtain 10-2 dilution. 

 If necessary, serial dilutions are prepared in the same manner to get as many 

as required. 

 Required dilution is selected so that the total number of colonies on a plate is 

obtained as between 30 and 300. 
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d) Measuring Sample Portions 

Pipette is sterilized for initial and subsequent transfers from each sampling bottle. If 

pipette becomes contaminated before transfers are completed, it is replaced with 

another sterile pipette. Separate sterile pipette is used for transfers from each of the 

dilution. When removing sample, pipette is not inserted more than 2.5 cm below the 

surface of sample or dilution. 

e) Measuring Dilutions 

 1ml, 0.1 ml or other suitable volumes of sample are pipetted out into sterile 

petri plate before melted culture medium is added.  

 Two replicate plates for each sample are used. After depositing test portions 

for each series of plates, culture medium 15 ml is poured and mixed carefully.  

 When sample portions are dispensed on petri plate, pipette is held at an 

angle of about 450 with tip touching bottom of petri plate or inside the neck of 

dilution bottle. Cover of petri plate is lifted just high enough to insert pipette.  

 It is given 2 to 4 second for liquid to drain from 1 ml graduation mark to tip of 

pipette. 

5.1.44 INOCULATION 

Two types of inoculation methods are used: 
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f) Pour plate method 

 There should be no more than 10 minutes elapse between dilution of the first 

sample and pouring of the last plate in the services. 

 A test tube of sterilized PCA medium or from bottle is poured into a petri plate 

by gently lifting the cover, just high enough to pour. Pouring is done near the 

flame and all the plates are poured by the same method.  

 When melted culture medium at 45 ºC is poured into the petri plate to mix up 

with sample volume, mixing is done by rotating and tilting or alternately using 

the petri plate rotator. 

 Petri plates are left to solidify (within 10 minutes) on a smooth surface. 

g) Spread plate method  

 15 ml of the PCA medium is poured into sterile petri plates, and is allowed to 

solidify. Pre-solidified plates are kept inverted over-night in incubator to avoid 

accumulation of moisture. 

 0.1ml or 1 ml sample volume is pipetted onto the surface of pre-solidified agar 

plates. Using a sterile bent glass rod, inoculum is distributed over surface of 

the medium by rotating the plate by hand. 

 The inoculum is allowed to absorb completely into the medium before 

incubating. Details is given in the picture below: 
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h) Important Note 

 Do not re-sterilize plating medium. 

 Discard melted agar that contains precipitate. 

 Inoculation and pouring of the petri plates is done near the flame. 

i) Incubation 

 Petri plates are kept inverted and incubated at 22-25 oC for 72± 3 hours and 

at 35 oC for 48 hours.  

j) Sterility Controls 

 Sterility of medium is checked by following methods for each batch of 

samples: 

 Petriplates having culture media not the test samples used as control plates. 

 Inoculation of dilution water blanks on the culture media.  
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k) Counting and Recording 

 Colonies on selected plates are promptly counted when the incubation time is 

over. 

 Petriplates having 30-300 colonies are selected for counting after incubation. 

 Results are recorded for each dilution and calculations are made. 

 Results of sterility controls are recorded for each lot of samples. 

 Colony counting is done using colony counter. 

l) Calculation 

 Plates with 30-300 colonies:  After counting the colonies, numbers of 

colonies of the selected plates are multiplied by the reciprocal of the dilution 

used and counts are reported as CFU/ml. 

m) Plates with more than 300 colonies: 

 The plate (s) having a count nearest 300 colonies is counted and the count is 

computed by multiplying average count per plate by the reciprocal of the 

dilution used and is reported as estimated CFU per milliliter. 

 If plates from all dilutions of any sample are having no colonies, the count is 

reported as less than one (<1) times the reciprocal of the corresponding 

lowest dilution e.g. if no colonies are developed on 1:100 dilution, the count is 

reported as less than 100 (<100) estimated CFU/ml. 

n) Expression of the Result 

 Results are reported as CFU/ml. 
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5.4.8 Enumeration of Aerobic Plate Count 

Flow Diagram  

 

Shake   Sample Bottle 25 Times 

 

Arrange   Water Sample  1 ml  99 ml Blank  For turbid /highly 

contaminated samples only 

 

Serial 

Dilutions 

 1:10 1:1000 1:10,000 1:10,00,000 1:10,000,000 For 

turbid/highly 

contaminated 

samples only 

          

Pour 

Replicate I 

 1ml each to Petri dish + 15 ml plate count agar, allow it to solidify 

 

 

Pour 

Replicate 

II 

 0.1ml each to Petri dish + 15 ml plate count agar 

 

 

Incubate  22 oC for 72±3 Hours and at 35 oC for 48 Hours 

 

Count  Petri dishes containing 30-300 colonies 

 

Expression 

as  

 CFU per ml of water sample 
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5.4.9 Disposal of Media 

Media is discarded after autoclaving (121±1oC, 15 min) and all the glassware are 

washed following discard guidelines. 

5.5 Method V: Gram Staining Technique 

5.5.1 Scope 

Preparation, storing, and issuing of staining chemicals for morphological determination 

of Coliforms, Fecal Coliforms and E. coli using Gram’s staining technique.  

5.5.2 Principle 

Bacteria can be recognized as gram positive (blue/purple) if they retain the primary dye 

complex of crystal violet and iodine in the face of attempted decolourization, or as gram 

negative (pink) if decolourization occurs as shown by the cell accepting the counter 

stain Safranin. 

5.5.3 Reagents 

 Crystal Violet 

 Grams Iodine 

 Decolorizing agent (95% Ethanol) 

 Safranine 

5.5.4 Procedure 

 Prepare the film on the slide and allow to air dry. DO NOT HEAT TO DRY 

FILM. 

 When film is dry, place slide on heating block for several minutes. Slide 

should be just warm to your hand. DO NOT OVERHEAT. 

 Allow slide to cool - this will happen quickly - in just a few seconds. DO NOT 

ADD STAIN TO HOT SLIDE. 

 Flood slide with crystal violet - leave for 1 minute. 

 Wash gently with water. 

 Flood slide with Grams Iodine - leave for 1 minute. 

 Wash iodine from slide with alcohol. Add a few more drops of alcohol until no 

more colour comes from film - usually 30 seconds. 

 Wash gently with water. 
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 Flood slide with Safranin - leave for 1 minute. 

 Wash gently with water. Clean back of slide with tissue and place slide in tray. 

 Slide is viewed under microscope. 

 

5.5.5 Precaution: 

 At no time should the film (smear) be exposed to too much heat. When the 

specimen is still wet heat causes coagulation of the protein resulting in heavy 

over straining, which cannot be removed by the de-colourizer. A thick smear 

will also show more tendencies to "lift off" during staining. 

 Rinsing the Grams Iodine off with the de-colorizer gives more stability to the 

CV-GI complex and false over decolorizing will not take place. 

 Flooding a hot slide with crystal violet will cause the stain to precipitate and 

make decolorizing much more difficult. 

5.5.6 Quality Control 

 It is recommended that controls be run concurrently with unknowns or at least 

run on a daily basis using known smears containing Gram positive and Gram 

negative bacteria. 
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UNIT 6:  

DECONTAMINATION OF MEDIA AND 

GLASSWARE 
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6 Decontamination of Media and 
Glassware 

 

 

6.1.1 Scope 

Disposal, decontamination and washing of glassware for quality testing of water 

samples. 

6.1.2 Equipment: 

 Autoclave 121± 1oC  

 Hot air oven for dry sterilization  

6.1.3 Procedure for washing: 

 Autoclave contaminated media and glassware at 121±1°C for 15-20 minutes. 

 Wash all the glassware with tap water and then with teepol detergent. 

 Dip all the glassware overnight in Chromic acid/H2SO4. 

 Wash with tap water at 70 °C and rinse three times with distilled water. 

 At the end dry all the glassware i.e test tubes and glass petriplates in hot air 

oven at 180 °C for 3-5 hours. 
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6.2       Glassware Washing Protocol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Autoclave contaminated glassware i.e. test tubes 

and petri plates at 121±1°C for 15-20 minutes. 

Wash glassware with Tap water 

Wash glassware with Teepol 

 

 

     Dip overnight all glassware in washing acid (H2SO4) 

Wash with tap water at 70 °C 

 

Rinse three times with distilled water 

 

Dry all glassware in hot air oven at 180 °C for 3-5 hours. 


