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Indicator Organisms 

• Problem: wastewater discharges are made into receiving streams or 
rivers which serve as the drinking water source for other communities 
downstream

• Potable water must be free of chemical and biological agents harmful 
to health.

• Water may be perfectly clear and still be contaminated with 
pathogenic organisms.

• Sanitary survey of drinking water and drinking water supplies:
- by sanitarians and engineers
- inspection of 
(1) source of raw water
(2) operation of water purification plant or construction of well
(3) mechanism of water distribution to consumers
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Bacteriological Evidence of Pollution:
• can’t really look for specific pathogens of cholera, typhoid, hepatitis, 

shigellosis, dysentery, etc. because they are:
- Rare
- Hard to isolate
- Take a long time to identify: only viable  cells can cause diseases, 
dead cells can’t  → can’t use DNA probe
- Their absence does not mean the water is potable 

• A standard procedure of sanitary survey of drinking water and drinking 
water supplies is to :
(1). Look for indicator organisms, specifically coliforms
(2). If conditions really demanded it, look for fecal coliforms. 
⇒ Detection of indicator organism indicates the possible presence or 
absence of pathogenic organisms

• human feces are commonly presumed to be the reservoir of many 
human pathogens
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• should be a member of the intestinal microflora of warm-blooded  animals

• should be present when pathogens are present
• should be present in greater number than the pathogen

• should be equally resistant as the pathogen to environmental insults

• should not multiply in the environment

• should be detectable by means of easy, rapid, and inexpensive methods

• should be non-pathogenic

Criteria for ideal indicator
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Common Indicator Bacteria

• Total Coliforms
• Fecal Coliforms
• E. coli
• Enterococci E. coli

Total 
Coliforms

Fecal 
Coliforms
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Coliforms
Fecal coliforms
Fecal streptococci
Enterococci
Clostridium perfringens
Staphylococcus (coagulase positive) 
Pseudomonas aeruginosa
Acid-fast bacteria 
Coliphages
Bacteroides

CFU per 100 mlOrganism

Estimated Levels of Indicator Organisms in Raw Sewage 
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0/250 ml 
0/250 ml 
0/50 ml
0/250 ml

Bottled water 
Escherichia coli 
Fecal streptococci 
Sulfite-reducing clostridia 
Pseudomonas aeruginosa

0/100 ml 
0/100 ml 
0/20 ml 

Tap water 
Escherichia coli 
Fecal streptococci 
Sulfite-reducing clostridia 

Drinking Water Criteria of the European Union 
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Coliform Bacteria - Indicators of Fecal 
Contamination

• bacteria in the family Enterobacteriaceae
• generally include the genera Enterobacter, Klebsiella, Citrobacter, 

and Escherichia
• present in the intestinal tract of numerous organisms
• gram negative, non-spore forming rods
• ferment lactose with acid and gas production in 48 hours at 35 °C

• Rod-shaped, gram negative bacteria
• Ferment lactose at 35°C
• Found in intestinal tracts of cold and warm-blooded animals
• Group members: Escherichia, Klebsiella, Enterobacter, 

Serratia, Citrobactera, Edwardsiella

Total coliforms



9

Fecal coliforms

• Subset of Total coliform group
• Present in sewage and indicate possibility of human 

pathogens
• Distinguished from Total coliform by ability to ferment lactose 

at 44.5°C
• Group members: E. coli and Klebsiella (not always fecal often 

associated with paper, textile & pulp waste)

• Common in the intestines of both warm and cold-blooded 
animals

• If fecal coliforms are present it is presumed that human or animal 
excrement is present

• Diseases such as typhoid fever, hepatitis, gastroenteritis, 
dysentery and ear infections can be contracted in water with high 
Fecal coliform level
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E. coli
• Escherichia coli is a specific species within the Fecal coliform group
• Specific to intestines of mammals and other warm blooded animals
• Only specific strains (i.e. O157:H7) are pathogenic
• According to EPA, is the best indicator of health risks from water contact 

recreation

Enterococci

• Survives in salt water
• More human specific
• Found primarily in the intestinal tract of warm-blooded animals
• Used in some states as indicator organism in estuarine and marine 

waters



11

Bacterial Measurement

• Membrane Filtration Test
– Quantify bacteria numbers by filtering water, growing 

bacteria, and counting

• all organisms that produce a dark colony (generally purplish 
green) with a metallic sheen within 24 hours at 35oC of 
incubation on M-Endo medium. (The green metallic sheen may 
vary in size, covering the entire colony or only appearing in a 
central area or in the periphery) 

• more sensitive and precise, but too sensitive for sewage system,
will cause overwhelming result 

• cheaper and faster to operate; used for testing water that are 
supposedly not contaminated, e.g., tap water, raw water → can 
identify a specific indicator.
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• Known volume of water is filtered through a filter (0.45 µm) 
that is capable of trapping all bacteria

• Filter transferred to Petri dish containing growth media 
• Individual bacterial cells will grow on the filter into visible 

colonies in 24 hours
• m-ColiBlue24 broth
• Due to the metabolism of the bacteria on the media: 

– Blue colonies indicate E. coli
– Red colonies indicate other Total coliform bacteria
– E. coli turn blue from the action of β-glucuronidase enzyme on 

5-bromo-4-chloro-3-indolyl-Beta-B-glucuronide
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Membrane filtration test
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§ Most Probable Number Methods (MPN)

– all aerobic and facultative anaerobic, gram-negative, nonsporing, 
rod-shaped bacteria that ferment lactose with gas formation within 
48 hours at 35oC

– Estimate bacterial numbers based upon a color change or 
amount of gas produced through a specific bacterial 
metabolic process
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Multiple-Tube Fermentation test: that was used to meet this definition involved 3 
steps: presumptive, confirmed, and completed 
less sensitive, but is commonly used for sewage treatment system screening

(eosin methylene blue）

(endo agar）
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MPN test : presumptive test

Gas production

Durham tube
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Presence Absence Method

5 day test

• growth/acid in PA broth - presumptive coliform positive

• growth/gas in BGBB - confirmed total coliform positive

• growth/gas in EC medium - confirmed fecal coliform positive

• growth and  fluorescence in EC+ MUG - confirmed E. coli positive
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Colilert and Colisure Methods

1 day test

• color change in culture media - confirmed total coliform positive

• production of fluorescence under 366 nm UV light - confirmed E. 
coli positive



20

Waterborne Diseases

§Water –and sanitation-related diseases are major causes of illness and 
death among people in both rural and urban areas in many developing 
countries.

§The health and well being of people cannot be improved without 
understanding these diseases and knowing how they are transmitted 
from one person to another. 

§ Such diseases are caused by living organisms that must spend much of 
their life in or on a human body. 
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• They include viruses so tiny that they can pass through the finest filter, 
bacteria and protozoa that can be seen only with the aid of a microscope, 
tiny mites that are barely visible to the eye and worms that may be a 
meter long.

• The transmission of all of these diseases is related in some way to water 
supply and sanitation, usually to inadequate disposal of human wastes 
and to contaminated water supplies.

• The disease are transmitted through contact with or consumption of 
water, contact with infected soil, the bites of insects that breed in or near 
water and poor personal and family hygiene. 

• Man is usually the source of the organisms that cause the diseases and 
human activity is an important factor in the diseases and human activity is 
an important factor in the transmission of them. 
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§ One of the WHO surveys in the field of water quality and health has 
reached the following facts:

Each day some 30000 people die from water–related diseases. 
In developing countries 80 percent of all illness water– related. 

A quarter of children born in developing countries will have died before the 
age of 5, the great majority from water-related disease.

At any one time there are likely to be 400 million people suffering from 
gastroenteritis  160 ,االلتھاب المعوي million with malaria. All environmental 
factors may also be important.

Because of this and due to the possibility that other contaminants may 
have a negative impact on human health, it is important that the
relationship between water quality and health be fully appreciated by the 
engineers and scientist concerned with water quality controls.
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Characteristic of diseases

All diseases require for their spread a source of infection, 
transmission route, and the exposure of a susceptible living 
organism. 

This shows that control of a water-related disease is based on 
breaking the transmission route and protecting the susceptible 
population. 

Engineering, measure are concerned with breaking the transmission 
route and medical measures are concerned with the other two 
parts of the infection chain. 

When a disease is always present in a population at a low level of 
incidence it is termed endemic المرض المستوطن. When it has widely 
varying levels of incidence the peak levels are called epidemics 
.الوباء and world-wide outbreaks are termed pandemic ,األوبئة
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Disease Morbidity 
(episodes/yr.) 
(or as stated)

Mortality 
(deaths/yr.)

Relationship of Disease to Water
Supply and Sanitation

Diarrhoeal diseases 1,000,000,000 3,300,000 Strongly related to unsanitary excreta disposal, poor 
personal and domestic hygiene, unsafe drinking water

Infection with 
intestinal helminths

1,500,000,000
(1)

100,000 Strongly related to unsanitary excreta disposal, poor 
personal and domestic hygiene

Schistosomiasis 200,000,000 (1) 200,000 Strongly related to unsanitary excreta disposal and absence 
of nearby sources of safe water

Dracunculiasis 100,000 -- Strongly related to unsafe drinking water

Trachoma 150,000,000 (3) -- Strongly related to lack of face washing, often due to 
absence of nearby sources of safe water

Malaria 400,000,000 1,500,000 Related to poor water management, water storage, 
operation of water points and drainage

Dengue Fever 1,750,000 20,000 Related to poor solid wastes management, water storage, 
operation of water points and drainage

Poliomyelitis 114,000 -- Related to unsanitary excreta disposal, poor personal and 
domestic hygiene, unsafe drinking water

Trypanosomiasis 275,000 130,000 Related to the absence of nearby sources of safe water

Bancroftian filariasis 72,800,000 (1) -- Related to poor water management, water storage, 
operation of water points and drainage

Onchocerciasis 17,700,000 (1,4) 40,000 (5) Related to poor water management in large-scale projects

Totals 3.34 billion 5.29 million

1  People currently infected., 2  Excluding Sudan, 3  Case of the active disease. Approximately 5,900,000 cases of blindness or 

severe complications of Trachoma occur annually, 4  Includes an estimated 270,000 blind, 5 Mortality caused by blindness

Estimates Of Morbidity And Mortality Of Water-Related Diseases
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