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Indicator ConceptIndicator Concept
Impossible to monitor for all pathogensImpossible to monitor for all pathogens
Indicator organisms signal recent fecal Indicator organisms signal recent fecal 
contaminationcontamination
Indicator organisms always present in Indicator organisms always present in 
fecal materialfecal material
Indicator organisms persistence similar Indicator organisms persistence similar 
to pathogensto pathogens
Detection methods relatively simpleDetection methods relatively simple
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Technical Issues Related to Technical Issues Related to 
Pathogen DetectionPathogen Detection

Low numbers of pathogensLow numbers of pathogens
Human or nonHuman or non--human strainshuman strains
Pathogens difficult to detectPathogens difficult to detect
Cannot determine viabilityCannot determine viability
Need large sample volumesNeed large sample volumes
Few water labs equipped or staffedFew water labs equipped or staffed
Days to weeks for resultsDays to weeks for results
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CommonCommon Indicators for Indicators for 
Source Water and Drinking Source Water and Drinking 

WaterWater
Total Total ColiformsColiforms

Fecal Fecal ColiformsColiforms

Escherichia coliEscherichia coli
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Functional  Definition of the Functional  Definition of the 
Coliform GroupColiform Group

Metabolize lactose to produce acid and Metabolize lactose to produce acid and 
gasgas

Possesses the enzyme Possesses the enzyme ββ--glucuronidaseglucuronidase
(only (only E. coli)E. coli)
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COLIFORM GENERACOLIFORM GENERA
Escherichia Escherichia -- human and animalhuman and animal

fecesfeces
Enterobacter Enterobacter -- environment, environment, 
fecesfeces
Klebsiella Klebsiella -- environment, fecesenvironment, feces
Citrobacter Citrobacter -- eenvironmentnvironment
Serratia Serratia -- environmentenvironment
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Relative Number of Fecal and Relative Number of Fecal and NonfecalNonfecal
Types of Coliform Bacteria in Various Types of Coliform Bacteria in Various 

SubstancesSubstances
((Source: Iowa State College Engineering Experiment Source: Iowa State College Engineering Experiment 

Station Bulletin, 62(1921), p. 79.Station Bulletin, 62(1921), p. 79.))

 
 
 
Sources 

 
Number of 

Strains 
Observed 

Percentage of 
Strains of 

Aerobacter 
aerogenes type 

 
Percentage of 

Strains of E. coli 
type 

Human Feces 2534 5.9 94.1 
Animal Feces 1832 7.4 92.6 
Water 2137 35.2 64.8 
Milk 1382 43.1 56.9 
Grain 288 81.7 18.3 
Soil 853 88.1 11.9 
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Percentage of Genera of ColiformsPercentage of Genera of Coliforms
in Human and Animal Fecesin Human and Animal Feces

((Source:Source: Escherichia coli: The Fecal Escherichia coli: The Fecal 
Coliform. Coliform. A.P. A.P. DufourDufour. Special Technical . Special Technical 

Pub. 65, ASTM, pp. 48Pub. 65, ASTM, pp. 48––58, 1977.58, 1977.))

Animal 
(Number examined) 

 
E. coli 

 
Klebsiella spp. 

Enterobacter/ 
Citrobacter 

Chicken (11) 90 1 9 
Cow (15) 99.9 — 0.1 
Sheep (10) 97 — 3 
Goat (8) 92 8 — 
Pig (15) 83.5 6.8 9.7 
Dog (7) 91 — — 
Cat (7) 100 — — 
Horse (3) 100 — — 
Human (26) 96.8 1.5 1.7 
Average % 94.5   
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Evolution of IndicatorsEvolution of Indicators
1890s 1890s -- Bacillus (Escherichia) coli Bacillus (Escherichia) coli 
proposed but proposed but nono specific test availablespecific test available

1904 1904 -- “Fecal coliform test” “Fecal coliform test” --thermothermo--
tolerant E. coli (44.5C)tolerant E. coli (44.5C)

1914 1914 -- Total coliform proposed by U.S. Total coliform proposed by U.S. 
Treasury Department (35C)Treasury Department (35C)
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Copy of original 
1885 manuscript 
by Th. Escherich
on Bacillus coli 
as best indicator 
of pathogens.
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Bacterial Bacterial RegrowthRegrowth in in 
Distribution SystemsDistribution Systems

Common phenomenonCommon phenomenon
Attachment and colonizationAttachment and colonization
EnterobacterEnterobacter and and Klebsiella Klebsiella -- coliformscoliforms
Promoted by nutrients, warmer Promoted by nutrients, warmer 
temperatures, low flow (time), low temperatures, low flow (time), low 
disinfection residualsdisinfection residuals
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Bacteria in water 
main tubercles-New 
Haven, CT; 
M.Allen,1977
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Bacteria in water 
main tubercles-New 
Haven, CT; M. 
Allen, 1977
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Ramifications of Ramifications of RegrowthRegrowth
Accelerated corrosionAccelerated corrosion
Loss of disinfectant residualLoss of disinfectant residual
Increased turbidityIncreased turbidity
Taste and odor complaintsTaste and odor complaints
Increased frequency of Increased frequency of coliformcoliform--
positive samplepositive sample
Unwarranted boil advisoriesUnwarranted boil advisories
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Fecal Coliform MethodFecal Coliform Method
Enumerates “thermotolerant” coliforms,Enumerates “thermotolerant” coliforms,
NOT NOT necessarily necessarily coliformscoliforms of fecal originof fecal origin
EnumeratesEnumerates Klebsiella Klebsiella which is which is NOTNOT of fecal of fecal 
originorigin
15 percent of 15 percent of Klebsiella Klebsiella AREARE thermotolerantthermotolerant
10 10 --15 percent of 15 percent of E. coli E. coli NOTNOT thermotolerantthermotolerant
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Klebsiella and Human Klebsiella and Human 
DiseaseDisease

No waterborne disease ever associated with No waterborne disease ever associated with 
Klebsiella Klebsiella in drinking water in drinking water -- all hospitalall hospital--
acquired (nosocomial infections)acquired (nosocomial infections)
Review article by I.B.R. Duncan, University of Review article by I.B.R. Duncan, University of 
TorontoToronto
Toxicity Assessment: An International Toxicity Assessment: An International 
Journal, Vol. 3,581Journal, Vol. 3,581--598; 1988.598; 1988.
…Klebsiella …Klebsiella in water supplies should in water supplies should 
therefore not be considered a hazard to therefore not be considered a hazard to 
human health.human health.
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Why Enumeration Methods Why Enumeration Methods 
are Flawedare Flawed

Microorganisms not uniformly Microorganisms not uniformly 
distributeddistributed
Membrane filtration method Membrane filtration method 
underestimates numbers (>60% underestimates numbers (>60% 
defective by USEPA)defective by USEPA)
HPC interferences (>500cfu/ml)HPC interferences (>500cfu/ml)
Wide variability in microbial dataWide variability in microbial data



VARIABILITY OF AN INDIVIDUAL, WELL-MIXED SAMPLE

Random dispersion -
36 volumes of bacteria

• 37 % - one 
bacterium

• 37 % - no bacteria

• 18 % - two 
bacteria

• 7 % - >two 
bacteria

Source: W. Pipes et al; Applied Environmental Microbiology 
45(2):603-609, 1983



Bacterial Numbers Have No Public 
Health Significance in Drinking Water
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RECOMMENDATIONSRECOMMENDATIONS
Use coliform group to monitor treatment Use coliform group to monitor treatment 
efficiencies/water quality in distribution efficiencies/water quality in distribution 
systemssystems

Discontinue use of fecal coliforms to Discontinue use of fecal coliforms to 
quantify fecal loading in source watersquantify fecal loading in source waters

Discontinue use of fecal coliforms for Discontinue use of fecal coliforms for 
drinking waterdrinking water
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RECOMMENDATIONSRECOMMENDATIONS
(continued(continued))

Use E.coli methods that don’t require Use E.coli methods that don’t require 
confirmation steps confirmation steps (days to complete)(days to complete)

Use simple methods that provide Use simple methods that provide 
credible data to make  correct public credible data to make  correct public 
health decisions is the shortest possible health decisions is the shortest possible 
time (utilities should be able to monitor time (utilities should be able to monitor 
for for E. coli )E. coli )
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RAMIFICATIONS OF RAMIFICATIONS OF 
PUBLIC ADVISORIESPUBLIC ADVISORIES

Inundate 911 emergency switchboardsInundate 911 emergency switchboards
Economic hardships to entire community Economic hardships to entire community 
(schools, hospitals, dental offices, (schools, hospitals, dental offices, 
restaurants, tourist, hotels, etc.)restaurants, tourist, hotels, etc.)
Need definitive endNeed definitive end--point when to end point when to end 
advisoryadvisory
“Crying Wolf Syndrome”“Crying Wolf Syndrome”
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WHO RecommendationsWHO Recommendations
Expert panel on HPC BacteriaExpert panel on HPC Bacteria
April 25April 25--26, 2002 in Geneva26, 2002 in Geneva
Pseudonomas aeruginosa, Klebsiella Pseudonomas aeruginosa, Klebsiella 
pneumonia, Aeromonas pneumonia, Aeromonas spp, and spp, and 
Actinetobacter Actinetobacter spp spp -- no clinical evidenceno clinical evidence
they  cause gastrointestional infections they  cause gastrointestional infections 
from drinking water.from drinking water.
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Walkerton InquiryWalkerton Inquiry
Chapter 5:Drinking Water StandardsChapter 5:Drinking Water Standards--
Recommendation 27Recommendation 27
“The Advisory Council of Standards “The Advisory Council of Standards 
should consider whether to replace should consider whether to replace 
the total coliform test with an the total coliform test with an E. coliE. coli
test.”test.”
Total coliform test is not efficientTotal coliform test is not efficient
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THAT’STHAT’S ALL  ALL  
FOLKS!FOLKS!


