
Distribution Systems
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Major deficiencies resulting in outbreaks can be 

determined from CDC surveillance data or literature
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Distribution system deficiencies 

account for largest outbreaks (1971-98)
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Steel water storage tank

Prestressed concrete 

water storage reservoir



Distribution

System

• Backflow (back-
siphonage) and
cross-connections

– Buildings, residences, medical care facilities, 
animal processing facilities, irrigation systems, 
wastewater pumping and treatment facilities
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Distribution System

• Pathogen intrusion during main

breaks, repairs or new main

construction

– Cabool, MO (1989): E. coli O157:H7 outbreak

– 243 cases, 32 people hospitalized, 4 deaths

– Possible causes:

• Water meter replacements

• 2  recent main breaks

• Lack of flushing and disinfection practices
MSU Center for Biofilm Engineering



Water Storage

• Unprotected openings in 

storage tank (air vents, 

access doors, structural 

failures)

• Inadequate maintenance: 

cleaning, repair and 

disinfection following 

maintenance

• Excessive or too little 

storage volume
MSU Center for Biofilm Engineering



Pumping

• Backflow and

cross-connections

• Poor pump control 

during start-up

and shut-down, resulting in hydraulic 

surge (intrusion during low or negative 

pressure)
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Intrusion of pathogens into distribution 

system can occur during

low or negative pressure
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Iron Corrosion and Drinking Water 

Biofilm















Taste and Odor

• Dirty or Musty

– Geosmin and MIB (2-methylisoborneol)

– blue-green algae, actinomycetes

• Fishy, Cod liver Oil

– Chrysophyta, Pyrrhophyta

• Septic Odor

– Pryyhophyta

• Cucumber Odor

– Chrysophyta



Nuisance Bacteria

• Acintomycetes/Streptomycetes
– Thin filamentous, gram postive rods

– Taste and odor

• Iron Bacteria
– E.g. Leptothrix, Thiobacillus, Clonothrix, Sphaerotilus, Caulobacter, 

Hyphomicrobium

– Main corrosion

– Increase oxidant demand

• Sulfur Bacteria
– E.g. Desulfovibrio, Thiothrix, Chlorobium, Chromatium, Thiobacillus

– Formation of tubercles; pipe corrosion; increase oxidant demand

– Reduce Sulfur compounds to H2Sa

• Nitrifying bacteria
– E.g. Nitrosomonas, Nitrobacter, Nitrospira, Nitrococcus

– Increased oxygen demand (Nitrite); 











Characteristics of Biofilms

• Form on surfaces in aquatic systems

• Resistant to biocides

• Composed of organic and inorganic 

constituents

• Use sorbed and soluble substrates

• Monitoring is difficult

• Release organisms into bulk fluid













Factors Affecting Formation

• Substratum effects
– Texture or Roughness

– Hydrophobicity

– Conditioning Film

• Characteristics of Aqueous Medium
– Flow Velocity

– pH

– Temperature

– Salts (Cations)

– Presence of Antimicrobial agents

• Cell Properties
– Hydrophobicity

– Appendages

– EPS



Mechanism of Surface 

Attachment
• Two phases

– Reversible- can wash off with 2.5% NaCl
• Hastened by cations, divalent more than mono-

• Must last up to 12 hours

• Doesn’t happen in high nutrient concentrations

– Irreversible – can’t wash off with 2.5% NaCl
• Must have reversible first

• Fibers attaching to surface

• A biofilm is forming.



Surface Attachment
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Extracellular Polymeric Substances

Surface





Biofilms



Coliforms,

E. coli

Helicobacte

r

viruses

Mycobacteria

Legionell

a

Campylobacter

Pathogens can reside within drinking 

water system biofilms



Pathogens in Biofilms

• Klebsiella spp.

• E.coli spp.

• Pseudomonas spp.

• Legionella spp.

• Mycobacteria spp. 
(MAC)

• S.aureus

• V.cholerae

• L.monocytogenes

• Salmonella spp.

• Helicobacter spp.

• Amoeba, 

• Cryptosporidium 

parvum

• Giardia lamblia

• Enteroviruses (Other 

viruses?)




