Fact Sheet

DISTRIBUTION SYSTEM MANAGEMENT
Biofilms

Understanding and Controlling Biofilms
Quick Facts
• Organic and inorganic materials form biofilms on the inside of pipes and
storage tanks.
• Biofilms are ubiquitous in all distribution systems.
• Diverse microbial communities colonize biofilms.
Overview
Biofilms are accumulations of microorganisms (e.g., bacteria, fungi, algae, protozoa, and viruses) and organic
and inorganic matter bound by extracellular polymer
substances attached to the inner surfaces of pipes and
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acteristics and pipe materials (Figure 1), and provide an
environment for bacterial replication as well as protection against disinfectants and microbial predators.
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surfaces of the distribution system and can become
entrained in biofilms. Thus, biofilms can become central

Figure 1. Diagram of a water distribution system showing

to the microbial ecology of opportunistic pathogens

locations for biofilm growth
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(infectious microorganisms that are capable of causing

in biofilms is much greater than in the bulk water and is

disease in certain risk groups) in distribution systems and

implicated in the onset of nitrification events.

premise plumbing.
Taste and Odor
Studies have shown that biofilms in drinking water

Some microbes, such as actinomycetes and iron and

systems can serve as reservoirs for Helicobacter pylori

sulfur bacteria, are common in pipe biofilm. These may

(bacteria that can cause ulcers and cancer), Legionellae

detach into the water and proliferate in the system,

species (bacteria that can lead to legionellosis) and

frequently leading to taste, color, and odor problems in

Mycobacterium avium (which can cause lung infections)

drinking water.

(Watson et al. 2004, Mackay et al. 1998, Rogers and
Keevil 1992, Lehtola et al. 2007). Free-living protozoa can

Biofilm Control

be part of biofilm ecosystems and are increasingly recognized for harboring pathogens. Biofilms are also possible

Biofilms are heterogeneous, inherently patchy, and colo-

contributors to coliform regrowth. Detection of coliform

nized with diverse microbial communities—qualities that

bacteria in a distribution system is an indication of possi-

make biofilm control challenging for water utilities.

ble fecal contamination, which can lead to potential risks
from all waterborne pathogens.

There are several biofilm mitigation strategies, such as
flushing, swabbing/pigging, chemical treatments, and ice

While biofilms can be a source of concern for water utili-

pigging. Flushing is the most popular method, but it is

ties, in drinking water distribution systems they have been

not always effective. It is suited to water mains fewer than

associated with the removal of some haloacetic acids

12" in diameter and may not work well on some deposits,

(HAAs) including mono-halogenated compounds
and di-halogenated species (but not tri-halogenated
species) (Bayless and Andrews 2008). The dominant
HAA degraders in drinking water system enrichment

Deciding if a problem exists

How: Monitoring diagnostic parameters (e.g., taste and odor, high
residual demand, heterotrophic plate count)

cultures are Afipia spp. (Hozalski et al. 2010).

Biofilms and Other Water
Quality Concerns
Corrosion

Assessing biofilm growth

How: Developing and executing a biofilm sampling plan considering
sampler types, sample location, biofilm analytical methods, data analysis

Biofilm growth can increase localized cast iron pipe
corrosion by changing oxygen concentration and
electrical potential of the pipe wall (Lee et al. 1980).
While biofilm growth in a water pipe can be beneficial
as a barrier to corrosion, it is generally considered
to be detrimental in most aspects of iron corrosion

Factors affecting biofilm growth analysis

How: Reviewing water quality and distribution system operation data
(e.g., pipe materials, system hydraulics, pH, temperature, disinfect residual)

(McNeill and Edwards 2001). Additionally, anaerobic
sulfate-reducing bacteria can contribute to microbiologically induced corrosion by generating hydrogen sulfide gas that accelerates corrosion processes
(Beech 2003).
Nitrification
Nitrification is a biological process by which ammonia is sequentially oxidized to nitrite and nitrate.
Ammonia-oxidizing bacteria (AOB) are ubiquitous in

Biofilm management strategies

How: Developing a mitigation plan
∙ Target biofilm with strategies identified in existing guidance
∙ Mitigation plan might be tailored toward elimination of dominant
species or other species of interest identified by community analysis
Source: Hausner et al. 2012

chloraminated distribution systems, and biofilms can

Figure 2. Diagram of biofilm assessment and

help AOB survive disinfectant residuals. AOB growth

management steps
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Biofilms are a major concern for water
utilities for many reasons, including
proliferation of pathogens and
coliforms, and increased pipe corrosion.
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