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Intreduction

Iihe eccurrence off bacterial grewths inl finished drinking
Water'is not new.

In 1950, the AWWA' committee on water supply: reported
the problem of regrowth o “B. ColiF.

Bacterialcould not be detected in the finished water' at
the point of entry; NOWEVEr, MICeerdanisms Were
apparently: multiplying in: distribution: pipelines.

While water treatment and disinfection; systems can
FEmoVe most of the bacteria fiound in' raw Water, the
water produced!is not sterile, and low’ levels; off bacteria
do) persist even in properly: treated supplies.



Bacteriall growth 1n: drinking| water
distribution systems makes monitorng for

pacterallquality in the distribution: system
aifficwit.

Grewthis of bacteriaron pipe walls, called
piofilms; alse can provide a faven for
potentially: pathegenic bacteria.

Biefiln IS ani 6rganic or INerdanic suiface
depoesit consisting off MICroerganisms;
microbial products, and detritus.



Description

What is a Biofilm?

Biofilms are formed! in distrbution: system
pipelines when micrebial cells attach te pipe
surfaces and multiply: ter form: al film: or slime
layer'on the pipe. They are dynamic
MICFOENVIFORMERLS, ENCOMPaSSING PrOCESSES
SUChi as, metaboelism, growth, and preduct
fermation: finally, detachment, erosion, or
sloughing of the: biofilm from' the surface.



The biofilm may’ grow: until the surface layers
pegin te slough ofiff into; the water, and the pieces
of biofilm' released Into the; Water may: Continue; to
Provide protection for the organisms until they:
can colonize alnew; section of the, distrbution
system.

Macrenoelecules tend ter accumulate at selia-liguid
INterfaces; creating al favorable environment in
Other-wise nutrient-deficient: sittiation;

A Nigh flew! rate in' the system canl transport
tremendousi quantities of nutrients to: fixed
MICroerganisms; even wihen nutrient
concentration' in the water' is' Iow.



Production off EPS (extral cellular
pelysaceharides) nelps terancher attached

Dacteriay EPS alsermay: be alfactor in nutrient
capture;

Bacteria embedded i EPS matrices are
protected firomi disinfectants by’ ar combination: of
physical andl transpoert pnenemenal



Source water Treatment

Filtration &
disinfection

Distribution
system

e
|

I >

d—
S| A T
. N ——
Pipe ;
ey Biofiim

Distribution on media
system pipe Biofilm on pipe




Bioavailability




PIPE SURFACE




What Kinds of Microorganisms
Make Up: the Biofilm?

Bacteria

Iihe predominant coli
formji Species
denerally include
Enterobacter cloacae,
Klebsiella, Citrobacter
freundii and
Enterebacter
agglomerans.
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Protozoa

Biofilms in potable
Water systems may.
contain al variety: of
NONPathegeERIC
Protozoa andl ether
INVertebrates.




[Facters that faver biofilm| growth

Hydraulic Effiects
Nutrent: Availanility

Carbon

Nitregen: anad PAesphorus

Other Sources off Nutrients
Disinfection Residual Concentrations
Corresion

Sediment Accumulation



Discussion

IHOW t0r Recognize al Biofilm Occurience

Detection| off Breakthrough Contamination
Detection off Biofilms
Characteristics off Biofilm Preblems
Examination i Pipe: Surfiaces
Measurement off Nutrient Levels
Corroesion
Examination off Hydrodynamics



Biofilm: Control Strategies

Comprehensive, Distribution System
Maintenance: Predram

Regular fiushing
Pigging

Pipe replacement



Reservoelr Malntenamnce
RINSE Priok te Use
LMt rEtention tines
Maintain adeguate residuals

Keep covered



Corrosion Control

Use: chemicall inhibitors
Adjust pH

Appropriate Disinfiection: Practices

Increase firee chlorine residual
Use alternate disinfiectant



Reduced Nutrient LLevels
By USIing:
Activated! caren fHiters
Mixed carbon/sand filters

Bielegically: activated filters



Best Available Technologies te Meet the
Tiotall Coliform Rule

Wellhead protection: program

Maintenance ofi disinfectant residualiin the
distribution system

Proper distribution: system' niaintenance
Eiltration: and/or disinfection



Conclusion

ihe water supply: andl distribution: playsian
Important rele in the; Distribution System
Vonitoring) and biofilmrcontrol strategies. Itis
always bengficial torave; a thoreughr monitoring
as [t provides! a historical data, Whichr can help te
detect changes in: bacteral guality, problems and
also the seurces off contamination. The risk of
developing a biofiln preblem IS reduced’ by,
Practicing gooed! pipe maintenance and regular
rlushing| of distribution: lines.
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