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Biostabllity in distribution network

* What is biostability ?
* The ability to limit regrowth in drinking water

 Factors influencing biostability

Water Age Temperature Carbon & Nutrient
(Residence Time) Availability
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Abstract

Background: Residual disinfection is often used to suppress biological growth in drinking water distribution systems
{DWDSs), but not without undesirable side effects. In this study, water-main biofilms, drinking water, and bacteria
under corrosion tubercles were analyzed from a chloraminated DWDS {USA) and a no-residual DWDS (Morway). Using
quantitative real-time PCR, we guantified bacterial 165 rRNA genes and ammonia monooxygenase genes (amod) of
Bruaset , H em . 2014. A206 Biostabilitet 1 { Mitrosomaonas oligotropha and ammonia-oxidizing archaea—organisms that may contribute to chloramine loss.

. PCR-amplified 165 rRMA genes were sequenced to assess community taxa and diversity.
drikkevannsnett. Norsk Vann; Report No.:
’ p Results: The chloraminated DWDS had lower biofilm biomass (P = 1 x 107°) but higher N. aligotropha-like amoA

206/2014. genes (P = 2 x 1077) than the no-residual DWDS (medians = 4.7 x 10*and 1.1 x 10* amoA copies cm—2,
chloraminated and no residual, respectively); archaeal amod genes were only detected in the no-residual DWDS
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Water Age In Distribution Network

 Tracer study to determine /\
water age — using salt from "N
chlorine production
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0-4days [51,2%)
4-8days [21,9%] :
8-15days [5,1%] ph %

* Higher water age has
higher HPC count

15-30days [5,8%]
30-45days [14,4%]
45-60days [0,1%]
60+days [0,3%]
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Rakstang JK, Waak MB, Rokstad MM, Hallé C. 2021. Demonstrating the potential of salt tracer studies to
improve Norwegian drinking water network models and water age estimates. Tidsskr VANN. 56(1):61-69.
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Sources of Biomass In the Network

Envircnmental Bacteria 1 UNTREATED
SOURCE WATER
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Assessing biostability

First methods focus on
biodegradable organic carbon

« Assimilable organic carbon (AOC)
« Optimization of bioassay

« Use of indigenous bacterial
community
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Carbon hierarchy

Total Carbon

Total Inorganic Carbon Total Organic Carbon
(TIC) (TOC)
Dissolved Particulate Dissolved Particulate
Inorganic Carbon Inorganic Carbon Organic Carbon Organic Carbon
(DIC) (PIC) (DOC) (POC)
Biodegradable Nonbiodegradable
DOC (BDOC) DOC (NBDOC)
Bacterial Growth Assimilable Fraction of BDOC assimilated as new cells

* 3 srmourmy: [€eeoese . duri bacterial th, ludi ed
Potential (BGP) < | 4 Organlc Carbon (AOC) cgrrll)nt?n (%coti;la growth, excluding respire
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An alternative to AOC and BDOC

Water Research 142 (2018

"
.
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Contents lists available at ScienceDirect

Water Research

« Useful diagnostic parameter

journal homepage: www.elsevier.com/locate/watres

A uniform bacterial growth potential assay for different water types N

* Versatile method

Check for
: E : I . a,cd updates
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Seawater

The bacterial growth potential is important to understand and manage bacterial regrowth-related water
quality concerns. Bacterial growth potential depends on growth promoting/limiting compounds,
therefore, nutrient availability is the key factor governing bacterial growth potential. Selecting proper
tools for bacterial growth measurement is essential for routine implementation of the growth potential
measurement.

This study proposes a growth potential assay that is universal and can be used for different water types
and soil extract without restrictions of pure culture or cultivability of the bacterial strain. The proposed
assay measures the sample bacterial growth potential by using the indigenous community as inocula.
Flow cytometry (FCM) and adenosine tri-phosphate (ATP) were used to evaluate the growth potential of
six different microbial communities indigenous to the sample being analyzed, with increasing carbon
concentrations. Bottled mineral water, non-chlorinated tap water, seawater, river water, wastewater
effluent and a soil organic carbon extract were analyzed.

Results showed that indigenous bacterial communities followed normal batch growth kinetics when

Farhat et al. (2018) doi: 10.1016/j.watres.2018.06.010
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Bacterial Growth Curve
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Bacterial Growth Potential

1. Sterilization
2. lnoculation
3. Incubation

4. Enumeration
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Enumeration - Flow Cytometry

« Automated flow cytometry using cartridge system
 All reagents and waste products are contained
« Ca. 1000 reads per cartridge

« Continuous (online) and manual modes

 Portable, with built-in computer, touch screen

. BactoSense
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Incubation with
intercalating dyes

@ SYBRGreen|

(membrane permeable)

€9 Propidium iodide

(membrane impermeable)

SYBR Green |
emits green light
(FL1 /525 nm)

Propidium iodide
emits red light
(FL2 / 715 nm)

Intact cell membrane

[ ®

Damaged cell membrane




Incubation
Flow
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“Dot plot” or “cytogram”
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FL2 (715 nm)

Blank

Cold water (feed)
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FL2 (715 nm)
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Results

Bacterial Growth Potential
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Nutrients vs. Carbon: Which limits bacterial growth?
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Conclusions

 Indigenous community bacterial growth potential assay
« Simple and flexible
« Consistent cell count enumeration using flow cytometry
« Reproducible results
 Relationship with known AOC analysis

* Novel diagnostic tool
* Role to nutrient
« Rate of growth in the network
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