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Overview

C Just dagslogiesicleanged water
management in the 20 century,

4 Gomics are going to change the future of

Sf,‘: water in the 21 century

) | ".-,. . . .
¢ The impacts of technologies outside the

traditional water sector are going to
radically change technology

C The water sector should engage with these
new disciplines to maximise adoption and
uptake
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The role of converging technologies

C Physics
A acoustics/light/electronics/surface chemistry esp lasers
C Nanotechnology (physics/chemistry)
A Nanoparticles- coated
A New materials
C Chemistry
A natural products analysis;
A rapid analysis/G®MS/LCGMSMS
C Mathematics/computing
A bioinformatics
C Biology
A Genomics; inc metagenomics
A Proteomics %0 %
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Implications for the water industry

C Traditional black-box views of technology
are disappearing

C New insights are producing new
technologies

C Lower operating costs
C Lowered capital costs
C Linear thinking is not an option

Management & engineering will need to incorporate this
knowledge into their activities o
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Sector Activities

Cell signalling | UNSW
Biofilm management
™ < Bioremediation/transformation

(\s ° Murdoch

B

5{2 Solid & liquid UQ
i wastes

Sensors and detectors

od Pathc:g?igncifgfcuon Advanced c_ontrc_)l systems
Bio-selection of Complex m.lcrob.lal cultures
processes E.nglneermg
Non aqueous ~ Bio-products
systems Bio N & P removal
Bio-N removal Pathogens

Extremophiles
Gene shuffling/synthesis
Advanced monitoring
Enzyme production N §
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Water Industry & micro-organisms

BIOFILM
Management

BIOFILM
Composition

BIOFILM
Ecology

Corrosion control Floc Pathogen viability
settling

SRR Foaming & bulking

Pathogen control

Membrane fouling
MBR operation

Biofouling in distribution Pathogen detection

systems N&P removal

. Protozoa
Chlorine demand Biosolids dewatering

Taste & Odour Biosolids digestion

Disinfection control
systems

Dirty water inc Fe & Mn Centrate treatment
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Keeping the pipes clean

Membranes as well!
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Biofilm costs for the water industry

C Biofilm speciality chemical costs in recreational use
A US$400m pa in US
A Over $1b estimated WW

C Chemical costs for water/wastewater treatment
A US$10b estimated WW

C Replacement cost of infrastructure due to corrosion in
Australia over next over AUD$1b

A 2.5% of world infrastructure
C Other forms of biofilm costs
A Cooling towers
A Air conditioning
A Industry
A Membrane systems flushing & cleaning
C Wastewater treatment floc breakdowns?
w00
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Biofilms - real problems

Drinking water pipes before and after biofilm
cleaning i Walkerton, Ontario, May 2001

Biofilm microcolony blocking pores

on a reverse 0osmosis membrane %0 ¢
. . CGOOOO
after 3 days of water filtration °°08
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Biofilm development: the

microcolony model

Free-swimming
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Biofilm Dispersal T the mechanisms

C Active or passive phenomenon?
C Can we induce it?
C Can we exploit it?

A Bacterial Advantages:
Ad{ SSRAY3 RAALISNERIFIfE&EE O2f 2y
A Generation of mutated population

A Water industry

A Management & understanding is key to better water
processes & operations
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Developmental cell death-mediated biofilm
control

Hypothesis
Reactive oxygen and nitrogen species (RONS) accumulate in
. biofilms and trigger cell death & dispersal responses

V Very reactive, free radicals and non-radicals
V Continuously generated as by-products of cell metabolism

V Oxidative and/or nitrosative stress is the result of an
Imbalance between RONS and anti-oxidants

H,0; . ©

Hydrogen peroxide o)
o Superoxide NO
® @ NS Nitric oxide
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Peroxynitrite . .
Hydroxyl 20, %
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Differentiation & death in microcolonies

Pseudoalteromonas ' o
tunicata Pseudomonas aeruginosa Vibrio cholerae

A | o : e
Caulobacter crescentus Streptomyces antibioticus %9, 0

_ . _Entcheva-Dimitrov & Spormann, Fernandez and Sanchez, 2002 o g?
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Low concentrations of NO increase the sensitivity of P.
aeruginosa cells to antimicrobial agents(<500nM)

Control

H»>0O» Tobramycin SDS AV

[0 mM

Pre-established P. aeruginosa biofilms exposed to 0 or 500 nM SNP, and treated with
antimicrobials.

V Sub-lethal concentrations of NO donors reverse biofilm formation
V Remaining cells are easily removed by standard antimicrobials
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Sludges i the bane of the
WWTP engineer

Biofilms by any other name
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Issues with WWTP sludges/biomass

C Operational

N A Slow or difficult to settle

\ A A Variable microbial composition

yﬁ.ﬁ C Treatment
;;»i?'.""f % A Difficult to dewaterc HS/HP centrifuges to ~20% to
30% with EBNR without chemicals

C Disposal
A Major capital cost in digestorsslow process
A Reuse requires rdreatment
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. Properties of sludges
. C Complex biofilms

= &% C Composition depends on ambient

N A conditions
o Vi

y = C BNPR sludges are harder to dewater &
nandle

C Relatively long digestion time

C Digestor liquid goes back to WWTP or
requires new treatment process

C Residual biosolids shipped for composting
EtC %0,
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Biosolids Digestion

C Why the problems?

A Exocellular polymeric substances (EPS) materials
difficult to digestc eg CAMB¢ thermal hydrolysis

A Dispersion of material requires agitation or
ultrasound

A Slow production of methane (impure)
A Long retention time in digestors
A Instability of digesters an issue.
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Granulationg existing knowledge

Granulationg the next technology for
biomass management

T Granules well known in anaerobic
systems

I Granules now characterised for
aerobic systems

A Granules developed in
washout systems

A Slow, time consuming process
with poor efficiency

I EBPNR colonies not present in mg
work

Mixed BNR culture granules are able to be

cultured & maintained
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Advances In granulation

A Recently EBNPR activity
produced and maintained |
r—— | U V] (S

- "% A Behaviour as for norméiocs
V%= ° A Granule characteristics

| {B i Settling time 24 minutes
I 60% solids

I BNR organisms by FIS

I Low carryover witlloc
shearing

T Size 0.6to 1.6mm
(10 to 90%)
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Biosolids as Granules

¢ The results so far
A Uniform granules with same performance feasible
A Planning for full scale plants in Europe using granules
A Dewatering not a problem

A Slow production of granules

A Fine floc production

A Fate of pathogens

A Instability of under adverse conditions?
A Need to rethink operating conditions

Within 3 years aerobic biosolids will
become a standard operating medium wan
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Pathogens

New Insights, rapid detection
&
new control measures
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. Pathogen detection design

. C Adapt detection technologies to waste
stream effluent

gy N
(. e CAssess the level and type of microbial
Sf; . contamination

C Develop new detection procedures
appropriate to field situations

C Develop new probes for pathogen detection

C Development of specific and robust assays
to detect antigens
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ae colours of the quantum dotsgpe dlctated by the

¢ size of the matera* “
LW

QDs absorb light and then re-emit the light in
different colour.
Emission spectra: narrow and symmetric
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Quantum Dots for Nucleic Acid Hybridization

Generic platform technology for Quantum dots

Protein-QDs immunoprecipitates onto cells (eg. Antibodies). so@o
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