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Introduction: Taste and odour

Geosmin, 2-MIB and hundreds of

others.

Cyanobacteria, algae, benthic

organisms.

Defence mechanism?

(< 10ng/L).

Extremely low human odour threshold
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Introduction: T&O treatment

Geosmln

£ &

Chemicals

Chlorine

Finishes

. Rapid mixing
Flocculation

. Settling
Sand filtration
Chlorination
Clear well storage
Pumping to distribution system
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Introduction: GAC & BAC

Granular activated carbon

@ Adsorption only

Desorption due to
concentration gradient
@ Competitive adsorption

Influenced by surface
@ chemistry and pore

volume distribution

Pseudo-first and
second order kinetics

Activated cimon T

Adsorbate

GAC ageing, adsorption
‘exhaustion’

—

Biofilm formation: cell
attachment, carbon
characteristics,
exposure to taste and
odour

Adsorption + biodegradation
+ bioregeneration

Desorption due to
@ concentration gradient and

exoenzyme reactions

@ Influenced by biofilm
structure and microbiome

composition

@ Biodegradation or assimilation?

Resilient to taste and odour
seasonality and compounds
other than geosmin and 2-
methylisoborneol?
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Objectives

Understand the effect of carbon characteristics on adsorption.

 Understand the effect of carbon characteristics on biofilm formation and
biofiltration.

« Asses the impact of seasonality on the removability of T&O.

 |nvestigate changes in the biofilm due to exposure to T&O.




Characterisation & Adsorption monitoring

Pore volume (cm3/g)

log Amount adsorbed (ng/mg of carbon)
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Biofilm & adsorption evolution

S-year
‘equivalent’

T&O Control

Biofilm characterisation

Metagenomics sequencing

Short sequence
fragments from "all" DNA
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Adsorption

First order k 0.071 032
075
Micropore volume. Second orderk 018 | oa
0.50
Remaval after 3h contact 029 0.34
-025
Remaval after 8h contact 0.14 027
R -0.00
BET as fallback option.
Remaval after 7d contact 00066 | 028
--0.25
n £.026 | 046
-0.50
. kf| 025 | 014 [ 01 [-00093| 0.18 | 021 | 0082 H o7 ‘. e
Oxygen content has little |
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influence: conflicting bonds

Micropore volume
Volume < 10nm
Average pore diameter
Mesopore volume
Macropore volume
Effective particle size




Adsorption evolution
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Adsorption evolution

Steady T&O removal.

Rapid decline in DOC removal.

Not a good indicator

Similar kinetic and isothermal

removability.

Effluent / Influent Geosmin (%)

Effluent / Inflluent DOC (%)
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Biofilm growth
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Biofilm properties

A rAc B G rl
Surface area
rA TAc B ™c rC rCc D mMc rE rEc rF rFc r&G rGc rH rHc 1l ric

Thickness

cA

cB

cC

cD

cE

cF

Cell count 0098 0.059 0.131 0209 0115 0.017 0.054
Biofilm mean thickness 0.002 0.079 -0.086 0.103 0.022 -0.060 -0.051
Biofilm volume 0.062 0.162 -0.140
Biofilm area 0.066 0037 0.036 -0.005 0.031 0.033 0.039
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The microbiome

Mollicutes
Verrucomicrobia
Planctomycetes
Chloroflexi
Synergistaceae
Acidobacteria
Chiorobiaceae

Aquificales
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Poribacteria_noname 0% Il

Deferribacteraceae
Thermodesulfobacteriaceae
Gemmatimonas_aurantiaca

Ignavibacteriales

Nitrospina

Chthonomonas_calidirosea
Desulfurispirillum_indicum

Dictyoglomus

Fibrobacter_succinogenes
Elusimicrobium_minutum
Lentisphaera_araneosa
Candidatus_Cloacimonas_acidaminovorans
Caldisericum_exile
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Microbiome changes with age and pre-exposure
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Conclusions

« Adsorption is controlled by micropore volume (< 2 nm).

« Carbon characteristics have little impact on biofilm growth, but still play a major

role on biofiltration performance.
 Kinetics and isothermal experiments suggest adsorption is primary mechanism.

« Biofilm is complex, diverse, and quickly colonises the granules, increasing in

thickness as time goes on.
 Alpha diversity does not change much with age, but beta does.

* Pre-exposure to T&O has little to no effect on the microbiome or on the

removability.
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