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What does the Changing Planet mean for water?

e Drought
e Flooding
e \Warming
e Demand changes

e Pollution

—

Strain on aging
infrastructure

Human and
environmental health
Impacts

Economic impacts



Changes affect interconnected engineered water environments
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Changes affect interconnected engineered water environments
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Observing impacts on water microbiomes
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Observing impacts on water microbiomes
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How do changes in water systems affect microbial communities?
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Advanced Water Treatment Plant
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Advanced treatment removes microorganisms from water
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Advanced treatment removes microorganisms from water
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g 10 Flow cytometry data: counting cells
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Advanced treatment removes microorganisms from water

g —— Flow Cytometry Assay
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Advanced treatment affects the microbial richness of water
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Advanced treatment affects the microbial richness of water
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Advanced treatment affects the microbial profile of water

NMDS2
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Advanced treatment affects the microbial profile of water
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How do changes in water systems affect microbial communities?

2. Direct
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Drinking water distribution systems are complex, not sterile
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What happens when we add highly purified
water with lower nutrients and fewer cells?
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Drinking water distribution systems are complex, not sterile

sRreeE ST 8. o F

'O > - .
3 Bulk water géi growth iofilm detachment i Attachment/colonization 3

L

Lo

= = =

= < - < = = a

Image by Hannah Healy

Pipe loops as a model
system to study direct
potable reuse
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Introduction of advanced treated water to pipe loops
Phase 1 i Phase 2
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Introduction of advanced treated water to pipe loops

shifted abundance of key organisms

NA{ @ I )
Aquabacterium - @®
Paucibacter 4 [ ] I
Acidovorax A @ I
Rhodobacter - .
Caulobacter - Enriched I @ Enriched
Porphyrobacter A o
B Sediminibacterium - before - I A after
€ Methylobacterium 4 o —
8 éphingobium . transition l @ transition
Acidaminobacter - | 5
Deinococcus | )
Silanimonas 4 ®
Reyranella 1 =)
Pseudomonas - I @
Hydrogenophaga - @
Novosphingobium A ] (@) ! | @] i )
-20 -10 0 10

Kennedy et al. (2023)
ESWRT

logo-fold change in relative abundance of ASVs

@ Proteobacteria @ Deinococcus-Thermus

Phylum

@ Firmicutes

Bacteroidetes

24



But...
Advanced treated water is influenced by storage / transport
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But...
Advanced treated water is influenced by storage / transport
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Controlled inoculation of Advanced Treated Water:
(work in progress)

Alma Bartholow
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Controlled inoculation of Advanced Treated Water

Image credit: Alma Bartholow



Controlled inoculation of Advanced Treated Water
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How do changes in water systems affect microbial communities?

3. Drinking water
distribution
system
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Low water use in annular reactors: a pandemic experiment
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Cell counts increased and chlorine decreased
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*but each reactor behaved somewhat differently
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Community & functional changes with increased water age

Enrichment of functional genes related to the degradation
of histidine, leucine, tyrosine, and pyrimidine
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Key takeaways

1. Drinking water # sterile

2. Advanced treatment — transformed microbial
community

3. Pure water can be easily contaminated

a. Could controlled microbial inoculation
increase stability?

4. Within distribution system, the water age affects
the community

rkantor@berkeley.edu
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83 high quality metagenome-assembled genomes (MAGs)
some enriched in reactor feed, bulk, or biofilm

Tap feed
Gallionella_1
Mycobacterium_2
Obscuribacteraceae 3 15 12 42

Rhodocyclaceae 2

Reactor
bulk

12

Reactor
biofilm

Mycobacterium_3
Novosphingobium_1
Novosphingobium_2
Methylobacterium_1
Burkholderiales_1
Reyranella_1

Hyphomicrobium_3
Planctomycetes 1
Pirellulales_2
Nitrospira_1
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Drinking water distribution system models

Pipe loops Annular reactors
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Questions about changes to water microbiomes

1.

What happens as wastewater becomes drinking water:
advanced water treatment

What happens when advanced treated water enters a
distribution system: potable reuse

What happens when a distribution system experiences
low use/stagnation?
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