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Wastewater as a resource.

Effective utilization of wastewater via microbial management..



Introduction & The Invisible Workers

The living ecosystem.

The challenge: are we managing our microbes effectively?

The Solution: microbial metagenomics and culturomics.

The application: hollow ceramic beads



A WASTEWATER ECOSYSTEM: MICROBIAL INTERACTIONS FOR EFFLUENT TREATMENT
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MICROBIAL WORKFLOW IN WASTEWATER TREATMENT:
ANAEROBIC, AEROBIC, AND ANOXIC PROCESSES
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NITRIFICATION VERSUS DENITRIFICATION:
KEY ENZYMES AND END PRODUCTS

NITRIFICATION: OXIDATION PATHWAY

STEP 1: AMMONIA OXIDATION
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Wastewater Treatment System il
Inffluent = A’““" . e = 7
(containing NH;*) (i ' @ : ” 3 [| 7
# — [ e, D S O A Effluent
L&y L ~he R L (containing NO3)
| e ~ A \ ""1_?":13 },} 1 — :: .j’% L ;&‘-’, "[’“Dt : LI ‘—\
' - osGoosis” “yoaadodd o COMPLETE |
| — Coarse bubble diffuser NITRIFICATION
Floc AERATION TANK Efficient removal
i of nitrogen from
Nitrification Zone wastewater.
A @ A
AMMONIA-OXIDIZING BACTERIA (AOB) NITRITE-OXIDIZING BACTERIA (NOB)
polar cap
NH,* - NO, -
* N2 30, 2 NO, 2/ o\ NO:
2H,0 — " 4H*
Ammonium 3 L Nitrite to

L\L_r> to Nitrite AMO HAO 5 Nitrate

02 — > 2 N03_

Nitrosococcus

polarcap  Nitrobacter L (ATP) |

2NH,"+30,— 2NO, + 2 H,0 + 4 H* (Nitritation) 2 NO, + 0, — 2 NO;" (Nitratation)




Monitoring microbes

Conventional culture dependent methods



CULTURE-DEPENDENT METHOD FOR WASTEWATER MICROBIOLOGY: QUANTIFICATION OF VIABLE BACTERIA (CFU/mL)

1. SAMPLE COLLECTION & PREPARATION —> 2.SERIALDILUTION > 3.PLATING, INCUBATION & COLONY COUNT
| | | (REDUCING MICROBIAL LOAD) — ——
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Culture Independent Methods

Metagenomics, Shotgun sequecning, Culturomics, Metabolomics



MICROBIAL METAGENOMICS: WORKFLOW FOR WATER SAMPLES
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How do we interpret data?

- Microbial diversity

- Microbial DNA barcodes

. Copy number

. Changes in copy number across an ETP
. Changes in composition across an ETP

- Associations with water quality.
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A typical profile of microbial diversity in a single water sample.



The staory...

What do microbes tell us about the health of an WTP



fgb MICROBIAL METAGENOMICS: VISUALIZING POPULATION ll
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STANDARD EFFLUENT TREATMENT PLANT (ETP) - SCHEMATIC PROCGESS FLOW

4. INTERMITTENT DECANTATION AND

INTAKE POINT (DOMESTIC SEWAGE) N 2. OIL & GRIT CHAMBER

AERATION (IDA) CHAMBER

9. RELEASE POINT

Untreated domestic PRIMARY TREATMENT / SECONDARY TREATMENT / ! TREATED EFFLUENT
wastewater SOLID & FATS REMOVAL ACTIVATED SLUDGE PROCESS ! DISCHARGE
| IDA TANK (" INTERMITTENT | !
< 0 %  (OPERATION CYCLE: INTERMITTENT) CYCLEPHASES || A
0il & Grease i ::H ;
__ Surface Outlet : > :
Skimmer i Chaiaes: |
Qil & Grease ; \} AERATION & FEED f
N fsiniagegre—— =i ‘ | Final Treated Water
Grit Remaval Mixed Liquor : il — :
Untreated (Biomass + Sewage) AERATORS (SETILING 1
domestic /] (ACTIVERUBING e S B TO RIVER /
wastewater ETea AERATION PHASE) ‘ x :
SCREENS N > N || DRAINAGE
(PRIMARY u : FINAL
TREATMENT) oel ol H. s n DECANTING . pH, BOD, TSS,
(GLEAR WATER WITHDRAWN, .
. [ ] SLUDGE ON BOTTOM) | Nutrient Levels
Slow Mixers Grit SETTLED SLUDGE B !
(Sand, Silt, (BIOMASS) ‘ |
Small Stones) SUBMERGED FINE BUBBLE e !
Dil & Grease DIFFUSERS (AERATORS) SLUDGE WASTING | |
Outlet L pERATION (AIR SUPPLY) — ' E:‘B",gi,,sfs;‘,’!’,gE
Biological Oxidation 1} N e TREATMENT
— 3‘r‘ftar'gated 1. ANOXIC CHAMBER 2. OIL & GRIT CHAMBER 3. AERATION CHAMBER 4. INTERMITTENT DECANTATION 9. RELEASE POINT
(Nitrification/Denitrification) (PRIMARY TREATMENT / (SECONDARY TREATMENT / (TREATED EFFLUENT
@ Untreated SOLID & FATS REMOVAL) ACTIVATED SLUDGE PROCESS) AND AERATION (IDA) CHAMBER DISCHARGE)
\S 7,




Intake Point

@

High Population

(

Anoxic Chamber

@

Dominated by

Bacteria and
Lower Number of
Fecal Coliforms

[] Fecal Coliforms
] Other Native Bacteria
[ Other Bacteria

Q

OO

s
£

&

of Coliforms and ] Fecal Anaerobic ] Fecal
Human Gut Coliforms Bacteria Coliforms
Microbiota e Human Gut B Anaerobic
Microbiota , Bacteria
*t % \ [] gther ‘ [l Others
. @& acteria
. \.
( - (- - - -
© Aerobic Chamber (4) Decantation and Intermittent Aeration Chamber
Higher Healthy  ° 0O p R’
&

Coliforms Almost
Eliminated and
Healthy Bacteria

Fecal
Coliforms

Fecal
Coliforms

[ Healthy
Bacteria

[ Healthy Bacteria
[ Other Bacteria

.




COMPARISON OF METAGENOMIC BACTERIAL COMPOSITION IN
EFFLUENT TREATMENT PLANTS: HEALTHY VS. UNHEALTHY

HEALTHY EFFLUENT TREATMENT PLANT (ETP)
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Application

Hollow Ceramic Beads
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POROUS CERAMIC BEAD:
DUAL MICROBIAL ENVIRONMENTS (CROSS-SECTION)
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ETP EXPERIMENT: EFFECTIVENESS OF HOLLOW CERAMIC BEADS

= S —— FOR WASTEWATER TREATMENT
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Microbial viability in the Test (T) and Control (C) after 72 hours



Quantitative Real Time Polymerase Chain Reaction (QRT-PCR)



CFU vs Dilution (Bar Graph) - 24 Hours
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CFU vs Dilution (Bar Graph) - 72 Hours
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Summary

. Improvement in water quality parameters.
. Maintenance of a viable bacterial culture via incorporation
into porous ceramic beads.

. Simulated the activated sludge.



Conclusion

The future of clean water relies on looking at the microscopic
level. By understanding and partnering with microbes, we can

build a truly circular, zero-waste society.
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