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Microbial processes for wastewater treatment

Activated sludge

* Conventional microbial process in wastewater
treatment plants

* Floccular structures, settle slowly

Aerobic granular sludge

* Granular structures, settle fast _
_ footprint and

e Allows high sludge concentration | energy saving

_—

e | Suited for biological phosphorus removal

— > chemicals saving
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Aerobic granular sludge (AGS) for wastewater treatment

... and with raw municipal
wastewater

AGS fed with simple synthetic
wastewater ...

=== 500um

* Are fermentable or polymeric compounds responsible for
this difference ?

* How do they impact - the settling characteristics,
- the nutrient removal,
- the microbial communities of the AGS?

Objectives




Influence of particulate substrates on AGS

15t experiment (DPE-Eawag)
e Start-up AGS from activated sludge

* 4 reactors in parallel with different
wastewater
— Simple synthetic (vra)

— Complex synthetic (vra, glucose, amino acids,
starch, peptones)

— Primary effluent wastewater
— Raw wastewater

lab-scale reactor

Method
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The bacterial communities from inoculum to AGS

R1 : synthetic simple wastewater

R2 : synthetic complex wastewater
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PCo2 (15.71 %)
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Principal component analyses of the bacterial

communities from activated sludge inoculum to AGS
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Influence of particulate substrates on AGS

2"d experiment at EPFL (LBE)

* Progressively change the wastewater ‘
composition
— From simple synthetic (vra)

— To complex synthetic monomeric (vra,

glucose, amino acids)

— To complex synthetic polymeric (vra,

glucose, amino acids, starch, peptone)

lab-scale reactor

Method




The bacterial communities during the transition from
simple to complex polymeric wastewater

simple

transition to

complex monomeric

transition to

complex polymeric
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Results
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EPFL

Eawag

PAO distribution depending on wastewater
composition

Simple Complex
synthetic synthetic

°

Primary effluent Raw wastewater
wastewater
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Ca. Accumulimonas
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Results
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Properties of aerobic granular sludge treating
different wastewaters

Wastewater Dominant PAO N-removal P-removal Settling

properties
synthetic Accumulibacter 44 +4++ +4++
simple
synthetic Accumulibacter 44 +4++ +4++
complex Tetrasphaera

monomeric (Dechloromonas)

synthetic Accumulibacter 4 ++ +
complex Tetrasphaera

polymeric (Dechloromonas)

municipal Accumulibacter 4 ++ +

wastewater  Tetrasphaera
(Dechloromonas)

Results




Dynamics of Ca. Accumulibacter OTUs
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Dynamics of Ca. Accumulibacter OTUs

BEREN

M02102_332_000000000-BWRC4_1_2103_24548_19226
TWEETY_306_000000000-BLGNW_1_2102_9011_19771
M02102_332_000000000-BWRC4_1_1106_5869_20041
TWEETY_293_000000000-B6GAC_1_2111_13486_22488
TWEETY_293_000000000-B6GAC_1_1102_20473_26254
M02102_332_000000000-BWRC4_1_2114_9943_6952
M02102_332_000000000-BWRC4_1_2103_22773_14772
TWEETY_293_000000000-B6G4C_1_1111_18789_5914
M02102_332_000000000-BWRC4_1_2112_20481_17070
MO01312_155_000000000-AV1BC_1_1101_29249_1289;
TWEETY_293_000000000-B6G4C_1_2110_9871_1172 [N EENENN
102_332_ C4_1_2114_10204_143
—TWEETY_306_000000000-BLGNW_1_1103_22925_22047
M02102_332_000000000-BWRC4_1_1104_10159_15495
TWEETY_306_000000000-BLGNW_1_1109_8528_22478
TWEETY_306_000000000-BLGNW_1_1104_15058_15617
M02102_332_000000000-BWRC4_1_1103_15587_12287
M01312_138_000000000-ANBYW_1_1105_17521_6538
M01312_138_000000000-ANBYW_1_1114_29688_16115
MO1312_138_000000000-AN8YW_1_2103_22655_27217
MO1312_138_000000000-AN8YW_1_1103_16600_15517
TWEETY_306_000000000-BLGNW_1_1107_21271_3920
M01312_155_000000000-AV1BC_1_1109_10785_9928
M01312_138_000000000-ANSYW_1_2111_19611_23220
M01312_138_000000000-AN8YW_1_1107_29384_13974
M01312_155_000000000-AV1BC_1_1114_21366_4018
102_332_ 4_1_2112_11777_13102
Mozwz 332_000000000-BWRC4_1_1103_8989_22437
TWEETY_293_000000000-86G4C_1_1111_27726_8295
M02102_332_000000000-BWRC4_1_1101_14752_4746
M02102_332_000000000-BWRC4_1_1102_18096_10861
M02102_332_000000000-BWRC4_1_2102_25704_11705
M02102_332_000000000-BWRC4_1_2103_5528_14646
M02102_332_000000000-BWRC4_1_2113_15577_16607
M02102_332_000000000-BWRC4_1_2113_14251_12400

0.1

0.0

TWEETY_306_000000000-BLGNW_1_1103_25172_574

CHNNED NN EENENEERCEEN

000 ssnnnng sy nsamnmmnmnnm

TWEETY_293_000000000-B6GAC_1_1109_27469_226:
M02102_332_000000000-BWRC4_1_1111_9892_23173
TWEETY_293_000000000-B6G4C_1_2105_18452_7848
M02102_332_000000000-BWRC4_1_2114_22868_6845

M01312_155_000000000-AV1BC_1_1111_15943_15647
M01312_155_000000000-AV1BC_1_1105_4816_21260
M01312_155_000000000-AV1BC_1_2107_11815_10638
TWEETY_306_000000000-BLGNW_1_2110_16647_21037
MO1312_138_000000000-ANBYW_1_2102_3911_14964
-————TWEETY_306_000000000-BLGNW_1_1111_7018_7221
TWEETY_306_000000000-BLGNW_1_2109_21511_1866¢
M01312_138_000000000-AN8YW_1_1108_25532_17345
M02102_332_000000000-BWRC4_1_2103_23401_25611
TWEETY_293_000000000-B6G4C_1_1105_10620_25443
TWEETY_293_000000000-B6GA4C_1_1114_12000_6078

M TWEETY_293_000000000-B6GAC_1_2102_19183_14201
M01312_138_000000000-AN8YW_1_1105_6160_13412
TWEETY_293_000000000-B6GAC_1_2113_24015_19614
M01312_155_000000000-AV1BC_1_1111_22230_15629
TWEETY_293_000000000-B6GAC_1_2101_9186_
TWEETY_293_000000000-B6G4C_1_2104_18515_1073,

102_332_( C4_1_1108_10809_27499

M02102_332._ C4_1_2111_9085_21273

o~ 22233283 R R A N o e B e R b b o e N o D S P N R R e R e b Rt 1Y

EERbbb b EESMS MG NS R PR R R S R EASID R b bR b b PR e R b bbb £ 4o 88533
=
=]
£ o
e o
[=]

= T T T T

Results

13




Conclusions

* AGS fed with complex synthetic wastewater is more
similar to AGS treating municipal wastewater than
the traditional simple synthetic wastewater. It offers a
tunable model to study AGS systems.

* Ca. Accumulibacter was the predominant PAO with
the simple wastewater. With the fermentable and
polymeric compounds, the guild of PAO was more
diverse.

e Different OTU affiliated to a single genus can have
different dynamics.

Conclusion
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wastewater compositions

Method

Medium CcoD VFA Glucose Starch Phosphorus | Nitrogen
[mgO2/L] and amino | and [mg/L] [mg/L]
acids peptones | (filtered) (filtered)
EPFL Simple
synthetic 450 | 100 % - - 22 56
Complex
synthetic 600 33% 66 % - 22 56
monomeric
Eawag | Simple
synthetic 600 | 100 % - - 6 44
Complex
synthetic 600 33% 33 % 33% 6 38
polymeric
Primary
effluent 370 10 % NA NA 3 28
wastewater
Raw
800 5% NA NA 3 30

wastewater




OTU dynamic of Ca. Accumulibacter
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