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General aim



LIGHTING & BUILDINGS 8.14%
CHLORINATION 0.27%
BELT PRESS 3.91%

ANAEROBIC
DIGESTION 14.24%

WASTEWATER PUMPING 14.26%
SCREENS 0.02%

GRIT 1.36%
CLARIFIERS 3.15%

GRAVITY
THICKENING 0.06%

RETURN SLUDGE
PUMPING 0.46%

AERATION
§4.12%

?

&

Conventional Biological Processes
Nitrogen Removal

source://lwww.hazenandsawyer.com

General aim



Conventional biological process

DENITRIFICATION
Heterotrophic Bacteria

o5

(

Requirements:

= 4.2 mgO,/mgN-NH,
=2.8 mgCOD/mgN-NO,

Fields of application:

Urban wastewater :

="Low NH,*
NITRIFICATION "High COD/N 2 >4 -5
2 | Autotrophic Bacteria
CO,

General aim



Ammonium-rich wastewaters

Old Leachate Anaerobic digester effluent
urban landfill (Trento) urban WWTP (Trento)

N-NH,* = 1181 mg L N-NH,* =433 mg L*
CODyjpgeq= 250 mg L CODyjpgeg— 158 mg L
CODyjogeqr /N = 0.2 CODyipgeqr /N = 0.5

General aim



v Physical — chemical processes

= Ammonia stripping

=Struvite precipitation

v'Innovative Biological pathways

" anammox Process:
ANaerobic AMMonium OXidation

* n-damo process

* DNRA

= Archaea

General aim



An innovative biological process:
Simultaneous partial Nitritation, Anammox and Denitrification - SNAD

DENITRIFICATION

Heterotrophic Bacteria Advan tages:

< 60% oxygen consumption

NH,*
O§H4 4 RESIDUAL  no external carbon source

ANAM I\/IOX

J Lower sludge production

0.5NH,*

( Aufofrogh ic Bacteria /
9

PARTIAL Ammonium rich- wastewaters:
NITRITATION
=High NH,*

O, Autotrophic Bacteria
"Low COD/N 2 <2

Low Organic CO

NO,

Innovative Biological processes



Research questions

1. How does the SNAD process work?

2. How can | optimize the performance of the SNAD process?
3. Which are the microorganisms involved in it?

4. Can the SNAD process treat old landfill leachates? And anaerobic
digester effluents at moderate temperatures?

5. How to control the SNAD process?

Research questions



1. How does the SNAD process work?

Main operative conditions
Reactor Configuration
» Sequential Batch Reactor (SBR) and Granular biomass

» Lab scale SBR

Community composition and spatial distribution
» Phylogenetic and Morphologic Analysis

SNAD process treating ammonium-rich wastewaters :
»>Leachate treatment at 30 ° C
»Digester effluent treatment at 25° C

» Correlating on-line parameters & “Real time” control strategy

Specific aims



Main operative conditions

J, Free ammonia : 5mg/L<NH;-N<10mg/L

1. AOB activity > AN Temperature : T = 30°C
o 5NH,*eepus. & OUtCOMpete NOB

™ Oxigen: DO < 0.5 mg/L

ANAMMOX

Autotrophic Bacteria
( N2H44/ O.5NH4+
NO ‘

-

P 2. Prevent anammox W Oxigen: DO <0.5mg/L
',;-“/.;'.1-502 bacteria inhibition ~ W Nitrite : NO,~N < 30 mg/L

\Z Some organic matter (methanol, etc)

NITRITATION
(¥ ) 50, Autotrophic Bacteria

) -
Low Organic CUT 3. Co-exixtence
anammox & = I CODyiogey:/N:C/N<1-2

NO," denitrifying bacteria

Main operative conditions



2. How can | optimize the performance of the SNAD  process?

Main operative conditions
Reactor Configuration
» Sequential Batch Reactor (SBR) and Granular biomass

» Lab scale SBR

Community composition and spatial distribution
» Phylogenetic and Morphologic Analysis

SNAD process treating ammonium-rich wastewaters :
»>Leachate treatment at 30 ° C
»Digester effluent treatment at 25° C

» Correlating on-line parameters & “Real time” control strategy

Specific aims



Sequencing Batch Reactor (SBR)

Wastewater N H4+

Ao

Anoxic filling

Effluent

Drain & idle Micro-aerati'on (I?Q<O.5 mgL 1)
partial nitritation
N,
| | |00 Nostl
Settling Anoxic Mixing

anammox + denitrification

Reactor configuration



Sequencing Batch Reactor

Effluent
Wastewater
80 Micro-aeration Mixing ‘
Wastewater -
NH, 70
NH,*
4
60
50
o
2
w 40
Drain & idle Micro-aeration (DO<0.5mgL} £
partial nitritation
30
NO3
H )
Settling Anoxic Mixing 10
lanammox + denitrification
0t
0 1 2 3 4 5 6

time [h]

DIFFERENT MACRO-ENVIRONMENT

Reactor configuration



Granular Biomass

Liquid
OUTER LAYER

Aerobic

partial nitritation

INNER LAYER
Anoxic

anammox + denitrification

Granule DIFFERENT MICRO-ENVIRONMENT

Reactor configuration



Lab scale SBR

Lab scale SBR
n.2SBRs (4-81L)

Inoculum
Zurich WWTP SBR (1400 m3)

Anaerobic digester effluent at 30C
(Joss et al 2009)

Reactor configuration



Design of the software for data acquisition and con trol
of the SNAD-SBR process

1. Manual Control

P_effl . .
& 2. Fixed time Control
— 3. Real time Control
oY
—
G {#Dt_acquisition (mm:ss) |
| [mm:ss)

%‘

m

led start

Reactor configuration



3. Which are the microorganisms involved in it?

Main operative conditions
Reactor Configuration
» Sequential Batch Reactor (SBR) and Granular biomass

» Lab scale SBR

Community composition and spatial distribution
» Phylogenetic and Morphologic Analysis

SNAD process treating ammonium-rich wastewaters :
»>Leachate treatment at 30 ° C
»Digester effluent treatment at 25° C

» Correlating on-line parameters & “Real time” control strategy

Specific aims



Phylogenetic Analysis on SNAD biomass

Genomic DNA isolation
(CTAB DNA lIsolation protocol)

!

PCR: Polymerase Chain Reaction
(Amplify 16S or specific enzyme gene by PCR

with specific primers targeting the domain bacteria)

,“,‘;ﬁkﬁ‘%ﬁ?‘m&éw . i
P AT Wt
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oy gy

Agarose Gel
(Verify PCR products and

if necessary purify products)

LS

pGEMM-T Easy
cloning plasmid vector

(PCR products into the pGEMM-T Easy
cloning plasmid vector (promega,USA))

References

(Align library sequences with references from nucleotide BLAST databases
to determine phylogenetic affiliations for each sequence)

ot

Phylogenetic trees

(Generate phylogenetic trees using neighbor-joining method)

Uncutured AOB amoA gene_anoxic granuar sludge for anaerobie ammonium oxidation_KOREA_S(EU010401)
Uncutured AOB amoA gene_Xiamen biofim brewing sewage_9(GUZ48961)
Uneutured AOB amoA gene._anammox SBR_SK_2 (FJ5T7866)

Uncutursd AOB amoA gens B10m-07 Baltic Sea_3(EF222047)
Nirosomonas eurapaca (JN099309)

amoA_SNAD_MH3F 9

amoA_SNAD_W13F_5

amoA_SNAD_W13F 2

amoA_SNAD_IH3F_3

AmoA anaxic biofim clone S3_6(AF202654)
Uneutursd AOB amoA gens_Tianjin active sludge_8(HQB2127)
amoA_SNAD_HH3F_§
amoA_SNAD_MH3F 8

Nirosomonas eutropha (AY177932)
4‘ [ Uneutured AOB 2omA gene_Xiamen SBR active sludge_4 (GU249118)

amoA_SNAD_Mi3F 4

halophia (A/296704)
Unculured Nirasomonadaceae bacterium_wetiand soil_china_7(FJ603092)
amoA_SNAD_M3F_7

(AF2724
Nirosomonas ureas (AF272403)

(
Nirosolobus muitformis (DQ228454)
Nirosovibio_tenuis (U76352)

iensis (U76353)

Trasformation

(Transform component Escherichia coli cells
with plasmids)

T

Make clone libraries

Sequencing
_ (Sequence DNA plasmid inserts)

STTATCEGC SCACAAT T SCAC
m 142

Agarose Gel
(Plasmids were digested with 5U EcoRI enzyme in
EcoRlI buffer for 1.5 h at 37<C. and examined for an
insert by agarose (1%) gel electrophoresis)

Plasmid extraction

(Isolate Plasmid-DNA with Gene JET
Plasmid Miniprep kit (Fermentas, Lithuania))

= 0

Microbial composition



Phylogenetic Analysis on SNAD biomass

PCR: Polymerase Chain Reaction

SNAD Process
\ \

| Main Processes 1' | Possible Secondary Processes \

AerAOB Anammox Denitrifiers AerNOB AerNOB N-DAMO
MNitrosomosas C. Brocadia/Kuenenia MNitrobacter MNitrospira M. oxyfera

PCR PCR PCR PCR PCR PCR

i |
PIEJIEH Amx368F/ : 3 Mitro 1108F/ | NxrAF41370F/ Mepra 676F/ | Ntepa 616F | PmoA AATF/ ’ZDEF-'*lE-iI'-:R
AmoAiF/AmoAZR  G30R | Amx820R  NirS1F/NirS6R Nitro1423R | F2843R  Nspra-746R | Ntspa1158R PmoA-ABB2ZR [qP1FiqP2R

fEAL Target Gene Target Gene Target Gene Target Gene Target Gene
amoA 165 ‘ 16S NirS 16S ‘ Nxra 168 prrmﬁ‘ 16S

Microbial composition



Phylogenetic Analysis on SNAD biomass

Main Processes

AmoA gene of aerobic immonium oxidizing bacteria

Nitrosomonas halophiia Nm1 (AF272398, AJ298704)

Nitrosomonas eutropha Nm57 (AY177932)
Xiamen SBR active sludge (GU249118)
SNAD_amoA_4 (KC569472)

Nitrosomonas europaea Nm50 (L03050)

16 S rRNA gene of pnammox bacteria |

Candidatus Kuenenia stuttgartiensis (AF375995)
Candjdatys Brocadia anammoxidans (AF375994
Cand%’]a us rocacﬂa afL?]glda (DQ4599§9) )

Korea Anoxic granular sludge, anammox (EU010401)
Baltic Sea Water column, sediment-water interface (EF222047)
SNAD_amoA (2, 3, 5) (KC569470, KC569471, KC569473)
SNAD_amoA (8, 9) (KC569476, KC569477)
Anoxic biofilm (AF202654)
Tianjin active sludge (HQ821927)

SNAD_amoA_6 (KC569474)
Nitrosococcus mobilis Nc2 (AJ298701)

USA Anammox bioreactors_municipal anaerobic digestion reject (GQ356195)

-| ; SNAD_Amx (4, 5, 9, 11, 20, 33) (KC569478 - KC569483)

China Shallow Yangcheng Lake (JF261060)
Japan Anaerobic continuous-feeding cultivation reactor (AB376553)

USA Anammox bioreactors _ municipal anaerobic digestion reject (GQ356048)
Germany Deammonification process for anaerobic digestion effluents(JF286586)
China Freshwater wetland ecosystems (GU084105)

Chin#)Cofistructed wetland (JF346193)

Candidatus Anammoxoglobus propionicus (DQ317601)

Nitrosomonas treae Nm10 (AF272403)
Nitrosoimonas aestuarii Nm36 (AF272400)
Nitrosomonas marina Nm22 (AF272405)
Nitrosomonas cryotolerans ATCC49181 (AF314753)
_|: Nitrosospira briensis C-128 (U76553)
Nitrosovibrio tenuis NV-12 (U76552)
I——  Nitrosospira sp. Ka3 (AY123827)
Nitrosospira multiformis ATCC 25196 (DQ228454)
Nitrosococeus halophilus Ncd-2 (AF272521)

Nitrosococceus oceani AFC27 (AF509001)

—

0.005

Nitrosomonas nitrosa Nm90 (AF272404)
Nitrosomonas communis Nm2 (AF272399)
Nitrosomonas sp. Nm58 (AY 123820) Candidatus Jettenia asiatica (DQ301513)
Nitrosomonas oligotropha Nmd45 I(:AF272406) [ Candidatus Scalindua brodae(AY254883)
China Nitrosomonadaceae Wetlands (FJ603095) | Candidatus Scalindua sorokinii (AY257181)
SNAD_amoA_7 (KC569475) Candidatus Scalindua wagneri (AY254882)
—

NirS gene ofljenitrifying bacteria |

SNAD_nir$_55_1 (KC569496)
Thauera sp. MZ1T nirS (CP001281)

|: Pseudomonas stutzeri A1507 nirS (NC_009434)
—SNAD_NirS (27_4, 57_3) (KC569502, KC569498)

4|__Dechloromonas aromatica RCB nirS (NC_007298)
SNAD_nirS_25_2 (KC569501)
Psetuidomonas stutzeri ATCC 17588 nirS (CP002881)

o .
SNAD_nirS_28_9 (KC569503)

Aromatoleum aromaticum EbNT nirS (NC 00651:%)
N (GU564892)

Secondary Processes:

16 S rRNA gene of Iwitrobacter |

Systematic and Applied Microbiology: Under Review

e |: Greece_Uncultured bacterium _DEPHANOX
SNAD_nirS_24 1 (KC569500)

4’7 Sideroxydans lithotrophicus ES-1 nirS (CP001965)
00 SNAD_NirS(56_2, 58 5) (KC569497, KC569499)

Microbial composition



Morphologic Analysis on SNAD biomass

Microbial composition



Morfologic Analysis on SNAD biomass — FISH

Fluorescence in situ hybridization

Mixed population

Ribosomes =
Epfluargicende
iy FriEmSCopY

N\':( . PO

o oy

3 - ol n
{ / ; FISH analysis

DNA Py . v
Nﬂ Fish Probe Attaching ¢ ¢
Freh Praby d to DMA Molacule
Hybridization
> .

DNA probe labelled dye Hybridized cells

Microbial composition



Morfologic Analysis on SNAD biomass — FISH

Fluorescence in situ hybridization

AOB vs anammox bacteria

Real Time PCR

New primer set targeting the hzo/hao gene of anammox bacteria:

v

anammox bacteria were present both in brown and red granules

Systematic and Applied Microbiology: Under Review

Microbial composition



4.1 Can the SNAD process treat old landfill leachat  es?

Main operative conditions
Reactor Configuration
» Sequential Batch Reactor (SBR) and Granular biomass

» Lab scale SBR

Community composition and spatial distribution
» Phylogenetic and Morphologic Analysis

SNAD process treating ammonium-rich wastewaters:
»>Leachate treatmentat 30 ° C
»Digester effluent treatment at 25° C

» Correlating on-line parameters & “Real time” control strategy

Specific aims



[mgN LT

Batch tests & old landfill leachate

Wastewater

80 Micro-aeration Mixing

WORKIN CONDITIONS:
Vgpr= 4L

T=30° C
TSS=3-4glLt?
DO<0.3mgL?

pH =7.1-8.5

REMOVAL EFFICIENCY:

TAN=76 — 87 %
TN=64 - 79%
COD=23-34 %

Efficiency [%]

1,0

0,9 r

0,8

0,7

0,6

0,5 1

0,4

0,3

0,2

0,1

0,0

Moderate Load HighLoad
(A) 4h (B) 6h C (6h)
SBR SBR  SBR
EEE TAN %
0 TN%
[ 1 COD%
0 20 40 60 80 100 120 140 160 180
TAN [mg TAN L]
0.038 0.066 0.081  0.105 0.128 0.167

—
I NLR [kg TAN m~cycle ] I

5.5d — 1.9d

HRT [d]

Leachate treatment



[mgN LT

Batch tests & old landfill leachate

Moderate Load HighLoad
< > < >
(A) 4h (B)6h C(6h) D(6h)  E (6h) F (6h)
0,150 - SBR SBR SBR SBR SBR SRR
0’125 L _ I Aerobic ammonia removal rate
- : - - - - —_ __ [[___1 Aerobic nitrite production rate
—— ‘_"-5 0,100 - ] - 1 Aerobic nitrate production rate
4 0,075 ]
o0
2 0,050 -
29
e 1 Jlh o i
©
S 0,000
I2
o -0,025
>
c
S -0,050 A
c
% -0,075
2 0,100 - i
-0,125
AOB INHIBITION -0,150 —— e — I I I I .
0 20 40 60 80 100 120 140 160 180

TAN [mg TAN L]
0.038 0.066 0.081  0.105 0.128 0.167

NLR [kg TAN mcycle ]

Leachate treatment



Batch tests & old landfill leachate - major evidence

1) Feasibility to treat old landfill leachate using a SNAD- SBR system at 30°C

TAN=76 —87 %
2) NLR = 0.23 - 0.33 kgTAN m3 d1, HRT=3.8-5.5d = TN= 64 - 79%

COD=23-34%

3) SBR cycle =4 -6 hours 2.
Moderate Load
6 O Total cycle SBR Iength O O
‘ Micro-aeration SBR length '
51 | z
: tSBR minimum = 47'4 NLR + 240
; R*=0.85
z 4] 0
: c
F 3t :
@
27 :
: tSBR minimum — 49,0 NLR + 060
Ll @ R?=0.85 :
0 T T T T 1
0,00 0,02 0,04 0,06 0,08 0,10
Lesson learned: NLR [kg TAN m™ cycle™]

On the contrary of anammox bacteria, a higher AOB sensibility to:
high load - high FA and high toxic compounds

Water Research: submitted

Leachate treatment



4.2 And anaerobic digester effluents at moderate te  mperatures?

Main operative conditions
Reactor Configuration
» Sequential Batch Reactor (SBR) and Granular biomass

» Lab scale SBR

Community composition and spatial distribution
» Phylogenetic and Morphologic Analysis

SNAD process treating ammonium-rich wastewaters:
»>Leachate treatment at 30 ° C
»>Digester effluent treatmentat25 ° C

» Correlating on-line parameters & “Real time” control strategy

Specific aims



Wastewater

Micro-aeration Mixing

0,5

time [h]

CONDITIONS:
Vser= 8L
T=30-25°C
TSS=3-4¢gL?

NLR = 0.13 - 0.15 kgNm-3d-!

0.5<C/N<0.9
HRT=3d!
SBR cycle= 8 hours

REMOVAL EFFICIENCY:

0,4

0,3 -

0,2

NLR, OLR [Kg m~3d™]]

synthetic wastewater

Continuous SBR & digester effluents

TAN (%)
TN (%)
COD (%)

98
93
81

050% 80%

100%

digester effluent

*l Iqeglggeef
A{?{i’ﬁq{w s@k
& T AR T
%2 <><> | ||<>@
I LN O
| o 7% o 1
| o | 1l o
O
o ° R
& I
P, ol 1
| | | |
| | |
| |

2 ¥l 100
e 8
on A
Ot so
o
O
X
- 60 (=
o ) =
© k5
% (Lo &
o> |4 E
¥¢  TAN removal
A TN removal
I NLR
<& COD removal
e QLR

Digester effluent treatment



-1
TAN, .[mgL7]

Continuous SBR & digester effluents

Period | Period Il
T=30°C T=25°C : T=25°C
Step 1) Step 2) 120% 50% 80% 100% 250 500
| | | ||
500
200 - 400
FI'—I
400 00
E
150 5 F300 £
Iom Igl
300 o
< £
pd =]
100 2 F20 &
Z (7,]
200 - -
I = IS T SBR cycle
|| |<£ [ Taeration
Tihy Al hi r : - 50 - 100 o T1AN
100 - A il . ‘ : eff
_ _ - - ) (. YA TNNeff
/ DAL ﬁ - ) : % i © N-NO3~
: : wila 3 eff
o BBl 5 LSS TA, TORAL o L o ¢
A ] [ ] TAN inf
0 10 1 20 30 40 50 60 7q' 80 90
Oxygen shock Time [dayl | 524 and Oxygen shock

Digester effluent treatment



[mgNL"]

Period | - step 1)
80 - \LSyntetic wastewater

70 + microaerobic anoxic

L Taer =2.60h _| Tanox=5,30h -
= = —1
60 7 T=30T
50 .\ — @ — TAN
L} —O— TNN
40 - —QO—— N-NO3

30 1

-

ZOAO/O/CHYO\\S:&Q?Q_O‘O*O
10 r
o _
\\
0 , R
0 1 2 3 4 5 6 7 8

time [h]

1. Contribution of each process

synthetic wastewater (T= 30C)

Continuous SBR & digester effluents

0 Stoichiometry model

digester effluent (T= 25C)

Micro-aerobic Anoxic
NITRITAZIONE (AOB)  56% ANAMMOX 23.3%
NITRATAZIONE (NOB) | 6% I DENITRIFICAZIONE

—+ | Nno, > no, 3%
ANAMMOX 5.2% DENITRIFICAZIONE
NO, > N, 3%

Micro-aerobic Anoxic
NITRITAZIONE (AOB)  38% ANAMMOX 18.7%
NITRATAZIONE (NoB) | 29% DENITRIFICAZIONE
é NO, - NO, 2.9%
ANAMMOX 75% DENITRIFICAZIONE
NO, > N, 0%

2. NOB reactivation
v moderate temperature

v pH decrease in the system, treating digester effluent (from 8.0to 7.6) > J/ Free Ammonia (FA) levels

Q pH, FA[mgNL—l] =

TAN
1+(10™ /K ™)

Digester effluent treatment



Continuous SBR & digester effluents - major evidence

1) Feasibility to treat anaerobic digester effluent using a SNAD- SBR system at 25T

2) Gradual acclimatation to the moderate temperature and to the anaerobic digester effluent

TAN= 96%
3) NLR = 0.13 — 0.15 kgTAN m3 d'1, HRT= 3 d > TN=88%

COD= 58%
4) SBR cycle =8 hours & t. . o-aeration — 2 - 3 hours

5) High robustness of the SNAD- SBR system to oxygen and load shock

Lesson learned:

Treating digester eflluent at moderate temperature:
a tiny pH range control (7.5 <pH < 8.1) = in order to inhibit the NOB

Biorerource technology: Under Review

Digester effluent treatment



5. How to control the SNAD process?

Main operative conditions
Reactor Configuration
» Sequential Batch Reactor (SBR) and Granular biomass

» Lab scale SBR

Community composition and spatial distribution
» Phylogenetic and Morphologic Analysis

SNAD process treating ammonium-rich wastewaters:
»>Leachate treatment at 30 ° C
»Digester effluent treatment at 25° C

» Correlating on-line parameters & “Real time” control st rategy

Specific aims



Correlating indirect on-line parameters

Oxidation Reduction Potential (ORP) Conductivity

20 -
80 -

microaerobic

Q
=
2
ﬁ.@
settle
~i Dischdrge
L=}

Fill
)
:
Disch
= Fill

70
S e
'

80

70

B0

AORP anox

[mgN L]
&
[mg N L]

AORP aer

3
N

m
[=]

EC [mS/cm]

time [h:mm]
time [h:mml]

1) ORP, . (B opr) =~ NO,-N,., at the end of micro-aerobic phase (NOB inhibited)

2) ORP i, ~ (NO,-N & NO;- N),.i, at the end of anoxic phase
3) EC, . (0gc) ~ NH,*-N, ., at the beginning of the SBR cycle
4) EC,,, (Vec) ~ NH,*-N, ., atthe end of the SBR cycle

Biorerource technology: Under Review

Control strategy



Correlating on-line parameters

[,.wo sw] 30
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0050 +0/8L
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h 1 00:60 #0/2L
sty e o] 4 b s ot 1 00:50 vor21

- 0010 0/2L
I Sy O R Shbe % ARy g b et b S M e gy - DD”FN Vchm_\
00:LL 0/SL
00EL FO/SL
0060 #0/SL
. 0050 0/SL
i i ek s el e aa I OGO RO/OL
b TR AR A S, 00:LZ #0/SL
0041 PO/SL
00°€L 0/SL
0060 0/SL
0050 ¥0/SL
00:10 P0/SL
4 0012 vorv L
0021 PO/l
00:EL PO/l

! ST T AL TS SRR 00060 PO L
00:50 ¥/ L
00:10 FO/v L

00:L2 FO/ElL
00:L1L FO/EL
00-€L ¥O/€L
1 00:60 ¥0/€ 1

DO

2,0
1,5 1%
0
0,5

2
(=)

10
- -200

0000 vO/61
F00:81 ¥O/8L
F00ZL wO/8l
+00:90 ¥O/8l
00:00 #0/81
F00:81 ¥O/LL
F00:2L ¥O/LL
F00:90 ¥0/LL
00:00 ¥0/L1
-00:81 ¥0/91
F00:2l ¥0/9L
- 00:90 ¥0/91
00:00 ¥0/91
F00:81 #0O/SL
F00:2L PO/SL
- 00:90 ¥O/S|
00-00 #0/S1
F00:8L POIPl
F00:ClL vOIvl
-00:90 ¥OIrl
00:00 ¥0/¥1
F00:8L pO/EL
- 00l 7O/EL

T
N’
| -
]
e}
)
=
]
e}
(7))
)
=
&)
)
(D)
e
r—}
(-
>
(7))

8,0 1

Ly
~

10,0

Control strategy

Time

Time

Biorerource technology: Under Review



“Real time” control strategy

PROTOCOL:

Feeding

start: at the begin of cycle

stop: when maximum conductivity value (oy., wastewater specific ),
a TAN,_, was reached

Micro-aeration
start: when EC;< o.. was reached or after a fixed delay
OD control (OD < 0.3 mg L1

Reaction phase repetitions?

TAN,;, was reached at the end of the mixing phase
YES: on the contrary

Settle
start: after mixing phase
stop: after a fixed time

Draw
start: after settle phase
stop: after a calculated time

Control during the whole process
PH control (7.6 < pH < 8.1)
Level control

stop: when either DEC was removed or a maximum ORP value (B.zs, + 30 - + 50 mV)
was reached

Mixing

start: after micro-aerobic phase

stop: when minimum ORP value (g.;,, - 40 mV) was reached

NO: if a minimum conductivity value (g.., wastewater specific ), corresponded to a

corresponded to

Control strategy



“Real time” control strategy

1) EC, . (0gc) =2.2mS cmt
2) EC.im(Vec) =2.0mS cmt
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Advantages:

CE [mS cm™]

pH

Fill
8,4

8,2 A

8,0

7,8

7,6

1) ORP s (Borp) = +30 mS cm*
2) ORPmim (7ORP) =-40 mS cm'
Drawtl Fill Drawt
N L
>

= ORP Time [hh:mM] e pH

O High N removal efficiency (TAN = 96,5% , TN = 88,6%, COD = 58%)

U Prevent any critical situation:
»loading shocks

manammox inhibition by high nitrite concentrations

O Low supervision
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- -100

- -150

- -200

-250

ORP [mV]

Control strategy



Conclusions

Co-existence of aerobic ammonia oxidizing, anammox and denitrifying
bacteria in a granular-SBR system

« Under steady-state conditions, nitritation, anammox, denitrification
synchronize each other, establishing a relation depending on the
operative conditions of the system

« Batch tests showed the feasibility to treat old landfill leachates using
the SNAD-SBR system at a temperature of 30C

« The continuous SNAD-SBR system proved to be effective in treating
urban anaerobic digester effluents at a temperature of 25°C.

* A “real time” control strategy  based on on-line indirect parameters has
been successful applied

Conclusions



Research outlook

 Improving/Enhancing the applicability of the continuous SNAD-SBR
system to old leacheates

» Developing a “real time” control strategy based on the use of direct on-line
parameters (e.g. NH,*, NO,", NOy)

« Application of the SNAD process to the main stream of WWTPs

Research outlook
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