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Abstract

Sidestream in domestic wastewater treatment plants contains high concentration of ammonium, which increases nitrogen
loading rate in the mainstream. The process for deammonification consisting of partial nitritation-anaerobic ammonium
oxidation (ANAMMOX) and heterotrophic denitrification is an economical method of solving this problem. Currently, about
130 full-scale deammonification plants are fully operating around the world, but none is in Korea. In order to transfer the
principal information about sidestream deammonification processes to researchers and operators, we summarized basic
concepts, processes type, and key influence factors (e.g., concentration of nitrogen compounds, dissolved oxygen (DO),
temperature, and pH). This review emphasis on the processes of single-stage sequencing batch reactor (SBR)
deammonification, which are widely used as full-scale plants. Since simultaneous processes of partial nitritation, ANAMMOX
and heterotrophic denitrification occur in a single reactor, the single-stage SBR deammonification requires appropriate
control/monitoring strategies for several operating factors (DO and pH mostly) to achieve efficient and stable operation. In
future, AB-process consisting of A-stage (energy harvesting from organics) and B-stage (ammonium removal without
organics) will be applied to the wastewater treatment process. Thus, we suggest mainstream deammonification for B-stage
connected with the sidestream deammonification as seeding source of ANAMMOX. We expect that many researchers will
become more interested in the sidestream deammonification.

Key words : Anaerobic ammonium oxidation, Deammonification, Partial nitritation, Sidestream, Single-stage sequencing
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1. Introduction S0l Adz AHA g3 FAZ PRIAA FILs)
Aol WAL, o2 QI8 HFHED PAZF Aok
AFE SeAAde daE Adse FEgAe  WHchs 8Edd(disolved oxygen; DO) FEE A
(mainstream)? &7 AN HGANA WAFE A5E Az B BT oMU AP 54 34 WFsel £ AAE
7] A% REYALsidestream) 2 TS ATk zelx  LTAIA riSangolkar et al., 2006). A S
AN BYSE A ARG g gy O FEIAL AL R} A4 #4495 dmg @
F3AYE WHEL. WRSe 44 saANe gy IO TR ALATEE A Aol Fas.
) meh thEA, QuHoR: usEd §7]8% nYE BUHLZ BLS AAC] S HEAU G FAA
< Frgata ik E3), #7144 81 Z(anaerobic digestion) A3 9 g4 wo] 718 g /\}%5]_,_ 91 tHFig. 1)
b A" seHE e MRS o 22 AAGFES (Ahn and Choi, 2006; Jetten, 2008). & AFSk(nitrification)=
F9oT Q7] WA, o2 A e A gexz B4 2D Sl FRUH AENH{N)7F oFdg A
FEAADY AA B2 10~20% Z7AA 2H AA ENOFN)E, NO;N7F A AANO-N)E wAH o2
o] AAAARZES FAAIZITH(Lackner et al, 2008). F4 AgtE s wkgolty,  318HE7] g %iF(chemolithoautotrophic

bacteria)©] Z i ste] Tt dHA glow, FERYo}
23}t (ammonia-oxidizing bacteria; AOB)¥ ¥Ry o}2ts}

" To whom correspondence should be addressed. IA ﬁ(ammonia—oxidizing archaea; AO A)O] NH4+-N ﬂ'fi}ﬂ]
leethS5 .ac.kr - .. .
ceth35@pusan.ac 7143l (Kénneke et al., 2005; Wiesmann, 1994), o}& ¢
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A 3l NOIN H& NO-NZE Qabah AANO)SH okbah A 40%9) B 8TH, 40%9) vl onls wAge A

2MN0) 52 714 22N,y 7FER g5 e ihgol, &4 & 4 Ath(Hellinga et al, 1998). F& ZA3E fsirxe

714 549 FZ2 H(heterotrophic denitrifying bacteria)©] AOB9 842 9A8F FAl9 NOBS E4E A AlA

g4l o) oF 3tM, DO §E¢ 2%, AFAZLF 5& 2Hso o&
718 astzrt AXE sAEdY st g7 24 + SIch(Hellinga et al., 1998).

T} C/NHIZF 7] w&Eo AEZFQ As}-gd ZTFHES o]% ¥7]1d 4EE 2Fsh(anaerobic ammonium oxidation;

HE&e7] oJH@gy & A AtHBowden and Stensel, 2016;
Kataoka et al., 2002). @714 A&3x9 472" vRTE
dutd oz 1EES NH/-NE & ZAsA7]7] 9 &
= o] I3} NO;-N¢ NO;-N7} &g
A3 E FIsltiBowden and Stensel, 2016).
C/NYl& $59924 989 AAZo
, AfFoz &d 88 IA Asizl
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NO;-N7HA] A A3 (partial nitrification)A] 7] 3, 5
NO;-NE N, 7k&2 @94A]71& whgolth ofdstsl-gd 2
A4 2Ask-22 343 vlaste] 25%S 7] W&

* Nitrification - Denitrification

ANAMMOX) %Hhgo] FEGA Ho| upet ofditsh-gd &
oS 9EA17l gg2Yoldeammonification) &Fg¢] A<k
= Y hFig. 1) (Wett, 2006). B¥EYol= NH/-NS NO3;-N
7hA ¢ Ahbks FE oldAEA 7, FHolo FUlE &
Eyo} 2tgto] NO;-NE AAFEAZ o] &3t NHS-N
E N, 7122 AEA)7]E ¥kSo]tiStrous et al, 1999).
getr Yo} Z7] " &S AsFHA Fds-gd F
3 o F6e0% AFT F Jon, gRrald FVE
9= ot PGervh £ vtolemji WAy Fo] AsHl
F78ol HvlE 10 %] EFHste] FAHA AaAA FHol
2} & 4 ti(Table 1) (Lackner et al., 2014). B4 =Y
of FF2 F7E EEF At o] ZAd oy AF
Aoz AT gtom wRSs AL A FHLEA A
THoz2 AL QuhiLackner et al, 2014; Mulder,
2003; Mulder et al., 1995; Siegrist et al., 2008; Van

Loosdrecht and Salem, 2006). WIFFgUdEYol Z37|&

57 [}
T

< A& ZAE FHste FHSF, U, AET
NH,* : : N AdH S 59 AYrs 835 & 9o AR A%
— Nitritation |~ Nitratation |——>—| Denitrification |——» AT o AIeR H8W 5 slew, A4 27
(100) (100) (100) 10) A Hgshe AlEel A F7HHR QekLackner
4 75% 0, 4 25%0, 4> 100% Organics
al.,, 2014).
* Partial nitrification - Denitrification E YA uFSFEdRyol 2AHY F9 HAIAT
L nor [ N, Z2AE viger Fo 949 9 9% 94, 38 24 Je
(a00) | " [Taon) | 2 [rogy o talel ARtk olE A2 Be AsAYATAE
© 7o, © 60% Organics of GgrEUct 3ol EHE A =, I H5AYD
» Deammonification (Two-stage) 9 WHES Agd ggryol ZFo] AFFow TQH7Y
= g
NH* | partial NH,*/NO,” N,/NO5" = 7@t
R Anammox |———*
(100) Nitritation (50/50) (90/10)
o 38%0, 4 o Organics 2. Principle of Deammonification
* Deammonification (Single-stage)

" o ggdEyols RE AVHEL oFA AT} WA A=
4 . L 2/NO3 _ =
m Partial nitritation + Anammox m B OAS dAE vreoz dEA YA, buEFs 5 A

i 38%0, <> no Organics X—]] ﬁ]‘{l"‘q]\_‘:‘ ‘ﬁ’ﬂ%ol 6\}‘%‘&]01 9\1171 lﬂ]%oﬂ %__’1':05]00}:1::]?:;_‘__1
Fi . . : . Hlo © —@-7;1] 01011/1- 2= 011;]_1:' 2
ig. 1. Biological nitrogen removal process diagrams. T 2ole 7 UTHFig. 2)
Table 1. Comparison between conventional nitrification-denitrification and deammonification processes
o Processes
Characteristics — — — Reference
Nitrification-denitrification Deammonification
Oxygen demand (g-O,/g-N) 457 1.9 Theoretical value
External carbon sources demand (g-COD/g-N) 477 0 Theoretical value
Biomass production (g-COD/mol-N) 20 3 Theoretical value
Greenhouse gas (N,O) emission (% of TN load) ~25 2 Castro-Barros et al., 2015
Energy demand (kWh/kg-N) 4.0 0.8~2.0 Lackner et al., 2014
Nitrogen removal rate (kg-N/m’/d) 0.05~0.1 0.015~0.97 Yang et al., 2017
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Partial Nitritation ANAMMOX

NO,

(50)

NH,*

(100) (50) d\f\(%) (100)
AOB: Ammonia-oxidizing bacteria m ‘ %\\/\

AMX: ANAMMOX bacteria (10)
DNB: Denitrifying bacteria

Heterotrophic Denitrification

Fig. 2. Complete ammonia removal mechanism using de-
ammonification (partial nitritation and ANAMMOX)
and heterotrophic denitrification.
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B2 FAMSE 99 9F AAZE DO, pH, =
, free ammonia(FA), free nitrous acid(FNA)$ 7]€} n] 2
5°] th F& FAAsE 9% DO 3EE 1.5 mg/L
AAH GOy T2 TEATFAA 0.8 mg/L o] FoZ A
Sk 9lem, 0.5 mg/L °lstYd w= NH/-N7F S¥ €t
B = tHRuiz et al, 2003). =3 F2 DO FE=oA
NOB9 d34& 9AE + AL AOBY &4& fr=st
o] NO;-N€ B4 4 AthPeng et al., 2004). AOBY 3
A 4 2EF 30°C oldelH 35°C o|¢d @ NOB9
g9 A It &ElA th(Denac et al., 1983).
AOBY &4< #4415t NOBY A3 AE 943 pHY
HYE 7.5~852 HIE S tH(Surmacz-Gorska et al., 1997).
FE pHE FA BEE Z4A7]3 FNAY BEE Z7HA
719, ¥ E £ pHE FA 552 Z7MA7]3 FNA 5%
E F&A)ZIti(Mosquera-Corral et al., 2005). W24 FA
EE¢ FNA B5E XZ3te NOBY HEs AN +
ATHVadivelu et al, 2007). ¥t 2 FA HZ7F 10~
150 mg/LY @l AOB$} NOB9| &4¢] RF A H™, FA
=7 01~1.0 mgLYE @ FNA %=7F 0.2~2.8 mg/L
Y @ NOBY 4% JAHEs Aoz A U
(Anthonisen et al., 1976).

b
J

i RS fuool

22 H71d 2 AtS| HtE 2 P& 21K}

78 FERE AsE T 23004 U1 AR
2}l (anaerobic ammonia oxidizers; AMX)©] NO;-N&
ATE&A R AHESt] NHS-NE N, 722 A3 7=
Soltt. o] ¥kl A NH/-N& F 90 %7} N, 7k22 A
H3L 9k 10 %E NO;-N2 AgHr 29 NH -NE "4

o e

£ AZY dLdez AEgEY VY dEE A4S ws
22 23 Zo(Strous et al., 1998).

1.0NH, + 1.32NO; + 0.066HCO; + 0.13H"
— 1.02N; + 0.26NOj3 + 0.066CHLy sNo 15 + 2.03H,O

AMXE NO;-NE sto] EE4 ob¥l(hydroxylamine; NHOH)
o2 A5k, NH,-N¢ vHEAIA  sto] =2k (hydrazine;
NoH) S A%t Y E NoHe= thol ok (Diazine; NoHy)
o2 AstEu, ojwf WA 2H7F NO;-NE NH,OHZ &
dated AHEET HFHOZ NoH = N2 AstEr, o
gl A A 2H %A NO;-NE NH,OHZE S35h=d
AFEETtHVan De Graaf et al., 1997).

Ao R AMXE H24& e 548 74, £4
A=Ay ATFE %Eﬂ Wzl vl w2 AL
Ao =2 Planctomycetales® 433 Candidatus “Kuenenia”
(Pynaert et al., 2003), Candidatus “Brocadia”, Candidatus
“Scalindua” (Jetten et al., 2005), Candidatus “Anammoxoglobus”
(Kartal et al., 2007), Candidatus “Jettenia” (Quan et al.,
2008) & 570 4(genus)©] WiEZ ot}

AMX$] H}7}A]ZH(doubling time)S 8§~ 119 & > =&
Aol EQZolAw, 4dY dEHYI FF AR DO, pH,
229 Y 2UE& AFFLEAN HF S5 =9 T A
(Van der Star et al., 2008) DOE AMXE] A7l u-%
FEFE F& Ao, & 274 JF HEES 48
g DOOﬂ/ﬂt(<2% air saturation)
A 7Fsetx9KStrous et al., 1997) E& DOdA=(> 18
% air saturation) o] ZA A LEvn RIFJG
(Egli et al., 2001). AMX9 d&] F=¢ pHe 6.7~83
Z B S KStrous et al., 1997), Egli et al. (2001)
pH 6.5~9.0°14 AMX9 &4& It oen FHZ pH=E
pH 8& AAISATE AMXE 30~40 °C9 2=oA 34
AZES JeEbdth(Strous et al., 1999; Van Hulle et al.,
2010). =% 45°C o] FeA e H7FgH oz 2/4o] A=
H(Dosta et al, 2008), 18°CY P& 2EAAME JFHo
2 4% 7hsstd 15°C olstdlX = 3ol 435 Asd
thil B35t Cema et al., 2007).

_‘

o riu

2.3 SEYUEA HiS 2 HSF oIX}
F&IGIgE e ik 24 ol B4 '@71@ 2R o
78S AAFAAZ o] &3t NO;-N 5 F7] A4ss

g N, 7I22 d3dAYe E‘_%O]\’J—(Prosnansky et al,
2002). A FL AAA ] EalAl BTl W R, Faka

(FE 2e A2 BE) 2P014 NOIN7E @ oy
HE Wgo] Qo 4 Atk BtELel FHANE A%
=9 §71%0] glow @/ FmE s W o8 A

4¥ NO;-N7} %47—03%1%%_ o g3 AALD F 7] WE
o, 2xF oz & AXAALES F/MIZE F Ut (Lan
et al, 2011). AAZ ZdEYo} FHFoNA 23 MEH
H(granule) FTAFY EFE5FLFEA 0] NO;-NY o
FAstRthE AT 277 B aFtk(Speth et al., 2016).
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3. Deammonification Processes 714 AEE ASE A & BExAA T ©
(single-stage) ZAo|th A E7HA] od 9 T =©gry
HHEE U9 %% NH-NEZ Uz 28502 AAs o 38< ol&st] gt A7 £ Shri(Table 2).
71 93te] eotmuolst 2o AW B olF, A4 ok HIZole Y EdEYol ZTHE®8 %)= old FFol Hlsl
13061 7}9] AFE(full-scale) 2gtmUol ZFo] AA A B #ol AEske FAoH, tdet FH wer] 7t
ZAANH SAFT Yl 2omyol TFL w2z o FdAeR 52 588 48 F e Ao gy
g 0o = sz REdc syl 2 s 9 A< 3] B2 8k-g 7] (sequencing  batch reactor; SBR)E Ho]
3 WMoz d7AH AdnE IS 9F WMoz FA #-g3taL AThFig. 3) (Bowden and Stensel, 2016; Lackner

o] thtwo-stage) ZAFo|H, ThE s RE Hasie} et al., 2014; Shalini and Joseph, 2012).

Table 2. Comparison between deammonification processes

Inf. NH,-N Inf. NO,-N  NRE
Type Process name Reactor Wastewater type Inocula (mg/L) (mg/L) %) References
SHARON/ Anaerobic digester
ANAMMOX CSTR-FBR supernatant ANAMMOX 584 0 83 Jetten et al., 1997
SHARON/ Anaerobic digester Van Dongen
ANAMMOX ~ COTR-SBR liquor ANAMMOX 1176 0 et al., 2001
SHARON/ Anaerobic digester
ANAMMOX CSTR-SBR supernatant ANAMMOX 619 ~ 657 0 90 Fux et al., 2002
Two- Rejected water from  Biofilm sample from
MBR . 2+ 11 2 fel 1., 2004
stage digested sludge RBC for ANAMMOX 86 3 0 8 Wyffels et al., 200
. PNR 1800 ~ 2700 PNR 0 Furukawa et al.,
+
PNR+AR Landfill leachate Activated sludge AR 220~480 AR 441 ~ 1011 2009
Nitrifier + ANAMMOX PNR 1600 ~ 2200 PNR 0 ‘Yamamoto
PNR+AR F tewat .
eed wastewater gel carriers AR 150~600 AR 200~800 et al,, 2011
Swim-bed  Anaerobic digester Nitrifier + ANAMMOX PNR 800 ~ 1100 PNR 0 .
1 Thi t al., 2001
reactor-UASB liquor gel carriers AR 130+ 15 AR 117+6 7 ird et al, 200
CANON SBR Synthetic ANAMMOX + Nitrifier - - 36 ~92 Sliekers et al., 2002
CANON SBR Synthetic ANAMMOX 131 0 - Sliekers et al., 2003
CANON Gas-lift Synthetic ANAMMOX + Nitrifier 1545 0 42+4.7 Ahn and Choi, 2006
S + Acti .
CANON UASB Anaerol?lc digester Granule + Activated 420 0 20 ~ 95 Kuai and Verstraete,
liquor sludge 1998
OLAND SBR Synthetic Nitrifier 1000 0 40 Vlae“g‘z)cé‘g et al,
OLAND SBR Synthetic OLAND biomass from 200 0 - Pynaert et al, 2003
an RBC
OLAND RBC Synthetic RBC biomass 840 0 89+5 Seyfried et al., 2001
D ifi . . .
eaz‘:;:;m ¢ RBC Synthetic RBC biomass - - - Hippen et al., 1997
Single- Deammonific . o) Synthetic - 150 0 989  Ahn and Kim, 2004
stage ation
Deammonific ;g Synthetic UASB. granule 100 ~ 200 50 30~ 50 FellicerNacher et
ation al., 2010
Nitrifying biomass,
MABR Synthetic followed by 530~ 780 0 69 Gong et al., 2007
ANAMMOX biomass
MABR Synthetic ANAMMOX biomass 200 0 89 F“r”kz‘gg 6“ al,
SNAP Synthetic Nitrifying biomass 10~ 100 0 60 ~80 Pynaert et al., 2003
L Nitrifying biomass
thet t .
RBC Synthetic, digester followed by anaerobic 880 0.15 - Pynaert et al., 2003
effluent
granular sludge
0,
Gas-lift Synthetic ANAMMOX  (80%), 1545 0 40.2  Sliekers et al., 2003

nitrifier

BIE=8EaR| M4 M1, 2018
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Table 2. Comparison of deammonification processes (continued)

n -
Type Process name Reactor Wastewater type Inocula Inf('ml\;f)_N Inf(.mI;I/OIj)-N IEI(}Z;E References
SNAP SBR Wastewater T niation ANAMMOX 650 02 590 Joss et al, 2009
biomass
Rejected water from  Biofilm sample from
+ .
MBR digested studge  RBC for ANAMMOX 02113 0 82 Pynacrt ot al, 2003
Single- . Partial nitritation sludge .
~ ~ >
stage SBR Domestic wastewater + ANAMMOX granular 51.2~67.5 0~52 80 Miao et al., 2016
. Nitrifying + ANAMMOX Langone et al.,
+
SBR Synthetic + denitrifying bacteria 423=49 0 88.6 2016
. Nitrifying sludge + Wang and Gao,
SNAD EGSB Synthetic ANAMMOX granular 84 0 - 2016

'NRE (nitrogen removal efficiency), PNR (partial nitritation reactor), AR (ANAMMOX reactor), CSTR (continuous stirred tank reactor), FBR
(fluidized bed reactor), SBR (sequencing batch reactor), UASB (up-flow anaerobic sludge bed reactor), RBC (rotating biological contactor),
MBR (membrane bioreactor), MABR (membrane aerated biofilm reactor), EGSB (expanded granular sludge bed).

B Single stage

B Two stage

@ SBR @ Granular OMBBR O Other biofilm @ Other

(@

(b

Fig. 3. Distribution of full-scale sidestream deammofication process in the world. (a)
single- or two-stage processes and (b) reactor type.

31 0|t EAELIOL 3H

HEHQ otk gdE Yol I SHARON (Single Reactor
System for High Ammonium Removal over Nitrite)/ ANAMMOX
F7do]t(Van der Star et al, 2007). SHARON &g
AstxdA 4 718 &5t AAHE NO;-NE
ANA B2dY EA ol FHEILBRRAE AAS=
2A7) FAelth o] 8L 71E Il v E7
godFsS ALY F de dUAREA] TR
FE ATk EQF 30~40°CY 259} 6.6~7.09 pHel &
, & NH/-N B5E(0.5 g/L o]HE 73 dAs9
14 g o|AZe ZTAHo=w ol-g];du].(Ahn 2006). 1
% AMX9 2ol Ruge] wet EE AxMsz H7)4
FEF AR SAHOE THH olw wYmU ol 34
9l SHARON/ANAMMOX 73 ¢] 7]urs g},

ofg wolmUoel FHL FAAol 2w AMXY EHL
o8 A4 & olvke 24 WEd AERe 489 B
A7 JFFHJAT F54 ¥S7](fluidized bed reactors;
FBRs) (Mulder et al, 1995), 7} g ZE ¥kg7](gas-lift
reactors) (Sliekers et al, 2003), &4&F @718 &A%

R FN
EY) rum -lE

mu‘.

o

mN oo X o v m fe

=

—

HE-8-7](upflow anaerobic sludge blanket; UASB) (Tran et al.,
2006), SBR(Strous et al., 1998), WE# ] SBR (membrane
SBR; MSBRs) (Trigo et al, 2006), S|ALHAY w37
(Rotating biological contactor; RBCs) (Egli et al., 2001) &
T e WSS AFSR AT BagQinh o)d

ggmycl 3AE PR AuHEY W8 G Az
A a7HE 2Tt 27 fEd EUEEE b=
A Adldo gk Ed, F A9 wezst Bads] WE
o AlA|Y R AXE @Rl k. wEA HZdde
ol HHE R & e T gYEYol 339 F
SAHIZE F7bskaL Qlh

32 H B0t 3H

9d ggEYol FFL2 g HgRoA 7
A7 AR\ At BAl dojurE e FFo|th
dutg oz AOBSH AMX7E BAld EAlstes AERY %
= AETg T HE&sted, BEAY T AT 2
M 2& FAANA UFele AMXTE H% =
AOB7} JZ3l=E fEdith

Ir
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HEZAQ Y gdrYol FH o= CANON (Completely
Autotrophic Nitrogen removal Over Nitrite) (Kuai and
Verstraete, 1998), OLAND (Oxygen Limited Autotrophic
Nitrification Denitrification) (Third et al., 2001), DEMON
(Deammonification) (Wett, 2006) 5©°] 1t} CANON< ©
A whgxolA 7 E7]7F IAPHE AOB| o5 FE 2
A87F ol FAZE 27444 AMXO 9 A8 o
2E s vhgo] P Hrh CANONS Fi& Fibsier 3
718 dEE 49}3 01 GAdxAA A doAr] dE
BEAY e BETY F 5
o] QRS0 AMwol WASHA FEIFtHVan Loosdrecht,
2004). OLANDE 24 A z2A0A d7148 d=Fw 435
Hhgo] doju= FHLEA, CANONF 2 7]E9] 2
dshgd wge 2%d ddEYol FFolth(Third et
al., 2001). DEMON< Innsbruck ©H&3} Achental-Inntal-
Zillertal Wastewater Treatment Association (Austria)oﬂlﬂ =
s E RN, B Ads 3T 4714
et ol AAH ok d¥bH o2 DEMON: SBR
2 go] &9 A4 =" g9RYoet 339 HE-E
o &5 e FHelth I Ye= T @t SNAD
(Simultaneous partial Nitrification, Anammox and Denitrifi-
cation) (Lan et al.,, 2011) < SNAP (Single-stage Nitrogen
removal using Anammox and Partial nitritation) (Pynaert et
al,, 2003) 22 WEH = et

HEE

4, Single-stage Deammonification SBR operation

41 2™ gEk X}

411 2235188 sk

FUEE NHS-Nel 93] Y=+ FAS FNAE AOB9
NOB &g AFAA 9L vZH(Anthonisen et al.,
1976; Ganigué et al., 2009; Vadivelu et al., 2007). AOB$}
NOBE FA 5% 150 mg-N/L ¥ 1.0~7.0 mg-N/L Z79
A, FNA 5% 049 mg-N/L 9 026 mg-N/L ZZANA z+
Z AN E Ttk geA UthTable 3). NOBY &4&
U2 dh FE XAAA ANE 2] o] fY A& F
o g3 =Ho] 7tesith A Y Z4 F-sHH(nitrogen
loading rate; NLR)©] 1.5 kg/m*/d o]4¥d ©l, AOBY 24
o] ZAgth= B3/t 9AthGanigué et al., 2009).

NO;-N+ AMX9] HAFEAZ o] &g FAld FHL

2% Z83t)(Jin et al, 2012). AMXol tE NO;-N A3

Table 3. AOB and NOB inhibition with respect to the con-
centration of FA and FNA

FA FNA

(me-NIL)  (mgN/L) Reference

Bacteria

Ganigué et al., 2009;
Shalini and Joseph, 2012

Shalini and Joseph, 2012;
Wiesmann, 1994

AOB 150 0.49

NOB 1.0~7.0 0.26

BIE=8EaR| M4 M1, 2018

Mot BEel we e cgad, 79 547 ex w
571 @H, pH, ] Z2&sdE Bk, s A7
(hydraulic retention time; HRT) ol wat t=2A Uvehg

S Ao BuFJo(Jin et al, 2012). TFH NOz;-Nol ¢
gt AMX AdlE 3 &o] 7hesitkal &4 itk Strous et
al. (1999)2 AMX7} 100 mg-N/L9] NO;-Noj| &) ¢33
24 de 9 mFY I AENHOH: 0.7 mg-N/L,
NoHy 1.4 mg-N/L)S FUHA E4& FEsidvta 21
stttk WYk ol F7F AHE FY §lol Y4 NO;-N
9 FATOeRE AMXY &g mEA IFF F Utk
Kimura et al. (2010)2 NO;-N FEE 750 mg-N/LLZE 7
o F LA AMXY &40l 90 % A H AR T, 274
mg-N/L7HA] Z2A1712E 83 39 Tl 848 3| &Estath
I BRI}

£ f71E s%7F 37154, AOBRET J2 &%
7h wE FEYIAY g4l &1151111 GRYo} 4tst wt
SEY #7718 48 whgo] 944 HTkPra et al, 2012).
NLRo| 0.5 kg-NH;/-N/m’/d o|slelA]&= C/NH|7} B8 2
gt @S HIAA ZsHA T, E2 NLR 2 C/NH[ A
E f71E 48 ke 2 DO7F &7 Ho gdEy o}
ol H% AsE ZYFHPuyol et al, 2014; Wei et al,
2014).
413 18 E s&
geryol FF FEe F5F-7F2F E(Total Suspended
Solid; TSS)Y HE=¥ ¥+ 200~300 mg-TSS/L7} & Astth
3 &#A thLackner et al, 2014). TSS7} 2@ &yo}
F8 #ESA FUEE, J87HA 3 Y BAE =
#Z 3t DEMON® SBR-»] Al wWEE, w9 2 TSS
7b fhEA AaAAYG Bl gle dEol #EsHA 2
AEFE Y P 71H3te, NOs-NY FZ o] F7tstdth
(Lackner et al., 2014). W24 F¢ TSS B&EE 2E3V]
At A xH BIEX 7 dastH, HEUOE F&
£ OFF FH 2 35 52 ¢59% = SHIAA

59 e F83hBowden and Stensel, 2016).

X

414 2=
¢-g4<21 NLR € DOE
o] 5t %EGW E“"”‘%O} 33% %EQ} vl E kA g, 1
34

al., 2014). 53] 41°C9 2=

l

Bjo} kst . H3HY %%}Eq of
T8 2EHSE 33~37 °C£i B 315 tH(Lopez-Palau et
al., 2013).

415 €=

dutde g A== FAV)E BENH A FFY A8
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AA F stHE FHA AW, G FEddA A
AMXSQl Candidatus Scalindua= 0.8 ~4.0%% FEoA 2
Ae Yedta RaEthAwata et al, 2013). F
Candidatus Kuenenia stuttgartiensis= JNHCZ 1Y
ZdAA 4ol FAFHE AMXE €3 A ded, o
€& SBR HFZ7]GlA 30 g/l ITEE PE(90% NaCl,

10% KCl) &7 JFFHo= +&HAH(Kartal et al, 4,
2006). %

< A7 AsliAEe ¢ 10289 SRT7F 2835t Bowden
and Stensel, 2016). SRTE & A F SU=Z AMEshe=
Plettenberg DEMON® SBR2 80% ©]4¢] ZiAAZE 2
0.4 kg-N/m*/d¢] NLRE #A5}3 @THJardin and Hennerkes,
2012; Lackner et al., 2014).

ol ok i

ofN H

18 ==

52 AEZAE7] AFa, ndEed FHEHEAN 54
AR

S #2F F AthJin et al, 2012). EF£0] AMXel TX

4.1.6 pH2t DO t FF g a7t HA2 FIHE gk Cud)HS Zn(I
pH (Table 4)$} DO (Table 5)= AOBY &AL o3 9 %7t 247 5 mgL ¥ 10 mg/Lel ZZAANA AMXY
Al7]2 NOBY €4& dAT & e dEAHA ARE9 ol 10% °14 A= AL (Kimura and Isaka, 2014),

ot ¥ty o2 pH 7.0~8.0 (Shalini and Joseph, 2012), 16 mg/L 2 20 mg/Lel ZANAE AMXY &) 20%
DO 0.1~1.0 mg/L (Okabe et al, 2011)Z Ao gk(set 742 A3 = Yl tH(Zhang et al., 2016). T3t Ni, Co, Mo9]
poin) 2 & = k. AMXE pH 6.8 ©|3}, 8.0 ©] %7t 242 5 mg/L, 5 mg/L, 0.2 mg/LY m%E AMXY
oA Zgdo] AstAd A UthLackner et al, ggdo] 10% ©1 A= A th(Kimura and Isaka, 2014). 3¢

2014). H U g 2FE S35 324 g 3" R
= ey, stesdAdd dRd S50l Cu 87~5730
41.7 EX| ®MFAIZL mg/kg, Zn 524 ~ 6349 mg/kg, Ni 20 ~2057 mgkg & "%
@Y ggEuol SBR 3EoNA HEFHS FHst= ZolStEE(NIER, 2011), ¥WHrsgdRYer 339 d%
AOB$} AMXY HIZFXIZHAOB: 0.73¥, AMX: 10.69) 2 g A gEFd =Y FFE 9% AMX &4 F
AFEE(A0B: 0.04/h, AMX: 0.003/h)E= 2 xto]S Jehy ¢S P71 et 9l
7] W&, €8 A AFAIZH(sludge retention time; SRT) A
AL W& ZaslthAhn, 2006). 9¥HE©Z DEMON® 42 38 ZLEZE U MO
SBRE Afo]2ES o83k YA 25 §EAA B gdmUe}l 2P FPHoE LA AN T
3 WY BEAY S FA S Lackner et al, 2014), AelE @ 9F AAE BUHYSHT GYAA £F AXZ A
202 29 AEHYY IJFEL 95% o= gHA olaly] 93t ATFS FYstojof k. Bgrio} THL
ATthBowden and Stensel, 2016). SBR &3 Wil AOB 71&9 AxNsgd FAH vt FPo| tha EZS
AMXE §A33 A9 NOB 2 718 599479 48  mz 24 A= 94 gde <o AA7 Des.
&9 ggEYyol ¥ NHy-N, NO;-N, NO;-N,
Table 4. Optimum pH of AOB and NOB pH, DO, 4+3}2h¢) A 9](Oxidation-Reduction Potential; ORP)
. ) Optimum T O 23 AXME EE5ta AT A Eol &
Bacteria Species Reference
pH €53 9= AMAE pHS DOo|th(Lackner et al., 2014).
Nitrosomonas 7.9~8.2 Daalkhaijav and Nemati, 2014 I3y pHSF DO AT &3t FS 718 229 A
AOB 7.0~8.5 Groeneweg et al. 1994 E g4 U3 FARI} EEdo oHFE HI 5 A7)
7.0~8.0 Van Hulle et al., 2010 i FE F&SHS ITHS AAE Aol Ao 2
NOB Nitrobacter 7.2 ~7.6 Shalini and Joseph, 2012 RA=3
6.0~7.5 Groeneweg et al. 1994 pH¢ DOE Alo] A= &&st= 9 74 AlAe gl
Table 5. Set points and concentration ranges of full-scale SBR deammonification (Lackner et al., 2014)
Design load pH DO (mg/L) Aeration (min)
Plant
(kg-N/d) Min Max Min Max On Off
Amersfoort, Netherlands 600 - - - 0.3 - -
Apeldoorn, Netherlands 1690 6.785 6.815 - 0.3 12 12
Balingen, Germany 120 7.0 7.1 - 0.3 8 2
Heidelberg, Germany 480 6.9 7.1 - 0.35 6 9
Ingolstadt, Germany 360 - - 0.8 1.0 Intermittent
Nieuwegein, Netherlands 450 0.02 - 0.2 12~15 20
Plettenberg, Germany 100 6.9 7.1 - 0.25 Continuous
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#*Ee VIFLE On/OffE WHEStH 29RYct 3FE& &
A ttiTable 5) (Jardin and Hennerkes, 2012; Wett, 2006).
AAHoz AFez 718 %ol AXE DEMON® 33 &
SBR B H¥g7]|E 02~03 mgO/LE fASH, &%
AIZFE B AlolE 8~ 128 On, 2~20% Offf FHct
(Lackner et al., 2014). pHell <& Aloj= pHIEE &3
71 W NH/-N& fFF38td, 7180l &4 de HHE &
AtEs gt

o= FA 242 AES A3 ZEUHE 7t AA
59 gl &gl W2 NH/-N E&= NO;-N 58 4
F BEUEdstd g9rYyol 38 & Aolste AlEzt S
e FA o)t 2929 Zurich ¥ UE#Z9] Amersfoort
A= 247 NHS-N¢ NO;-NE REUEHPS L glom, Z
Z 90% o] ALAAEE E 75% ©]d8 dEYoHA
Aggs #FASH AAAA FFHeR A Uk
(Joss et al., 2009; Lackner et al., 2014).

Lo

oN mY 1o ofN ro

st W8S AR X5kl NOi-N 5%7F 10~40%
7Fs Al 7F dth(Lackner et al., 2014). WA DO SHE

£ 337 498 485t Aol ¥mF <tAsth(Joss
et al, 2011). TSS AN 2252 TP A74s &
A E oF7]3ty. DEMON® SBR 27 Algo] waw I
A E2 TSSY #YUL=E gdEYol AERYY xH
Z=20] A Ho AOBS AMXS Ao BgFgo] LA
tx g =3 T2 NOB7F 24350 NO;-N 527}

3435 S7FetR e HAAAAZES 80 %A 40 %7HA
2SR T Foh(Lackner et al., 2014).

=3 F ¥g7] WY AASFE FHE Abae
Yelolt}, Lackner et al. (2014)2 AR @dr
Z AEdA TASRY AASFE FHY FH

ol EAEL HE st th(Table 6). NH/-N T FA¢}

Table 6. Countermeasures against nitrogen-related stability
issues during full-scale deammonification operation
(Lackner et al., 2014)

Issues Countermeasures

1) Increase aeration
NH,;"-N build-up 2) Reduce feeding
3) Reduce removal of excess sludge

1) Reduce aeration or stop aeration

NO-N build-up 2) Decrease feed

1) Decrease DO set-point
2) Set a shorter settling time in SBR
NO;-N build-up 3) Increase removal of excess sludge (sufficient
ANAMMOX activity)
4) Increase anoxic periods

BIE=8EaR| M4 M1, 2018

NO;-N9 FHA2 JF39 Hsg A2 £ Ud
(Fernandez et al.,, 2012). NH,/-N9 32 Fd59 &2
P=7t FE FHAKN<2.0)8 $3F7) EA 522
&7 AdE FFEHA F& FFol #Adch E=g AA
AlZEo] FotA o] FAEE BFolE NHy-N 3 o] &
Attt NO,-N9t NO;-N FH2 o2 Azg #4771 €
Th(Lackner et al., 2014). NO;-N 32 FZ AMX7} A
=AY F=T AOB GZl oatd Tt 53] =
7l 871 5%, AMXel H3 45 AFES /MK
AOBd| 93] NO;-N7F &= d4do] %ol EuHYt
(Joss et al, 2011). ¥d¥tgoz g¢rYol SBR &4
NO;-N 5EE& 50 mg/lL o8& fAst:= AL AZSIH
(Bowden and Stensel, 2016). NO;-N& &¢2yo} F3 9
Asl 42 Z2FHA FAT, NOBY H=g Aol
NO;-N Z&& z#3t7] WiEel AT BUEH a7

Hth(Lackner et al., 2014).

5. Sidestream and Mainstream Deammonification

AUz AFE FeAITEE ALy Al 5
o §718& It AUAE Biss DA(A stage)9t
AFsE ¢ W NHINE $718 1o A7 9B
stage)’t B3tk §71& §lo] NH/-NES A Az 930
Ae gdrYol 3EE Ay FIEALN =95
of dty. AFAA 2gEYol FFo] wFFAYE )
AgE Alde 21 N&Foz Zylksts FA oA W, 3
A FIFALGN HE&H AHE =EC 2dEUo
e FIZEAL A&7 M E /9 S 22
T, %2 NH/N 5%, 3755 £2 71&& nesdor

THAli and Okabe, 2015). AMXE Y

% rlo o A

AN
ES 7180 EA & Feode 59922 H4HY FA
A Bty dEel, gdRYol HAES o
o A&FHozE FFE A7t AUTHGuven et al, 2005;
Oshiki et al., 2011). o]ol tigh FAHA P2 WHT&
HRYol FFE &3 ANHE JA99 AMXE FIEA
do] ggRYol FH A&KHoR FFste Zo|thFig
4). AAZ e2Egolo] STRASS Az olgs W
He FEstd NFreEdREYo TEE AMX HGxE &
EFozH AL E oA APFLE P 3
tHO’Shaughnessy, 2015). &3 wWRFEdzyol 33
WA J9 EEAE T EEE F 9
o s, HZ #FA ATFEC] s APHIAL ATHAL
and Okabe, 2015).

6. Conclusion
1% dRYolE FRte wFF AYUIeERA JE
AaAYFG v&) E71¢ frlead ¥&E U135 e
2 ARE & e gdE2Yol Fgo uist AAAAE] 5
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Main-stream treatment
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Fig. 4. Conceptual diagram of a linkage of side-stream deammonification process to main-stream
deammonification process for the energy-sustainable sewage treatment.
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