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Lithoautotrophic Nitrogen Removal from Ammonium-rich Wastewater in
Aerobic Upflow Sludge Bed(AUSB) Reactor

Young-Ho Ahn' - Hoon-Chang Choi

School of Civil and Environmental Engineering, Yeungnam University

ABSTRACT : The novel microbial process such as Anammox(anaerobic ammonium oxidation) and Canon(completely autotrophic nitrogen
removal over nitrite) processes is promising biotechnology to remove nitrogen from ammonium-rich wastewater like anaerobic sludge diges-
ter liquid. In this research, a new Canon-type nitrogen removal process adopting upflow granular sludge bed type configuration was investi-
gated on its feasibility and process performance, using synthetic wastewater and sludge digester liquids. Air as an oxygen source was
provided in an external aeration chamber with flow recirculation. In the first experiment using the synthetic wastewater(up to 110 mg NHx-N
L"), the ammonium removal was about 95%(92% for T-N) at effective hydraulic retention time(HRT) for 3.8 days. In the second experiment
using the sludge digester liquids(438 +26 mg NH,-N L), the total nitrogen removal was 94+ 1.7% at HRT for 5.4 days and 76+ 1.5% at
HRT for 3.8 days, respectively. Little nitrite and nitrate were observed in the effluent of both experiments. The process revealed quite a lower
oxygen(0.29~0.59 g O, g' N) and less alkalinity(3.1 ~3.4 g CaCO; g' N) consumption as compared to other new technology in micro-
bial nitrogen removal. The process also offers the economical compact reactor configuration with excellent biomass retention, resulting in lower
cost for investment and maintenance.
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29 : Anammox(anaerobic ammonium oxidation)2?} Canon(completely autotrophic nitrogen removal over nitrite) F83 & A= o|Af
B 332 VY 28 LEA 4FAFYS 2L 1R 9EF AFEEH aRFeR ALE AAT £ A AETH A
Zlgoltt B AFAE FHALY £3A stz RS dd2E 3EFA e d FHE 7 2L Canon 3 A&
AAZEE A& 7tsdd 2 SA5H et AFeidnt oy dAEFFAOR FUH e HEF 5L 444 IR E
71z FFHET FAHR(< 110 mg NHAN LHE AFES R WA Aol #5 HRT 38UolA oF 95%9] =H(TN 71§
N2%)°] AAHAT. £ SA &3 FPA438+26 mg NHN LS o]gd F WA APolNE §2 HRT 5493 3.8%04 47
94+1.7%% 76+15%2 A&7t AAGAT F AF BT f&olAY o} agd 249 558 ws A A2FIAG °E g
B A4 AA A71eH vwstge o o 3 AP G2 AAARTH029-059 g 0, g N)F 22 £E(B.1~34 g CaCO;
g NEFS BAT o] TP T8 FUd w3z 4L /AT JomE 57AQ NAE dr5Ed I AR 2 447
Hulgo] F& FRE /A2 Yok

FHI0 : Anammox, Canon, 8t =& 0lql, slol=dd, 4A&HA), 2AHA, 28A 289

1.ME oF 797 AzFe EASA BAAT, dE5rE FA2 38

o FBe 3o F7hE 2SI dE Ao Yehted,

Yedez ENAFAGY AAAGATAN wgste  TLAE 13% FUFE 7R VI QL Tke o

WESecycle wate)® TFE FEEAAS 4FGHow % AE ¥ §/M8S Eyn 59 WY 2ok 34

27l 94 @ RU1BS AR TFAD Qo SAe g ToF TS B ALES GBS < 20%2 T
3o

Ao AXAAZE FAmut ozt A A|AHY AT AA A dehgEd, oe 42 FHFYTEY 0.53%)%
N L )y

2R VR AANAE BRI BEAAE Fea @ TS AL FEREF 500600 me N LHe) G5 E A
Figol 93 gtk FH B¢ WgEAE wgez g 71 A
s 2%z FPAe ABA 2AA BAE, 5
* Corresponding author Fg AAe-559G 23 FHE o ofF dd &
E-mail: yhahn@yu.ac.kr A(E35) F2 CODN H)E 7HA1x Qlvk. 2 Sharon(sin-

Tel: 053-810-3511 Fax: 053-814-2410

J. of KSEE / Vol, 28, No. 8, August, 2006



fol
N
=
o

gle reactor system for high activity ammonia removal over
nitrite), Anammox(anaerobic ammonium oxidation) 2 Ca-
non(completely autotrophic nitrogen removal over nitrite) S
3 2ol HZ AEA NEE 5YIY IAE ZTPL oY
ArRRY AAE A3 AAT 5 Y ALt A
Prle= Qg8

Fux$} Siegrlst)“ FEAQ o}@Atglel AnammoxE X3
St A SRIY A2AATHL V189 ALAA 23
of sl Bt o ZAH ABAAo AT TP 4
O 4 @2 FFHE 24 9AE 8L 4 Gl vehd
vlg o) FPPoe FAWLY, ¥ WEE YA B9
ol % Q& © & Canon FFolg} 23 glnk

Nitritation NH," + 1.5 0, —NO; + H,O+H" %)

Anammox NH; +1.32 NO, +H' —
1.02 N2 +0.26 NO;s +2 H,0 @

Overall NH,' +0.85 0, —
0.44 N;+0.11 NO; +1.43 H;0+0.14 H' 3)

22 3 gt TREHOZ Adk] FA U LA
WelH Bt ZAHez FEAT 9l

29 ohig Canong £ 21
2 oG Yotk 53 AFRAN Alel 225 7]

Ol'J clo iy
ox I e

e oby Z LA A Fedl, ol Anammox g
ol HAd wAZEo] u]$ 27| fELE FEI ArAG
€4 dFY nPE gr 59 93 2AXAEL 39

AEE A% 383 AA7 @ Rok”

EALES 719 44 HHo R Qs Anammox
gilotol W thdd FHI welAl T Itk” Anammox:
Planctomycetaleso| A IA" FAAEY uvlgalol 154
oJsf APt ¥E “Anammox’2H= Aol Planctomycetes
e FFY B g4 o|FojAE AAAAN sty
HiEtg 02 AL E=EX BT Nitrosomonas & QA 714 4
glell A et ol 5‘37]73?1 ‘7:‘-74 SIME GEES 4H51A]
2 F 90k 59¢ /AL Qe Aoz ¢EA A0
olE e Tolg T Y 5_ SHIY AAAA 1A
€& Canon WHEZ2& 72 A7l AA(EL FAL) A
EWE U A FA)ol w2 % F Atk &3] olEHTd B
ol & NOs-Nu} NoOg} 22 = ksl
HHog AATLEN LJ?} 3
olg {8 g4 "3%‘3‘@(@ ‘3}

%

‘\9_' n% u]@i y—‘ﬂ'o ] Q—Q-O]'q'
& A4 AL =AY x ‘:‘—?‘6}5’_, Anammox ¢} Canon
38 4 2L L&Y AAAAZTE UF A7 F=2
FhH e PR Aoz FPx0] gopt

B d7e AE 4EFE FHESE agos AgE

5x= s o]
tE ’&?"@‘%Q £7V‘é Qs AT 9
T 2 Canond & LA A

Aol dsted 2 F3 Y 7]‘%@-‘4‘ HELE AR5
A AeeEM 84 a5R FATE ddez £33

okl Hz mu >
Im
N
>
ok 5
N,
N
jinss
oL,
1
o
::4‘
12
rO('

21. M8A A3 "2 X
Fig. 194 Hole AFH Zo] 7.7 LY 2 EH(FEH 10
)& 7HA AR 27014 9l ey 23
9.9 em)E F2CB0V)EAS A EHstd e, ole 5EI
CanonZF@# RAIS LAEHE 7HARE AdxEUG F
Az 48 A AR 2489 271 77N phase DE
E 2o Z
2 st 4
a9 YXE vrEERld HE=R iy RFv|zE 9
Aart. FEF712e 8 A FA 7N hydraulic retention
time, HRT)Z 3 &4 Z74¥ & &3 2Fstd=d, 7]
2 sty dRYol g7 u A ESHA ALw o] o] Fo
AA FEE AT ey B2 YA BE 5
e = "MAIZ7IEE 8 eElAEY molu U
<279 #7t glo] FgE £HAFTE FANEE S
FHINFLE FHAR 25 oH, gRrErizg %}—*]'
_-_(dlssolved oxygen, DO)—‘EE“ oF 56~6.5 mg o L'z

q .
B 94#—&7124 225k DOBE £ 84 Er4¥e
B4 #1402 AAsnged, 2 dEAL ASEYL Fig
20) UEhg vkt 2Tk 0)F s1Z0E ARENZE 268 3

=9 Fe ARARLE LH A=
o oldish FE WA WL A9 PoluA @tk
ol Ze HRT $AzA0 3714 FuE Ve A9 o
Fe MR Ggreg Anw,

2 gysgem,

Flow meter

Gas meter

Air
compressor
Pressure

Granular Reficf

Biomass

Aeration
Chamber

Recycle Effluent|
" @ e
]

Fig. 1. Laboratory reactor setup.

Sampling Baffle

Ports

Influent
Tank

TiYHeEE B ote|X| 287 83, 200613 8Y



84 A9z - HAEF

Nitrogen (mg L")
DO (mg L™

0 10 20 30 40

Time (min)
Fig. 2. Batch aeration test in external aeration chamber.
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Table 1. Characteristics of anacrobic sludge digester liquids

Parameter Range AverageS.D.

pH 7.1~79 733£026

TCOD(mg L) 770 ~2,240 1,762 + 624
SCOD(mg L) 76~190 131£59

TS(mg L) 1,150 ~2,010 1,660 £ 335
VS(mg L) 660~ 870 780 £ 110
TSS(mg L) 275 ~ 465 368 + 68
VSS(mg L) 204~360 2990 £ 57
TKN(mg L1 435~520 490 +°13
NH4-N(mg L™ 405 ~ 480 438+ 26
Alkalinity(mg CaCO; L) 1,520~1,930 1,694 + 80
(AI/NH,-N) ratio 322~428 3.89 £ 0.26

Note) S.D., standard deviation
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Fig. 3. Nitrogen conversion from synthetic wastewater.
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Fig. 4. Nitrogen conversion from sludge digester liquids.
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Table 2. Comparison of various nitrogen removal processes

First reaction

Second reaction

. Remark
Reaction Oxygin Alkalinit_}; Alkalinit?/l Organici’lk (Reference)
(g 02g N) (g CaCO; g N) (g CaCOs; g N)* (g COD g N)
Nitrification/Denitrification 4.57 [4.18] 7.14 [7.07] 3.57) 3.7 [20], [21]
Nitritation/Denitritation 3.43 [3.16] 7.14 [7.07] (3.57) 2.3 [20}, [21]
Partial nitritation/Anammox 1.71~2.06" 3.57 0.24 - [5]
CANON 1.94 3.68 - - [6]
This research  Synthetic W/W 0.59+0.25 3410 i - Phase
Digester liquids 0.21£0.15 29£05 i - Phase 11
0.36+0.10 3504 -

Note) *, based on methanol; +, 50~60% partial nitritation;

[ 1, calculated by combined dissimilation-synthesis equations;
(), alkalinity production in heterotrophic denitrification/denitritation;
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Table 3. Comparative performance of various processes treating anaerobic sludge digester liquids

Process type Scale HRT TKN_, NHA-NI N removal Reference
(day) (mg L7) (mg L) (%)
Nitrification-Denitrification (SBR)"” Pilot 1~4 720 + 80 65070 77~96 2]
Full 1.6 1177+ 163 84099 90 [2]
Nitritation-Denitritation” Lab 45 609 365 75~ 80 [22]
Sharon® Pilot 5 720 + 80 65070 > 95 2]
Sharon-Anammox" Lab 3 na. 1180140 62 5]
Partial nitritation-Anammox" Pilot 2 n.a. 620~660 >90 23]
This research  Synthetic w/w Lab 3.8 110 110 9215
i iqui + +26 94+1.7
Digester liquids Lab 54 476 + 15 438 05103)
Digester liquids Lab 3.8 476 £ 15 43826 7615
(76 £ 0.5)
Note) 1 SR cycle, 90 min aerobic/45 min anoxic/50 min sedimentation;
@ biofilm reactor with clay type media;
@ 50% aerobic condition;
® HRT: 2 days for Sharon, 1 day for Anammox;
2 partial nitritation : Anammox =2: 1.6 (based on reactor volume);
(), NH4-N removal; n.a, not available
d's} 36~92%'"2 2, gas-lift @ WLEAA 0.06~15 g N HAA ArAA7IE0] 2 Aotk o)HF FFLE LY &
L' d'9} 42+46%*70)9th. E=3 OLAND(oxygen limited B4 A5 A7 298 APA A4 2L A%
autotrophic nitrification-denitrification)$} 72 ArA7} A AdngE FFAd dojA o aFFolx FA|Feth EIF
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