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Stable operation of partial nitritation using fixed-bed reactor for anammox process
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The anammox process for nitrogen removal from wastewater containing high ammonia is a novel micro-
biological process. It makes possible to reduce operating costs for aeration and chemicals consumption
compared with the conventional nitrification/denitrification process. This study focuses on the feasibility
of nitrogen removal from anaerobic digestion supernatant in municipal wastewater treatment plant using
anammox process with fixed-bed reactors. In a demonstration test using real wastewater, the NO,-N con-
version rate more than 80% was constantly obtained in operation of nitritation reactor for about 7 months
(including 2 months when a chemical precipitation was carried out as a pre-treatment). The NO;™-N pro-
duction was negligible during this period. The effect of fluctuation in influent nitrogen load was also
evaluated. The nitritation reactor was operated under the load ranging from 0.67 to 1.22 kgN-m=-d! and
the performance was little changed from stable operation.
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T FEy 7 ARG R PR D OBRRFIEMA T 54,
PR O NH, -N O35 % NO,-N I H§ 2 i 45-iay
FRACILBEASIN BN 70 5 59 fER DAL IEE (2), (3)
RS X912, HEKP o NH,-N O44: % Nitrosomonas,
Nitrosococcus 7z ED 7 ¥ =7 AL E (ammonia-
oxidizing bacteria, AOB) (24 ) NO,-N (&L, X
5 2 Nitrobactor, Nitrococcus 7 & @ Wi filj B2 Bz 1L Al
(nitrite-oxidizing bacteria, NOB) 12 X ) NO;-N (2%}
FTAHBTH oM, Z OFRGHAEEE L LI T3 HEK
FHONH,-N O Fm %2 NO,-N [ZA#H L, Z 2 CHify
MR LA O 2 ¥ 35 2 & T, BRYIINO,-N
ODERE 2. T0lo, EFREWTaX 2IIBT5S
2SR 2 KIEICHIIR T &, HE B4 55% O Hll R H
PHIfEI N5,

NH,"+ 1.32NO, + 0.066HCO;™ + 0.13H*

—1.02N, + 0.26NO;~ + 0.066CH,0,sNg 15 + 2.03H,0 (1)
NH," + 3/20,—NO, + 2H" + H,0 (2)
NO, + 1/20,—NO; (3)

FEF I, EMRILEB LT FEy 7 A/ 55
QDT FEY 7 AT O AR NT, FEFARUEY;
DBV ALHIRBIR S b DEHRREZ H & L7z
FREFEBRZFER L TE 72, KX TR, 209 bk
LRSI H L, #9580 H [ 0 fe ik F2 i A & [ g R A
PO & % &R0 TA R LALBE D ) 5 )7 T 35 & OV

SEVEDKGEIZ DWW T T 5.
eSS Vb
HERK SRR T, T2 KLBL O BT

ALIBIRBK A% FARE L CTHER L7z, FKOKEER
% Tablel |Z7/”9. AT RLHEY; TIE, HILHBROBIK
WG DRSS S el ), EBIRSD (Y b=
i AR HE D I X B B ARKE DAL ZER ) DJFIK
NH,-N#EIZ416-1,060 ((F¥#829) mg-['THh - 7.

C-BOD) 1324210 ((F3564) mg-I' &K<, A
Wy/ %% (carbon/nitrogen, C/N) H2%F30.08 & #ied T
INSVEEKTH > 72, REWE (suspended solid, SS)
PEPEIZ47-250 (CFH96) mg - [ TH Y, EEHIAEN
B, KEERYL3E5720, RYGERE - H%
1,500mg - [0 U CEEAL PRI ML PE % 47 22 W K D SS
T 2 S 7.

KEREEE AT ub R, BUKE, WATERICEE, R
Al 7TFEy 7 AM»OHER S NS (Fig. 1). KUK,
TKRLIRES A & EHR R S WEAKE IR L., 2R
KO—Eh % WAL A~EE L, R0 13N X2 /T
BB OFEA A~ Lz, AL T, AT A
NH,-N®ZT4m % NO, -NIZHLEL L 7-. Z ol
BKENA NSRS HEMCRAEIELZ L
T, NO,-N/NH,/-NIZ#MEL, 75 € v 7 Afli~fit
MU TSR L 72 FOKKEDOZEEAK & VAT,
BRI LI % 4T 72 - 72

GRS D FHIG & 70 2 WAL 3 [ R o R
oAl <, Axh7 13200 / (300 mmW X 660 mmL
X 1,050 mmH) & L7z, /KSR (hydraulic
retention time, HRT) & 14278 & L7 REE LA
2, 72 ) VR (=X A — - T4 B Bl
ML, SPBCRISI T U 2z 404k & A 7548 1L T 20% R 1
% XHITH—ICHI L7z, BB ALY (B
WSR2 HERILL 72k R L, N
TG (mixed liquor suspended solid, MLSS) i/
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—75, A& (carbonaceous-biochemical oxygen demand, Fig. 1. Schematics of experimental system
Table 1. Characteristics of experimental wastewater
Time 0-378 [d] 379-584 [d]
| Conc. range Average conc. Conc. range Average conc.
fems [mg-1'] [mg-1'] [mg-1'] [mg-11]
SS 47-250 92 47-222 107
C-BOD 29-1,340 154 24-210 64
NH,*-N 416-995 755 730-1,060 942
NO,-N 0 0 0-13 1
NO;-N 0 0 0-1 0
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A33,000mg- [ FREEIC R B X ) ICHEH R & A L TR
O AL 2T % 5 7.

g AE AR O fHERR IO w T
X, TNFETELOMENHRE SN TVES. 2k 2
i¥, Hellinga 5 1%, HiRFEIZHB W TNOBIZAOBIZH
NCHGHREDS RN EZFIH LT, E&REe THRN
HMohwipoiliz | HEEOME KM CEzTs2 LT
NOB%# 7+ v a7 N CT&xBEHELTWYS.
Anthonisen 513, ##t7 ¥ E=7 (free ammonia, FA)
EEEHT0.1-10 mg- /' TNOB2EIRNMY IC L E % 52 1T,
WM AEER (free nitric acid, FNA) #EEA%0.2 mg-[-' DL
ETIRTOMLMEASHEZZ T2 EMEL TV 5.
Isaka 5 1%, AOB & NOB % @& b L 72314k % 60°C
DL EC1RmBJLEE 3 % Z & TNOB O Hijili % ¥ <
EBLIELTVAE. ARBFZETIE, NOB DG % #9ifil
L CHiEE L % 2058 L CHERR S 2 5 720, fliINZE 5
i, SpHIZHIE L CEIBEZ TR - 72 RN
AAME —F 28 AL CHEENRT 2 2 & T30-35°C
WHIE L, pHIZEREEOS OHEATICE D R WL L 721
MTwEY —% (BE4.8%) % HBIRML T7.65-7.80
ICHIL7z. ZoL & MNOFAB L UFNA% (4), (5)
NEVEBL, WARILLHEE OEEZREEL 2.
72, NO;-N72* 5 NO;-N~DOERIL A A 72356 D H5IH
HikE LT, HARMEEHEICL2HIBREZHEEL, 51
BB PL B LR A X 2 U D 72 jE P & ARIE L 7.
17 [NHy = N] x 10
14 X I633473 ] - | ol

FA= (4)

B 47 [NOZ_ - N]
FNA= 14 ) e[-2300/273+1)] o 1 PH 7

BEEEEE  WAIREIC BT A RARGES O
WERTHIT 5720, #5580 H Mo diedls o 2 [k
FERFE A T, FUKIRE 2 BRWICEE) S & % #i
TR o7z, BARIIZIE, JEKICHEET Y E=T A%k
L2z (NH,-N:1,132~ 1,220 (*F351,165)
mg-[") &, JFK % KEARTHAR L 7R E K (NH,-N:
672~860 (*F¥764) mg-1") e L, 24 5[ JE M
T2ODJFEKZEY Y 2 CHlmE LR~ L /2.

SDAE KEGHNE, UK, HAYERICRELELK LD
W, BRI 2M%E L7z, NHy-N B X U'NO,-N,
NO;-NDOGHTE, EhENA ¥ F7 =/ = VERSEE
B, FIFNVIFL YT I VOB, M- A K
IVANTABRIL—F T FNVIFL Y IT I VG
FICXDRE LA, BRI 2 BB 5 720, RIEELC
KEF— % #%4 5841%, Hach 3o %18 H ik
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NH,*-NZ R £470.80 kg-m=-d' & LT, NOBDiFEH:
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PHEFFCTE T, NOy-NOAEAHFICASN, F2
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Fig. 2. Time courses of influent and effluent nitrogen con-
centration. 4, influent ammonium; <, effluent ammonium; [,
effluent nitrite; 2, effluent nitrate.
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Fig. 3. Time courses of nitrogen conversion efficiency. H,
nitrite conversion efficiency; £, nitrate conversion efficiency.
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Fig. 4. Time courses: (a), SS concentration; (b), C-BOD
concentration.

5ZE05, FIKSS, C-BOD DEIZOWTHREEL 7.
JFKSS, C-BODEDRERZEAL% Fig. 417, i
BIRELE GEfZHE0~267H, 2 2 TRl b= ik
BEDOREIZ X 5 FEAKEDOEALEED &) DEKSS,
C-BOD 13 Z 21 47~250,29~1,340 mg- [ &,
WL LB AR X Ao 72, Fig. 3I2A LN S X )1,
FKRKEDEAIZE D R WSSIEED LA L2tk 54
12 L IFEBRIINOs-NAAER T 2 WA Hh, i
MR AE R T L2, Sk X, JEAKC-BODEEIE
1,340 mg- I""REITEATLI LD, WATS
SS & THEWEA DB 2 LTz,

SO X, EIEEOSSAHMRILEICHEAT S L,
FEHEIARORMHRIMER L, pHZII LD L L72H
TR D BRI S S HI I > S TEE L CRYERAL BSOS o3
IR E2G9F 5 2 & T, NO,-N»5NO;-N~D Kt
WHEATT LI ENERIN FERIC BEED

C-BODEALTHRUE L) RBEBEL S Z L2%E
A b7,

EIRAZEO®RE  F 2T, iHIRHERNIC X B AW
KOWHEEZEZ LN WHEREOKTRROMILIKE L
T, 286 H HIZHHARDOTEIC X 2R ROV THES
L7z, SR 3%, BOSHEA & FRHEARZ W o 72 ATD
WL, FII BB HERE L 7215782 KPE L CHBEX 27
VR AT & PR O WO B R IZ N F 43 ~45,
9~15 g-drySS- (I-#048) "' ¢, AW % 1/3~1/5%#
JEFE T A 7, HAE G RO LR OXE) %
Table 212779, HAREE X EML 721 ~4HHICIE
NO;-NEFEIZET L, Zhice W liagmRAe g RIx
WAL 7z BRI AT 72 o 7o AR TR R (286,
307, 322, 334 HH®FH4 1) IZIZFEROZFE DA SN,
PERAC TR ORR R & L CRIRINTH B Z L DR TE
7o FE 7, HARTEEIC X D FEEL 227G R (sludge
volume, SV;,) ZMEL/ZE A, 1000 ml X AT Y
FIT L T10.5% (105 ml) &, JERIILREtED Bif <
Boz. FEBRORBN TILME R HROHER Z BT 5 72
B, RSB E12 X ) @ IR ikis 2179 2 L T,
YN AR 2 ST DR THILELLON
575, KPR ICAE N O MLSS R s — B 1912 5
L7z LTH Ik c& 5720, REo7+
Ty 7 ANEBEG 252 83w EEZ SN

LA Ladss, ARSI X 23 B3R T X 7225
R Zw U7 in 2 M4 % L Cidse4aic) A7
WTEDLEEFEWUNLW., 22T, KFKSSEENZL
ALU2E &I, R E U CREEILIBALEL 2 47 72 Wil
AT 5SS 2 RIR X & B O % M 2 Mk L 72

REMORIE  #ifx 0379~ 515 HIZBIF 5 HUK
SS, C-BODEEIZZENEN4T~167 (F¥77), 24~
111 CF¥H45) mg- 7' LR E LT/, Ek
LB % 47 70 D\ A IR LAE OB 2 1T o 72, W
ANH,-Ni#JEEIX730~1,060 ((F3918) mg- [ Tdh - 7=.
LS, HE35°C, pH7.8, #HAFM%E (dissolved
oxygen, DO) #H3~5mg-/"', NH,-N%HHEM0.88 ~
1.14 CF341.02) kg m3-d' & L7z, 2o, NO;-N

Table 2. Characteristics of NO;-N concentrations after washing carrier

NO;™-N concentration [mg-/!]

Time
[d] The day 1 days after 2 days after 3 days after 4 days after
286 145 107 - 92 67
307 148 115 53 7 -
322 221 - 70 22
334 157 91 87 28 -
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OAERNTIZIZEIH S N, 2 L7z AR LA B 25K 45 C
X7z, AR, BRA R IZE N E N 82 ~98 (F
¥93), 0~8 CF¥H1) % Th- 7. HAEEEERHE, W
B R R 13 2 2 0.68 ~ 0.96 (*F-350.83),0~0.07
(*F350.01) kg-m3-d' TH - 7-.
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~222 (F3#4184) mg- ' & LR L7720, HiLHEE L
THAE VLB LB % 47 722 W U RS PR AL A L2 A % SS il
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1,500 mg- /'R0 LTSS EIX40~122 (F3H94)
mg- /' FTIIRT B 2 EATE L WAL O &%
Ff13379~ 515 HOWIM & FkkE L7z, i ANH,-N
RFEPR X ONH,-NAERF AN 13934~ 1,060 (*F#996)
mg-/-', 0.88~0.95 (*F#0.91) kg-m3-d'Th o 7.
C OIS FREIC, NOy-NOARIZIZIZIH S, %
& L7 MR AL ALBE 2SS © & 72, TWANERZE R, RS
AT ENENGL~98 (F1592), 0~11 ((F¥3) %
Th o7z, WAEAEBHEE, fBAEREEIZEREN
0.64~0.79 (*F350.73), 0~0.10 (*F30.03) kg m3-d"!
Thoi:.

PlboZ ehn, dasELALEE o B 7 22 k23
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Fig. 5. Relation between nitrogen conversion efficiency and
(a) free ammonia concentration, (b) free nitric acid
concentration. M, nitrite conversion efficiency; 2, nitrate
conversion efficiency.
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BLUFNAIRRK @), (5) L hZ2hEn04~103, 0.05~
0.08 mg-/-' LM N7z (Fig. 5). Zaud, BRI
B ICHRILE 5 ETH 72, 2D LIk, MR
WMBLOFIZH LT, ThSOHMPITIE, REPpHAR &
2 X B IHIRIEIIZ T, FAB L OFNAIZ X 251t
FOBDHER R D F72%55- L TW/zZ LAVRE S 7.

BHEHOFE  AWAEEREO ALY IC B
V% S RIRES X OHRT OFFRZA L, NH,-N 2R E AT
B X OBHEAEB R ORI % Fig. 6125 F. ik
NH,-NJEEEZ 24 B E cAB S 5 2 L ¢, MWk
{LAEIZ 3B1) 5 NH, -NAEREM130.67~1.22 kg'm>-d-
OHPATEF S 2. 0k X, ESAMRIIETmRE
BEERIEE TR L, AR I3 T RS 2 i A5
SIS, Al L C AR R R I T 80% DLk
CHE LB TRAON P72, 22T, NH/-NB X
O'NO; -NBEOHER 2 S S 07 X 918, HAY#E Ak
HOWPMIEF L L CHMBILEOZIIERLTED,
KA B VTS NOy-N T TORBAL UG D47 1%
AN o,
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Fig. 6. Effect of fluctuation in the influent nitrogen load.
Symbols (a): B, nitrite conversion efficiency; 4, nitrate
conversion efficiency; bar, nitrogen loading rate (NLR). (b): 4,
influent ammonium; <>, effluent ammonium; [ ], effluent
nitrite; 2, Effluent nitrate; bar, HRT.
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AR SRS AL FLEETHD I LIRS
Niz. Z0700TEO—o28 LT, HAEREIERT
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AL EoMIBE LT, BELBLMEAITRH)Z LT
L L7l C & 2 2 L A MR T E /2. iRy
B LAl o s e fh1d, L 35°C, pH7.80, DOEEE3 ~
Smg-/', NH,-N#EEAM0.88~1.14 kg-m3-d' & L,
JEK SSTEEEA EI N E X 121X, BRELRMZ T2 &
&T, T A7 0 % U TR o #fix 2
HeFFC& 72, oMM, NOy-NOARIIFIFHHTE 7.
WA A R, AR R ENEN82~98, 0~ 11%
Thol:. AWMEHERETIZ, NH,-NAEBEAMN0.67~
1.22 kg m>3-d'O#PATEILEEZIT 2oL A, BA
Ao R LA A R AR B (3 T L, AR AT IR I3 T
Mg B HADSA SNT2AS, Elin 2 8 U C HayER Ak =8
131T1T80% LA L L BHE RIK T IEA LN Do 7.

Dbz Ens, WiREONH-NZE&LHLH R
KON LRI EEERET LT FEY 7 A70t
A0l e LT, B RE RO & FH s 7235855 AN
AL O H AR S 7.
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