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Restart-up of an oxygen limitation wastewater treatment process for
the recovery of ANAMMOX

XU Pianpian, MENG Jia, WANG Cong, LI Jianzheng

(State Key Laboratory of Urban Water Resource and Environment ( Harbin Institute of Technology) , Harbin 150090, China)

Abstract: Anaerobic ammonium oxidation ( ANAMMOX ) is known as the most effective process for nitrogen
removal from organic wastewater with low ratio of carbon to nitrogen. But ANAMMOX population is difficult to
enrich and sensitive to environment change, which results in a long start-up process. Thus, the tardy start-up of
ANAMMOX process is a major issue for engineering application. In preliminary research, an upflow oxygen
limitation biofilm reactor (UOLBR) was constructed to treat piggery wastewater with high ammonium (NH, -N)
and low C/N ratio. After the 180-day start-up process, an excellent synchronous removal of chemical oxygen
demand (COD) and total nitrogen (TN) was achieved with ANAMMOX as the dominant nitrogen removal pathway.
Idled for 2 months, the UOLBR was restarted at 25 °C with a hydraulic retention time of 10 h and an effluent reflux
ratio of 25: 1. Fed with manure-free piggery wastewater with the COD/TN ratio of 0.6 — 1.0, performance of the
UOLBR during the restart-up process was evaluated. Operation process of the reactor was divided into 2 stages with
a dissolved oxygen of 2.5 —=3.0 and 0.2 - 0.5 mg/L, respectively. The results showed that the UOLBR could
recover from the idle state and a new steady state was reached within 53 days. Within the steady phase, the removal
rates of COD, NH, -N, and TN in the reactor averaged 63.96% , 96.5% and 91.7% , with residues of about 61,
7.0 and 16. 4 mg/L in the effluent, respectively. Analysis of microbial community along with mass balance
indicated that the recovered UOLBR was again characterized by ANAMMOX as the dominant approach for nitrogen
removal from the wastewater. This work would be helpful for the start-up and management of ANAMMOX
processes.
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SUARAR L HC /K RO B AR B SR 1T, ANAMMOX
PRGN , 10 153 52 22 1 I K 55075 7K A= 4 A
ARG, AR A 5 32 203858 B A e =
FEAE YRR, ey 52 B0 0 SO 2 5 A,
UIReREIR B 0 P4, J2 ANAMMOX £ R T
TR T A X 0 .
WF5ERM e A (DO) 5 0.3 ~ 1.0 mg/L /Y
TR (TRPRBR 40 2500 T, S48 L IR S0 RS 4 4t 1 ]
LAE T [F]—T5 R AH Y, 76 5 — g £ i BV AT S 3R
R LB, BA TREEA Fxislk> Fehe
A0 T 2R K v AR R R
e Re & AT IR Ja shig 17 T i R A AE )
M5 5z i %% (upflow oxygen limitation biofilm reactor,
UOLBR) , i H & 4 T ANAMMOX T RETA #F , 77K
JifE= s (HRT)8 h .27 °CHI DO 4 0.40 mg/L [
FAET W22 7 i (COD) (B A (NH, -N) FI
SVAECTN) 192 B B a7 4300 °F- 9 853k 0. 60,0. 94 Fi
0.91 kg/(m’ - d) , SEHL T B R o kR 28 e Bk, (H
FR BRGNS 35 180 d LU P FESEBRR T
IR K A A 3 R B0 34 25 DR 281 PR AR 7 AT B 2
1 R A WU A SR R i W s AT B R T B L
FRshisf it , RE AR E— B E W LA R
BLAF AR FRACRE . PR, SE B AR W b PR R S IR
B PR SR SR TR B R AR
SCLERTIAE 8hi2 17 9 S B L ANAMMOX Sy = 511
iR EE )5, K UOLBR (R & 2 4~ H , 7 HRT 10 h,
25 CHIHKIEGE L 25: 1 B 2504 F kg s, 45
AN FRAKCR AT ANAMMOX Ty fE B9 9% 52175 00, FE%F 2
S A IR T 25 A8 R R AR AT 20 T, LUy
FRAAAE W) AL I R Se 00 R sh Aa 1 7 S it .

1.1 SLIEREE

€] 1 g UOLBR F2 54 15 7K b 30 28 55 125 8 7% 5.
Hovr, UOLBR (h A3 HL 3% 55 i B%, 5 N7 X 48 25 F1
4.9 LT RikERS 0.5 m, 942 0. 1 m, TR A [ -
W AT B A%, TR R HEE , S5 3 K8 A0 oK el
WA E B AR RN AR RS R, e S LA
@16 x 10 mm ff PVC HUk}, BURH RS 200 mm, [ 5%
MERHFL B R AE 95% 7247, UOLBR 3K 1 8% 3 5 5
AL TR K HEA B 10 L & KH. &K —0
b H—HFRAAHE K, 55— A7
IRITHRS, i 3l 5 13 DL 4E 5 UOLBR Py (1) B 45,
5%, UOLBR Pe A7 75277 firk S0 W SO [T 3t 7K Fry g
AR PEATE B N R S DO Yk K5 e 15 2 .
UOLBR #PEEZE A B I 22 | bl R 45 450K B2 0 7% P9 B it

FEFEIAE (25 £1)C.

l

E1 UOLBR R#ZEETE
Fig.1 Schematic diagram of the UOLBR system

1.2 IR Ak

S FHAK O B WS 7R EE T R g i i 25
WK, H COD NH, -N F1 TN Jit & ¥ J& 55 51 Ky
217 ~1410,104.3 ~471.6 F1104.9 ~472.5 mg/L,
COD 5 TN FbAE0.7 ~4.3 N3l , S ALY 5 2 Al
TR A LA VUE K. FE T RIS, Rt
#5 (sequencing batch reactor, SBR) Xf F£ 5§ & /K #E:47
FiAb L, 3 3 COD 2Bk, ¥ UOLBR itk 5 COD
5 TN HAEHIE 0.6 ~ 1.0 -7 e dp s shia
i , UOLBR # 7k i) COD \NH, -N 1 TN Jii &
WERESR R 114 ~263,171. 4 ~281.7 fi1 171. 6 ~
281.1 mg/L.
1.3 UOLBR mififNE#HZ A= SH

UOLBR 7 /i 1 & 9 i sh ot i s A7 7 18
HRT 10 h 25 C (oKl H 250 1, DL S /K COD |
NH, -N TN Hl pH 43514 (193 £35), (251.2 =+
31.1),(251.9 +31.0) mg/L F1(8.2 £0.2) [ 5fk
T ,UOLBR fEf2 € 1z 17 R A& F X} COD NH, -N
TN -3 285450 5k 62. 3% ,95. 3% F188.3% ,
L HSF 52 17 i PR Ak V7 35 U 118 VRS 5 VB T [T 44 ( MILSS )
FIAE A PR T TR (MILVSS) S 4351 Ry 5. 18 Al
3.60 g/L, MR 4> 3 Ky 8. 47 F1 2. 81 o/L. #E i
ACRETN , gt 1kiz 17 2 N A Z e ERa sh It
HELEE AT, HRT R A K RT3 L S5 i S 4005 12
iz BTAA]. I8 R 58 B9 DO JK -, UOLBR #5357
Ja Ba ATt R A A B B 1T 30 d AR 1 BB,
DO FEil7E 2.5 ~ 3.0 mg/L A3 /K, LU E 4
AL TR TE s F 26 31 RLVS s T M5 2 BrBE K DO
PR 0.2 ~0. 5 mg/L, i REGeAL T FRAVIREIF ¢
22317, UOLBR £ 3K 4~ Bir BE (1) 455 1 2 HOR K 5T an
1 .
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Tab.1 Stages and control parameters within the restart-up process of the UOLBR
e S H Kk
DO/ (mg-L™") AKOEREIEVD [ COD/(mg-L™')  p(NH{ -N)/(mg-L™") p(TN)/(mg-L™") COD 5 TN (FH)H)
1 2.68 £0.11 10 25:1 160 +30 236.5 +17.4 236.9 £17.3 0.67
2 0.42 £0.12 10 25:1 178 +38 218.5 +34.1 219.6 £33.9 0.81
L4 ##TTE SrHIH 9,27 F12.95 o/L, FAFT5 VR T P (1) MLVSS

1t UOLBR ()3 hiz 47 # v, 5 K e iR 4k
AR RN K RE S 47 7K BT 43 #r. COD \NH, \NO, FiI
NO; 43 5l R FH 3 % 1R B0 vk . b =X 00 O B ik
N - (1 -Z85L) - & Z B 06 B vk AR A oy ok
2" pH % F pH it ( Switzerland Mettler Toledo,
DELTA 320) 5 1, DO S FH ¥ fifk S A LR AN ( 5
TSR, AZ8403 ) Il 2. FKAE ) TN LI NH, - N
NO, —-N } NO; —N Zfiit.
1.5 4¥ESREMEELERSTN

7£ UOLBR FEHi 5 sz 1795 68 X, SRR
BEALR S R 3 4, FH W e R 3% #% ( Kylin-bell
VORTEX-5 ) ¥ 3EURE I 1) A= B B85, Bk 5 DR
e T d5e T o BORE 1 (8 1) SR B TR K IR & W
100 mL, #tF B¢ DL A Yy B A 77 5 e iE IRt
B A SN Y MLSS 1 MLVSS' '™

BT A0 TE 16S rRNA LR ) =38 &0 7, 4
X T T e A A WS R A T S M R IE S5
Mr. i, BE 5 Y 25 DNA FIFH Power soil DNA 2t 1]
A (ZEE ,MOBIO) H2HL, 40 16S rRNA FEK (V3 ~
V4 [X 314 5| H Ky 341F (5'-CCTACGGGAGGCAGCAG-
3") il 805R (5'-GACTACHVGGGTATCTAATCC-3") ,
PCR 7= ¥y 119 /&5 38 2 W /54X 4% 5 Mlumina Miseq
PE300 ( 3% [, Mumina ) '*" . 4545 125 38 S0 152 42 1k 1
15 B BT E MRV SREME R i

2 #R 5k

2.1 COD #y£k

E 2 iR, UOLBR R EE7E H AT shiad 75
1 K, H COD LBR3FH 59.2% . fiE BT IESE, &
Xt COD Wbzt T:, HAess 1 B e
10 d( 55 19 ~ 55 30 K ) 4EF57F 62. 1% 24 . HES 31
KA 2 siT I BR , RE RS 1 DO H 4 1
BrEc ) 2. 68 mg/L FEALF] 0. 42 mg/L £ 47, {H
UOLBR X COD (1) 23 B #8052 2| 1 2 52 ). 7Eiz
TG 16 d(%5 53 ~ 4568 KX ) ,UOLBR f# COD 4=
215k 64.0% , 7K COD SE2 H A7 61 mg/L.
2t3d 68 d K2 iz 17, UOLBR R B IF 151
MLSS il MLVSS 43514 6. 38 F14.09 g/L, 4= ¥ Bsfe

55 MLSS o351k 0. 64 F10.32, 5 2w 2876 2
FIEEZ 149 0. 70 F10.33 FHIE. DL F25 R 4%
UOLBR JH'E ik 2 A H Z A B i Sl A AT 8%
R-F5 3 AR B0IE L, % COD 122 BRAE 7 AT 15 3] 1 5
PRI

B B 1 . B B2
600F k100
500F
=~ 400f X
= L
2 300f &
= N
S 200f, 2
O % O
1007,
, . . s \ . 0
0 10 20 30 40 50 60
t/d
2 UOLBR H#E#HE 3T COD £k
Fig.2 ~ COD removal in the UOLBR during the restart — up

process

2.2 NH,; -N#1 TN £

T SR R K B 1 v AU LA L
IR, A0 2 Ak 3R A A% R T
TG ML KN TN 22l NH, - N 5Tk
(% 1) ,8{f UOLBR ik 2| K 41 i & B0 RE , B SE %
i AL (AOB) 75 3 5 42 % NH, - N %81k
4 NO; —N. ik, 7 UOLBR 3 J5 shiz 171 56 1
BB, ¥ R DO FEHIFE T 2. 68 mg/L ik —4¢
K- (R 1) . il 3 (a) s, UOLBR 755 H7
BB TR 1 K, TSN A PR A VRO i 7K 1
BAERT, L NH, - N LERFE5 97. 1% (HEf & s
ITIVIESE , R R BT NH, — N KBRBEFLELT R,
21 BrECIESS 30 RE5RIE, HA 57.9% . )4
NH, - N ZBRZRE TR, Bk g NO; - N 23
S M (B 3 (b)), 7645 30 KikF| T
52.2 mg/L, RUI4L 45 AOB Fl IV fiFf ik £k 4 1k 1 Bf
(NOB) 7E N H AL R HF AR 2 T & R RS PEK . i
T8 & ) DO JK S 25 ™ 0 A 45 il Ak A1
ANAMMOX %5 Jfii %, 2 i 1 8 1) 315 2, 78 DO Hy
2.68 mg/LALHIE 1 1247 Br B, UOLBR Jf K 2 81
R RO, BT R B Y TN L BR R BT
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W AR A, F2 s R Hhy B A A TR 45 O iR 7K
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600k — T EL i et 100
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2 e
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Silnkiyid
Fig.3 NH, =N, NO -N, and TN in the UOLBR during the
restart-up process
H 45 31 7oK UOLBR 4% DO F % 0.42 mg/L
FeAJa (FR1)  RGEXINH, - NBy & R A I 8

B BRI AR S T R, 5 39 Kk 3 i
fI{E 30.9% (&1 3 a) . [a]—F 8, TN Ze 55 A 00 2 )
T Ak, A AE S 39 Rl H A 30.4%
(E13(c)). 7E55 31 ~ 55 39 KiwizfrHh, T DO 1Y
AR, AL E 22 280 T W E s, oK
NO; - N G TR, [ BT NO, - N By Ja B
Z (K 3(b)). 539 KLiJ5,UOLBR () NH, - N Fl
TN EBRFH R I 7 PR g %, JF e i e 1y
16 d( % 53 ~ 23 68 K) fr4F 1 AHXIERE , 43 31~ F- 1
=ik 96.5% F191.7% , H7KF-2a mvk B 43 ) LA
7.0 F116.4 me/L, BB RGN AV AN RES 2] T
ARE AT B, TERT 16 d i E B 1T
1B, UOLBR &G B ¥ —E &1 NO; - N A&,
HK B BEF- 20 8.2 mg/L, 1 NO, - N ity
JEMPRFRAE 1. 0 mg/L 7247 WA K . 31X — 45 2RI
7N, ANAMMOX 7E R G4 VI A e vh & 45 1 B %
YRR
2.3 UOLBR R EMBEE LS

Y fif UOLBR R 52 Ji5 1 [l B AL ], 76 d5c Je 1
FRE B AT 53 0 R R i 15 Ve AL AE WL, A1 B T4
16S rRNA J R (14 157 38 52 77 F2 AR, % Hofd A= 9
RETR S HEAT 1 3.

R 2 firzn , N UOLBR &7 175 e A1 AR P A
Hh o AR A 47 446 FI 47 922 S EE N FE S, DL K
1725 1 1 916 A4~ #: 4 43 28 58 5T ( operational
taxonomic units, OTUs) ,2 /MF 5 B9 3% R SC 78 35 R
BIKB] T 99% , i WA I 1y 235 S B 0% o R AE AR (1% 1 512
0. Alpha Z2 614 T DL S B Gl 26 W % 1) =F 2 A
ZREPE, Horh Chaol 1 ACE #5 %t K AF (Y B V&
J& ,Shannon-Wiener fll Simpson #8401 1) EHEX £
FEME L LB S BT A (3R 2) , #E UOLBR 5,
BRI A W A W RE T 0 W R R R AR
e (HAE W eh B b 3 B RN 2 RE VR B TR R TS
e, U I SECRL Y A1 150 S A T 52 AR A W AR TR A 2
ELAARTE R G A Wyt s YL A A2 1Y) i 25 Dl

%2 UOLBR 2Zi5iRFIEYER Alpha ZAEES T
Tab.2  Alpha diversity of the sampled suspended sludge and biofilm in the UOLBR

i U8 2 7 I s 2 OUTs Chaol 5%k ACEE%(  Shannon {84 Simpson f8%%  #E&EER/%
EIRTE e 49 235 47 446 1725 2117.45 2084.2 5.22 0.02 99
R 59 652 47 922 1916 2291.66 2257.3 5.55 0.01 99

HTF KB E I OTUs I3 M & 2L, D e & Jm
() UOLBR R4, Hg ¥ 5 I8 P A7 76 K 5 A=Y i
R 5 (14 Ty RE T A, 40l AR B R | B R 1 BRI R
ANAMMOX TR #ESF (184 (a) ). Herfr, B AL f fEAH XS

FEHEHN0.41% (1945 0.29% 1y AOB 1 0. 12% 1y
NOB ), AOB F % 4  Nitrosomonas™’,
Prosthecobacter' ™’ 1 Sphingomonas'™ | NOB 3 B 4
Nitrobacter ™ F1 Nitrospira ™ ; Iz it 1 B B 09 A6 % =
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JEH 14.87% , FFAUFE Limnobacter™  Azospira ™’ |
Methyloversatilis (2] Azohydromonas (30] \Lautropia (311 gl
Longilinea™ | # %t = B 4> %1} 4. 06% , 2. 66% ,
1.48% ,1.13% ,1.09% #11 1. 05% ; ANAMMOX T ¥
RIAENF R 0. 78% , FE 2 Candidatus brocadia
C. kuenenia 1 C. anammwcoglobusL33J , AT 3 43 53]
4 0.58% ,0.20% #10.002% .

i 4(b) Uros, i AL B BE, L HE Nitrosomonas |
Prosthecobacter 1 Sphingomonas £ N ) AOB, L)} f3,
$5 Nitrobacter I Nitrospira 7£ PN i) NOB, [G] £E K B A7
7E7T UOLBR i) A= 4 vy, B HE S AR AR XS 32 B2 34 L
G TRH e,  AEAE] T 0.56% F10. 18% . A
PR i B AL TR RE S AL 5 B R IS e A W
2R EEEE R AzospimLZSJ N ThermoguttaL34J .

[28] ] [27]

N N N

Rhodobacter * #l MelfhyloversatilisL29J , HAH X F A
Sk 3.07% ,2. 76% ,1. 83% ,1. 21% ,1. 18% ,

(35 .
Thauera Comamonas* Limnobacter

L11%F 1. 1% , SMAKERSASI T 18.41% , 25
FTREIFI5IRK 14.87% . 5EIEIG AL, A=Y iR
() ANAMMOX [ J& A X = BE 34K, 7 0. 46% , T2
BFE C. kuenenia(0.28% ) 1 C. brocadia(0.18% ).

o & B, A {5 0k 32 4T B9 UOLBR fr, H:
AOB NOB | JZ fif§ fb. T B Fll ANAMMOX. B8] #: 1) AH X
FREJE R 4Bk 0. 25% ~ 4. 10%, 0. 10% ~
0.34% ,11.43% ~19.17% H10.08% ~0.93% . ffii
B A st ik 2R E B 1T IRE )5, UOLBR i
AOB NOB | % fil§ £k 4 i Fll ANAMMOX () AH % 3= i
Bk B st 75 LS A TR 7K

DL 25 SRR B 5 R R AR I R A, AN
Al LUfi AOB \NOB fiff i 1 34 J5i b 1 | S0 A iR 6 348 Jit
PHAEAT ANAMMOX (& £ 554647 T UOLBR FRAA/EY)
AbPE R G i LG N T A B R D RE R A £ kR
P, e FEa I R A A B L R kS s A A
ANAMMOX Fii (B85 T A= P24 SE .

38 R B
36}, 18.41% 7
< 4l : OB
& 4 e e 0.56%
# 3t ' VREE AL
® : 0.46%
i NOB A
2f P 0.18%!
o g
v 7 cta b L g
7 ? LA NaAn
7 % ==Y Y
0 / aa % a%%%@@@%%%mmmm;ﬁmm % ?a@ﬂ@&
SLEL. S G B DR TP B P P P T DD R DRI DX\ &35 S5
R . S N & R Ny 3 )
ROt S VR ST ¢ e
%% %m& < Q":‘{& KRS <€ é@&;\& L& o @%@4&0 2
P oo‘gy cgy &&ng
ﬁ?\eo &S
“&““% & P
= Q{”& oe'&b
%‘b
(Q)=RIFI5VR
38
36 /]
e /
/ . . 7
al R EBE g
B 7 14.87% g
\D( ? A NOB ?
% 61 0.12% g
7 S . 7
2 | ! aop | RAREAAHR .
= |/ OB :70.78% 7
< % 7 0'22% A g
b : . ,

Fig.4 Relative abundance of genus in

(b) AW

E4 UOLBR ZFS5RMEMENEBIEN FE
suspended sludge and biofilm of the UOLBR
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R T 4BEA AN, K AE I R A =, B4
EOmg Mk I fi A, OB Rtk 6 fe A
ANAMMOX" "2 [ 4 Fr /R 1 e A My ey S A 22 1A
7t UOLBR £ 4¢rh, HA#i%E AOB NOB  fiff 2 #1 16 Jit
B ORISR R 3 JF B AT ANAMMOX. 35 25 A Wy 1t 6 1)
HE TR AE, A AR A Ak B A Ak R A Ak B Al Ak AN
ANAMMOX #44 & A= () ml fg. an= (1) =X (2) fr
/8, NO; — N HI NO, — N (9 I fi b JBd &34 75 A HLa
TEAE B 7 iR, T ANAMMOX %) g & i 2
(X(3)) EFA P,

5C +2H,0 +4NO; —2N, +40H™ +5C0,, (1)

3C +2H,0 +4NO; —2N, +40H™ +3C0,, (2)

NH, +1.32NO, +0.066HCO; +0.13H"*—
1.02N, +0.26NO; +0.066CH,0, N, ;s +2.03H,0.

(3)

A2 (1) (2) o] 0, i 2 J i 4k 76 H B
NO; -Ni& Ji A N, if % 1 COD .y 5 TN, LA
2.86, i85 NO, N 2 fy COD,, 5 TN, ol
FRFN 1. 71, nE 2 FK 3 (e) Fias, UOLBR 1E%6
53 ~ 55 68 RIYAXTFE BT Br B, £ COD A1 TN 25
BRRIM 45 g 64. 0% F191.7% ,COD 4 15 TN,y
¥ 28 0. 61, HiA W &M NO, - N R
(EI3(b)). &A% LM COD &g H T
NO; - N 8{ NO, — N AR J5t, 4 A hil b 5 fn £k i je
PR AL A AL XT R GE TN 25 B 28 19 fe K 53 ik 53 il A
HA 21.33% Fi135. 67% . [H I, 76 4b TFa 52 35 17 i
%) UOLBR &4iH, /04 64.33% ) TN &/
ANAMMOX 42 sisk . ] UL, ¥k & J5 () UOLBR &
GLOAFE T AV AGE R 1) ZFEM: 11T ANAMMOX 175
R EE AR AR

3 &% #

1) N & 2 4~ H Z A/ UOLBR, ] 4% H # i
3, IF7E 53 d Wik EIRE 17 76 HRT 10 h 25 C
K I EE 2501 204, H COD \NH,” - N F0I
TN F2 4R 435 4 B 1 64. 0% ,96. 5% 1 91. 7% )
K

2) WA D BE TR T AE UOLBR B 77 15 e fil Ak
PIRE AE A R 25 5. Hoh B A T
2 (1) A Ak TR BRE RIT S Ak TR R, R VR TS TR R Y
ANAMMOX & 4= 5.

3) UiRePK & J5 (1 UOLBR R4, ¥ T 22 il
bR EAL RS AL R Ak L . ANAMMOX 45 Z Fif
Jii A T BE T A M W AR AR L AE B RRAE, Hh

ANAMMOX K2 R GTHY F2 E R kA2

5% Xk
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