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Study on Rapid Start-up of Anammox by Intermittent Aeration
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Abstract; To realize the rapid start-up of anaerobic ammonium oxidation ( Anammox ) , the ordina-
ry activated sludge was used as the seed sludge, the Kaldnes ring was used as the biofilm carrier, and the
temperature was controlled at 30 “C. First, efficient nitrifying biofilm was cultivated in continuous flow
mode and 40 days of biofilm formation. Then, the start-up of SNAD (' simultaneous partial nitrification
Anammox and denitrification) reactor of municipal wastewater was successfully realized through the inter-
mittent aeration, and TN removal rate was above 90% after 46 days of operation. On the 85th day, the
volume removal rate of TN by Anammox reached 0.537 kgN/(m’ - d). Batch test showed that the Ana-
mmox activity of the biofilm was increased from 0.012 kgN/(kgVSS - d) to 0.221 kgN/(kgVSS - d) by
intermittent aeration. On the 87th day, the Anammox reactor was operated in a continuous flow mode. At
the beginning of the start-up, the volume removal rate of the reactor was much lower than that on the 85th
day. However, the removal load began to increase steadily after about 30 days of adaptation. The volume
removal rate reached 0.5 kgN/(m’ - d) again on the 123rd day, which meant that the Anammox reactor
was successfully started. And on the 175th day, the TN removal rate reached 1.53 kgN/(m’ - d).
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Fig. 1 Schematic diagram of reactor
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Tab.1 Characteristics of domestic wastewater
5 H mffE)/ | NH, =N/ | NO, =N/ COD/,[
d  (mg-L")|(mg-L")|(mg L")
BBt 1 1~40 70 0 200
B2 | 41-~86 70 0 200
FrBr3 | 87~175 60 75 0
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ZROCERL9 ] T 5, 53 BITE 4 A SRR
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WETEHAR AL T, R AE 30 C, % E
(YIRE ] DA A Hf BORE 23 A NH, = N ONO, = N FiI
NO; - N #efi
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Tab.2  Composition of synthetic wastewater in batch tests

mg * L'
gi= | NHf -N | NO; -N | COD i
1 70 70 0 0
2 70 0 0 500
3 0 70 0 0
4 0 70 400 0
H: R 1 ~4 55 H T4 YA Anammox |
AOB NOB F1J i fb. 15 1 ; B LA CaCO; it
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A E o
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NO, - N #E A T R NOy - N, HH
T G AR P B A, AR i AR D, S B R R
B, X DA R 4 R A T A R AR SRR R VR D
LT ER LR RIS

Bifi 5 B ] (R4S | DR 4R 2 4R A TR R S A AL TR
PR R, RV A 7K H ) NO, — N R BEAT T
%, SR LB N i 5 . il — A3 B
28 AR B A A o RN DR AR 2 B A T R v, 1 56 58
AR, PRAE T I AR AN A 1717 4t w2 SR AR B 1 Ll g, R
THLJHEE Sy 7K 5 min  [6] BEE S 200 min (20 min
B2 .30 min HiFf) UTIE 10 min HEZK S min, fliFE
R HIEAT , ARCR AW &, B4 75 KITg,
MR ERRIEATELE 90% LU F, s 1
SNAD Jz [ #5 iR 81

e 22 .



www. watergasheat. com A F . RBRRA LR AR EAL R B B F R

FH34 K H11H

= JEK NH;-N - 117K NH;-N = 7K NO-N
TN £BR%

- i’k NO>-N
90
80 F

~ 70
260}
250t

t/d
2 [EERESKE NHS - N NO, - N &1 NO; - N2y
REGERBER
Fig.2 Change of nitrogen compounds in intermittent aeration
stage
2.3 BrE2 REZEF Anammox iEERI T
T[] BB <Az A7 B B, 4 B — 5 I 1) (29—
) a1 B2 g IR B IR AR A RO
WK R BERIY B 3) , ZEd 09 2540 5 ik e
I g B R AR S A VERE S5 R ILIET 3
_06f
o5t

65 70 75 80 85
t/d
a. 15 e s M

0[] B B
B 1] A U

© o o o o o
[\S IR US B SV e

—_
T

HE MBI/ (keN - ke 'VSS -d ™)
(e}

Stk AOB NOB
b. A=W

3 BEERBESHMEREERAFREEELER

Fig.3 Change of sludge activity in stage of intermittent

Anammox

aeration
HiPE 3 A1, SV AR Y Anammox 5 P REAS P
RIVEZETRE . X RV [ 87 U
F T2 AAOB [P & 4 o (Hili F SNAD S )i
Hh SRR T S A R 2R PR A A 2 A — i R L R

AAOB [ A A725 (], PR I DR A 2 S8 Ak 5 PR i S T
2 3B, 55 85 K, [ W £y il i Anammox X B
R BB LBRAAAR T 0.537 kgN/(m’ - d) 25
S RES 7T KB M T RE E s BRI

WE 3(b) s, ke g5 R LW, &t 46 d
()R] BRI G2 AT, O 175 R0 M R A T AR R I
A AR T (R BRI RIS AT Z 0T, AE PR H AOB
PEREA T, R E AL R A i YE A B R R
B 82 T, 3 a8 2] T 0. 221 A1 0. 416 kgN/
(kgVSS - d), 156 HH 38 2o [A] B Iz TS5 B T IR
AP E AR
2.4 SNAD BEEMEIBIESHT

55 86 K SNAD J #5553 T Ae e 847, X Sl
JEVH 5 ik B AR A 1) o3 BT 25 SR R B, FE A Y
BUNH, - N HRE#EFEA# ,NO, — N HI NO; — N {UIg AT
T, EVEE B ] B AR (DL 4) |, S W TE A A i
A5 N P [ B £ 7 S5 A 1 s DR AR 2 48 A 5 7
BT B, NH, - N NO, - N Hl NO; - N i iz [
AR, A T B T S A A AR SR B A E R AR AE

7 = DO = pHfH 182
6
o3 180
= ‘
i N =
Z 78 E
) I 17.8 =
=
0 7.6
0 50 100 150 200
t/min
a. DO Al pH {&
50 = NH,-N
-+ NO-~N
~40r -+ NO;-N
O ~=TN
2030
E
# 20
¥
10}
0 50 100 150 200

t/min
b. A JE
B4 SNAD faEM s BYEHIA NH - N .NO, - N #n
NO; - NRERIZEL
Fig.4  Evolution of NH,” =N, NO, =N and NO; - N during
one cycle of stable phase of SNAD

TEREA IR R, B R B A RR S IR,



F34 K H11H

P OE 2 K BE K

www. watergasheat. com

NO, —N il NO; — N I Z 2 15 45 B AR A K SF- (10
mg/L LR o FE—ARNEIAN, T NO, - N ¥
JERAR, BN it S A R (FNA) 5t 4 5 75
KA, /F0.000 2 ~0.000 9 mg/L Z[i], TijliF
B (FA) W B2 U Bt S 0y 9 NHL — N B 1)
FRMIASKTREA , I EcHI A2 2 me/L B Wi 29 0.3
mg/L,
2.5 SNAD BRI XEEE

BESCIL R TN L BR 2, )5 3l SNAD JZ L
% HEAE T BRI NOB % M, $2 T AAOB il )5 fi
FEB TG PE A R i AR IR &R AR A AL R
A AL RS IR 25 A T
2.5.1 R0

AR FE WU 8l SNAD S i . PR A=
KA o m 5, AR R, Y
T >25 CHY AOB 4 K% & F NOB, 5
FEHIREE R 30 °C, Kk AOB #4784 ¥y I3 mi i oc
A, I H A W IR AL TG 9 2 BELAS 1R
YT AOB Xof 481 3 FfiE g U 38 F NOBM
PR A= DB NS NOB X 4801 v Al T 4 3 fii 15
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BRI DO ok SO AL TR A AAOB ) 4 K ) i
T &AM
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X} Anammox A5 4 B (A S0 R B L 2R AR ) T 57 ~ 187
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A4 T X5 NOB fy 3 il Wk B, i A 23 X AOB Al

AAOB = A= 4 ] o
2.5.3  [HJERIER

Katsogiannis 25" 7 SBR Jz v £5 v, 3 o Bk 4
HUF A AL s A7 L S T B AL i 4. Kornaros
5 7 B 7 T L2 B

5K R R LR AL . ATBFTE ™ A, AOB 76
H R4 AL S R BRI, AT AT B DA S5 K i 2R K
G, T NOB 55 B PR S I [R] A4 ] LA 315
RORHVE R AR fr ASRE A A s T A A T
il NOB &1, A 1 T SNAD S g B8 i3
.
2.6 Anammox N2 B ohiEFE
55 87 K, [ a% JT 46 J3 3 Anammox J2 [

firo TEBTEL 3 WIMIBE HRT Jy 4.45 h, s —JF

LI HE DR AR AU B L R R AIE , (HHG 25 B R
T4 85 Rk iy /Nl E M (WL 5) o TE2R 87
K, R NHS =N FfINO, - N i L BRFB I {(CH
50% Zi o AR AT AR i T/ MR 78 TR
2 AL BUSCREES , T 1 223 SN o o, T B
TS TR R BRI, A A AR 4 75 8 R B M
FRTE SN T 3 DX I8, 552 B AR Y R R B A
TR — 843 AEAE B2 B B 0L T, A 780 &
R HAERE , M 222 R 0 AT B

HEK NHi-N = 1K NH-N = 17K NO:-N
= kK NO-N 7K NO~N

WE/(mg- L)

95 105 115 125 135 145 155 165 175

85
t/d

20r "ANO-N/ANH-N o HEK TN ZBRAFT 5
ANO;-N/ANH:-N - TN B 57 -
[ ] =
icL -, . i -
x " l-.l l- L] ."f.-HT FOCE =
?ﬁ 1ol l.l.ﬁ--;. = s " e n %o
= E 1, E
0.5f A =
SRA mﬂ‘w““—wm& PEEEOULD 0{<<u

0 . . . . .
85 95 105 115 125 135 145 155 165 175
t/d
b. I 5 AR A

ES5 BrEd R ER
Fig.5 Nitrogen removal performance of reactor in stage 3
TEJR BT, SO A 14 25 Bk 07 i THAR 2248,
HKBORAEAR . FHERE N o R, 7208
P2 IR ZU A AR B, B B A L

<24 .



www. watergasheat. com %

FF BB A K IR AR AACRIR B B 49 FF

FH34 K H11H

WIVE R SOREAG B IR, AT 58 NO, — N LBk
L T NH, — N R 533085 o AS [ SCik
)R s s, A g NH - N A1 NO, - N #[q] 5
ZeBR T AR TR A & A AL S (E
AR B R NO, - N LER, RIBA s ZU i f A
HIRBLG . A AR T R 20t ) SR SR 15 5%
SRV g P S AR W B B 4R T T e AR B A ke
Wb DR T R X R AR A P IO RE D TR . IR
1 A PSR IR 58 1 A8 fb AT 22 i/ L BR A T I
IV i B T2 KK T BB AT 45 1 AR A0 BTty oF (5%
e R B TR IO E N = ReaS e 38

B0 A O RS T W O R [ A N L B U WA s
K i N REAR T 3K R fer . 240 24 33 d BY3E L
B Bt , SN A 0 L BR R IR 3R Tt . s 125 K,
TSN 25 IR K A 5 2 A1 Rt R iR A &
IG5 LA TR, S BUT N 45 1 2 bR %7 3 5
Wi, 2232 5 d VKR, KRRt AR VKB AT

AR LR ATIAE] 0.5 kegN/(m* - d)FEN
FIERRE, SV ASTESS 123 RSCH T s 8. #
ANTEEE RS B BE A B (], B L 42 DAl Ak A 0 R B
Anammox JZ [ #§ , HeSEBR A S RICH 83 d,

3 %

@© £ 40 d PHERBGETTRI46 d [ RIEER R,
RIVARTESR 123 RIS g . A ANTHERBR B )
], Sl SR O 83 d. S2bR EAESS 77 K, Bl
LAt 37 d 1 ] BROER <, B v DR A 2 Sk )
TN =R Ak 7 0.5 keN/(m® - d), [A] 8k
WA T DA A B 1 PR s R AT A R
I V5 e PR 86 Anammox 20 4

@ [RGBl 32
B BRIAE T« O S AE Y 4R FH (FA X NOB 11y
TV AR RS AR o ) RELAS 45

@ FIF SNAD A: ¥y 5% 2 v #% #F 17 Anammox
Ja ol BT RN A B2 HA BRI Anammox T 1
SRV g AU S e S B B 1 3 0L L R R i
A IR % v, R B s B B A B AR F VA TR
I HE T IR TR, SO #5811 Anammox P BEBE S TR
LT

STk
[1]

Tsushima I, Ogasawara Y, Kindaichi T, et al. Develop-

ment of high-rate anaerobic ammonium-oxidizing ( anam-

(2]

(3]

[4]

(5]

[6]

(7]

[8]

(9]

.25 .

mox ) biofilm reactors [ J]. Water Res,2007,41(8):
1623 — 1634.

Penton C R,Devol A H,Tiedje ] M. Molecular evidence
for the broad distribution of anaerobic ammonium-oxidi-
zing bacteria in freshwater and marine sediments[J].
Appl Environ Microbiol ,2006,72(10) ;6829 - 6832.
TS SRR, %8 RN, 4. RN 2l ANAMMOX
— UASB B e S HE B et [ ] v B 2 7K HEK
2014,30(17) :9 - 13.

Huang Pengfei, Zhang Jinyao, Qin Yujie, et al. Start-up
of ANAMMOX/UASB reactor with high rate and its ni-
trogen removal performance [ J ]. China Water &
Wastewater,2014,30(17) :9 — 13 (in Chinese).
TESRBL, ok, 250, 5. IR EUL R shad 72 R gk
PIREIS SR AE [T ], BREERE:,2017,38 (12) ;5184
-5191.

Wang Yaoqi,Zhang Min, Jiang Ying,et al. Start-up and
characteristics of the microbial community structure of
ANAMMOX [ J ].
(12):5184 - 5191 (in Chinese).

Zhang S H,Zheng P,Hua Y M. Anammox transited from

Environmental Science, 2017, 38

denitrification in upflow biofilm reactor[ J]. Journal of
Environmental Science,2004,16(6) :1041 —1045.
[EJ, 25 L AR AR, A BE TSR RS Y 2 4 UK
A BN A R R SRR AR [T ] BRBERL A,
2017,38(10) :4324 —433].

Lii Gang,Li Tian,Xu Lezhong,et al. Quick start-up per-
formance of combined ANAMMOX reactor based on dif-
ferent inoculated sludge types[ J]. Environmental Sci-
ence,2017,38(10) :4324 — 4331 (in Chinese).
M, 2FE i A, %. ANFE C/N ELFIaR I Fh 2
ZRPFT I SNAD A=W B A AERE (] PR B R
24,2017,37(4) .1331 - 1338.

Zheng Zhaoming,Li Jun, Yang Jingyue,et al. The nitro-
gen removal performance of the SNAD biofilm with dif-
ferent C/N ratios and carbon source[ J]. China Environ-
mental Science, 2017, 37 (4): 1331 - 1338 (in Chi-
nese) .

Zheng Z,Li J,Ma J,et al. Inhibition factors and kinetic
model for ammonium inhibition on the anammox process
of the SNAD biofilm[ J]. Journal of Environmental Sci-
ences,2017,53.60 - 67.

Zheng Z,1i Y, Li J,et al. Effects of carbon sources,
COD/NO, - N ratios and temperature on the nitrogen
removal performance of the simultaneous partial nitrifica-

tion, anammox and denitrification (SNAD) biofilm[ J].



F3 % FHlH

+E 4 K H K

www. watergasheat. com

[10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

Water Sci Technol ,2017,75(7) 1712 - 1721.
Rathnayake R M L D, Song Y, Tumendelger A, et al.
Source identification of nitrous oxide on autotrophic par-
tial nitrification in a granular sludge reactor[ J]. Water
Res,2013,47(19) ;7078 - 7086.

Blackburne R, Yuan Z, Keller J. Partial nitrification to
nitrite using low dissolved oxygen concentration as the
main selection factor[ J]. Biodegradation,2008,19(2) .
303 -312.

Park S,Bae W. Modeling kinetics of ammonium oxida-
tion and nitrite oxidation under simultaneous inhibition
by free ammonia and free nitrous acid[ J]. Process Bio-
chem,2009,44(6) 631 - 640.

Vadivelu V M, Keller J, Yuan Z. Effect of free ammonia
and free nitrous acid concentration on the anabolic and
catabolic processes of an enriched Nitrosomonas culture
[J]. Biotechnol Bioeng,2006,95(5) :830 —839.
Fernandez I, Dosta J, Fajardo C,et al. Short- and long-
term effects of ammonium and nitrite on the Anammox
process[ J]. J Environ Manage,2012,95.170 - 174.
Waki M, Tokutomi T, Yokoyama H,et al. Nitrogen re-
moval from animal waste treatment water by anammox
enrichment[ J]. Bioresour Technol ,2007,98 (14) :2775
-2780.

Tang C,Zheng P, Mahmood Q,et al. Effect of substrate
concentration on stability of anammox biofilm reactors
[J]. Journal of Central South University of Technology,
2010,17(1) ;79 - 84.

Katsogiannis A N, Kornaros M, Lyberatos G. Enhanced
nitrogen removal in SBRs bypassing nitrate generation
accomplished by multiple aerobic/anoxic phase pairs
[J]. Water Sci Technol,2003,47(11) :53 -59.
Kornaros M, Marazioti C,Lyberatos G. A pilot scale stu-

.26 -

[19]

[20]

dy of a sequencing batch reactor treating municipal
wastewater operated via the UP-PND process[ J]. Water
Sei Technol ,2008 ,58(2) ;435 —438.

Kornaros M, Dokianakis S N, Lyberatos G. Partial nitrifi-
cation/denitrification can be attributed to the slow re-
sponse of nitrite oxidizing bacteria to periodic anoxic dis-
turbances| J ]. Environ Sci Technol, 2010, 44 (19) .
7245 - 7253.

TR, RS, ek, . AT A P RO, 2%
RS PRA AR T ] BRI, 2012, 32
(5) :843 - 849.

Yu Yingcui,Gao Dawen,Tao Yu,et al. Start-up of ana-
mmox in a sequencing batch biofilm reactor ( SBBR)
[J]. China Environmental Science,2012,32(5) :843 —
849 (in Chinese).

EEE T FE(19%64 - ),

B, LA,
b, HdE, BRSO R A
BHAR 75 U8 VUl 9 2 S B

E — mail: jglijun@ bjut. edu. cn

Wi HER:2017 - 11 -25

XWESZIYWISF e




