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Abstract: To study the stability of anaerobic ammonium oxidation ( Anammox) bioreactor, three up-flow
anaerobic fixed bed (UAFB) bioreactors with different carriers ( combined carrier, polyurethane foam
carrier and elastic fiber carrier) were set-up with artificial water. The effects of substrate concentration on
nitrogen removal and biofilm formation were investigated. Results show that with the polyurethane foam
and elastic fiber, the reactor with combined carrier has more stable performance and stronger ability in
resistance of high substrate concentration. With the increase of the substrate concentration, the removal

rate of NH, -N and NO, -N of the reactor with combined carrier shows an upward trend after the first
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drop. When the substrate concentration reaches 226 mg/L, the NH, -N and NO, -N removal rates are
76.37% and 77.53% , respectively, and nitrogen removal loading rate is 1.32 kg+N/(m’-d). The

nitrogen removal rate of the reactor with polyurethane foam carrier is impacted by the substrate

concentration significantly. The NH,” -N and NO, -N removal rates are only 44. 90% and 41.41% at the

maximum substrate concentration. The performance of the reactor with elastic fiber carrier is between the

former two. Combined carrier had large surface area and high hydrophilic, which makes it easy for the

microbe to grow and connect biofilm closely. The ability in resistance of high substrate concentration is

the worst, which attributes to lower surface area, roughness and the low microbial interception capacity.

Elastic fiber carrier has a high surface roughness which is beneficial for microbe to grow, however the

hydrophilcity is low and the biofilm is easy to wash off.

Key words: anaerobic ammonium oxidation ( Anammox ) ; substrate concentration; up-flow anaerobic

fixed bed (UAFB) ; carriers
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Fig. 1 System of up-flow anaerobic biofilm reactor
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Table 1 Characterristics of the carriers

HA%/ LRy

Biik e I (o) kg
1# 120 x50  EEfbEF4E 360 0.76
24 10x10 REAM 20. 84
34 12070 SRPREZF4E 300 1.17

1.3 BE1T&4%

SN g Je Bl it B v A5 i SO 4% N R EE (35
+0.5)%C ,#/K pH 2~ 8.0 0.5, DO 1) Ji 2 1 B /s
T 0.8 mg/L, NH, -N 9 Jiz £ ¥ &y 50 ~ 70 mg/L,
NO, -N BB E N 50 ~70 mg/L. 3 s
I 2 R AL KR E IS AT — B B ] S I 46 e e Pk bt
SE AR (1#) RABR AR IR (2#) 7R
PELFESEORE (34 ) FE 5T 5T dt vk B o o S 56 7E 43 i
N gk s T i A 302 ~332 K55 320 ~350 K,
55289 ~318 K47, SEir et Fi vy, i /K 36 o Jot £ Yk
FERE I AN T HC/K 58 A%, il At 45 3 d 340 28 mg/L &
R B SR kK £ g, Ho NO, -N R NH,' -
N F o F e 5 A 1400 14 mg/ L SZESE14 TN 9 Yk, HEK
JE SRR 100 mg/L TF#) 226 mg/L. fig 2
s,

1.4 KIEEIK

N T AL K B FZE 437 4R . NH, =N
NO, -N (1) Jit & ¥ B 3 3 50 56 2= N T fe 7K 38
KHCO, i i &4 & 1 000 mg/ L, KH, PO, 1) Jii & ¥
J¥ 49 50 mg/L,MgSO, -7H, O F4 J§i 5 ¢ B Ky 200 mg/
L,CaCl,-2H,0 BTk k151 meg/L, il ICER Y
AR 0,313 mL/LY 4 R IR R0 Bk
0.25 mL/LM.

x2 BITEMH
Table 2 Operating conditions

R EE/C 35+0.5
Bk pH 8.0+0.5
p(DO)/(mg-L™") <0.8
HEKF R/ (L-d™") 3.6
HRT/h 6. 67
p(NO; -N)/(mg-L™") 100 ~ 226
p(NH; -N)/(mg-L™") 100 ~226

1.5 SHmBERFE
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DO JHTEE WTW ( pH/Oxi 340i) T4 2 S50
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J& A8 44 B ( Hitachi S-4300 &1 H A XFEE M
HEATEEIT4T1 B

2 GRSt

2.1 A[EER UAFB-Anammox 5 2SR maT6E

3 I~ UAFB - Anammox [ J/ #s & I ot & 1 B v
AR S T T 31,31 .30 d, R M gnis i f
7K NH, -N NO, -N Joit 5 vk B S H: 2 B e i AR
et 2 .3 frs.
2.1.1 HEHERI(14) v s

1# 5 #8 B E 7K NH, -N  NO, -N A4 Jii & e &
¥ 100 mg/L BF, P 09 °F 3 £ BR 2 50 0 R
95.67% .88. 66% , A F bk f1 1w 4 0. 65 kg - N/(m’ -
d). M3EK NH, -N NO, -N # 5 £ i J3 44 384 Jonn %)
114 mg/L B (WL 2), P B9 B 24 31 F % 2
61.93% F170.30% . [FH}, B & LBRFEH 92.00%
RE2 65.92% , AL BR T R 0.56 kg« N/(m’ - d)
(W 3). BEEILFEH NH, -N NO, -N i iy
ZRSEHEIN, NH, -N F1 NO, -N A4 25 5 583 i [ AIK.
YEA Anammox 13 #5218 FE NH, -N.NO, -N et —
S TR Ve B 2 X A R [FIEE NO, -N i #
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RARAINGE. BEFH NH, -N F1 NO, -N A4 JFi 7 i
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0.60 kg-N/(m’+d) ( WLIE 3). Bt 3 o ot o v 5 119
AksE T, K NH -N O NO, -N A 5 vk JE AN T
J I, PR Th i ke H . 24 3 5 R MR R A F
226 meg/L B ( WL 2) ,NH, -N 1 NO, -N fi¥ 2 [ %
YN 76.37% 77.53% , R BTt N 1,32 kg -
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Anammox J N %y B 08 W FE T fr P, EER
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Fig.2 Variation of nitrogen concentration in influent

and effluent
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Fig.3 Variation of nitrogen removal rate

2.1.2 RAFRWARIOR(2#) RNV A

YE 70 R & v 4 FEUREHY) UAFB — Anammox [
8 (2#) fEHEK NH, -N F1 NO, -N () i 5 9 B 44
100 mg/L BF (WL 2) , Bi B9 F3 LB R4 5 R
91.21% M 77.27% , A BR T4 R 0. 62 kg N/ (m’ -
d). $EE P K R R #] 114 mg/L B (UL
2) ,NH, -N ZBRFFEACIH 2, NO, -N 2B % % i AH
BN, R EBR AT 0.63 kg - N/(m? - d) (W&
3). ARSERG I HEK NH, -N F1 NO, =N H Jo 2 ok 2
P BB A0 T B, 2 3 0 A Jo kv 32 4 o 3]
226 mg/L I} ( WLE 2) ,NH, -N Fl NO, -N 44 F (R
RIKIAR, 20 0 44.90% F1 41. 41% | A =65 i
$70.52 kg N/(m’-d) (WL 3) , BIET 1# 7%
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KAWL LR TUR R TG, M 3R T BN S 2 4 4 i KL
BB R T2 G H0R, BIAAR S EE R K S B8
AL HER S BRI & A R%, B Al
SJ(ULIE 4(b)) , MR G s 2) Gfi i i 52 230 ]
G A Ol R N A S A N VA A
Anammox [ 5552 B 8 5T 5T 5 vk BE A AL A AR )
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Fig.4 Comparison of the biofilmbefore and after the

experiment

2.1.3  SLUKHMELTYERURL(34) IV A%
SELFENT AR PR 27 4 20BHE UAFB — Anammox J
V%% (3#) 7E NH, -N NO, -N ZE/K R4 100
mg/L i} (WL 2) 3 £ BR #5350 R 97. 82% Fi
95.66% , A& M 0.72 kg-N/(m’ -d). R
W NH, -N 5 NO, -N (9 it & ¥k BE XT3 # 5 i 2%
Anammox [ 16 P FY) 52 T 5 BH R ) 2 24 NH, -N
I NO, -N BB KT 184 mg/L 12920 gk
Befn B RO A 184 mg/L (WLIE 2), Mk
NH," -N & NO, -N (°F- 3 B 35351 0 69.44% |
64.25% A B4 R 0.90 kg N/(m® - d) ( WLIA

3) . E— 24 I K S T O VR #1226 mg/LL S
(WLIE 2) ,NH, -N 5 NO, -N 3572 2 535 5 N
61.10% F1 53. 18% . 3# i # fie 28R 25 bk B far
1.00 kg-N/(m*-d), b 1#41 4 ORI B 2R 0. 30
kg-N/(m’-d) (VLI 3), ELIA i T 2# ) N . 3k
O I VR T 35 I g B M 15 T L 1 # 5  #R
3 (H/NT 2#I N %, ST AR SRR 4 OB R T A
TR (R O, 2 T RERRS 2 v, AR T SR A R v 4 DR}
Anammox B GEA 0 BFF7E 37 1A 530 21 2 SRR} T
AR (UL 4(c)). BRI, SEAARBRE LT 2 SR} L 318
BUR T AR, FaR KPR, 022 s 1y 2% 52 31 i
i B A T4 TR R SR S BRI 2 SEURL 2 1]
S 35 o B bk BE (R T AL A EORHE B TR
AR AR TR
2.2 2§ Anammox ¥ HE

1# N g fa s AT, NO, -N £ FR 85 NH, -
N L M BE IR L NO; -N 42 i 5 NH, -N £ 5
HHYBE IR L3 9 1.01 £0.19.,0. 21 +0. 03, 43
G LB . B FE SRS A3 i, NO, N &
Brig 5 NH, -N RBRi i B R L2 58 PR BT
Y KR EAE0.80 ~ 1. 10( WA 5(a) ). NO; -N
A RS NH, -N 22 B 19 EE R LG W AR Ak, 3
AR PRI A T REIE FO AR, Yk K i o o 4
4170 mg/L Bf ,NO, -N Z:ff 5 NH, -N R &M
JBEIR L (NO; -N A= it it 5 NH, -N K BR i Y BE R L
4354 0.58 £0.07.0.21 £0.03 (WL 5(a)). I
B, S 28 N Anammox B T% P AR E: 46T, IF M
SORLFR LTS . ARE0 n BE 0T L PR i S 2 198
mg/L,NO, -N £S5 NH, -N 2 55 898 /K F A
NO; -N A= a5 NH, -N £ 58 0 BER L 3 E T
(EFA A PR KRR LA, 4351124 0.96 £0. 08
0.18 +0.03. A UL, 2H A SEORI i PR 4 22 48 Ak S #
T 2 S e e ks i D .

FEHUTEA AR LR IUR Y 24 R N85 N, 24 3L
T TR T 3 142 mg/L B, NO, -N i
NH,' -N 2B & A9 BE /R FL AT NO, -N A a5 NH, -
N A it 9 B8 /R bb 4 i UM AR T 2R (B (WL IE S
(b)). HT &G JonT ko M A7 7 — 2 A Ak 4l
P S AR I, JE T S8 NO, N KfRE S
NH, -N EBr i EER LAY RRAIK. 4iE/K NH, -N I
NO, -N 9 T & & FE & Wi F+ =5, NO, -N LR ig 5
NH,' -N 2B & A9 BE R FL AT NO, -N A i 5 NH, -
N BRI A B /R H G A L FLO% sk, R
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Fig.5 Relationship of removed ammonium, removed nitrite

and produced nitrate in reactors

DA R e PER 2% (WL 5 (b)), 2 NH-N Al
NO, -N BBk JE 144 184 mg/L B, NO, -N Z: [k
W5 NH, -N LR EE /R LA NO, -N B i 5
NH, -N EBRE A EE R 435112 0.98 £0.08 F10.17 +
0.06. J&JT Tt ik BE X1 N 28 226 me/L B, K20 2%
P Anammox % fE i FF AL, NO, -N LFrit 5 NH, -
N EBR BB R LA NOS -N 2B i 55 NH, -N 55
HEAYEE R F 235120 0.90 +0. 06 F10.10 +0. 03 ( L
BI5(b)). BRI EDR R DL MBS/,
Anammox BEMELL I} 5, AR BLA 2L a9 PE R, (HAH
Xt T Anammox PR >R DL FLAE K K TC 72 52 LA 308 &
R ML RGEARE.

PN TINST AR S 2 2 SF0RE Y 34 0 e Y 1K
NH, -N NO, -N A9 5 &5 ¥ £ 344 100 mg/L B, NO, -

N Lfr&E S NH, -N LBR& A EEIR I NO; -N 2B A
5 NH, -N ZER &8 EER 4008 0.97 £0.07
0.22 +0.02( WL 5(c)). Bl PE/K o 5 ik i
T (100 ~ 156 mg/L) , 2 A~ FeAE 1 3k 3h & K
NO, -N L5 NH, -N EBRE A9 EER H AR gk i
TE0.70 ~ 1.20, R RGN TOE M. L0 vk
FEARSEIE N (170 ~ 212 mg/L), NO, -N £ [Fi &
NH, -N B3 & 19 B R & Wi 2 € 7€ 0.90 ~ 1. 10
(WIS (c)), FM 3# i ge bl 75— & fR L id
o7 U v B Pty B R T ST AR 4T Ak SRR}
) 2 TR RELRE B 15, Anammox T8 5 B 4 , £ B 0% 1%
SECULE 4 (e) ), BRI Y 2R 45 52 31 o o vk o
i A WA 5 Jit s

3 &ig

1) 5REAFAA AT IARBMELT 4 AH e, 4L A
HRRE PR A i 35 0 o vk b B ) deom. B
& SL TRV B I B, NH, -N 2 NO, -N 1) 5B
REEREARE BT F > 0 T R R R A
226 mg/L B, B & 19 25 B % 40 5 o 76.37%
77.53% R ERRfT A 1.32 kg N/ (m’ -d).

20) U A v R SR v A AR W AR 1Y
Anammox Z& 4t H i EE PRI d VR BH 2., 24 NH, -N
S NO; -N (15 ik FE 3435 226 mg/L B, 35 1Y 2
BR300 44. 90% F1 41. 41% | F 52 K TiZ R}
P m AU A /N HL 2 B b i 5 5 95 1Y
FE AL

3) ARG £F A STURE RN ) 225 B AT fig
T TG BRI R A BR i i SE0kL Z 8], Bl 45 56 0T
R EE BB, NH, -N 2 NO, -N 825 [ 338 i
BRAR, 5 KL T o vk B 454 7, NH, -N J& NO, -N
2R3 3R 61.10% F153. 18% .
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