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Abstract: The effect of Mg®* concentration on the nitrogen removal performance and microbial
morphology of anaerobic ammonium oxidation ( Anammox) process was investigated by using sequencing
batch reactor and continuous flow reactor. It was demonstrated that 0.4 mmol/L. was the optimal
condition, whereas the reaction was inhibited at 2. 4 mmol/L. Under the same experiment condition, the
influent concentration of Mg”* was controlled at 0. 4 mmol/L and 2. 4 mmol/L, respectively. During the
long-term operation of 119 days, TN (total nitrogen) removal load decreased by 36.4% to 1.33 ¢/
(gVSS - d) when adding 2.4 mmol/L of Mg’*, which compared with 0.4 mmol/L of Mg ".
Furthermore, the decrease of reaction ratio of NO; — N production to NH,” = N consumption from 0. 2 to
0. 13 indicated that high concentration of Mg”* caused the inhibition on Anammox bacteria, and resulted
in the reduction of TN removal load and growth velocity. SEM images and FISH analysis showed that it
was more likely to form Anammox cluster since the proportion of Anammox bacteria decreased with the
increasing of DOC when the concentration of Mg”* was 2.4 mmol/L. In addition, the nitrogen removal

load recovered within 25 days after the concentration of Mg® " decreased from 2. 4 mmol/L to 0. 4 mmol/L.
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Schematic of Anammox reactor
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Fig.2 Relationship between nitrogen removal load and
Mg” " concentration
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Fig.7 SEM images of Anammox bacteria with different
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2.2.5 Mg’ X R AR EALHTE 5 AR

K8 S i [ iBs1TRE 119 K e hids iz
TTEE 119 FMEE 155 REFUE Y 9 IR A 4438
BUE ., 20682 i A Je Bk Cy3 9 EUB338 #5044t
o AR BT S (02 B A ekt FITC 9 Amx368
PREF e, RS E b . B 8 AT L, AN
i) Mg e T IR A A T 1 R 56 119
K, 7E Mg” " ¥k 54 0. 4 mmol/L [, 1] Image Pro —
Plus 2%} FISH EUR AT 5387, A5 KA 2 S8 AL T
FES R f H B Ll 87. 1% o fE Mg™™ W 2. 4
mmol/L i}, 3% — HL il [ % 56. 1% , I 52 1 2% N
ft) DOC > 34. 6 mg/L, FHALE Mg®* ¢ i 3of g b, —
AR AR A AL B R Al N IR R AR TS, § 8
DOC ¥ B2 T 57, IR A8 2 S8 A TR 76 BT Y L ) T

concentration

WEo FRias I Mg™" ¥k BE AR 36 d ), IR &
TLE LB T2 67. 2% , I Mg®* Xt IR A A Ak
T BRI s , A R R R A AL R AT TR AR
TETERE Y LU T o

a. JLhLds [45 119 X

b. Jonis T4 119 K

c. s 55 155 &

8 AE Mg iRETRESKLER FISH B
Fig.8 FISH images of Anammox bacteria with different
Mg’ * concentration

3 4

O @ e & B, PR AR E AL Y TN
ZBR AR Mg® " e BE S 0. 4 mmol/ L B3k £ 4% 5
M7E Mg B 2.4 mmol/L IR A 3 F [,
It HLBEE Mg He B (1 iE— 25 B v, TN 2 gk £ fif 4
SRR

@ RAFAELE Mg’ W R 2.4 mmol/L
AIFREE TN LRI frfEfR % 1. 33 ¢/ (gVSS - d),
NO, - N JH#E &M NO; - N AEpif 5 NH, - N 5
FEE 0 BRI T SOk 38 i, 22 B LR M e AR
KA Z 3] T

@ FEEHSE Mg® B rh IR A AL A
Ty KA TR, 500 W S iy A 4 ), HR A

.27 .



535 % &

13 #5

O 4 oK HE K

www. cnwwl1985. com

AR R Y LB 2R 56. 1% .

@ Pk Mg #JEREZE 0.4 mmol/L 5, 35

VIR FEE g™ 1 i1 DR A e S P B 2 e I A K %
1E25 d NAFEIKA .

Sk

(1]

(2]

[3]

[4]

(5]

[6]

(7]

[8]

(9]

[10]

Strous M, Heijnen J J,Kuenen J G,et al. The sequencing
batch reactor as a powerful tool for the study of slowly
growing anaerobic ammonium-oxidizing microorganisms
[J]. Appl Microbiol Biotechnol, 1998,50(5) :589 -
596.

Kartal B, Maalcke W J, de Almeida N M, et al.
Molecular mechanism of anaerobic ammonium oxidation
[J]. Nature,2011,479(7371) ;127 - 130.

KA A A SRR [T]. Bk,
2010,26(6) ;931 —937.
Zhang Lei, Zheng Ping.
ammonium oxidation ( Anammox ) bacteria[ J ]. Bulletin
of Science and Technology,2010,26 (6) :931 — 937 (in
Chinese) .

Bi Z, Qiao S, Zhou J, et al. Inhibition and recovery of

Metabolism of anaerobic

Anammox biomass subjected to short-term exposure of
Cd,Ag,Hg and Pb[J]. Chem Eng J,2014,244.89 -
96.

Bettazzi E, Caffaz S, Vannini C, et al. Nitrite inhibition
and intermediates effects on Anammox bacteria: A batch-
scale experimental study[ J]. Process Biochem,2010,45
(4).573 -580.

Ni S,Ni J,Hu D,et al. Effect of organic matter on the
performance of granular anammox process| J ]. Bioresour
Technol ,2012,110.701 - 705.

Tang C, Zheng P, Chai L, et al. Thermodynamic and
bioprocesses on
ANAMMOX under high organic conditions [ J]. Chem
Eng J,2013,230.149 - 157.

Carvajal-Arroyo J] M, Sun W, Sierra-Alvarez R, et al.

kinetic investigation of anaerobic

Inhibition of anaerobic ammonium oxidizing ( anammox )
enrichment cultures by substrates, metabolites and
common wastewater constituents [ J ].

2013,91(1) :22 -27.
Jensen M M, Thamdrup B, Dalsgaard T. Effects of

Chemosphere ,

specific inhibitors on anammox and denitrification in
marine sediments[ J]. Appl Environ Microbiol ,2007 ,73
(10) ;3151 -3158.

Liu S,Zhang Z ,Ni J. Effects of Ca®* on activity restoration

.28 .

(11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

of the damaged anammox consortium [ J]. Bioresour
Technol ,2013,143.315 - 321.

ZERE BB AR AR Pt I Fe X R AR TS e
WEER S ()], HBERES,2014,35 (11) 4224 -
4229.

Li Xiang, Huang Yong, Wu Chuan,et al. Effect of Fe’*
and Fe’* on the activity of anammox[ J]. Environmental
Science,2014,35(11) :4224 — 4229 (in Chinese).
Romani A M P. Cellular magnesium homeostasis|[ J ].
Archives of Biochemistry and Biophysics,2011,512:1 -
23.

American Public Health Association( APHA ) , American
Water Works Association( AWWA ) , Water Environment
Federation ( AEF ), et al. Standard Methods for the
Examination of Water and Wastewater| M]. Washington
D. C. ;American Public Health Association,2005.
TIME, XU, SRR 2. HANR S YR B -
AR B U R RE R [ 1], PR,
2005,25(12) ;30 - 35.

Wang Xuemei, Liu Yan, Hua Zhihao, et al. Effect of
SMBR on

Acta Scientiae Circumstantiae,

extracellular  polymeric  substances in

membrane filtration[ J].
2005,25(12) :30 —35(in Chinese).

DB, B IR, A A BRI B R [ I RO BR
ARBFFELT]. FREERE 54K ,2008,31(2) :1 -5,
Tang Qi, Luo Guyuan, Ji Tiejun, e al. Simultaneous
removal of nitrogen and phosphorus by magnesium
ammonium phosphate process [ J ]. Environmental
Science & Technology,2008,31(2) :1 —5(in Chinese).
Du R,Peng Y,Cao S,et al. Advanced nitrogen removal
Anammox and denitrification in

with simultaneous

sequencing batch reactor[ J]. Bioresour Technol,2014,
162(6) ;316 —322.
WY BRE T, KA . KA RS RO AR
SRR T ] B AR A4, 2012,23(3) :849 —
856.
Huang Xiaoxiao, Chen Chongjun, Zhang Rui, et al.
Research progress in anammox-denitrification coupling
process[ J]. Chinese Journal of Applied Ecology,2012,
23(3) :849 —856(in Chinese).
WHIT, KA. JEhRG Y (EPS) R A 520 R 3R
SRrL)]. BERIF SR ,2010,33(S2) 420 —-424.
Cao Xiuqin, Zhao Ziling. Analysis of influencing factor
on the component of extracellular polymeric substance
(EPS) [I].
2010,33(S2) ;420 —424 (in Chinese).

(TF4:% 34 1)

Environmental Science & Technology,



