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Nitrogen removal characteristics and microbial community structure analysis of entrapped anaerobic ammonium oxidizing
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Abstract: Using polyethylene glycol diacrylate as carrier materials, respectively with N, N, N, 'N'-tetramethylethylenediamine
(TEMED) as promoter and potassium persulfate (KPS) as initiator to immobilize anaerobic ammonium oxidizing bacteria.
Orthogonal experiments were used to optimize immobilization conditions of anaerobic ammonium oxidation bacteria: 10% PEGDA
monomer, 0.25% KPS, 0.5% TEMED, the optimum operation condition was to control the polymerization temperature at 20°C,
polymerization time was about 5min, The ratio of bacteria to gum was 1:1. The continuous flow experiment of immobilized pellets
showed that after a short period of activity recovery, the nitrogen removal effect was continuously improved,and it had a certain
impact resistance to the increase of hydraulic load. The scanning electron microscopy (SEM) showed that the immobilization
materials have good biocompatibility and good mass transfer performance. High-throughput sequencing showed that after a period of
time of stable operation, the microbial diversity in the pellets decreased slightly. And the Candidatus Kuenenia that belongs to
anaerobic ammonium oxidizing bacteria which accounted for 6.58% of the total microbial system was up to 9.8%, the changes in
microbial population showed that the performance of anaerobic ammonium oxidation could be improved greatly after
immobilization.
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Table 1 Compositions of artificial wastewater

TS SRR
KH,PO, 25mg/L
CaCl, 120mg/L
MgSO4 TH20 260mg/L
KHCO; 753mg/L
[[&w Iml/L
(L&l Iml/L

e [ 415:FeS0,, 5g/L;EDTA, 5g/L; &
g6 % I 40 1 :EDTA, 15g/L; CuSO,-5H,0, 0.2g/L;

BB 38 4%
ZnSO47H,0, 0.43g/L; CoClyy6H,O, 0.24g/L;
MnCl,-4H,0, 0.99g/L; NaMoO42H,O, 0.22g/L;

NiCl,'6H,O, 0.19g/L; NaSeO,, 0.11g/L; H;BOs;,
0.014g/L; NH; -N, NO, N 4345l il NH,C1 A1 NaNO,
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WA 7.0, 45 HI 15 I -5 V5 TR R 4 v 4% — e LAV
A A NN — 2 KPS, I BB, — e i
F(20~30°C) 2R G — i I 1] 5 T 5 Y08 i1 285 4 T ik
B & R V) % 3mm>x3mmx>3mm [ 37 7 44, B 15
PEGDA MUk % )45 i A 0k FH 25 85 1 /K i
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Fig.1 Anammox activity measuring device
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Table 2 Factors and levels 1

A B C D
A PEGDA Hiff MEALFIRIE  SIRFIHRE W
KIE(%) (%) (%) QY]
1 8 0.25 0.25 20
2 10 0.5 0.5 25
3 12 1 1 30

¢ 3 W) %, LA HUBURL 6 2 41,4 S TR 3R
LK HE ABIC D, HI PEGDA FAKIKIE 8%,
HEAFIRIE 0.25%, 51 KFIAEE 0.25%, i FE 35 HI7E
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FH T T AT, 73 280 1 A0, R i e i vy 3
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(1) 5 A L ) AT R A 2 56 4 3 K B AR R
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Table 3 Results of orthogonal experiment 1

S A B C D AR TE(%)
1 8 0.25 0.25 20 65.00
2 8 0.5 0.5 25 50.00
3 8 1 1 30 30.00
4 10 0.25 0.5 30 39.00
5 10 0.5 1 20 53.00
6 10 1 0.25 25 43.00
7 12 0.25 1 25 42.00
8 12 0.5 0.25 30 29.00
9 12 1 0.5 20 40.00

K1 48.33 48.67 45.67 52.67
K2 45.00 44.00 43.00 45.00
K3 37.00 37.67 41.67 32.67
R 11.33 11.00 4.00 20.00
x4 BEFRKE2
Table 4 Factors and levels 2
A B C D
K PEGDA Mff  HEALFIMKEE  5IRFIHEE e
WK (%) %) %) )i3aa
1 8 0.25 0.25 0.5:1
2 10 0.5 0.5 1:1
3 12 1 1 1:2

x5 EXRIEHFR?2
Table 5 Results of orthogonal experiment 2

S A B C E BB E (%)
1 8 0.25 0.25 0.5:1 86.67
2 8 0.5 0.5 1:1 93.33
3 8 1 1 2:1 80.00
4 10 0.25 0.5 2:1 83.33
5 10 0.5 1 0.5:1 90.00
6 10 1 0.25 1:1 96.67
7 12 0.25 1 1:1 80.00
8 12 0.5 0.25 2:1 80.00
9 12 1 0.5 0.5:1 80.00

K1 86.67 83.33 87.78 85.56
K2 90.00 87.78 85.55 90.00
K3 80.00 85.56 83.33 81.11
R 10.00 222 4.45 8.89
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Fig.4 Internal scanning electron microscopy and appearance digital photos of embedded particles after 60 days of operation
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Table 6 Biodiversity analysis

Fedt JPFI% OTU %0 Shannon 45%0 Simpson #5%{ Coverage
S1 58048 3028 4.54 0.03 0.96
S2 56709 3206 4.46 0.04 0.95

2.3 TUEREK A A

b B W S DLAGEAT 60d i rR:, A1) H
Miseq 18 I 3568 LG 2 A BORE Ak A= 0 v AL 22
FEPE AR 4L I Shannon F8EUE AT Simpson FEEH
8 78 BE A TR W) B K 1 2 4 1k .Shannon  fE B
K,Simpson Fi& ZUE S, 1B BT 2 FE O,

K gs Bk 6 Frzx,Coverage fHIRFEARSC
JE 78 25 2R T RE A 1) Coverage {E143 5 4 0.96 K1 0.95,
Ut AR ) LS P L s 511247 60d J5 ,Shannon
FREAA P T %, Simpson 15 F A N (1) 2D 5 38,
PR 1R A0 #1528 B AL MR 28 0 — BRI ) 102
AT, POk A= A 0 1) 22 R A T PR AT A S 6 DU
731 Shannon FREUHMET Du PSR

S A A UASB J W 25 1] Shannon 3555 4.94, J5 X 7] fig
JE AT R ) 52 45 2 N T K, 1T Du 28 (KWF5T 5 |
AN T B ETG K.
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Fig.5 Relative abundance distribution at phylum level
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Fig.6 Relative abundance distribution at genus level
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AT HRKREMEY N4 F . H,
Candidatus Brocadia WWHIEAK, Candidatus Kuenenia
R RS, Cao SRR BT 2, Cao 1A
9K Candidatus Brocadia 743554 84T 60d
J&i ,Candidatus Brocadia FHXJ 84 {H Jf AN B {2, 1y
Candidatus Kuenenia It 5 LU 1 6.58% 3 N2 9.8%,
R B2 R EORJEACEIEE 3 AL BN —
P 3K — G5 R S H U B T A O e, B S )
PRAR S S A BURE RERE E — 2P 97 K IR Az S A D) g
BT o A, DT 30— 20 i v ot S A8 SR 3Kt AH Y
N E BLRABAT N 7K 7 A4 SE AR v, A S 58 P FH A
HUgURL Re e A R bt dise gt T S
fifE

=

3.1 LA B IR i MR LR o P e, 2R
B R B AL B 4 :10%PEGDA. H44,0.25%KPS,
0.5%TEMED. Jy {1k PR 45 2 S8 Ak B 0 31 1 M g
TR BERAE A N AR R HIAE 20C i 4y R A
I PE) 2 HIAE Smin 22 A7 RIS ELIEER 1:1.

3.2 100d MMIELLFISAT RS W oR, /T 10d 250
o7 R P PR Y B, 10d i N 2 IS A TR T
Fasg i aE Ge A NH, N FINO, -N [92: %
FORIER] 91%A1 83%. .45 41d, K5 7K 145 F4 i) ] A
12h B& 4 8h,NH,-N F1 NO, -N LR AR A5k

2 63%A1 55%, B IHUR LI H — € I HTK g f g
mitiBe .

3.3 MEEAT 60d Ji 44 FHL S (SEM) RIIURL A1 WL TE
AR ARSI iR FH ) A B R R
& U e, BRI 0 TAE 4 Bt R i) AR KBRS, HLH
& RUF AR e ) SR I AL R BE 2 Y H
TKME1T.

3.3 AHUBURLGAE D) 53 B W 384T 60d JiT BURE A
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