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Abstract: In an upflow anaerobic sludge bed (UASB) reactor seeded with A*/O return sludge from

a municipal sewage treatment plant, Anammox was rapidly started by gradually increasing influent
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substrate concentration and shortening hydraulic residence time (HRT). The nitrogen removal
performance of the reactor and the difference of microbial community structure before and after start-up
were analyzed. It took only 40 days to start the reactor successfully. The removal rates of ammonia
nitrogen and nitrite nitrogen remained above 90%, the maximum total nitrogen removal load was 0.99 kg/
(m*+d), and the ratio of ANH,'-N, ANO, =N and ANO, -N was 1:1.28:0.26. During the start-up process,
the contribution of denitrification to the removal of total nitrogen gradually decreased from 83% to 12%,
and the cell yield of Anammox bacteria reached (1.37-13.75)x10" cells/d at the end of the activity
retardation period. At the start-up initial stage, the main Anammox bacteria were Candidatus Brocadia
(25.14%) and Candidats Jettenia (2.92%). During the long-term operation, the abundance of Candidats
Jettenia gradually increased to 12.67% and became the dominant bacteria. The modified
Stover-Kincannon substrate removal model (R* of 0.983 3) and Grau second-order kinetic model (R? of
0.992 8) were suitable for predicting the nitrogen removal performance and substrate removal efficiency of

Anammox reactor, while the R’ fitted by Monod model was only 0.820 6, indicating that it was not suitable
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to describe the nitrogen removal performance of UASB—Anammox reactor under different HRTs.
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Fig.1 Schematics of UASB—Anammox reactor
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Tab.l Operation conditions of reactor

| e | ween | N1 O TN
I 1~13 22 60~80 80~100 0.14
I 13~26 18 60~80 80~100 0.19
I 26~43 18 60~80 80~100 0.19
43~49 18 100 132 0.31
49~57 18 200 264 0.62
v 57~74 16 230 303 0.80
74~84 14 230 303 0.91
84~150 12 230 303 1.10
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Fig.2 Change of nitrogen removal performance during
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4555 HRT (197 20 & 45 AnA OB, f K TN 225 1 iy ]
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Fig.3 Change of sludge morphological characteristics at

different stages
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Tab.2 Alpha Diversity Index

i H 58 OTU %k Chao $5 %L ACEF5%L ShannonF5%L | Simpson $5 %L Coverage
S1 29 258 4747 19 597.08 33933.27 6.67 0.004 0.96
S2 35697 2798 15 835.59 29 672.12 4.47 0.080 0.94
S3 42 039 2360 13 034.90 26 469.66 3.27 0.210 0.96
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Fig.4 Distribution of microbial community structure at

phylum level in different sludge samples
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Fig.5 Distribution of microbial community structure at

genus level in different sludge samples
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Fig.6 Fitting curve of improved Stover-Kincannon model
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Tab.3 Forecast data of different kinetic models

S/mg-L™") | EPRS(mg-L7") | HLE S Amg-L™) SZFR El% L E1% — ﬁ;ﬁﬁmf/; e
563 98.12 108.51 82.57 81.58 10.59 1.20
561 96.31 108.01 82.83 81.58 12.13 1.51
544 95.52 103.40 82.44 81.58 8.25 1.04
563 98.14 108.50 82.57 81.58 10.56 1.20
569 99.40 110.12 82.53 81.58 10.78 1.15
560 96.51 107.73 82.77 81.58 11.63 1.44
543 98.02 103.11 81.95 81.58 5.19 0.45
528 96.40 99.10 81.70 81.58 2.80 0.15
546 93.91 103.92 82.80 81.58 10.66 1.47
541 95.23 102.54 82.40 81.58 7.68 0.99
552 96.04 105.52 82.60 81.58 9.87 1.22
537 93.31 101.50 82.62 81.58 8.78 1.26
543 94.21 103.11 82.65 81.58 9.45 1.29
551 95.92 105.22 82.59 81.58 9.70 1.22
536 94.01 101.21 82.46 81.58 7.66 1.06

2.4.2 Grau _ 2ol Ji2gpsim

Grau — 20 5l Jy 27 W R 2 DR AR S S 7 i
JE B 75 R R WAL A R AN R K T
BRI 18] () T DR AR 48 S 07 s 1 i T3t 25 BRI
DRI 2 07 g 2 AT PR 3 )5 AN TR] K g 45 B g
)T A8 o 2 B il AT 045, DA T o R AR s ( A 22
i) TIE NP AR RS (A2 B PR, i 7 B il 4

WA 4 15 a=1. 99 .b=1. 06 , K B3t AL (10),
AR (15) , FHC R B R*=0. 992 8, — 2l J1 24451 Al
14 5B R AR G, AT T T 2 R g 3 S 2 PR AR
K 3 IR AR RIEAT IS E , nT 45 1500 o7
MR R 228 1. 11%, #1358 T Stover—Kincannon &
RY, Grau 20 5l 7 2 AR 1) R0 A J3E B v

T/E = 1.99 + 1.06T (15)
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Fig.7 Fitting curve of Grau second-order kinetic model

2.4.3 Monod f& 7Y

Monod 5 1 4 ™ 722 b7 ] T S8 AR 480 B I 4
Hh, DA BRI 40 R B X I 4 FE R A 5 > AR
3 Monod 581 ] 3145 fie KRR W % A 3 (k) B A A
HORCCK) B B g A VAR E 9 B0 B AR A
A N 8 s, T 1551 £=0. 52 d' \K.=0. 41 ¢/L.
R*=0. 820 6, A Hb et Y Stover—Kincannon 3 it 25
BEARYFN Grau 23l 17 BIARL, Monod £ 4LLG 1 AH
KPR NG A A AR HRT T UASB—Anammox
B2V g B ST L BRI DL o

14

13 1
y=0.79x+1.92
R*=0.820 6

12

11

10

XT:(S;=S,)/(gVSS-d-g™")

9 10 11 12 13 14
S7(Leg™)
B8 Monod B EHYIU S Hi £k
Fig.8 Fitting curve of Monod model
3 &

@ DA 5 K b 3T SR TR JETS e h 4E F
15U8 , R ST AR IR T kK R R B e it 7K 6 T
W IF B W 4 K 45 B ) Y 5 =X, AT AE 40 d Y
PRI S 2 KA AL, SO A E K TN 97 ey 28 455 £
1. 10 kg/(m?+d) , fz K TN 22 Bk G faf 4 0. 99 kg/(m®-

d),ANH,-N:ANO, -N:ANO, -N=1:1. 28:0. 26,

@ Anammox R4 S B2, SOEE AR AE X
TN Bk 1 5Tk AR ply 839% & WikA 28 129 , T P IR HiF 1]
ARHY AnAOB 41 (1. 37~13. 75)x10° M/d.

@ ik Stover—Kincannon 3 i 25 (5455 B
Grau 203l J) 2 BBV Y RE XS By #1547 AU RE HE AT
B AL, Horp | Grau 2Bl g 24 AR ST G T
T R X 2 g A BT 2 53R 5038 11 00 AR X 158 2 Sy
1. 1%, FAS B 45785 s Monod B 4D A (4 A Sk
% ANIE AR AN HRT R UASB—Anammox JJV £
AR HE T 2 BR A L

@ 2w oA, S s P A S A
AnAOBJ& , 735 b Candidatus Brocadia(25. 14% ) il
Candidatus Jettenia (2. 92%) , JZ IV 7% 1 B [0) §& 5 ia
11 )5 , Candidatus Jettenia B 3 1 2 12. 67% I+ 5
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