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Simultaneous removal of carbon and nitrogen from
organic-rich wastewater with Anammox

Chongjun Chen?, Weijing Zhu', Xiaoxiao Huang', and Weixiang Wu'*

1 College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, Zhejiang, China
2 School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, Jiangsu, China

Abstract: In order to simultaneously remove carbon and nitrogen from organic-rich wastewater, we used an up-flow
anaerobic sludge bed/blanket (UASB) reactor that was started up with anammox with high concentration of carbon and
nitrogen by gradually raising the organic loading of influent. We optimized the removal of nitrogen and carbon when the
chemical oxygen demand (COD) concentration varied from 172 to 620 mg/L. During the entire experiment, the ammonium
and total nitrogen removal efficiency was higher than 85%, while the average COD removal efficiency was 56.6%. The
high concentration of organic matter did not restrain the activity of anammox bacteria. Based on polymerase chain
reaction-denaturing gradient gel electrophoresis (PCR-DGGE) and tapping sequencing analyses, the Planctomycete,
Proteobacteria, Chloroflexi, Chlorobi bacteria are detected in the UASB reactor, which indicated complex removal pathway
of carbon and nitrogen coexisted in the reactor. However, a part of Planctomycete which referred to anammox bacteria
could tolerate a high content of organic carbon, and it provided help for high performance of nitrogen removal in UASB
reactor.

Keywords: Anammox, carbon resource, simultancous carbon and nitrogen removal, polymerase chain reaction-denaturing

gradient gel electrophoresis (PCR-DGGE)
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43.7%[8] 1.3.2 PCR
T N \# ) 0 45
12 RKKIRSHKRE Water-sealedH
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pH  7.5-8.1, SS 800- =
. Three-phase /
1 000 I'Ilg/L COD 529-624 mg/L NH4 -N sepatator / é
132-140 mg/L TN 138—145 mg/L, NO;™-N iii;
NO,-N<2 mg/L NH,N TN 8]
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77d (HRT) 12h Fig. 1 Experimental Set-up for Anammox.
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Table 1 Characteristics of influent wastewater in different phase

Parameters Phase 1 (1-10 d) Phase 2 (11-24 d) Phase 3 (25-54 d) Phase 4 (55-64 d) Phase 5 (65-77 d)
COD,, 194.8+17.5 319.4+16.6 422.5+£25.0 412.3+10.0 578.6+18.5
NH,"-N 44 .8+1.7 79.1£2.7 94.9+3.5 118.0+4.8 135.8+£2.7
NO, -N 47.4+2.2 80.8+6.0 104.6+10.7 115.2+9.2 142.6+3.2
C/N 2.09+0.21 2.00£0.11 2.06+0.14 1.76+0.09 2.03+0.10
NO, -N/NH,"-N 1.06+£0.07 1.02+0.10 1.10£0.10 0.98+0.06 1.05+0.03
Trace

element Solution

1 mL/L 1% and 11

[ Trace element solution [ = EDTA 15 g/L and FeSO, 5 g/L. ™ Trace element solution [[= EDTA 15 g/L, ZnSO4 7H,0
0.43 g/L, CoCly6H,0 0.24 g/L, MnCl,-4H,0 0.99 g/L, CuSO,5H,0 0.25 g/L, Na,Mo0O,-2H,0 0.22 g/L, NiCl,-6H,0 0.19 g/L,
Na,SeO4 10H,0 0.21 g/L, H;BO,4 0.014 g/Lt".
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77 DNA
PCR-DGGE PCR F357GC (5'-

CGC CCG CCG CGC CCC GCG CCC GG cca
CCG CCC CCG CCC CCC TAC GGG AGG CAG

CAG-3")  R518(5'- ATT ACC GCG GCT GCT
GG -3") (ol GC
DGGE

PCR 50 uL 10x

(0.1 mol/L Tris-HCI (pH 8.3) 0.5 mol/L KCI)
5 puL MgCl, (25 mmol/L) 6 pL  F357GC
(25 pmol/puL) R518 (25 pmol/uL) 1 puL
dNTPs (2.5 mmol/L) 4 uL. Taq (5 U/uL
TaKaRa) 0.3 pL DNA 2 puL  ddWater
30.7uL PCR 6 @ 94 °C
4 min @ 94°C30s ® 56 C 40's
@ 72 °C 1 min @-@ 35
® 72 °C 10 min  ® 4°C

133 (DGGE)
DGGE 8%
30%—-60%
(1XTAE)
15 pL 6%
PCR 40-50 uL Dcode
DGGE (BIO-RAD Laboratories Hercules
CA USA) 60°C 85V 16 h
(SYBR) (SYBR
3 uL 1xTAE 15 mL) 30 min
(Gel DocTMEQ  Biorad) (- DGGE

C )
1.3.4 Shannon

Quantity One 4.4 (BIO-RAD Laboratories,
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Hercules, CA, USA) DGGE

Sharon H' [12]
H'==3 (/N in(n, /N
n; N

2 HER53t#k
2.1 KRBT SHH

COD

( 2 3) C/N
5

NO; -N 1 mg/L

1 2
(3.1 £ 1.3) mg/L
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NH, -N 108.4-139.8 mg/L
NH4-N 20.0 mg/L
(13.4+1.1) mg/L

10% NOs'-N
8 d NOs5™-N
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Fig. 2 Time courses of influent and effluent nitrogen concentrations in reactor.
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Fig. 3 Time courses of nitrogen removal efficiency in reactor.
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Fig. 4 Time courses of influent and effluent COD concentrations and removal efficiency in reactor.
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5 REFBEMRMAFRMRERERL AEBEHRRHAE LXINE 77 XiEm)
Fig. 5 The appearance of biofilm and sludge in reactor (from left to right the 1st and the 77th days' sample).
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% 2 DGGE &%l F L34 R
Table 2 Results of the best march to known species of the clones

Identit
Band Length Closest class (Accession No.) ((ye)n - Phylum
0
1 189 Uncultured bacterium clone day 180 9-PLA46F (JQ518421) 100
Uncultured bacterium clone Pohang WWTP_August.2006 3877 .
2 170 - - - 100 Chlorofl
(HQ501000) orofiext
3 170 Uncultured bacterium partial 16S rRNA gene, clone P22 (HE648194) 97
4 195 Uncultured delta proteobacterium clone ZLL-E86 (JF807040) 96 Proteobacteria
5 195 Candidatus Brocadia sp. S08-01 (JN205347) 99 Planctomycetes
6 170 Uncultured Planctomycetales bacterium clone DTU1-12 (FJ710638) 99 Planctomycetes
7 194 Uncultured Nitrosomonas sp. clone P93-B4-T7 (GQ255606) 100 Chlorobi
Denitratisoma sp. enrichment cult lone ANA-RAS-29
8 194 (HM769664) Sp- enrichiment cutture clone 99 Proteobacteria
9 170 Uncultured candidate division OP10 bacterium (AB113611) 100
10 195 Uncultured bacterium clone T1-35 (JF502880) 99 Chlorobi
11 194 Uncultured prokaryote clone Se4-11 (GU208317) 100
12 194 Uncultured bacterium clone F1Q32TO05SGF7KE (GU496418) 99
13 194 Uncultured beta proteobacterium clone D57 (JF833777) 97 Proteobacteria
13 5 4
6 13 2
Planctomycetes 4 8 13 Anammox
Proteobacteria 7 10
Chlorobi 2 (SBBR)
Chloroflexi (CANON)  [2224
5 NCBI CO,
37.5% Anammox 23]
25.0% 12.5% 25.0%
Bae UASB 62.5%
(42%) (20%) (22%) Anammox
(9%)!"”
5 “Candidatus
Brocadia” Anammox
[20-21] Anammox 4 8 13
6 8 5 6 Anammox
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5 COD
172 mg/L 620 mg/L
6

Anammox

UASB
COD
172 mg/L 620 mg/L
NH;-N TN 85% COD
56.6% COD Anammox
PCR-DGGE
Proteobacteria
Planctomycetes Chloroflexi
Chlorobi
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