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Advanced Denitrification —of Municipal Wastewater _Achieved via /Partial
ANAMMOX in, Anoxic MBBR | © - [ 'V % :
YANC_ Lan, PENG Yong-zhen* , LI Jlan -Wel GAQ Ru1 tao, WANG Mlng, 11 Xl}yao 2
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Abstract ; Anoxic MBBR is a process to achleve advancéd denitrification from munlclpal wastewater. Here, anoxic MBBR was apphed
as a Eost Ideénitrificatién SBR to achieve advanced deflitrification by partial anammox (anaeroblc ammonium oxidation). During a 250-
day” operdhon depltrlflcdtldn performance grddually improved: and. “the total nitrogen concentration of the effluent was approximately 5
mg-1i" s The average nitrate, ammonia, and Total inorganie- mtrogen removal efficiencies were (97.7 £2.9)% , (93.3 £2.9)%,
and (94.,3 +2.7)% , respectively, between day 211 and 250. The simultaneous removal of ammonia and nitrate was observed in the
anoxic #éactor. Analysis of the ammonia removal pathway revealed that assimilation and nitrification were poor in the anoxic MBBR.
The anammox activity test and the denitrification performance showed that anammox occurred and played a not insignificant role in the
anoxic MBBR. The results of real-time quantitative PCR showed that anammox bacteria enriched in anoxic MBBR, especially in the
anoxic carrier biofilms, where the abundance of anammox bacteria increased from 4. 37 x 107 copies-g ™" to 2.28 x 10" copies-g ™'
This study demonstrates that anoxic carrier biofilms may have potential applications in anammox bacterial enrichment to enhance
denitrification from municipal wastewater.

Key words; advanced denitrification; anaerobic ammonium oxidation( ANAMMOX ) ; anoxic biofilm; municipal wastewater; moving

bed biofilm reactor( MBBR)
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Table 1  Operational conditions of the anoxic moving bed biofilm reactor (MBBR)

[iDy ] Hek e HRT Ve beplaic3 BHREH HNETEKMEKE A0 BRI K
/d /% /h /mg-L~! /d /L /L JE ! /L JE !
1 ~166 33.3 18 2600 22 9 0.6 2.4
167 ~202 33.3 12 2600 22 9 0.6 2.4
202 ~250 40 10 1500 13 10 1.0 3.0
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Table 2 Characteristics of the influent wastewater

_ A DIZIEER EER) A COD
HiH HA mf}[ mﬂ,l A . COD/TN pH

/mg-L /mg-L /mg-L /mg-L /mg-L

ARG K 61.9£5.0 0.3+0.2 0.5+0.2 62.7+5.3 203.4 +24.7 3.2+0.9 7.4£0.2
A/0 TEAEI 1.3£2.0 0.8+0.6 39.3+7.6 41.4 £4.8 33.6 £4.1" — —
1) ANAT A Y B i

1.3 3/ MEEEE
1.3.1 Rt idE e/ N
TEGE MBBR 1 E47 T IR A AL 16 PE/NaL, il

EAEIE R 20 T Z R ARG, 53 R 5y
HEIRA A A= 15 75 7K G 7N R 2R 7K R 8 AT AR A B TR Y
N



3670 7D 53

B 40 %

FEDE KA A A 16 5 K B /N R, B4 MBBR
HE KR 0.6 LA TG IS KM 2. 4 L 281K (B AR
A/O FEARWR ) . 7 2E K Hr TG AT A Ak B R ) /) ik
i, KN 0.6 LAY 65 mg- L' S Ak B2 v Wi (%
RATETEAK) 2.4 LEY A0 fiSfLi. JEAL w1k
EME /MR BB RE 6 h, /MR s s Do 78
0.0~1.0 mg-L" A8 4k, HUAS M9 K B 25 00 2 &
A A LA
1.3.2 A RAEESEAE /M
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mlL 1) 25 B AR @ R N g8 TP E T T 8 h, 4% B4
MBBR B350 b, B AR T5  FRR AL kL. TR
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MBS MBBR v S0 U R KA, PR gl 1
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WA S =2 A, COD 5 {5 FH — o b sk ) o2 2
' (Lianhua, China). J5RHKEE (MLSS) #R 4 bR 7
sk g [ WTW mulit 3401 85 1 it
(WTW, Germany ) K Wil 7K . DO A1 pH. H&EIH
B YR 2538 17 OLYMPUS_BX51 J62# i i ss
(Olympus, Japan) WX,

1.5 DNA (H2HURISERT 2 it PCR

A3 SIHLO ., 64,100, 211 F1246 d BYLAKISIEH
B HORH A PR AR R T S L DNA. B4 I5 T
FEMFREL 0.05 ~0.10 g, f# L & ( Fast DNA
Spin kit for soil, MP, USA) X} DNA BEATHEHC, HEHL
J& B9 DNA i1 Nanodrop Spectrophotometer ND-1000
(Thermo Fisher Scientific, , USA) I & 1% R ¥k fF M
afifF . $EIUS B DNA 7E - 80°C FA#1E.

SR US4 5 0 4 R R DR S SR T 168
rRNA HE1T QPCR 4. 2R 7E Mx3005 RS it
PCR #"141% (/Agilént Technologies USA) J:iﬂfﬁ:‘, x
JIR A £ (SYBR Prdmix Ex Taq kif, faKaRa
Japan) A7 BB AR R 20 pL (245710 Ly
SYBR 2% shif, E 500 319145 0.3 pl (43 0.2
uL), 0.3 HLROX (44 074 uL), DNA B4R D il
—REHERY ddH, 0, EMER PCR BIFILE 3.

3|
i

P, : "‘é[iﬁi& I’“.-

4 L pir &
it | | G ; J:.?ﬁgf PCR FE it
ANAMMOX AMX 368F TTCGCAATGCCCGAAAGG ) 95 , 3 min; 40 fEFR(95°C , 30 s; S6°C, 30 53 72°C, 45 5) [21]
16S rRNA  AMX 820R AAAACCCCTCTACTTAGTGCCC 478 95°C, 3 min; 40 ¥ (95°C, 30 s; 56°C, 30 55 72°C, 45 s) [22]
All batteria 341F  CCTACGGGAGGCAGCAG 193 95%C , 3 min; 40 fEFR(95°C, 30 s; 55°C, 30 53 72°C, 45s) [23]
16S rRNA 534R  TTACCGCGGCTGCTGGCAC 193 95 , 3 min; 40 fEFR(95°C, 30 s; 55°C, 30 3 72°C, 45 s) [23]
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TKHH MR P AN W 16 KT 7 54 d I3 B IR 25. 7
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NS TRIAE R A 4 h, 6l BRI RE A A B .
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mg- L' K il ST Al A TR EE 4 R (2.6
+2.0)mg-L™" F1(0.8 +1.3)mg-L~", FIRIE L
BN (93.5 +4.9)%. 203 ~250 d #2755 1T AbH 7
far, BRI KA, K HEK HH 33.3% &
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Fig. 2 Nitrogen removal performance of the anoxic MBBR during 250 days at ambient temperature
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