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W E RHBSIRAYEER RN #F (MBBR) 4B EL DR 0 SEPRi5 ek, 28K & A 167.51 mg L',
HRT 4 2224 h, DO H 0.5 mg- L™ AR EE A 24~26 C B &M T EM T — AR B -RE " 3Bl E,
X 2 S AN R TG AL AL B R 25 BR R T 3K 96% M 79.7% {HJE, — R N 45 5% DO W R B K, 4R e
DOWREX TREMALRIEF EE . 9O0FE N4 38 (FISH) S = 18 w7 25 SR B, MBBR 1 25 9 B K2 3% 175
I8 H Nitrosomonas & 73 5l 5 S R B 10.46% #11 21.46%, KRR A E AL FH B H R Candidatus Kuenenia 164 ¥ i
I P35 U8 P 2 5y BB 4.13% F10.71%. DR, MBBR 36 475 U8 5 258 U AN Ak, A 0 I 3 B8 R
Aafdfh, BRASET, WEAE - DRNERPLFEZR T XERK T AN SR AT, DR REHT —
A5 g A Ak B S BRI5 Je K AT AT, AT ik T2 SR TR R i R R LS %

KR BIREYER N Sk, HRERE; REAEL

B e ] 5 7K A B RE g N A BRI G IS, AR D TS K AT AR TS U8 7 i B AR R I, T
F 2020 4F, & EIGIRAE R IAF] 6x107~9x10"1, GIRFE L Wedn . Ak . K R &R AR
WG IRK, HOK BRSO BB E R . ON ILEAR, HH T py R o kiR fi . H R, 153K
i3 I3 B G K AR B RS E S, S TTBOS AKIR G AL B, W T RER AT, FH B KEA
BEAIRARHERCY, ik, $i5 UK SR T Rl Ab ], AT AR B 2 TS I AR AR A RR R, X TE K
IR IE AT R R

SR, 5 UK Bt ab B T 2048 H A TS K AR 38 v i A D, B O SR F BB A B T A
PRUEAR PR AR IR T, Has AT/ B A2 s REFE RS 15 7K i A il — el sl aod T ki 4
an 2SR, WFFEART LA, TS P8 K v R ARRE R A8 B — L M A B T 2RI R A TS
Te KPR FEZE AR, INIREM S &, MM IL-RAZ AL (PN/A) L 27E 15 ek 2k 3 vb iy F
WAL, HAr, KEUF58E 0 BB PN/A T2 0 S & 2R K AL HE, BIAE 2 ANk 7 19
B e gt mRR AL . A KA @ AL R B BREOK PR, (H o B TR B B 4 HLE AR
i HER: 2019-09-04; FAHHEA: 2019-12-11
ESWB: PrEa B ARRHE IR 5T E A H (2016]2019)
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RGAG TREIREEHERET, Wik, —&X PNA X &SZRE KA T ZZR8 T Zm
Ky, M THEA, HEATZRAERR ., SN Ie s> SR, S 4E kR H— K=
PN/A Ab 3875 e 7K 1 it 5 v R 22 S FHABE UL 2 A U121 O — A X e R A A - DR e 2 A Al A 38 52 B 5 7
KB AR N A S AN T o

KT, AR LLSEBRIG K X4, >k 3l R A= 9 B I )i % (moving bed biofilm reactor,
MBBR) — &= & 50 B A 1 5 DR & A Ak SE 5 Ve K A i &, R T A W I R R 9138 i
A S TR AL, S SEPris e /K h A& KRR S %
1 MR57F%

L1 ZRRERESITHRNE

S R AE R . BRI R - “‘“eﬁgqr
MBBR, %% 50cm, ARy 101, MBBR —&— |
PSS K1 0B, JUREE ) 095 gem ™, HITE | -
50 50%, AU 10 mm<i 10 mm. MBBR Y £ O Oy »
i eira il SONE Foed SEl L Yo of 0| |
THE B PR . REEARA. MBBRET | o 7ol s
E 2 RCREEERIE 3 I R RCE (S it/ A (P N i B
Mo, 7EFFERSERNT, MBBR €50 AR VUM ——— ot
WRATRRRDY 23 L, ERBRIIRIE R 7 s

MBBRJS Jij 2%

HEIE .

STIG TR R (24~26 C) T #E 4L i 4T 135 d,
HEK W E N 045 L-h ", DO f#45#7E 0.5 mg' L',
1.2 SCIGFK

SZHS SR P AT A HU5 K AR T A5 ek, 5 R UK #E A MBBR AT E 28 i B E i, BEA
MBBR 75 RKKFEUNTR : NH;-N 4 155~180mg-L™", TN 4 173~205mg-L™", PO} -P 47 8.5~12.5mg-L",
COD Jy 109~172 mg-L™'. SS } 65~184 mg-L™'., 246l [a] pH 4k 1F 8.45~8.59,

1.3 RHESHHh

EH KK FERE 4 d RAE 1R, Hob pH R FH & # pH 1T (PHS-3C) W &, 58 R FH TR 31
DO >k H HACH i # = £ 2 58 7K 5 I 2 {¢ (HQ-30d) M % ; NH;-N. NO;-N. NO;-N. SRP #Jxk H
XINMAO752N 435656 FE T+l 4 3 SCOD R FH 3 4% R Fl A 5 SR FH o 1 0 2 B 07 [EL IR (SS) RN
K NE BRI K (VSS).

FEHS 2 KA 67 KEE, 20 BIERAETE M5 Ve A A W BEAEAS , I Ha S L iE M (AUR) . WS TR
A ALIETE (NUR) I ME 2 ML 255 1655 101 KA, SR PETS I8 F 4 By B de A 2 HOR E 4
AALTETE (SAA) IE M H 22 WL ZS . I PETS Je MIZE )% AUR, NUR., SAA U % A 4% 4 SCHik o /9 7
2 U190 % NH;-N,  NO;-N 1 NO;-N [ ¥ J& #l MLVSS ¥ &, 3 ¥& it i+ % %F i 1) AOB. NOB K&
Anammox &M o T 175 U6 FA P B 5 I E 25 5k e AR PIL R4 .

FEFEAT S0AE W 1) 5 S IR AV 2% 28 (FISH) K e 3 500 75 43 AT BT, A6 57 128 K, 43 il R AE T 15 1
AW EREA . 8 ad FISH WA 5 U8 A A 9 B v AAOB B A 25 ] 40 A, FH 06 4 45 36 3R 4 8 Il s
(Leica TCS SP8) & M 2% il & , A 9L 56 r H#REF & 41 1 >R A1 Eub338mix (& Eub338, Eub338 11 &
Eub3381Ml = # S ABUR &), BIRAZ AL R Amx368, fiw i UL B IR A 2 AL W FI' Candidatus
Kuenenia M Candidatus Brocadia % Jf| Amx820,

1 LW RGREE
Fig. 1 Schematic diagram of reactor system
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FIH Tlumina MiSeq “F- &5 %} MBBR P4 i) 37 4 175 U6 A1 AR 9 B 47 ool 4 A o, L0 o 25 3R
Wr . FIJH OMEGA il & (Life, USA) #2843 b 19 5L DNA,  FI JH 35 i HH 8 1 L Uk K3 35 DNA 1Y
SEHME . FIH Qubit 2.0 DNA K & (Life, USA) Xt 3L 41 DNA K52 &, DA#f & PCR [ ik
RN M A DNA i . FH 341F/805R 5| #i#E47 PCR 473, 341F 5[4y : 5'-CCCTACACGACGC
TCTTCCGATCTG-3"; 805R 314¥): 5-GACTGGAGTTCCTTGGCACCCGAGAATTCCA-3',

2 #HR5iTE
2.1 MBBR BYiE{THAE

SEE %857 MBBR FALIG 225 B DO BY54 0 . MBBR Bz ATPEREMNE 2 B s . &l 2 a0, 7
BASBATIEFE R, NH-NAF- I UE K N 167.51 mg- L', 7658 0~71 K, HIZKNH;-N ¥ B Fifi B[] (1)
FER B HTREAMG, 7626 71 K, BMMKE7.13mg L. B TBAEKE, ZJ5 LK% N A DO ¥
FEA P REAR, HK NH-NUR FEAESS 75 R 2 4112 mg- L', 7EBR R M HERR 5, 1K NH-N
e BB BEAR, 7R 91 K, FEMKZ 15.09 mg- L™, KE W N 16d. 201 M X & % MBBR
DO ¥ BEREAR, K NH;-N#e B TH = 2 48.07 mg- L™, HEBRESE)S , 40t 20d AUPKE, H/KNH]-N #
JEREARE 7.66 mg L' AR R 217K A . b4, MBBRIZ4T 40d 5, Hi/KNO;-N ¥ A — & 1Y
Wsh, XATREHN T DO WP sh. 40d )5, H/KHFNO-N WA Frs i, X n] fgH M T 5 48 o &

MR A F A fe, ARk B 200 F i
NO;-N (K H 2, 125W,Wﬂw e
P 25T, MBBRAFEAM BENA b e
1Y i K 25 BR R 0] 4 3] 345 3 96% F1 79.7%. DO 11 120 [ —a— H/KNO,-N H/KNO, N ] 08 —Ll
MO IS T BB S ECR R MR RO, Do 2 o0 o —+DO los 2
WA R RESL I R R BIE, —HX 8 g?’vg. e o | L8
I W B8 32 DO B 1 5 WK, 44 R 0 " y\ M‘
DO W4 T R G A I 2| orr i, Wrertgrve 12
] 3 R W T A 52 50 i A UNOSN T Ty
25 B NH;-NfY Lt %R (ANO;-N/ANH;-N) {14 28 1k 5 BT

o BB 3AHL, O AR N IF IR B AT 2 A 2 MBBRH DORETHRHEKEKRETIL
40 K , ANO;-N/ANH;-N ]\ 0.77 & # [ ik #| Fig. 2 Changes of DO concentration in MBBR and nitrogen

0.1 [iE, 25, ANO;-N/ ANH;-N — e E concentration in influent and effluent

O.11 B IE . B AT WSS T, ik Ak A 4 PR g
65% 15 5 43§ Al T SR LAk T 2 v Sk 09T ANO;-N/ANH;-N-=1

AOB 4L IR Al L, 4 J TR0 A 19 40 0 A4 5y

A O R PSR A A TR N, R St  ANO,-NIANH, N
NH-N A i 43t K S A 3 172 S osf”

YAk, WINOTNYNHI-N 2 o T 0115 4 5 oaf” R
S ENHGN 1958 2 Ak . W H 3 1,00, < oape A
U, ABFSEFRD], MBBR 45 T LR FY 2ﬁ"ﬁn1ﬁ;m#é“&”w,
SRR A R N I
2.2 MBBR P\]}E'T’?‘::ﬁi}f’:&i%ﬂ%ﬂ’ﬂﬁﬁ?’t 0 20 40 60 80 100 120 140

BATmhl/d
9 S 5 1 5 o .
. MBBR P if P 75 2 A ,\*%Li%ﬂgﬁﬁf o 3 BANBITHIEIE REINO; S K HINHI R LL (B
BRI AP R o 4(a) y MBBR jz 17 %3 Fig. 3 Ratio of NOj (produced) to NH; (removed) throughout
101 KA ORI |, OB SEORE P R 1T B T AR the operation period
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w . M ATA Y . K 4(b) iy MBBRZATHE 101 RAYIE M5 I IR R, A iy i d 05 U8 2 81
ZOR, B MIRE G BIE, MBBR H A RN P 15 e 52 80 S [R] 1% 72 SLARRAIE .

TE MBBR iz 17 2. 67 #1 101 d i, 43 51 1l 8 MBBR N 3% 14 75 U8 1 4= 9 5 9 AUR., NUR FlI
SAA, ZERWMF 1 iR, HE 1T, EiBfT
AR, WIS ) AOB B I B HL 3 N
P, i NOB B FE TG P VS Ve e AR, H
TEA Y ) NOB i A — @ B2 T
W, XA F T 78 MBBR H 55 67 1 52 18534 43 Al
fb, MEERAA AR AEMILT .,
Gh, R AL TR A 7 T 1 5 e A A ) g
o, BRI TSR, B2, EEA
BATERET, BRI YE AR 6 R T 7E MBBR

(a) SFORE E AW LR (b) WEMETS IR I
4 MBBR P& M5 R AR £ 4 YRR & W EE
Fig. 4 Macroscopic photographs of activated sludge and

R i 52 R oAl A - TR AR = AR . biofilm on filler in MBBR
2.3 MBBR RJE M TR EMREY FISH 7347 %=1 MBBR RE S A4 M5 HY
il 1 FISH W22 75 6 i 2E 4 B f AAOB AUR. NUR % SAA
E’\JZE I‘Eﬂ ﬁj\%ﬁ , éé‘:% _/lzn [g 3 F)TZT_\‘ . i%\%%u X‘T# Table 1 AUR. NUR and SAA of biofilm and

activated sludge in MBBR

dnn PRI R R AR R AR TR R L R

e PTG PR /mg-(g-h) ! H /mg-(g-h)!
AR F R (Candidatus Kuenenia #1 Candidatus EATAT )/ S U/me (gh) P/me (g

e . e s AUR NUR SAA AUR NUR SAA
Brocadia) 47 T 5 YL 8, HE AR 53 il

e N 2 12.82 1.55 — 6.43 10.24 —
R, g, #. 3FBIaMENa A6, |
S 4 T LA [ et e et [, . 67 37.00 3.34 — 4.61 1.30 —
£ RIA BV R R R UL IR B AL R (Candidatus o1 <50 106

Kuenenia M1 Candidatus Brocadia). ¥ 5(a) 1%
PRSI R R A A . BB S(a) TR, S PETS
Je b AR A IR AR S AR TR, R 40 T A B 1A 2R
&g, WAHDI S EEEEE R, B 5@ T
R R 68 R Sk IR E R AL B R (Candidatus
Kuenenia 5%, Candidatus Brocadia), [ 5(b) N4
o7/ N s v i s N ES IR () W I ST R = KR BN
WIRTEAEYRE RS RE, B 56) T BRiE

(b) W15

H B8 IR A& B AL B M (Candidatus Kuenenia 5 MBBR HE 45 R EYIEH FISH
% Candidatus Brocadia), Fig. 5 FISH images of activated sludge and biofilm in MBBR

2.4 MBBR AEMISRAMEYENSEENF 20

Kl 6 45 i T MBBR H I 4 V5 U8 S AR 0 15 A v e 1 0 e o A 25 2R . BT 6 RT, A TR AR AR IS
15 U VA Wy RS rh B o5 A LA RN AR R, (RSB RRSE RV BC AL . DE S R BoR, ARSI T fig
W Z — ) & A AL T Nitrosomonas, TEWEMETG e &Lk T 21.46%, MAEEY RS 5ILHA
10.46%, iX 5 CHAO UV Ry i s 45 ARl . It , 2 & AL T Nitrosomonas 7 1% 115 Je 1 B B &
£, HIge 2N m AL, X AT REIH BT A ARTETE M TS U i AL BT 3 TAE DT kA,
MBBR 7 ) F R & Z B AL H N Candidatus Kuenenia 1 Candidatus Brocadia, W3 433 & A= ¥ i rh
B 4.13% 1 0.4%, 5 615 08 OB 9 0.71% F10.04%, X5 GILBERT 451" & 8 AL W) I I 11
IRAAAMH I FERE® THEB RO R -2 mIenr i, AP EA BR 0w IR A A Ak
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BIAER o BEAh, A S R S A I 0 R 6 4R Sor e NN
AT Nitroapira, 33w 7e HEYIIE SAE PR TS I i me
AW AL 0.05% F110.15% é N

S 1 FFIR, MBBR o 1 15 9 401 i R A\
R B 72 0 R A BRI 2 2 sl §§
B o B TR ISR, 3PS O . §§
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1) A RR S Ik B BFSER %, 24-26 C F F& TS TS
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ARG, FERRN 022 kg (m'-d)” B, XN Y Bl 6 MBBR s #0814 55 20 5 K
ZRFIB R 79.7%, HHAZ 4% T DO A )43 26 P R =
ARy N I, SEELRRE 0 R A A -IR AR Fig. 6 Macro-genomic microbial classification and sequencing
KA T RS, CHEEREBE TN gene abundance map of biofilm and
DO ¥ JEE ’ - activated sludge in MBBR
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Reject water treatment by MBBR coupled with integrated partial nitrification-
anaerobic ammonium oxidation

LU Xinxin'?, WANG Yi"*", HUANG Ruixue'?
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2. Key Laboratory of Northwest Water Resources, Environment and Ecology, Ministry of Education, Xi'an 710055, China
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Abstract A moving bed biofilm reactor (MBBR) was used to treat the reject water in which phosphorus was
recovered in this study. The integrated partial nitrification-anaerobic ammonium oxidation (PNAAQ) process
was successfully coupled with MBBR under the room temperature of 24~26 °C, HRT of 22.24 h, DO of
0.5 mg-L™', and the average influent ammonia nitrogen (NH;-N) concentration of 167.51 mg-L™'. The maximum
removal rates of NH;-N and total inorganic nitrogen could reach 96% and 79.7%, respectively. However, DO
concentration had a great effect on the operation of the integratd reactor. So, it is very important to maintain a
stable DO concentration for nitrogen removal by the system. The results of fluorescence in situ hybridization
(FISH) and high-throughput sequencing confirmed that Nitrosomonas in biofilm and activated sludge of MBBR
accounted for 10.46% and 21.46% of the total bacteria, respectively. In addition, Candidatus Kuenenia was the
dominant species of AAOB(anammox bacterium) in both biofilm and activated sludge, which accounted for
4.13% and 0.71% of the total bacteria, respectively. Therefore, partial nitrification was mainly accomplished by
activated sludge, while anaerobic ammonia oxidation was primarily accomplished by biofilm in MBBR.
Therefore, the coupled process of partial nitrification and anaerobic ammonia oxidation in a MBBR could
achieve an efficient autotrophic nitrogen removal under room temperature. This research shows the feasibility of
the treatment of real reject water by the coupled reactor, and provides an important basis on the application of
the process in practical engineering.

Keywords moving bed biofilm reactor; reject water; autotrophic nitrogen removal; anaerobic ammonium

oxidation





