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J&F MBBR BOR B HAB & R E KSR C/N A:{E
157K 1 Ie) Ak BE 2= G0 i R 3 e TR Re At AR o3 A

AR AL ZE g alE gl E L kL]
LSt R 2R S R0 TR 226, W S U S R R TR i S S0 %, Bt PH 5500255 2. 5% g ik 2R 8%
B RGHE I AR M SE 5, BB 5500255 3. SR M R EAE SR A AR E, SR 550025

B OB O OT C/N 5K R W I R K (HCBW) A B8 BT I I 4 ) 50, R FH A% 8l B A= 90 55 %2 17 %% (MBBR),
P T I B R B /K S AU C/N AR 36 T /K b R A 3R e L o8P 98 4 JEURL AN I A6 R DR 23 Il # 5% HCBW Ay
J R ARSI s P8 XHIE C/N Az 16 15 K A BRI 52 . S5 SR 3B . Mg 4 SEDRL P ) Ab B R 48 (A1) X COD. NH;-N. TN
F B (0 1 E R R4 5 91.29% . 99.08%. 89.81% 1 80.66%, Ui Ak IR BBl & 55 (A2) H9F X £ 1R 340 91l
90.51%. 98.58%. 75.73% F176.07%, WUV i 248 SR A2 BRBOR L T AL R SERL; TR A /K £ 40 MBBR & 4t 4b 3
J& ., NHyAITN A8 TAH MR, oK REESS B iR £ A0 8% 5 55 9 5 (0 AR T Lt 0 — e B 3 m s # [R) Ak 3
RS0 AL FI A2 B9 il Ak A8 F 5 8 ¥ Nakamurella . Nitrospira, J2 i A6 08 3 581 )& ¥4 5 Amaricoccus . Dokdonella Fl
Thermomonas, W it 25/ LY 2% BT 68 8 )8 ¥ 8 Micropruina., 8 DI GETM ST . Wh[EALFE R 48 AL,
A2 Y T2 AR T 38 O A R AR KA A W AR AR R A, T IR AR S AL B X O & 5 &
BREEPE, B AR BACBE BN B2 . LA EBFE S5 R 0 o8 HCBW RO IRAL AT . R C/N AR 75 V5 K Ak
RS

KHBIE  BURIE K IR CON TG K B s R R N Dh AR B TR

T EAR 2 W5 K AL B S K rh i A L (C/N) A%, 38 F R AN I8 LLBE & TN BR 3%,
K 00 B DGR A% Ge b IRRIBT R IR . b ARSI SR Y . LR . LTREN . A E AT,
B AL IR AL S AR AR AR IR GRS REAFIS . BT e, DAY AT & s E ARk IR (PHASs 28
ZRY . KO WER (PCL). BT M T K (PBS) %5)™ . WMIBRUE (£ & Tl K . 48 BT E 379K
i S P VR R R BRI 7 )T A RS 1S A i R 2 H AT AL FAIR C/N T5 K Y G

K- C/N Y5 K 4b BR 5 N FH % 8l PR A W) B S #% (moving bed biofilm reactor, MBBR) 1 ) il k. 4= #)
JE M (biofilters for denitrification, DNBF) %5 [ fiifk T. 25 . H: v DNBF HA7 — @ 0y uERE /7, (HFE
FE AT R vh gk . 1 MBBR S 76 BE S0 oA B TR BEURME M i AE 8k, (a4, S EURR SR
BRI AAAE, T is e B, ol LISz 8L 1] 25 i 4k Sz fil £k (simultaneous nitrification and denitrification,

s BHE: 2021-12-01; FAHHA: 2022-02-10
HEEWB: harg| TR R RS H @R 5] H [2021]4019)

E—1EE: S (1996—) , B, WL, 346913350@qq.com; BRUBIEIEE: ZZ# (1989—) , H, i+, ®I#E,
ycli3@gzu.edu.cn
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SND)*1, BEA &% Z: Bk COD MA G154y, FRARPE KA BE A . B0 V5 /KA BT A4 bl v )32
K F MBBR 4b B £ R, ohoid o 78 A7 51 H O AR 8%, B MBBR 4% R B A7 8K 0 b W 1 . 7
MBBR "1, B 77U 1 B AL 27 1 T 25 5 i A ) A T ) RN Vs e W R BR R R . LIU A8 R A &
T kPR 52 4 BORH) MBBR 7E 1 DO 7K3F (0.6 ~ 0.8 mg-L™") K C/N (<5) &4, w234 HLd #
RARERERRIY, COD TN R Z 5 94 85.7% H1 75.9%., SONG %51 Kk T —Fh DLk A7 Hy FL B
SR 45 N 2V SR MBBR, TN B 25 BRAIUR HA% Gt i) 17 4 2 77 SRR MBBR i 3l 10%41,

B E RN R E ., WA, FE AT R B . RS A R A A T, A
R 5 A e B b S A K R K, EGETE, AR E 1e FE RI AT A 20~40 ¢ IR K . HE R
TR AT 3 A AR e R v e B R K o e R B F I IR K (high concentration Baijiu wastewater, HCBW) i &
JFOB PRI MK . AR . BEK S, 290N AR K HECR B 5%, SR R R A VLY,
mews . AHLER . o, Hm4E"Y, HA S COD, & BOD, @ | St MM e . AW
I A RRAE AR EEOK, AT AR AR AR, HCBW S £ Sl Tl HE R 75 Y i M A R K 22—,
KGRI ALFLE) HCBW HE & S BOR R B0, ARIRE I AR EWHFE, W6 AW 06 & 1E R,
KA S ok IE 8 AR AE, XKAES RG ™ EEIE o KB A e 2 B e
Wi2E . AR, SEEPAE, WREXTRE A S e B U ILAh, R TT BRSO M R Y
TR W REVE A R RS X 2 b (S AT b o R

PRV % 7K Ah B A VR S AR E ARk AR AR R R S L Ak Ak R R A S TR
B, TRBEDLVE . fEAL . AR PR IROT ES AR AR WA PR R AR A AR . DAY R R T
R A A 0 A S AL B R E RN TR AN RGP AR FE R LR RS, L
SRR K TS G RS, Bt i ) Ak Ak B A Ak BT HCBW Y5 Ge W i) K BRABUR AN AR, R
FH Z 80 77 866 0 AT %) HCBW SE3 A bR AL B, (H AL BEMERE K | a7 2 2% A B, MERUIAE
AN A AT N o

BT WY, ARBFSECR MBBR AR, A T & vk B I 2 IS 7K 5K C/N A2 3 75 7K b ]
PR R G, A T A OB R AL R SEORL 3 AR 5T T HCBW AR KA A6 A Itk 5 X5 I C/N 5 7K
AEEER R, BT T R MR B AR, BRIE T I AR R KA S RO AR A R R S5 K C/N A=
T V5 K P ) b BB AR BT 5 v K ThBe i E Y, LA HCBW A3 IR AL AL H 2525
1 #MRl5RE%

11 XBRE

WE LR, RN E A WANUZE, WE RN IX, SN2 RRERZ . R X P H 855
B Ry 2 AN BB, AN SN Y B A B SR B, B R I A A B 45 L, RO i N LA
BTEEURE, Al R P A R R AL R R, R AR IO 10 mm, AR N 30%~35%. X
i ISR B A LR RS (0=10 mm), 38 2of BRSO B EORHE HE AR 2h T FAR R . SRR E
AL B2 ARNLAR, A RN ASESEK PN A E R E K (MEAL), o Al A2 )W ; B4R
i S I O/N A 365K CREPFIZL), 48 Bl B2 JemifiE, o Al Bl mig 4k, A2,
B2 S AL R IERL (5 1), 4 4L W #4% F oM XF R .

1.2 SEISIKR

SEE R FH N TR C/N A= 3 15 7K R 5 M 48 5 5 B 3 75 70 0 Ak 19 IS K (3% 2), R[]
AR N TAEAUL C/N A E 5K, PR EE K I BRE C/N A& 157K 528 KK 4 1000+ 1 B il
IR EIEK, IREJFIEKE C:N:P=100:1.14:0.11, >R &4 # . NH,Cl, KH,PO, Bk C/N A= 7
157K COD, TN, TP, MAERFfAWIE® WA K, m A TABE KPR mMEITE R 03
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Fig. 1

mg-L™"'" FeSO,-7H,0, 0.15 mg-L™" CoCl,-6H,0,
0.12 mg-L™" MnCl,-4H,0, 0.06 mg-L™' Na,MoO,-
2H,0. 0.15mg-L"'"H,BO,. 0.15mg-L'NiCl,-6H,0 .
0.12mg-L"'ZnSO, 7H,0. 0.06mg L' CuSO,-5H,0«
0.06 mg-L™' Na,WO,-2H,0., 0.15 mg-L™" KI,
1.3 S HE

56 18] B A% FROI A R Y5E, A5 e B
H Bt A FE TG KA B0 Wk A, 75 e T
WIE Ry 4.0 gL' 38 3ok 3 R 99 BRSO B X
SRJE, FEH DO N 56 mg L', SR HAE FR UK
5 i B 7 B N IR JE N (30£1) °C o {1 4% 2H 2 i
TR TR 3 d, [R5 e 5B A
IR G . P RGHME ST, R K
XBA7, BRI <[ 23.5 h+ K 0.5 h”,
oK LA 50% o WA 2 v £ Y pHL. DO
T. COD. NHj-N. TN. (a5 KEEbr. 7€

Experimental reactor

®1OEMESH

Table 1  Filler physical parameters
, b N WA 2 =T AV N - B A 33

TR

ORI M5 o () % (kgm)

, L

AR — bk 10x10x10  >90 000 >96  15~20
Rl

hry

”';;ﬁﬁ RZM @10x10 >500 >95  >960

*x2 LHWAKKERSH

Table 2 Parameters of test water

)
LRI @

COD NH;-N TN TP
DFRHBER(A) 350220 375 40 4 200420
KRUPRIZHIAKB)  65+10 35 35 2 10~20
EIRIK 270 000 2500 6500 2400 150000

RGLis e a0 B LD AT TS K AL BT R W A oy 28 Ak, AT 16S rRNA i

Y B A T AT S L g P R AV A R S DT RE

L4 SthiE

1) BEALFE AR 43 AT o NHI-N R 90 B0 43 6 06 78 (HI535-2009) 20 B, TN R FH 1 38 4 1R
T f 25 B0 23O % B 1 (HI636-2012) 43 B, €03 5% FHDOG L b €8 3 (LH-SD500, FifE 4= %, ) 4
Br, pH. DO. T %M HACH 1 X £ S B F A o B 5 FF (HQ40d, HACH, 3E[H), COD kH

COD PR T fift 70 B ik 73 B 1

2) f L2146 1 (FTIR) 70 Mt o SRR S0 e 8 2 4z A7 B B A 1t K K A 4% 10 mL,  p [ 21 ik
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KA HIE A A0 AL, A2, RUREZEH K5 H1IE 4 B0, Bl B2, KHEATHET, Jof KA R
BUK, PRI B 2SR R TR AL (FD-1A-50, A D) B 4 v R T 0 i 8 AOR A, 4R J SR R A HL i A
P21 AMETEAYL (Nicolet6700, ThermoFisherScientific, 3% ) XfkE S #EFT 047, 1 & 188 UKL 43 K
I35k 32 YR AT 4 em™, 7E 4 000~400 cm ' PR RE S HEAT T AR E R

3) WAEWRETE 43 . SR AT 16S rRNA =yl & WP R AR BF S U i 2R Fn 22 55, SRR HEMN S
PRI N a5 R R 255 68 RIYAEWIRL, 43 5ldnic  SOGEMiI5le). Al. A2, Bl, B2, s HI&ET
—-80 C &M FHATRHRAAE, RIFERE LIGERAEY A w#E1T 16S tRNA T /34T . 56 R HHE
% (E.ZN.ATMMag-BindSoilDNAKit) X ¥ A% £ 17 DNA 4 $2 5, I %F $2 B)5 1) DNA Y547 5K fil 4t
ik, Fl H ABI GeneAmp®9700 %I PCR ¥ #1% , ] 338F(5'-ACTCCTACGGGAGGCAGCAG-3")
1 806R(5'-GGACTACHVGGGTWTCTAAT-3") fE A 51 W7 V3~VA 2 [ 1) = A8 X % FIr 4 04 4% 19
DNA J7 4] it 47 PCR ¥ 3 , Xt PCR ¥ 34 7= ¥ & 3 uL L #E 5 A9 2% Bi0is Ao e ol 9k o #r, fd
AxyPrepDNA #E i $#2 BUL ) & E 7 4lifb, 4lifb )5 R H QuantiFluerM-ST #17E & . SR)5, RIEIr
¥ 7 1 Tlumina 07 SCHEE, %F A 15 2] A9 K088 04T OTU G . WFER . YRR . hEET I
o R
2 #HR512
21 REHERIENEE

fER GRS, £ RO A% K B pH ®3 SERLHKEpH, DO\ RE
DO. JEEWZE 3 s, Hih, DO REkEY Table 3 pH, DO and temperature of the effluent of

each system
M2ZEAR; HpHA U ESR . Al A2/

. SV H DO/(mg-L) EJE/C
pH ¥ K F 6.5, Stk 1 Bl. B2 pH K i P (el )
DRI (AL) 7.54+0.44 3.25+1.35 2742

6.0 /cty, BT, X ZEH T B
2 AL RS . A T R S IrEAL IR (A2) 6.99+0.99 3.15+1.38 27+2

% J7 I 2200 COD. NHI-N. TNl i i 75 AROMRIHERZAL(BI) 6.06+1.52  3.03+1.45 2742
L 2 Bk, I 2Ga) T A, G 10K gp NPT sssels  s00e154 272

4, HiZk COD Bifta THasE, Al. A2 i CODH 358.94 mg L™ 205K % 31.02 mg-L™" #133.75mg- L™,
S84 25 B 3 A 91.29% F190.51%; 1l B1, B2 Y COD i 68.34 mg-L™" 73 4K & 22.51 mg-L ™ Al
2331 mg'L', X EBESHN 65.92% 1 64.73%., HE 200) 7] F L, M 24 RIF4G, Hkd
NH;-N ¥ & & 8 # TRUE ., Al. A2 [ NH}-N JiT 2 % B B 36.31 mg-L™' 43 Jill &K & 0.33 mg- L'
0.52 mg-L™", FXEERFEH N 99.08% Fl 98.58%; i Bl B2 HINH;-N JFi ¥ & i 33.58 mg-L™' 43
BIREAR 2 10.88 mg: L™ F1'10.67 mg-L™, “F34 L ERZ53 518 67.20% Fl1 67.74%. Kl 2(c) AT &, 7E
FEJF S AL A2 B9 TN Ji vk B h 38.73 mg L™ 43 B FE AN ZE 3.83 mg-L™'F1 9.29 mg-L™", T LBr*E
439 A 89.819% il 75.73%; 1 B1, B2 Y TN i & ik & 1 35.85 mg-L™" 4 31| B fik & 27.90 mg-L™" Al
27.97 mg-L™", SFEHEERFR 5N 24.63% A1 26.92%. MK 2(d) WA H, Al A2 @R EHT R
B, R, Al A2 I (B E0) | 17512 20 B AR 2= 34.01 F142.06, P2 2B %54
9.80.66% H1.76.07%

ZE LRk, PhRIALERZL A1, A2 W #$XT COD, NH}-N I TN B L BRECR A, HKIs] (I
PTG KA BT 15 e W HECPR E ) (GB 18918-2002) — 2% A pRifE#ESK , BEHAE /K 5K C/N A 1% 15 7K
D[R] Ab BRA F T HE R TN AY LBRECR ;s 1 B1, B2 Ko TN IR RILE — % A bR ok, X+
BREMTRAEHZ I, FECRUFEAXS TN 9 RBRFBHAT, 1Ak, AT HK IR TN e 5 Ffa g
Btk A2 iK, UAHIAE MBBR REEH, i 40 ORI TN R B 25 BR AR 3 L i AL R OB o LR A
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Fig.2 Changes in pollutants concentrations of influent and effluent of the reactor and their removal rates
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e AR BURHR: i 3R CM B, AR REE 5 R B g K Pk HL AR A SR A, AR TS G
ORGS0 255 K A A0 G P A A ) RS BRI BT A R SFOR 2% v AR S B 22, A K R R R
Hh P A 1 K T B DDA 25 B 4 3 T B %) A 0 T o i 6 9% L A R A TR s R BT i v A A
BHE dy SO SRR R R W, LR mABUR | RIRDEE . S RUEY R YRGS oAb, i a7
245 BURE P Y R T A 460 (DO) BB HE, O 45 R B A 1 B I AR A7 R AP0, SR0RE I o B A T A9 SRR AL
WAEAR A, L RA SND RpPER . it al W, B PR ORME N A B AR K 34, | /2 MBBR T
SRRy, AW I SRS e 2% B P R R T AR F) 0 B A2 o

22 SRYMETLSH

K FTIR 4047 1 b [ 41 2 11K o 35 e ) .
HREMI AR L, H FTIR i niE 3 fin. iR /i
H K KEG S MBBR A FR)S, 3413 cm ' (O—H fif By 8
4R 3) A 1632 om™ b (NH, 725 £ 4% 2 5 NH; S TR\ S
. - W \ T T B8
445 2 SN R 1 5 20) OO 8 A — = NS TV
ERRERR, UK 2ot A R, AT %K N \\fﬁfyﬁ:ﬂ\\/
N e b RGN S
T RE AT 9 ) % 1 RS EL IS . 1385 em ™! ‘ et bt
1402 cm™ ﬁ (NO37}i X#%{EF éﬁ}f‘{ijj ﬁ %‘NHZZ: 4.000 3.500 3000 2 ;(;gﬁ/irgf)lo 4500 1000 500
MR 22 A0 i 5l ) 1 W B 2, L 5B W A 2 3 O ELE R K 883 ok FTIR 547
55, T I HH I v i TR 4 218 1 i 21 W T R X 1 Fig.3 FTIR analysis spectra of influent and effluent of
1’@] Eﬁ ﬁ@z /J\ . 1147 cm™! 1120 cm™! ﬁ (SOZ& cooperative processing group reactor

XPPRAR 4 R Bl ) 0 06 7y ik B85 A — o A S0, TG e JC W AR AR, AR K b SO, B AT A AE X L il
Hahn. 671 cm™ (BE COH i #h25 i iz 31) 1604 cm™" &b (PO; ) PO, AN X FRAS £ IR 511) B Vg i 55 35 45
s as, UABH K BRI . BEIRAR AU ARXT LU B — e B Y, B AR FTIR 43 #Hr 4 ik —
AR AIE T IR G K 453 MBBR R4 40 F15 , NHI-N Hl TN 275 2147 &£ 6, B 0T #el ok oy i
2. B IR R AR £R 1 W B AR LA A — o TR EE R S
23 WMEDREEEHSINEETUN

) AEY RIS 5. RStiadT 68d Jh, KM 16S rRNA /& i & I 5 5 AR X R g b i A 9 dt 17
Br, TETTKF L (B 4(a)), RIS YE (S0). M4 DR RIZH (A1), WAL REDENMRI2H (A2). 4 IH
BRI EIZH (B1). AR EURE AR W[ 41 (B2) WA XS =E B 5 3= S 8944 A Proteobacteria. Chloroflexi Fll
Actinobacteriota, FH1, SO0 535N 24.36% . 23.61% F114.63%, Al 535k 24.56% . 19.31% . F125.51%,
A2 53510 26.90% ., 17.63% 1 18.85%, Bl 43510 12.52% . 5.71% F136.26%, B2 5354 22.39% . 9.87%
M 29.34%4 5 SOFH b, Al F1 A2 W 1Y) Actinobacteriota F1 Proteobacteria W ¥4 % 3£ ¥y Jm, Wi
Chloroflexi W FX 3 & ¥ B/ , B1 1 B2 Actinobacteriota W ¥ X} 3 B Y34 i, 1 Proteobacteria
Chloroflexi W AH Xt F FE S FEAK . b Ah, K PpEIZH B1 1 B2 ' Proteobacteria 1 Chloroflexi W #H Xt 3 F&
BB TR 41 A1 1 A2, K1BIE 4 B1 Fil B2 W Patescibacteria Fl Actinobacteriota W) #H %} 3 B B i)
= T R4 AL AT A2, U8B S N 2 IR R 7K £ 5 2L Proteobacteria A1 Chloroflexi 1 b 5] ¥4 i, 3%
Patescibacteria | Actinobacteriota W) (LI A% . Actinobacteriota J& T 53275 AW T, JEREMTS 1 H
FEIUIRE W o Proteobacteria | {Z AFAE T 3215 Y K ARABE i, A6 18 = V5 K 4b ¥ A3 = 3% 58 3
K K T Proteobacteria !,

TERKE I (F 4(b)), £ SO T £ K Saprospiraceae(4.19%) . Rhodanobacteraceae(3.07%) F1 SC-
1-84(2.07%), Al Fl A2 " =% Propionibacteriaceae(9.76% . 2.56%). Nakamurellaceae(6.90% . 11.94%)
F Gemmatimonadaceae(6.70% . 5.14%), B1 F1 B2 H 3% & Nakamurellaceae(32.10% . 19.03%). Gemma-
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Fig. 4 Bacterial community structure at phylum, family and genus level

timonadaceae(2.04%. 3.95%) M Caldilineaceae(1.48% . 2.73%). Wi [F 41 2 4 ' ) Propionibacteriaceae
1 Gemmatimonadaceae W A% =F JE X L AR VMR 41 &5, 1 Nakamurellaceae 1) FH X} = B 34 Eb oK P [R] 4H
fiX o Nakamurellaceae R % 75 40 M vh BLUR K & 19 205, DT BE 6% PR3 W WSg I3 K rhobl I 0 22 B R 3
SR J 3 o ARG R R ke AT A0 MUK B4 5 B, R AR R R T K R R BILA Y K B LA R AR T
Propionibacteriaceae FF: VATRILY) AR MKW HEAT K, B FHEDRN T EIREK, EAKPELE
KEWmREY, HHARKEMT &M . Gemmatimonadaceae it 13 - 5 AR EE W A K, g H %A
FHAHTER ERFIAI A B £, 28 e T /K Ak 328 5 1 3% M ¥ g Hh g A D 38 19

TEJEIKE L (K 4(c)), SO HFEE R Ahniella(2.84%) . Ellin6067(2.44%) F1 Phaeodactylibacter(1.77%).
AL A1 AT A2 W 2N Micropruina(8.88% . 2.26%). Nakamurella(6.90% . 11.94%) F1 Amaricoccus
(3.48% . 3.82%), APrFEZH B1 Fl B2 Hh FF N Nakamurella(32.10% . 19.03%). TM7a(8.46% . 1.63%) FlI
Thermomonas(0.64% . 1.49%). Al 1 A2 H L8 £ 28 Nakamurella(6.90% . 11.94%) . Nitrospira
(0.46% . 0.21%), Jz 4 1k B & T B N Amaricoccus(3.48% . 3.82%). Dokdonella(0.15% . 0.41%).
Thermomonas(0.25% . 0.75%)"“7**, B1 #1 B2 H 19 i 1k B J& I 2 K Nakamurella(32.10% . 19.03%).
Nitrospira(1.83% . 0.37%), AEALHEJE F 2N Amaricoccus(0.35% . 0.25%). Dokdonella(0.23% . 1.39%).



B3 BMESE: JETMBBREIARM AR SIRC/NATG 15K UHRAL I R GRS £ S RE Ao 1015

Thermomonas(0.64% . 1.49%). Nitrospira 1 Nakamurella JEREALAE SRR I TR ZEINGER, Thermomonas
2 3 TR P IV Y PR 0 Bk AR R A T, Amaricoccus BN J2 I K Kb B R TR R 3 TR I
il 1R 46 0 D BT FE 1T U [R) 4 R Gt o [R) B A7 A S Ak oA RN SR AR TR, uE B Db ] LR G A A
SND BB X TN (% L BRECR I AR R A b EFEAEMAREE, REEER >, Xt
TN M EBEBCREAMK . WA, Micropruina 76 A1 A1 A2 H (g A0 X 3 1 B & F B1 ML B2, T
Micropruina B8 176 240 M N 6 7 KB M BEZRR G, v LUAR &F 1 MoK R v 9 A WL E 5290, Ul B
Micropruina V] fg &2 5H WY BRI RE B P2,

2) AR Th RE T . RSEiatT 68 d J5, K JH 16SIRNA il il 53 A%t R 48 i ik Wy A7
SyHTIG . BT PICRUSt XU [R AL BE R 48 A1, A2 40 1Y KEGG T RE#E4T T4 (1 5)0 43 546 I
$1 48 535583, 51425375 A, #E 1 E9E, Emig 5 Koiag. H b S0 0 ae38 240,
HRGE AL (5 B A . REE(E B AR . 40 B ARG LR R PR 4R 2l AL A L 6 53 51 ok
40.75%. 15.94%. 14.23%. 2.96% F 0.85%; W [7] i 1k K 240 A2 A1 b 51 43 ) R 40.45% . 15.93% .
14.06% . 3.24% F10.82%, 752 29T, JLTI 4 25 Fhom i, 3 B i 2 o s LM Al . aok
E WA mae . Hob, AL B2 B 11.05%.-10.96% F1 5.90%, A2 H L] 53 3 ok
10.93% . 10.92% F1 5.91%; F L0 IREE(5 B AL T B 5 0 Sl S 2 e, H, AL el o
WK 6.97% F1 2.30%, A2 A4y BN 6.95% F12.33%; B AL 5 B Ab B B X R S
A1 F A2 w53 500 O 12.18% F11 11.95% J:l_yJH SEMEMZE R L, AL, A2 T B2, BF
o0 36 B A TG K AR BT b AR AR, SO A A I EA RS AR I RE . A e ) RN R AR IS N )
ok, HAFEZ MR, U EDIBETUAR . X nTEE S HCBW A ALY/ B 22 6, VA%
A KD, AU R 5 d 2 Fh 240 B SR R R, sk S i Ak Wl DA 3 2 2= i D g
?%Iﬂ% A FERIBEIUR . MR RAE R AT, ThBETUA T LL4E R i A W0 3 V% 19 A 2 Ag
71, X RUIHCE Y0 D) Re 254 LU I A P A I 2 T AR e B

e % e %
g S 85(5 iy = FRBEA AL
gZhresE | RIS 2
fHe TS e (CR=Pin H?FEEVEFH )
{5 =k pzzzza G5 BAL T (G554 Spzzza AL 5 B AR
fiE532 4y 2 ﬂﬁLfmJ 1
ARG ARG
GRER G e R GE
apes e
THILRGE THILRGE
THIRRGE THIRGE
BAERGE ARG
L%J%ﬂﬁ%ﬁlﬂi ") B AR
5 Fzzzza Ziifiingugi) Ylipliz 3)) Zzzzza 45
flﬂﬂ@élzk ‘ﬁ&lﬂ: vl iR 5T R
YIRS il zzzzzzzza Wi 5 il zzzzzzzzza
B i zzzzzzza % ﬁszmﬁj Lzzzzzzz7]
Neftil mzzzzzzzzza s ilzzzzzzzzzza
%%E%Aﬁi 'ﬁﬁlﬁi Zzz Rt %*ﬁi#’l")ﬂc 'ﬁﬂlﬁi Zzzzn Rt
fe e il zzzzzzzzzzA e RN\l mrzzzzzzzzz
KA G Rt ] kAL G st 1
AL 1, TR G 1,
0 1500 000 3 000 000 4 500 000 6 000 000 0 1500 000 3 000 000 4 500 000 6 000 000
YIReF S IfeFEE
(a) Al (b) A2

E 5 E-T PICRUSt B9 % 4 Th 48 7l &
Fig. 5 Microbial function prediction diagram based on PICRUSt



1016 ok L B ¥ W Fl6 &

3 g

1) K F MBBR #4 2 [ 27K 5% C/N B 5 K b Rl b BE R 48, It RSx4 COD. NH;-N Fil TN
() 2 BRAOCR B ks, 388 ORBETS KBTS P HEBPRHE ) (GB 18918—2002) 4 A brifE %
R, R v 2 OB XS e 1 R BRACR AL T U AL R IR L 2) i i K b r 5 0 R RE AT R 2
To ARk, 2E KL REAE AR A AT S — 2P TR TR & K 4643 MBBR R4t A0 #E )5, NH;-N il
TN B854 500 2. 3) TEDh RIALBE R 48 A1 AL A2 i, AR AL 38 1 9 Nakamurella(6.90%
11.94%). Nitrospira(0.46% . 0.21%), 2 G b1 J& ¥ 8 Amaricoccus(3.48% . 3.82%) . Dokdonella
(0.15%. 0.41%). Thermomonas(0.25%. 0.75%), Wl fieZ 54 LY LBk 1Y Diie & & 34 Micropruina
(8.88% . 2.26%). 4)imitDIRE T & B AL B R G AL, A2, BUEY S ESTiRE RS, £
AR T O A R R AR T (14.78% . 14.67%). Bk AL & WA (14.67% . 14.65%) F1 BE A8 15
(7.90% . 7.93%). WAk, EE ARG B AL I 2 6 5185 (9.33%. 9.32%) I 1 (5.84%.
5.84%), FEM LA B AL B N BE i (16.29% . 16.04%).

2 F XM

[1]  PANG Y M, WANG J L. Various electron donors for biological nitrate Water Process Engineering, 2021, 40: 101854.
removal: A review[J]. Science of the Total Environment, 2021, 794: [10] LIU T, HE X L, JIA G Y, et al. Simultaneous nitrification and

148699. denitrification process using novel surface-modified suspended carriers
[2] WANG H S, CHEN N, FENG C P, et al. Insights into heterotrophic for the treatment of real domestic wastewater[J]. Chemosphere, 2020,
denitrification diversity in wastewater treatment systems: Progress and 247:125831.

future prospects based on different carbon sources[J]. Science of the [11] SONG Z, ZHANG X B, NGO H H, et al. Zeolite powder based

Total Environment, 2021, 780: 146521. polyurethane sponges as biocarriers in moving bed biofilm reactor for
[3] WANG H S, CHEN N, FENG C P, et al. Research on efficient improving nitrogen removal of municipal wastewater.[J]. Science of the
denitrification system based on banana peel waste in sequencing batch Total Environment, 2019, 651: 1078-1086.

reactors: Performance, microbial behavior and dissolved organic matter [12] ZHENG Y X, ZHANG T Y, LU Y, et al. Monascus pilosus YX-1125:

evolution[J]. Chemosphere, 2020, 253: 126693 An efficient digester for directly treating ultra-high-strength liquor
[4] HURT, ZHENG X L, ZHENG T Y, et al. Effects of carbon availability wastewater and producing short-chain fatty acids under multiple-stress
in a woody carbon source on its nitrate removal behavior in solid-phase conditions[J]. Bioresource Technology, 2021, 331: 125050.
denitrification[J]. Journal of Environmental Management, 2019, 246:  [13] J7 4, fih48, Xk, 45, IR EE-UASB-MI 2L A/O T 25 b 38 P15 1 /K [1].
832-839. R E 2 KK, 2017, 33(24): 114-117.
[5] ZHANG F F, MA C J, HUANG X F, et al. Research progress in solid ~ [14] % 5B, #2500, 3, 45, 4> Bt K B4 A/O T 2%t R K 5 1k
carbon source —based denitrification technologies for different target ANBRSCR[T). FREERL2EAFSE, 2018, 31(9): 1612-1619.
water bodies[J].-Science of the Total Environment, 2021, 782: 146669. [15] RAY S G, GHANGREKAR M M. Comprehensive review on treatment
[6] FENG L-J, YANG J Y, YU H, et al Response of denitrifying of high-strength distillery wastewater in advanced physico-chemical and
community, denitrification - genes and antibiotic resistance genes to biological degradation pathways[J]. International Journal of
oxytetracycline  stress in polycaprolactone supported solid-phase Environmental Science and Technology, 2019, 16(1): 527-546.
denitrification reactor[J]. Bioresource Technology, 2020, 308: 123274. [16] CHOWDHARY P, RAJ A, BHARAGAVA R N. Environmental
[7] /TANGJL, WANG X C, HU Y S, et al. Nutrients removal performance pollution and health hazards from distillery wastewater and treatment
and sludge properties using anaerobic fermentation slurry from food approaches to combat the environmental threats: A review[J].
waste as an external carbon source for wastewater treatment[J]. Chemosphere, 2018, 194: 229-246.
Bioresource Technology, 2018, 271: 125-135. [17] DAI Y J, TIAN Z G, MENG W N, et al. Microbial diversity and
[8] CGHAI H X, XIANG Y, CHEN R, et al. Enhanced simultancous physicochemical ~characteristics of the Maotai-flavored liquor
nitrification and denitrification in treating low carbon-to-nitrogen ratio fermentation process[J]. Journal of Nanoscience and Nanotechnology,
wastewater: Treatment performance and nitrogen removal pathway[J]. 2020, 20(7): 4097-4109.
Bioresource Technology, 2019, 280: 51-58. [18] MOUSAZADEH M, NIARAGH E K, USMAN M, et al. A critical
[9] WU H, ZHANG Q, CHEN X, et al. Effect of HRT and BDPs types on review of state-of-the-art electrocoagulation technique applied to COD-
nitrogen removal and microbial community of solid carbon source SND rich industrial wastewaters.[J]. Environmental Science and Pollution

process treating low carbon/nitrogen domestic wastewater[J]. Journal of Research International, 2021, 28(32): 43143-43172.


http://dx.doi.org/10.1016/j.scitotenv.2021.148699
http://dx.doi.org/10.1016/j.scitotenv.2021.146521
http://dx.doi.org/10.1016/j.scitotenv.2021.146521
http://dx.doi.org/10.1016/j.chemosphere.2020.126693
http://dx.doi.org/10.1016/j.scitotenv.2021.146669
http://dx.doi.org/10.1016/j.biortech.2020.123274
http://dx.doi.org/10.1016/j.biortech.2019.02.022
http://dx.doi.org/10.1016/j.jwpe.2020.101854
http://dx.doi.org/10.1016/j.jwpe.2020.101854
http://dx.doi.org/10.1016/j.chemosphere.2020.125831
http://dx.doi.org/10.1016/j.scitotenv.2018.09.173
http://dx.doi.org/10.1016/j.scitotenv.2018.09.173
http://dx.doi.org/10.1016/j.biortech.2021.125050
http://dx.doi.org/10.1007/s13762-018-1786-8
http://dx.doi.org/10.1007/s13762-018-1786-8
http://dx.doi.org/10.1016/j.chemosphere.2017.11.163
http://dx.doi.org/10.1166/jnn.2020.17522
http://dx.doi.org/10.1007/s11356-021-14631-w
http://dx.doi.org/10.1007/s11356-021-14631-w
http://dx.doi.org/10.1016/j.scitotenv.2021.148699
http://dx.doi.org/10.1016/j.scitotenv.2021.146521
http://dx.doi.org/10.1016/j.scitotenv.2021.146521
http://dx.doi.org/10.1016/j.chemosphere.2020.126693
http://dx.doi.org/10.1016/j.scitotenv.2021.146669
http://dx.doi.org/10.1016/j.biortech.2020.123274
http://dx.doi.org/10.1016/j.biortech.2019.02.022
http://dx.doi.org/10.1016/j.jwpe.2020.101854
http://dx.doi.org/10.1016/j.jwpe.2020.101854
http://dx.doi.org/10.1016/j.chemosphere.2020.125831
http://dx.doi.org/10.1016/j.scitotenv.2018.09.173
http://dx.doi.org/10.1016/j.scitotenv.2018.09.173
http://dx.doi.org/10.1016/j.biortech.2021.125050
http://dx.doi.org/10.1007/s13762-018-1786-8
http://dx.doi.org/10.1007/s13762-018-1786-8
http://dx.doi.org/10.1016/j.chemosphere.2017.11.163
http://dx.doi.org/10.1166/jnn.2020.17522
http://dx.doi.org/10.1007/s11356-021-14631-w
http://dx.doi.org/10.1007/s11356-021-14631-w

3 PPHESE: S TMBBREURM FHEE K-S RC/NA TG 157K P R AL B AR e A4 S D RERE Y50 H

1017

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]

CASTRO-MUNOZ R, GONZALEZ-MELGOZA L L, GARCIA-
DEPRAECT O. Ongoing progress on novel nanocomposite membranes
for the separation of heavy metals from contaminated water.[J].
Chemosphere, 2021, 270: 129421.

WAGH M P, NEMADE P D, SENGUPTA A. Augmentation with
ozone-assisted electrochemical degradation of distillery spent wash for
the removal of color and chemical oxygen demand[J]. International
Journal of Environmental Science and Technology, 2021, 18(3): 619-
630.

CHIAVOLA A, BONGIROLAMI S, Di FRANCESCO G. Technical-
economic comparison of chemical precipitation and ion exchange
processes for the removal of phosphorus from wastewater[J]. Water
Science and Technology:A Journal of the International Association on
Water Pollution Research, 2020, 81(7): 1329-1335.

SHARMA D, PRAJAPATI A K, CHOUDHARY R, et al. Preparation
and characterization of CuO catalyst for the thermolysis treatment of
distillery wastewater.[J].
2604-2612.

RIPOLL V, AGABO-GARCIA C, SOLERA R, et al. Modelling of the

Environmental Technology, 2018, 39(20):

anaerobic semi-continuous co-digestion of sewage sludge and wine
distillery wastewater[J]. Environmental Science-Water Research &
Technology, 2020, 6(7): 1880-1889.

DIONISI D, RASHEED A A. Maximisation of the organic load rate and
minimisation of oxygen consumption in acrobic biological wastewater
treatment processes by manipulation of the hydraulic and solids
residence time[J]. Journal of Water Process Engineering, 2018, 22: 138-
146.

ROBATI S M S, NOSRATI M, GHANATI F, et al. Increase in lipid
productivity and photosynthetic activities during distillery wastewater
decolorization by Chlorella vulgaris cultures[J]. Applied Microbiology
and Biotechnology, 2021, 105(8): 3339-3351.

AMENORFENYO D K, HUANG X H, LI'C L, et al. A review of
microalgae and other treatment methods of distillery wastewater[J].
Water and Environment Journal, 2020, 34: 988-1002.

SANCHEZ M, GONZALO O G, YANEZ S; et al. Influence of nutrients
and pH on the efficiency of vertical flow constructed wetlands treating
winery wastewater[J]. Journal of Water Process Engineering, 2021, 42:
102103.

AZIZ A R-A, ASAITHAMBI P, DAUD W M A B. Combination of
electrocoagulation with advanced oxidation processes for the treatment
of distillery industrial effluent[J]. Process Safety and Environmental
Protection, 2016, 99: 227-235.

ASAITHAMBI P, GOVINDARAJAN R, YESUF M B, et al
Investigation of direct and alternating current-electrocoagulation process
for the treatment of distillery industrial effluent: Studies on operating
parameters[J]. Journal of Environmental Chemical Engineering, 2021,
9(1): 104811.

RATNA S, RASTOGI S, KUMAR R. Current trends for distillery
wastewater management and its emerging applications for sustainable
environment[J]. Journal of Environmental Management, 2021, 290:
112544.

WO, A EE, B S50 H BCHACH-CODE RN B9 7). 4

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

471

JKHEK, 2003, 29(1): 17-20.

XUVK, AHEE, WRIEHE, 55 S5-I 1 e b B o e 8 o 24 KA R AL
HIWFFE 1] REERL2E 5HIR, 2021, 44(2): 122-130.

FANG D X, ZHAO G, XU X Y, et al. Microbial community structures
and functions of wastewater treatment systems in plateau and cold
regions[J]. Bioresource Technology, 2018, 249: 684-693.

AER, HIET, XU, A5, BT S F e S AR A 1 S2 A TR 8 e B
RIS EIE[I]. T EREERR2E, 2019, 39(10): 4387-4393.

VEALHT, 385856, 32K ER. AGIR T MBBRAL FIIC Ak 0T ik b6 AR T 15 7K
BT AL A SRS AR L] P B 2 22 4 (F AR B4 1), 2014, 45(8):
2920-2927.

CHEN S, CHENG X, ZHANG X, et al. Influence of surface
modification of polyethylene biocarriers on biofilm properties and
wastewater treatment efficiency in moving-bed biofilm reactors[J].
Water Science and Technology:A Journal of the International
Association on Water Pollution Research, 2012, 65(6): 1021-1026.
B, £, LR, 55, RRIEURHAGHBORI TS [A] TL: 2019
ef IR RRE 2 SRR RORAE 2 SR (B —)[C) dbnt: i EE
RlA2222,2019.

FENG Q, WANG Y X, WANG T M, et al. Effects of packing rates of
cubic-shaped polyurethane foam carriers on the microbial community
and the removal of organics and nitrogen in moving bed biofilm
reactors[J]. Bioresource Technology, 2012, 117: 201-207.

ZHANG X B, CHEN X, ZHANG C Q, et al. Effect of filling fraction on
the performance of sponge-based moving bed biofilm reactor[J].
Bioresource Technology, 2016, 219: 762-767.

PUZNAVA N, PAYRAUDEAU M, THORNBERG D. Simultaneous
nitrification and denitrification in biofilters with real time aeration
control[J]. Water Science and Technology:A Journal of the International
Association on Water Pollution Research, 2001, 43(1): 269-76.

ST (AR LD SMOE R ST (9], AU R AR IR X AR e 1l
1354k Tl ikt 2010: 1-389.

SCHNEIDER D, ZUHLKE D, POEHLEIN A, et al. Metagenome-
assembled genome sequences from different wastewater treatment
stages in Germany[J]. Microbiology resource announcements, 2021,
10(27): €0050421.

YAN W Z, WANG N, WEI D, et al. Bacterial community compositions
and nitrogen metabolism function in a cattle farm wastewater treatment
plant revealed by Illumina high-throughput sequencing.[J].
Environmental Science and Pollution Research International, 2021,
28(30): 40895-40907.

KIM D, NGUYEN L N, OH S. Ecological impact of the antibiotic
ciprofloxacin on microbial community of aerobic activated sludge[J].
Environmental Geochemistry and Health:Official Journal of the Society
for Environmental Geochemistry and Health, 2020, 42(6): 1531-1541.
SHU D T, HE Y L, YUE H, et al. Microbial structures and community
functions of anaerobic sludge in six full-scale wastewater treatment
plants as revealed by 454 high-throughput pyrosequencing[J].
Bioresource Technology, 2015, 186: 163-172.

ST, 4 A IR I TR B b BT K T R AK Y T A WF5E D). bt
Mz WK%, 2020.

TANIKAWA D, YAMASHITA S, KATAOKA T, et al. Non-aerated


http://dx.doi.org/10.1016/j.chemosphere.2020.129421
http://dx.doi.org/10.1007/s13762-020-02837-3
http://dx.doi.org/10.1007/s13762-020-02837-3
http://dx.doi.org/10.2166/wst.2020.023
http://dx.doi.org/10.2166/wst.2020.023
http://dx.doi.org/10.2166/wst.2020.023
http://dx.doi.org/10.1080/09593330.2017.1362476
http://dx.doi.org/10.1016/j.jwpe.2018.02.002
http://dx.doi.org/10.1007/s00253-021-11233-x
http://dx.doi.org/10.1007/s00253-021-11233-x
http://dx.doi.org/10.1111/wej.12552
http://dx.doi.org/10.1016/j.jwpe.2021.102103
http://dx.doi.org/10.1016/j.psep.2015.11.010
http://dx.doi.org/10.1016/j.psep.2015.11.010
http://dx.doi.org/10.1016/j.jenvman.2021.112544
http://dx.doi.org/10.3969/j.issn.1002-8471.2003.01.006
http://dx.doi.org/10.3969/j.issn.1002-8471.2003.01.006
http://dx.doi.org/10.1016/j.biortech.2017.10.063
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.10.043
http://dx.doi.org/10.2166/wst.2012.915
http://dx.doi.org/10.2166/wst.2012.915
http://dx.doi.org/10.1016/j.biortech.2012.04.076
http://dx.doi.org/10.1016/j.biortech.2016.08.031
http://dx.doi.org/10.2166/wst.2001.0057
http://dx.doi.org/10.2166/wst.2001.0057
http://dx.doi.org/10.1007/s11356-021-13570-w
http://dx.doi.org/10.1016/j.biortech.2015.03.072
http://dx.doi.org/10.1016/j.chemosphere.2020.129421
http://dx.doi.org/10.1007/s13762-020-02837-3
http://dx.doi.org/10.1007/s13762-020-02837-3
http://dx.doi.org/10.2166/wst.2020.023
http://dx.doi.org/10.2166/wst.2020.023
http://dx.doi.org/10.2166/wst.2020.023
http://dx.doi.org/10.1080/09593330.2017.1362476
http://dx.doi.org/10.1016/j.jwpe.2018.02.002
http://dx.doi.org/10.1007/s00253-021-11233-x
http://dx.doi.org/10.1007/s00253-021-11233-x
http://dx.doi.org/10.1111/wej.12552
http://dx.doi.org/10.1016/j.jwpe.2021.102103
http://dx.doi.org/10.1016/j.psep.2015.11.010
http://dx.doi.org/10.1016/j.psep.2015.11.010
http://dx.doi.org/10.1016/j.jenvman.2021.112544
http://dx.doi.org/10.3969/j.issn.1002-8471.2003.01.006
http://dx.doi.org/10.3969/j.issn.1002-8471.2003.01.006
http://dx.doi.org/10.1016/j.biortech.2017.10.063
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.10.043
http://dx.doi.org/10.2166/wst.2012.915
http://dx.doi.org/10.2166/wst.2012.915
http://dx.doi.org/10.1016/j.biortech.2012.04.076
http://dx.doi.org/10.1016/j.biortech.2016.08.031
http://dx.doi.org/10.2166/wst.2001.0057
http://dx.doi.org/10.2166/wst.2001.0057
http://dx.doi.org/10.1007/s11356-021-13570-w
http://dx.doi.org/10.1016/j.biortech.2015.03.072

1018 ok L B ¥ W %165

single-stage nitrogen removal using a down-flow hanging sponge reactor [51} TICE H, MAYILRAJ S, SIMS D, et al. Complete genome sequence of
as  post-treatment for nitrogen-rich ~ wastewater treatment[J]. Nakamurella multipartita type strain (Y-104T)[J]. Standards in Genomic
Chemosphere, 2019, 233: 645-651. Sciences, 2010, 2(2): 168-175.

(48] ¥, BRfim, Ak, 5. MTLANTE /> T A 252 ST R ). v K
FEREFE, 2007(05): 872-879.

(491 RESC, ShELSC, Jr 4 0, A5, S A Emi U5 1y 1 B ST A L 2
PERE[T]. BRBERL, 2021, 42(07): 3392-3399.

[50] PISHGAR R, DOMINIC J A, SHENG Z Y, et al. Denitrification

performance and microbial versatility in response to different selection and associated metabolic potential of municipal wastewater treatment

[52] HE S, DING L L, PAN'Y, et al. Nitrogen loading effects on nitrification
and denitrification with functional gene quantity/transcription analysis in
biochar packed reactors at 5 °C.[J]. Scientific reports, 2018, 8(1): 9844.

[53] TIAN L, WANG L. A meta-analysis of microbial community structures

pressures[J]. Bioresource Technology, 2019, 281: 72-83. plants in global scope[J]. Environmental Pollution, 2020, 263: 114598.
(FTAE S . W 4

Construction of a MBBR-based synergic treatment system for Baijiu pits
bottom wastewater and low C/N domestic sewage and analysis on its functional
microbes

ZHONG Xiong', Al Jia', LI Yancheng"*", LV Yang', YANG Aijiang'?, SHANG Guangxing’

1. College of Resources and Environmental Engineering, Key Laboratory of Karst Georesources and Environment, Ministry of
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Abstract In order to solve the problems faced by low C/N sewage and Baijiu pits bottom wastewater, a mobile
bed biofilm reactor (MBBR) was used to build a collaborative treatment system for the liquor pits bottom
wastewater and simulated low C/N sewage. Effect of HCLW as denitrification plus carbon source on low C/N
wastewater treatment was investigated by using modified sponge filler or fluidized bed filler. The results showed
the average removal rates of COD, ammonia nitrogen, total nitrogen and chroma by the modified sponge
packing system (A1) were 91.29%, 99.08%, 89.81% and 80.66%, respectively; and by the fluidized bed packing
system (A2) were 90.51%, 98.58%, 75.73% and 76.07%, respectively. The removal effect of the modified
sponge filler was better than that of the fluidized bed filler. Ammonia nitrogen and total nitrogen could be
effectively removed from the mixed wastewater after MBBR treatment, with a certain increase of alcohols,
sulfate and phosphate contents in the effluent. Analysis results of 16S rRNA high-throughput sequencing
technology showed that in the synergistic systems of Al and A2, the dominant nitrifying bacteria were
Nakamurella “and Nitrospira; the dominant denitrifying bacteria were Amaricoccus, Dokdonella and
Thermomonas; ‘and the dominant functional bacteria for organic matter removal were Micropruina. Function
prediction indicated that in the system Al and A2, Amino Acid Metabolism, Carbohydrate Metabolism and
Energy Metabolism were the top three metabolic pathways. Replication and Repair as well as Translation
processed major environmental information. Membrane Transport was primarily responsible for the genetic
information processing pathways. It was supposed to provide a technical support and theoretical basis for
resource utilization of high-concentration Baijiu wastewater and treatment of low C/N domestic sewage.

Keywords  high-concentration Baijiu wastewater; low C/N wastewater; moving bed biofilm reactor;

synergism; denitrification; functional microbes
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