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BATHEE R RS, 455 %W . 7E35°C. HRT H20h, AN 4h BiZ1F T T, 24 OLR K 1.2~9.6 g«(L-d)"!
i, AnSBBR ¥ iiF 7k COD {E 1% T 200 mg-L™", 4 OLR iy 5.4 g-(L-d)"' Bf, iZ47PEfEdiE, COD EBE N
(97.2+0.5)%, FBEF=% K (349.9£7.6) mL-g'; 5 OLR H'1.2 g(L-d)" AL, OLR 4 9.6 g-(L-d)" B 7= F Jog 18 SR 4R i)
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OLR Jy 5.4 g-(L-d) "B, 7= F Lepfl 24 M @ BLAE 1T RE K LB IRFEE R K, 4590 26.7% Fl 26.3%; 4
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B AL FE B s, A E R IR 28 A o8 IR A ke dtE, M4 & Thi b e 0B, HAr,
AnSBBR L 5 9 40 B M G b wh s 58 0 © 7EAE W ST L H IR ™ R 4 T hn T AF 22 Bk K A A 3L
FE AR DAUE S, (X 7 26 0 A 7 IR K Ak B 7 gy TS A BB S B

WE, BALKA YL (OLR) S AT RN a7 RE, E 74784 ;i OLR B A
B TFAEIFN, B2 SBERGEmRA . B0EE % D525 OLR #8% AnSBBR Ab 38 i) 25 W5 £ 7 I 7K B
RE7KZ M K OLR L E 2 . Hul, RN #87E AN [A] OLR T Ab 38 4 25 10 A= 7= B K i iFox 2 22
J& OLR X AL PERERI SZ M o SR, (2B W% SRR AR AL B5UR 85 OLR T BN s 17 2% MUY it ]
IR TR R TP RS R A0 L, A BB AFRSIY OLR 22 Ab X 5 i 465 F 1 52 )

AW 58 K Al AnSBBR Ab AR 400 48 26 14 25 77 27K, 38 43 W5 AnSBBR 45 OLR 32 17 # [a] 4 7K 7K
. F e R P R e 0 A R PE RS AnSBBR A A 2 T Ak 7R R K A PERE R e a0 R R
W AR ZR T B 0 45 0 T R LA R AT AR AT, B 8 AnSBBR Ab B 75 T A R K 1) e B T O AR A
B 78 A #ES) AnSBBR Y T RE AL IR HEAR 5
1 MRS
1.1 EMSIR K

SIS T FH A= RS ORI P T D 1A P 2 i AR DU s kT e i, AR W IR A Y K3 DR (B AR
25mm, LRI 500 m?m™), HERL FFEREE A 2507.6 mgm 2, K e P AEWIIETE RN 35%.,
4L{EYETEIE (5677.5 mg- L) F T HEME . F 7K HI S5 B 5 T /K 7 BE L W), #1457 COD 2 (220 450+
2100) mg-L™', S#EHR (26.11.3) mg' L', BE A 479:37) mg' L', LA (1409.6£13.8) mg'L', £
WA (2 524.84+65.37) mg-L™', HHFE N (17 899.47£203.31) mg-L™', pH K 3.99+0.2, HANHKER & fh1E
Tl #EsKk pH Ny 7.3~7.5,

12 LWEES5EIT

S FIF ) AnSBBR A AU AT R 10 L, 9270 mm=360 mm, % 0% 50 52 (8] 8k FE K . e e 4k
PR BE A (35+1) °C, HF H AR PR 1T g BE 45 i 2% (PLC) #8481, 7= AR 9T A AR AR R
it

AnSBBR iz 17 F24r M WL 3l o s Ak Ads e 3 A Be, SEE ] K COD. 7K J7 45 B3 i i)
FA LG A DL 3 10 B2 2 >R BUIR A or )i 31
H i COD W (1£0.1)'g L', i i 4i % HRT i %1 AnSBBREZ{TSH
WL T L S o A W B A S . 4 Table 1 Operation parameters of AnSBBR
HRJG B MEK T HEMER | A MR e MY COD MRSt AR
HE (GB 5084-2021) 1 54 45 Wy % COD H i 19 32 e L G

N s ik 1~25 1.0 40 8 0.6
3k (COD<200 mg-L") o 50 Ak B B, AR ik
E 26~3 1.0 20 4 1.2
BEZERRA % )ik 407} OLR. fLAIERE '
» — 2 I N N . LiH 38~172 1.0~8.0 20 4 1.2~9.6
B BER 2 47 0 4 h (B0 35 57K 5 min, S i ‘
o 173~238 8.0~8.5 20 4 9.6~10.2

230 min, 7K 5min) , #EKEH K 2L,
1.3 7= B 25K

77 R B R R A8 VP4 IR 80TS0 7 B Be v T, 4 ilAE 3 R ffer (1.2, 540 9.6 g (L-d)"))
MG e AT o A YISO H PBSYEVE 3 WRJE, INA 250 mL RS, FEIA 150 mL & 3%
W o AW S min DUHEH R A 233, B R EOMRE T 35 CKIRFEIR, JHHEK 2050 & B ke, Il
2 mol-L™ NaOH % ¥, "Wt H,S il CO,. #c )i F Fl Gompertz # %I J5 A2 U1 % 7= B fg 3o AR 1847400 & 43
Br, BRI R LA (1),
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K. Pyt Z BB P LR, mLg (U TSiH); P, Wi K B2 &, mL-g'(BL TS it);
R, HEKH B, mL-(g'h) (UL TS i1); e=2.718 3; A K faiismtfal, h.
14 SWIMEKRGE

1) BALFE AR 50 AT o R FH S A& (DRB-200) 1 f# 4 ff: COD; R FH 5 #4 PHS-3C I % pH; R Hi
XA R T (LMF-1) THEE A RST80T TS, VS AT 2 e S0 3 (TA). #5
BB (PA), pH i 2 i o3l 3.8 M1 5.75, PR S R0 (BA) i 1.2PAM ;R H FID-UAH €83 {Y (SP-
3420A) I 5E VFAs; 1 TCD-AH (5,35 4% (SP-3420A) W 5 V8 S 4 43 5 5 B LI 451 (10 BB v 42 MUY
HNR G W (EPS) I 43 51l FH 2% 1 4 192 32 AR AR MR 193 75 D 52 22 0 (PS) R 11 0T (PN); 2 JEGRK BH A0 1 O
I E G P MR 208 ZHAO 51 (7 35 I 58 INT-ETS; 2 IR 2= ) DOV Oy vl 2 A= ) B i

2) B IE IR . B R N s 3 B A7 fT (OLR M 1.2 5.4 F19.6 g-(L-d)™") BRI IS5 I, i3
e A R I R AR K A A R I S A R AT A M o AR AT T G barcode RS ME S # 515FmodF
(5'-GTGYCAGCMGCCGCGGTAA-3") Fl 806RmodR(5/-GGACTACNVGGGTWTCTAAT-3"), 4t
X4 B 16S rRNA 3 K 3£ 47 PCR ¥ 14 I ) ] 1llumina 23 %] (1) Miseq PE300 “F- & #4710 7% . {8 /] IBM
SPSS25.0 JR A4 X R i A7 W E b, RA e RS, MK P<0.05 2R B .

2 FERESR

2.1 AnSBBR BT R 9

1) AnSBBR Wiz 17 HEME . RV AR ELLIBITROCR LK 1, RNi#e 48 37 d Y3 5% )5, COD £
B (52.2417.4)% 5 & (75+12.2)%, Hi7K COD [ %2 (171+30) mg-L™, i & T 4% H ¥E Bt br fE (GB
5084-2021) HE4EYIXT COD (HNESK , #% AnSBBR S8y, #RALIEITRME (OLR 4 1.2~9.6 g-(L-d) ™),
COD £ & % (Kl 1(a)) H1 81.6% 34 & 97.7%, H 7”& (K 1(b)) 1 0.37 L-(L-d)"' 3§ & 4.6 L-(L-d) ',
pH 7£ 6.8~7.8 1, TVFA } 66~193 mg-L™", &6 & &y 780~1 520 mg-L™'; %2 & i5 17 B Bt (OLR Ky
9.6~10.2 g'(L-d)"), X4 OLR N 10.2 g-(L:d)"' i}, H/K COD Kk, k%] 675 mg' L', COD LBxFHEE
94.9%, W ir= K[ % (3324+28.7) mL-g', TVFA 4 532mgL"'. Bfif5 OLR P& % 9.6 g«(L-d)", &1T
16dJ5, RN A&7 SEEHWE ESR . "TUE L, AnSBBR 4hH OLR 4 1.2~9.6 g-(L-d)' )
2 A 7 K B O S A A B RE

2) OLR X} AnSBBR 14 B8 S F& e PR 52 M o A3 ML I i S HA ot ™= B 2 TP IR 480 I 4 T AL 380%
(LG AR, OLR X RO # M fE R R M i 2 ULIEl 2, OLR it 2.4 g-(L-d)' J5, COD ZBR*%
Y 35 75 5 B K P (396%)(K] 2(a)). 24 OLR g 1.2~5.4 g (L-d)* i, H %% # Fifi OLR F4 £ T} 1M 34
Jin, OLR M 5.4.g (Led)™" J5 H 6 7 % B OLR (W42 FH 18 2> . 24 OLR 24 5.4 g-(L-d) ™" B, Hl ke /=%
WK, 83 (349.947.6) mL-g' . XFHRREM B RTE S5 R, nTLAAE W, HHIKE 5 I RN 475 COD
LR TN 7= Ry R A s, 5 AR AU N g X, FTLAE ., AnSBBR 7E 7K
COD Fil Hle 7= 28 77 T 31 HL AL B4 (3= 2)

R G ZE PR 1 = VP A SN R 38 17 e e R Y SR b, AR Ab 32 0 Ak ik B P BB R VFAS 19
MW, 4 OLR 4 102 g«(L-d) ' i, pHFEZE 7.0 IR, {HEFE B sh#/N (B 1(c)), TVFA/TA<0.4
(1 2(b))o 3 J2 PR Ay Ml T2 220 2 Bl B 4 VS . A R HE R MR W RR O, (RS & AN RESR LS vb, AT
PR pH FEARAE 68 B A8 A /N BB LU, X TR, TVFA/TA JC 32 i 26 /8 AR 22 28 wh RE 1 i A8 AR 1% i
i /5] A TVFA/BA., B , fE% OLR T, TVFA/BA<04 1, R4 TR ERE!, 4 OLR N
1.2~9.6 g-(L-d)™") i}, FLAEARTF 0.4, MRS EE S R4F (K 2(b)); 24 OLR 4 10.2 g«(L-d)) i, Lk

Rmax -€
P, =P -exp {—exp [P— A-n+1

max
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Fig. 1

Performance of AnSBBR under continuous operation conditions

B 39 % (0.81%0.13), S I ¢ FR Ak XUBS: 384 o ML BT, & R 3% % (366.18+27.79) mg'L™', N H
(51:63+10.35) mg-L™', T 2N (30.44+6.52) mg-L ™' (Kl 2(d)), H.I&Z  VFAs 5 B H 4k 28 5 i #a 3,
U VA8 TGRS N OLR 4 10.2 g-(L-d) ' iyis 17 4544
2.2 EYIRERFNE

D) AW . BCE YR A B A O 7 O} 3R 10 SR AR 0 s A= W R, 38 2 B % TR Rk AR e
AR, OLR X AW R WK 3. 58MisJeMLItt, M OLR A 1.2 g(L-d) ) i, YR
1802.8 mg'm™?, /DT 28.0%(1& 3(a)), XS5 A A W T 1k 3 N BT A B B BB T i T o A
OLR M 12 g(L-d) ' ¥aE 9.6 g(L-d)" J5, AEWEEMH 18028 mgm> % 7108.8 mgm >, X AT
25 TR TR E LY G0 A YA R, 38 B ek T A e WA A - B4, R T
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Fig. 2 Effect of OLR on the performance and stability of AnSBBR
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Table 2 Comparison of reactor performance under the mesophilic condition between this study and many other studies

SNSRI K F A5 R s )/ MG /(g (L-d)™) CODZ: R /% H7KCOD /(gL =%/ (mL-g ") i

UASB 14~30 5.1~10.12 80~90 0.26~0.52 — [3]
AnSBR 52.8 8.6 98 0.21 — [4]
AnMBR 58~110 0.6~3.4 9499 0.07~0.25 270~340 [17]

AnMBBR 108 1~42 80~92 1.24~4.97 250~320 [18]
AnSBBR 20 1.2~9.6 82~97 0.09~0.2 234~349 AHEFE
e ) A

0 it F 0 A2 7 R BE TRRE A 0 — I L 7 FL P 3K . REYNOLDS %510y, i F o, B 2UE 57
U= BB DE o b, LR B AT S B e TR A B BT BBV PR o INT-ETS 16 M 48 U 9 i i 1%
R R IR AR W B N S F L, VR BE I INT-ETS 3 14 B 67 far 09 32 7 1 35 (81 3(b)),
FEOLR M\ 1.2 g-(L-d)" 34 % 5.4 g-(L-d)"' W], %G F,,, W BEFN INT-ETS 3G MG I A 2, 43 501 3
T 115.2% F1102.9%.

K4 JZ e T OLR X 7= H ke il SR A 5200 . FH Gompertz 58 4 45 SR gE AT 1004, S5SR L% 3. 4
X REE B IR K SRl YR X AR B RE AN, e 7 e A e 40 0 Ok 19.16 mL-g ! 1 2.83
mL-(g-h)". YAk 5 B ke P O, A # 67.95 mL-g!, 7 H G R 4 34.44 mL-(gh) ', Y
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(a) EEBE DR (b) HARE, e0 FINT-ETSTE 1

B3 OLRXEREVE, HEEF,, A INT-ETS JE 89T
Fig. 3 Effect of OLR on biofilm biomass, F,,,.and INT-ETS activity

OLR 4 9.6 g-(L-d) " B}, F=H EE# R K, N 180

59.36 mL-(g'h)™", FRitH B~k ] 1 172.68 150 F

mL-g”. AR H, 0 5 ko %

OLR (& F+mi4 %, 7 OLR M 1.2 g-(L-d)" 3% fe,m' —o—HETE

354 g (Ldy AL, 7 R Eooof o (L@ )

B, R 4 B T 68.0% = ol

i1 125.8%. %o DA
MAESKRE, YR BB P, W

INT-ETS §& 14 Fl 7 1 J5 3% B OLR 1 4271 5 % 1 2 3 4 5 6 7 8 09

I ) /h

El 4 OLR X /=B f53E 3 40 720
Fig.4 Effect of OLR on methane production rate

PSR FE B2 B9 30, (2 48 OLR T, 4%
IR g, XU, B4R TE OLR Y
12 A7 HE s Al A2 R AH S Th BE T I R A, ORIk

# 3 A[E OLR T Gompertz 88 = Rl & ¢
Table3 Results of Gompertz methane production under different OLRs

B A el S5 I3 1) R % {FL pl 7 R R X OLR 138 07 3 B AE 7R 22 5, 3 i 1Y OLRK 43 7

AL/ B H e et/ R Bt 5/ 4 FHR S/
(g/(L-d)™ (mL-g™) (mL-(g'h)™) (mL-g™)
FeFP 5 le 26.54+6.19 2.83+0.32 0.99 19.16+5.46
12 65.47+1.42 34.44+5.35 0.98 67.95+0.17
5.4 147.96+3.78 57.10+8.02 0.98 153.43+2.80
9.6 167.34+4.88 59.36+8.74 0.98 172.68+0.87
9.6" 138.96+4.00 58.31£9.90 0.97 143.58+1.04

TE: VAT

H o B A R AR = A i U, S 3805 22 OLR 4 T3k 72 f 26 40 RS 2 1) 418 a0 R 11 55
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Slime-PN Slime-PS ES LB-PN

2) EPS H¢tk . WA R PN REGY wl ]
LMY 5K MAEY S MY Z 6 MMLB-PS ETB-PN EEATB-PS 4 Slime-PN/PS
BEBH A0 OB, ok 0 LA . T A %0 [ ¢ LB-DNPS fi o TB-PNPS i
R Y 0| 7 A S A Ei s A DI 2 ) A
EPS 75 [1] 25 14 £ 35 %5 ff 2% EPS(Slime-EPS)., #4
7 EPS(LB-EPS) Fl ¥ % % EPS(TB-EPS). Yl
1k % 2 5 1Y Slime-EPS I TB-EPS ¥ J¥ A % T
A5 Je B B B8N, Slime-PN A1 Slime-PS ¥
FEAY SRR T 291.0%F1 103.0%, TB-PN F1 TB-
PS ¥ A3 AR B T 58.5% A1 75.1%(18 5). 24
JRA B A B DR G 72 3 O B 85 A T I R I B
W B AE A P RS SR TRT L DA fif EPS H AM 2 Y

PN/PS

EPSJii /3 £/(mg - g7')

Slime-EPS ¥ J& W\ 8 il . TB-EPS J2& 5 4l Jitd 5% 5_OLR X EPS REHSHRHEEARM
WEGRREY, RN R SR, TB- EL IR
EPS ¥ B B 30, A F T 19028 B 8% 42 0K Y B Fig. 5. Effect of OLR on protein and polysaccharide

concentrations-in S-EPS, LB-EPS, and TB-EPS

B 2R 4 L K A A5 3R A 1k 45 ) 25 0 ) E Y 52
R RIS, RPN FE I FE EPS 21 W R RO B E SR W AS OLR 2 5.4 g-(L-d) ' I} EPS ¥ i
B A o

EPS fA7E TI5 e R, HIEE kA st - ATy T8 5 52 B 52 i Y, 45 2 EPSH PN/PS Lt
(B Bt 67 Aor R 3R TFH RT3, 24 OLRM 9.6 g-(L-d) ' A, Slime-PN/PS., LB-PN/PS #il TB-PN/PS Lt {8 43 il
BB T 3.54, 2.56 F13.28. PN AT BKIE, TEZHARTH G HIA), %00 B9 PN/PS FE AR AT LAY 25 (R
WG ARRE . EHRES, 45)2 EPS P PN/PS B HLMEAS /N, 40510k 1,69, 1.79 #13.13, PN Al
PS #5717 Al S 0 H ff Bk A, 28 B A b 0, kSR i = VEA VR B T BE T 20RY AR e A
EPS ZH 73t PN/PS LU AR S /N 0] DA R4 08 /0 5% B A 1) 1) e i HIE e 3, DTS A 0 B B 5 55, LA
Xt BT B I5E 0 A  FE A 2R A S )
2.3 REEVIRBEESM

D) NIKPRER AR . TR BB A g R A 6 s . &YMLE, R3HTE FH X 3 >7%)
M Desulfobacterota (21.1%). Proteobacteria (17.1%). Chloroflexi (13.7%). Bacteroidota (11.8%) Fll
Firmicutes (10.3%) {i# % A Bacteroidota (22.4%) .
Chloroflexi (19.5%). Halobacterota (11.8%),
Euryarchaeota (11.7%) #1 Proteobacteria (7.4%), 80
3X 3% B R 2R 0T 20 03 i 25 5 il A ) A R
Z5H) ., fEOLRM 1.2 g/(L-d) ' 14 % 9.6 g-(L-d)"!
W), fE#FE Proteobacteria (P>0.05). Desul-
fobacterota (P<0.05) 1 Spirochaetota (P<0.05) F
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Fig. 7 Community structures of biofilm at genus level under different OLRs (relative abundance>1%)
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Performance on treating winery wastewater by AnSBBR and analysis of the
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ZHENG Lanxiang'?, WANG Ze’, MA Zhixuan®, LIU Yexing’, LI Gong', CHANG Jie*, YU Lifang™’

1. College of Ecology and Environment, Ningxia University, Yinchuan 750021, China; 2. China Wine Industry Technology
Institute, Yinchuan 750021, China; 3. School of Municipal and Environmental Engineering, Xi'an University of Architecture and
Technology, Xi'an 710055, China; 4. School of Geographical Science and Planning, Ningxia University, Yinchuan 750021,
China

*Corresponding author, E-mail: yulifang@xauat.edu.cn

Abstract In order to explore the feasibility of treating winery wastewater by anaerobic sequencing biofilm
batch reactor (AnSBBR), a laboratory-scale AnSBBR was used to pretreat the simulated winery wastewater. The
organic loading rate was achieved by the gradual increase of the influent concentration, and its operational
characteristics and microbial community composition at different loading rates were studied. The results showed
that at 35 °C, HRT of 20 h /and operation period of 4 h, the effluent COD of AnSBBR was lower than 200
mg-L ! when the OLR was 1.2~9.6 g-(Ld)"'. When the OLR was 5.4 g:(L-d)"', the COD removal rate was
97.240.5%, the methane yield was 349.9+7.6 mL-g'. Compared with the OLR of 1.2 g-(L-d)", the
methanogenic rate increased by 69.3%, the biofilm biomass increased by 294.3%, the content of coenzyme F420
increased by 190.8%, and the activity of INT-ETS increased by 88.4% at the OLR of 9.6 g-(L-d)"". When the
OLR reached 10.2 g-(L-d)"', the volatile fatty acids (VFA) concentration in AnSBBR continued to increase, the
propionic acid- and butyric -acid gradually accumulated, and the buffer capacity significantly decreased,
indicating that the AnSBBR system could note adopt the OLR of 10.2 g-(L-d) '. Illumina Miseq sequencing
showed that the dominant bacteria were Desulfovibrio, Brevinema, Treponema, Longilinea, Paludibacter, and
Leptolinea,  the - dominant archaea were Methanobacterium, Methanobrevibacter, Methanosaeta, and
Methanosarcina. The relative abundances of Desulfovibrio(12.4%)and Methanobacterium(17.1%) were the
largest because the microbial community structure was affected by the characteristics of the influent matrix.
When the OLR was 5.4 g-(L-d) ", the diversity of archaea was higher, and the abundances were the largest at the
level of phylum and genus with 26.7% and 26.3%, respectively. At the OLR of 9.6 g-(L-d)™', the relative
abundance of methanobacterium and methanosarcina were reduced and specific archaea (Methanobrevibacter)
was cultivated to adapt to the environment. The results found that the operation strategy of increasing OLR step
by step promotes proliferation and metabolic activity of the biofilm system. And the maximum and optimal
organic loading rate of AnSBBR for the treatment of winery wastewater were determined in this study, then
promoted the engineering application of AnSBBR.

Keywords winery wastewater; anaerobic sequencing biofilm batch reactor; organic loading rate;

extracellular polymeric substances; microbial community
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