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W OE R A RO BTG IR E I A AR Y E IR . BRI R I R AR S . A —
BRI B, B EEBURE M (5~20 g L7 XTHR (35+1).C IRAILIH L R G~ et Re . T P0G A
VBRI . JER LIRS IR, B AEEURIE M AR SN 10 gL, A Bt ™= H e nlik 283.9 mL-g (LA
VS it), HaHAHR 41.3%, GAC EZLM 5 ISR & W0 /i FA DL Rt m R i, 78 GAC i
N 10 gL' R, BT 80 d R E L AT LR b R I, FaoE M RIS T AR 7 Y B R Dy (293.943.3) mL-(g+d) " (BA
TCOD i), WK =H BEiEE R 119.4 mL-(g-d)" (LA VSSAT), 4 F,,g &5 F T4 15 A LR BRI GAC 235142
=T 29.5% #116.7%, 3+ H GAC Wit s NFRFN T IRIE M AT pH SRS iRt RS2 E g, 1L4h, GACRIET
8 VFAs %LU Syntrophomonas F1EAG SN FAE B TIREAN TR Pseudomonas 1 Desulfovibrio [NEE, LK AEN
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KEEIR) R ERK ARSI REILHIL BRSPS R L

R T B IR BRI SRR Tz —, B2 L AR TR DX PPy ) 2 SRR 5 21 6.67%10% m?,
o7 4 N P e a1 BRI, AT AR i BRSSP ERE R A URK AR, B4R 1 L i n] A
2~6 L KB, s, ZHIX 2 93.1% BT ERMEINT 1500 ta™', Horp 55.7% B9 AR IR SEH GEAL
PRI A KB, AR A=K i T AR pH. &AAUREMZ A s (EEEPE 9—11 A) 1
PR S EUE R 5 PO R T . AR Aa T BB ), HRREOL I 2o = e B . [
BF, TR BRI XI5 U= i AE 2019 AFEL AR 6.8x10% t, HA&A K MERFRINA
M. EEJRAERIARSAREA FYRY, ALE DA SR R T le o E I . (TR
DR AFARAKIRRCRAL . ™ A AR, KA BORREUL TR, HDE At i i far A T R
Ger-HGERE IR, Sk, PUPEA 2% RIPOLL 460 $ M RIS IR E I R G n] DAY — i s A A 4 AE
FEER AT, RO AL DA H AL R AP B, S e &, RIS IR SATH L R Gox A%
AR =K AR RE ) 32 2 T — A b A SO
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EAEGZFWIRIIE I BEr AR, FERTVEA BN 54 F% (direct interspecies electron transfer, DIET) f%)
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TR RN GAC, Z5HRE, I GAC B 108 T IHL RGK A =20GtE, A0
FsE A B HL AL 80K . ZHAO 259 RN GAC NI, P> 4K (104%~371%), It
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HOINEEE AR . SR, SR GAC A RESFEURHIR B, M D™= F e i vl A A
Y, HAT, F6 GAC FERE AL = R KRR A5 YR IR E AT AL H A s in e DA S — 8 ikl
HELHBA TR A R 2P

it SR AR SE IR R AR A A K SR A e RS A T AR GAC WS, 4 bt
HELETTHERE T GAC MALE RGEET THERERTSEN, T IISCE IS A IS 25 MR GAC Hg5E H
S A AEALE], AR GAC B AIEHL RS R e AT TR e S5 IR
1 57
1.1 SCIewbY

A5 R ICH T80 = P RUE B 4T B R AR TS Ve IR A AL R N o SV 4 IS B RIS e TS i
(45.9£0.1) g-L™", VS Jy (23.8+0.5) gL',

HATIS A K A TR T S A RS ) P e 1. FRl A5 e B E S iis KA ) B, 26
2 mm GBI FIERAA G B T 4 °C vKA e L. AT AE P K R 5 e AR R W3R 1 1RG
JEHY TS F VS B HEEE 500 (20.120.3) g- L' 1 (10.3£0.2) gL',

R 1 FEIBEFEKFRIR SRR R

Table 1 Physicochemical properties of winery wastewater and sewage sludge

oy TS/ vS/ TCOD/ SCoD/ BEAL JoE 2 A -
[2]8]
@l @l @L)  @L) S (mgL) (mgL™) (mgL) P
WG 7= R K 0.38 / 12.340.1 112402 806.4+7.1 1597.1£33.3 74.0 3.9+0.01
FxT51R 39.040.5  20.0£0.3  27.7+0.3 8.9+0.1 9244.0+32.8 10 064.8+83.2 1490.9+202  7.1£0.02

SEE T GACCREIR) & il praini e, WSk B T R RS LA A PR AR . HAT ik itk
W Rt e, FEsE SR AR AR 500~1 000 m*,  ERNEE TOKFUEfTE . SN R A I kL, iilfE =
400 mg-g',

1.2 SWRESET

1) LRSS . LRSI AR AT AL N 78 = 2 AR 250 mL(A AN 200 mL) (YA HLIERHBEESHER
XUFL BRI SE LT A, T i B ORE AR 0, AR D IR AR AS . R B As A
99 mL FIHIZEIBE A= R KRN 66 mL FUFIAYTS IR (RA LR 3:2), SRIGMA 35 mL AR5 IR, BJa4alin
A0, 5,10, 15, F120 gL' ) GAC, 45lfr4 A GAC-0, GAC-5. GAC-10, GAC-15, GAC-15 fil
GAC-20, HLHEE 3 MPAT, 4154, 1E (35+1) C Tizf7 35d.

2) VLTI . PIELHE TR M PR AATH AL R VAR B AR | LA 800 mL) JRAEUK I
AL, BNRALRIRIGRA 2 M0, Hbh—amFirdokl, —am el b = A A e
HRT 4 20 d, %2521 AR AER 24 h T 50 mL @it vt tiokl, SRASEHRYESERNA =, Hkt
FITFHURIE L, S 28 0 40 mL AESY), F¥F 40 mL AOBrEURYITESEA R . 9 E R4y
1SIRRINAL (A1) AT P RK SRATS RN (A2). DIEANA GAC BY#EZE L =R K S5RATTS e
THAE (A3) FVEET AL =R K AL (A4) 4 413588, 7E (35+1) °C iELEETT 80 do A1~Ad N A AL 67 fuf
PR 0.4, 042, 045, 0.3 g-(L-d) '(Lh TCOD it).

1.3 SLIFE

1) #AFEFR. TS, VS, TCOD. SCOD %4 Ft&FrR FAsAE T EmE" ;s pH RAIFEHE PHS-3C MR ;
SR (total alkalinity, TA) {H FHIR G 02 M s R 50K F TCD-UAH X (SP-3420A) 5 ;
VFAs SR FID-SAHEREY (SP-3420A) P .

M o W EES BESCHRN Y 5 ;. H T33P (iodonitrotetrazoliumchloride-electron transport system,
INT-ETS) ZJESCHRM e s SRR IESEIUANR 54 (extracellular polymeric substances, EPS) 8 [T
(protein, PN) FIZH (polysaccharide, PS), 43t ARE I A G LI E
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2) For= Ve T, =W beiE T (specific methanogenic activity, SMA) AE=L (1) 4L,

y,,, = 241000 )
350XV

s Uy WK SMA; R WA HIEEHRE, mL-(g-d) s X AHEYIEIRE, oL VobliES

FERSURAOMAREL, mL; 350 J2AEFRESME T (0 °C, 101325 Pa)lg COD AYHHEH b= H:, mL.

3) Rl Y . BORESHAT TR AL, A2, A3 W AFES 80 KAl A4 W #5H%E 38 KI5 IRFEN,
1z H el il PR AR A IR 5 T3 Hr . @ 5 1) 341F(5°-CCTAYGGGRBGCASCAG-3’) Fil
806R(5’-GGACTACNNGGGTATCTAAT-3") " # 4 1A 16S LK1 V3-V4 Bz [l 514 ArchS519F
(5-CAGCCGCCGCGGTAA-3’) Fll Arch915R(5-GTGCTCCCCCGCCAATTCCT-3") " 34 1y B 16S FE K 1)
V4~V5 B, MJS7E Tllumina 23 A Miseq PE250 -5 #E TP . f#iH] IBMSPSS25.0 Ff i #daits i
PEGMT, SR e, WEMKT R P<0.05 2R,

2 ZR58

2.1 GAC #HInEXEE IS IZRRN

220 B G i 2 SRR S B 22 e (B 1), GAC-0. GAC-5. GAC-10. GAC-15 #il
GAC-20 iy 2R H B =443 54 201.0, 244.5. 283.9. 2558 f1.216.0-mL-g '(VA VS i), H It GAC-0,
GAC MM A AR E T 2R H kg &, H GAC-10 (BB HliEim, N GAC-0M) 1415, 5
JOHNRAVINDAR % SR 25 2500, AEAEHAL RGP AN GAC oA 15 g L7 B, = HUGe AR 25 1
45%; 1BEEE GAC FHERAIHIIN, GAC-15 Fl GAC-20 F= ket faimi 5 PR, 72918 GAC-0 AY 1.3 1%

00 ~+-GAC s e GAC-0
—— - _
TS GACTo _ 2 GAcio
o Hor 7 GAC S = ——GAC-15
; —— - W 30 ——GAC-20
— L0 L
E 180 -
I E
18 =
= 120 ﬂ%
£ m IS
iy
B 60 B
04 1 1 I 0 L L L y T ks B
0 5 10 15 20 25 30 35 0 5 0 15 20 25 30 55
BT/ BT/
(a) BB =Hbinr (b) B b H &
35 5 13 500 _ — 1 60
ZZATB-PN KNTB-PS , E5ILB-PN PN/PSTR —u— TCOB: [ -e— VSEER A2 TCOIRY VS
1 /./7-\._._ 7 '/.\.\.
150
= 5| w e PN/PsLB 14 =~ — %
> [ * 120001
2 2 m]]LB-Ps7 2 ! 7 7 {140
B W = Pv:
< & = M
= 7 3z m % &
i 15 S 130
z j & 10500 H
H — m — |
gl IS B n
— — — N 420
5 = —] —
0 . 1 9000 Q N W § 10

5 10 15 0 5 10 15 20
GAC/(g - L) GAC/(g - L)
(c) EPSHkJi (d) TCOD VS %k

El1 GACMHUEEFRN~REE. HHkE. EPSRE. TCOD 1 VS ERRRAIFNT
Fig. 1 Effects of GAC addition on cumulative methane production, daily methane production, EPS concentration,, TCOD and
VS removal during co-digestion process
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LA, XATRESEH it 209 GAC WEM Tt A HUEY, WA TR &, SEO=Plis T
IZ%[H]O

5 ASRIRIITESS 10 FIERLH P~ Hbeir g (B 1(b)). Hd GAC-5, GAC-10, GAC-15 il GAC-20 4
HIAEN T 36.0, 40.0, 34.4 F132.7 mL-(g:d)", ¥ETF GAC-027.2 mL-(g:d) ") GAC-10 FY H 7= Fl ot i
R, A GAC-0 [ 1.5 f%, XATREH T GAC BUMMAMAS THRERREFCIEHa S, Jinek T fEh g
MR RE RS 5 =B BE 2L, BEE GAC $mEI 15 g L7 #8nZE 20 g L' i, HF=H e
B T REREaS, U GAC-0 i 1.3 f5F0 1.2 £%; 58 25 KAch, S4H-R et T, RENL

SEBGE RS A% AR P S 455 EPS (tightly bound EPS, TB-EPS) HIFAHIZE 475 EPS (loosely bound
EPS, LB-EPS) [ PN/PS HE A& 1(c) fian. Al ML, %0 GAC J5 9 PN/PS HAEISA g, H GAC-
10 19 PN/PS H55, #HEL GAC-0 4255 1 33.5%. PN/PS B HBI£s M5 e R Mg /K s e s aE 11, &
ZH#E i TB-EPS 1 LB-EPS 1 PN/PS (1) Lb ] 34 5 S8R 7 H o 5 it I 2 IEAH DG &R (P<0.05, r 4331 K
0.981 F11 0.882), XUtHATE GAC-10 HEyT5IREERMRERAE, Pt TIHL RS ™ bikg

& 1(d) WSS S FIACE LY (VS Fil TCOD) HIHEEE . GAC-10 R0 E, VS Hil TCOD k&
FHIL GAC-0 /3B E T 1.3 f5A1 1.5 %, SR, 24 GAC 4k&ehng] 15~20 gL' i, VS fil TCOD %k
KRR, 1 GAC-0 BY 1.2 f5H1 1.0 5, X2 GAC BRI A fedkER = VS Hil TCOD (%
bR, HHAWOFIEHWds T8 GAC nIRES IR HIRON , I s A Yy A HL i e A e a0 7
VS Fl TCOD Ry B SAH ™ H e i 5t W 28 IE A EOC AR (P<0.05, 743912k 0.926 Fi1 0.979), iX5&iE T 7F
GAC-10 T RdER T RGEH bR,
2.2 HEEEIT NSRRI AE

Kl 2(a) Ny 4 AR ARTE I SHAA TR P R GE R (RO as ek} B 5e TCOD R R ™ A= i R Ge 1A
) AR L IR EE T, BHE AR I N, A AR e i, r= e R bl > sk
Tt A AR ROK RAFR AT AR R, R A A R K Ll R, P e L T
e, B A4>A3>A2>Al,

400 - . . -
oo [ —a—Al —e— A2 0 A SYA2 ES A3 MTA4
350 | . —A—A3 —y— A4 20l g ég o N
N D P\ ; 3
Z; 300 - “A,AA AAAAAAAAAAAAAAAAAA ALLL 60 &
= 250 A eesede 0t000c000g0ceetet® & 50 7]
2 L P m
< 200 ' T 40 H
¥ : : ELS
géj 150 i i-- L] . _llll.l.........i: = 30
= 100 | 5 5 20H
£ s s
SO | \ : 10H
1 AN VRS U (P — o LN - -
0 10 20 30 40 50 60 70 80 5 15 25 45 75
BT/ BT/
(a) = ke (b) Fhe st

2 FEERTHAE R NAS R FRRR MR S BRI

Fig.2 Change in methane production rate and methane content in the reactor during semi-continuous operation

TEMBE I o, SRR P S A A PR K Y A2~A4 4T AR B~ U BEEOR BRI, A4 76568 10 KT
fae s PEHGERAEATIA 337.0 mL-(gd)™', SEHSEIET, ULRHRIANEAE oK TP A L LT R
R BE; T A2, A3 B URIEIEAINTRON, FE5R 28 KIG/RGETE (252.4+1.9) mL-(g-d) "' Al (293.9+3.3)
mL-(gd) ", HTE AL, A2, A4 3 2 YR Ve 3 14 18 e 5 4 280 G A 7 PR /K A I B 491 ) A D 1 B 2
(P<0.05), HEMIAFPEK D CBEAAAE R RGhEsr. DIET F=Hbiists, MImfEdt R be ™ ok, 52
A5 IR, GAC SINEHH AL (A3) 7= el a0y kIR (28.4 mL-(g:d)™") M F A2(13.9 mL-(g:d) ™),
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XATREZE N GAC H By FHdEn ik DIET i&42.

TEMBL R, SEYREN AR, A1, A2 il A3 HP=HESdEREEE, Bahfvh, AES 30 K, A4l
PR BRI T, IFAEER 38 Rog e b= ke, X E R i THIA0N A= oK E & Tt 2 v 5 S8
VFAs LR, Sl pH FFE, WImBER T = HEemiin A KIS, SEERSEA .

2(b) N 4 AUy e st A A b A i A b, TEIBTTRIIIES 5 K, M TFRSENHED
MARSERIERNRY), &b A B NAHRE 52.5%~59.0%; WG WAEYI R YIEEHER, B84 15 K
UG, S bES 2B mpiass, Al~Ad HZ8AaEfE 66.1% . 72.2% ., 72.7% F1 71.0%. H5Hk
RS (A2, A3) WL S BES THINLRS (A1, A4), HIEM GAC B Ib RS (A3) k& —
HE&ET A2, AN, A4 417E 38 d Jefst b= HiGe (K1 2(a)), AKEMIZI e & i
2.3 RIUEE pH #1 VFAs B9 1L

Kl 3(a) Mgkt TR AU A pH FERF RIS IEIEAL . AL, A2 1 A3 N #§1% pH 7E%E4Niz
FFEAENIREE , 2R 7.440.03 . 7.1+£0.03 F1 7.2+0.02, MJAEF7ERAATEHGE Y pH JERINEY, A4 1
1~18 d (1) pH FasEAE 7.240.02, {HEE 20 K, pH i 7.2 IR FIEE 6.9, ZJEF4E PR, 165 32 RIKE
4.8, Gk, VFAs/TA (ERHLRGREETEIRZ —. Sl h#e10 VFAs/TA {HF1 VFAs [N
& 3(b) FiRs. BAEITHANE A1, A2 Fil A3 i VEAS/TA (HEHET 0.4, FOVESEA BIFHIZEMEE ik
FEVERE. SR A4 HHIK VEAs WREAESE 21 KIFUR B3NN (133.1 mg' L"), VFAS/TA {EEWi &, 7648
25 R VFAS/TA ¥ 1, R,

8 900
v L Nt 5 T T A
800 4 1
" mgm L . ....‘ll. gon * VFAS/TA A4 < BH1.5
7 _lﬁ“wm 00830,40800 700 ;
v P
"y 5600t ) Ao -
M 2 500 Y £
T 6 A 2
= =
< 400 ;
v I~ H0.5
> 300
5+ m Al | A2
e A2 v 2000 *K4 **:4 k| Hok| Sk
ol * H
: ﬁi T Ve Yevrevvv Y ryyy 100 rgpASy A% a2 Aﬁaﬁ\é é&é 0
77 Lo . % #f
4 1 1 1 L L 1 L ] 0
0 10 20 30 40 50060 70 80 5 15 25 45 75
A THfal/d iz Tl a)/d
(a) pH (b)VFAs \VFAs/TA

3 PEETiTHER MES pH. VFAs. VFAs/TA BYEE{L
Fig.3 Change in pH, VFAs and VFAs/TA in the reactor during semi-continuous operation

HE 3y i LLAEH, Al A2 fil A3 izf7faE e H 7K VFAs ¥EE/NF 100 mg L', H A3<A2<Al,
VLW 16T Lotk VEAs BT etk , 1 GAC A Lk — 2 Ak = R b Fe o X Eb sk 3 4 S2 8 i
VFAs 0] IEBE, A GAC [/ A3 N ARIITRIARAT T TRAL R B IR ZAIKT A1 T A2, 1B GAC BB
AR IR T TR AR
2.4 L FEBRGEMAES R ST

SMA T RIHE IR AL R SE COD B G R 1946bs, hEK ™ be#= (U, CH,) FR, 1§
BRSSO R ) PR AR TS R AE BRI ) N R B K F B i . SMA T GE 25 R ILIET 4(a), AL, A2, A3 1 A4 1Y
U, -k 353, 97.7. 119.4 A1 33.8 mL-(g:d) ' A2 #HEL A1 Fil Ad S0 HHRES T 176.7% F1 189.3%, 15iW]
RIS AR = R AR A5 e T LT AL RE RS (W B s U e e . 7E A3 W, SN GAC fifi U, HE A2 HE—
AR 22.2%, XATRERFEN GAC Rl elss T I igs R E R S5H , R AR RIFFSSRE P p Hb Rl R
N, M E = G PERT= 5. 1 A4 Th SMA JEER VFAs FREZ 3],

& 4(b) A5 80 KA NI f H i F o, &A1 INT-ETS 351k, — @ g IR EH L R G
FE e R AOTEPER . A2 HEEE Fy, S A INT-ETS 3EME4 7 HE A1 AL Ad $25 25.3% . 45.9% Fl 24.3% .
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119.0%, 5 SMA I M F1 7= B b 3 A A 5% i3 (P<0.05). A Il GAC ] ffiffi i F,,, & & 1 INT-
ETS {6 A2 E—24 0 29.5% 1 16.7%, X ATREMH T GAC fEdEEUE A= et , e T
A TR, S RETEPEE— R0, 15 TONG 2524 BFoe4i 25, i A4 4l E,,, & EA
INT-ETS 1 PERAL, SORFUAEHIL RGN & A VEAs BUR, 7= B TE Az 2 T .

- 20 2.0

140 LT
120+ 7 R INT-ETS ~
o 161 & =
= 100t ; // =~ NN 115 £
Lo -
> 80 / s 121 § z
[ =) 5
& g 11.0 :
= 60f = ol )
55 40 gﬁj 8 7 %
S i z 3 & 105 &
20t 72 _ 7 i 2

0 7 U .

BRE Al A2 A3 A4 Al A2 A3 A4
(a) oj=HBerh (b) FFE

4 HEERGEAESEE ST

Fig. 4 Analysis of specific methanogenic activity and enzyme activity

2.5 WEVEHES

4 21 5 #  DR 0TS e A A R IE S5 R AL BN B S, b AL A2 A3 RS 80 K, A4 R
38 Ko [ 5(a) MK 5(b) FTLAE HH, JRVIZERIXS N g PR 450 250 . I 5(a) AL, A1 R
Pt B4l H %~ Firmicutes(24.7%) FIl Bacteroidetes(20.5%); A2 Fll A3 1 {f; # 41l 1 “& Bacteroidetes

100 [ Others 100 Others
[ Verrucomicrobiota Unclassified
. Syntrophorhabdus
80 | [ Synergistota 80 F Syntrophomonas
[ Spirochaetota ioehzgegia
. sychrobacter
< [ Proteobacteria < Pseudomonas
60 [ Patescibacteria S 60 Proteocatella
et [ Firmicutes ) Peptoclostridium
B T Longilinea
2 a0l [ Desulfobacterota T a0t Levilinea
= m ; = Desulfovibrio
— Chloroflexi o
= O . = Desulfobulbus
Bacteroidota Clostridium sensu stricto 12
20 [ Actinobacteriota 20 — gundidatus Cloacimonas
. : naerovorax
— [ Acidobacteriota ‘Acinetobacter
= | Acidocella
0 0
Al A2 A3 A4 A2 A3 A4
S A SUNiAs
(a) AE 1KY (b) £ B & K-
100 [ Others 100 1 Others
Unclassified
[ Halobacterota Methanosaeta
L E h o Methanomassiliicoccus
80 B Euryarchacota 80 Methanobacterium
[ Crenarchacota Candidatus Meth hylicus
< G s 60 Candid. Mothanofastidi
— I < -
i iy
# H#
= 40} E‘ 40
= =
20 20}
0 0
Al A2 A3 A4 Al A2 A3 A4
SR e
(e) WHIIAKF (d) W E AT

El5 HEFEEEEE IFRK TR ER

Fig. 5 Relative abundances of bacterial and archaea communities at phyla and genus levels
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(20.1%~23.0%) . Chloroflexi(12.7%~13.0%) F1 Desulfobacterota(12.4%~12.7%); A4 HUEHANE A Firmicutes
(31.3%)., IR Z T, Chloroflexi #1 Desulfobacterota %)= B i Tt .

MR BV B @ K40 (K 5(b)) AT AR H, AL Y EZAL A Psychrobacter . Proteocatella F1
Peptoclostridium; A2 Fl A3 B E N Pseudomonas F1 Syntrophomonas; A4 FHILIEE R Acidocella F
Clostridium sensu stricto 12, FJHALIKZR Y, Syntrophomonas . Longilinea. Pseudomonas Fi Desulfovibrio
B R TL & o Syntrophomonas A€ VEAs B CTRIRE TS, 25 VFAs B A 2%,
Pseudomonas J&THIGHEANR, TTLFEL VEAs FFIIEHE 4850, Desulfovibrio J& T LIEE M, REER
WL IE CWEAE N B Z Rl K AL 54, Pseudomonas 1 Desulfovibrio ¥4 J& T+ EL 75 il 4 M % 26 BE 11 19
Fe(Ill) i85, A2 DIET " HIba@ie™, EREsg s th Tz A oK i C B e A A ferh
B A RE B AZ R4S T RUZEM A, RIBR A W TSR . SN GAC(A3) #F— D4 X S e 1y 152
ZHANG %57 P imad s &, GAC REDWALEA S B4 M S, M TR
o X—EERGIERIRTFIRIEEHATEON GAC MBI,

5(c)~(d) Sl B AET T FIE AT ERRE 454 o TTKF b 4 2SI 4% 1Y oy B v 4 A 2R L
Euryarchaeota F1 Crenarchaeota J& (548X 3, FIXTFEEE R 94%~96% .

TEEAFL, 4 DR AHIE N Methanobacterium Fl Candidatus Methanofastidiosum . BEJE
W R AT A R K LB R R, R R e T TR Candlidatus Methanofastidiosum 1) =5 FE i 2 A%
(P<0.05), REFR“HELEN TR Methanobacterium FFEREHTNN (P<0.05), XIS 250 H biisk
BAEEEW, A, HE 5(d) /TLUE I GAC #2340 Methanobacterium FFE, X Al S A
GAC nJ3l i YA (Pseudomonas Fl Desulfovibrio) M5 F75 r= H i i 1 Methanobacteria 22 |77~/
LI,

3 g

1) GAC TERAAE 7 K AR AR5 e AL R ge b HUbe 7 AR B B R . Y GAC il 10
gLy, FRBUHHGEE A H P e s A B R = L, 4000 283.9 mL-g (LA VS i) 1 40.0 mL-(g'd) ',
FHECRASIN GAC #5114 7570 1.5 4.

2) TEHHAL RGN GAC, AR pH K- SRS ER AN T FRIEA% . FR R Wia] F i e R
PG F,,, S, TR T SMA 1EMESARIE K (119.4 mL-(g-d) ).
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Effect of granular activated carbon on enhanced anaerobic co-digestion of
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Abstract The anaerobic co-digestion of winery wastewater and sewage sludge has the advantages of balancing
substrate nutrition, alleviating toxin inhibition and increasing microbial diversity. In order to further improve the
methane production efficiency, the effects of granular activated carbon (5~20 g-L™) on methane production
performance, microbial activity and microbial community structure in mesophilic (35+1) °C anaerobic co-
digestion system were investigated. The results of batch experiments showed that the optimal GAC dosage was
10 g-L™', and the corresponding cumulative methane production could reach 283.9 mL-g'(based on VS), which
was 41.3% higher than that of the blank group. GAC addition mainly increased the cumulative methane
production by stimulating the secretion of extracellular polymeric substance and degradation of organic matter.
In the semi-continuous operation experiment at GAC. dosage of 10 gL' for 80 d, the co-digestion
methanogenesis rate was (293.9+3.3) mL-(g-d)"' (based on TCOD) during the stable period, and the maximum
specific methanogenic activity was 119.4 mL-(g-d)"' (based on VSS). The content of coenzyme F,,, and electron
transport activity increased by 29.5% and 16.7%, respectively, compared with the group without GAC addition,
and GAC addition could improve the stability of the system by accelerating the degradation of propionic acid
and butyric acid and adjusting pH. In addition, GAC addition promoted the abundance of Syntrophomonas,
Pseudomonas and Desulfovibrio, which.are syntrophic VFAs oxidizing bacteria and extracellular electron
transfer bacteria, and Methanobacterium,  which can be used as an electron acceptor to participate in direct
interspecies electron transfer, thereby enhancing the interspecies electron transfer between bacteria and
methanogens, and improving the metabolic rate of organic matter. In summary, the addition of GAC can
effectively improve the co-digestion performance of winery wastewater and sewage sludge, and improve the
treatment efficiency of the entire digestive system.

Keywords winery wastewater; . sewage sludge; anaerobic co-digestion; granular activated carbon;
interspecies electron transfer
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