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WG (7 DR 40T Ak T 25 10 75 S0 FH 2R B 3 35 TR E AT 904k, DATAT AR LIk A . AR SO 58 T PRSI IR S 1 7 A A 7 2
T3 458 2 0 Ak B 5 P 25 1R K B A6 275 05 (COD) | pH. KB MBS & R A2 AL IE L. 12 T Hlumina (=38 1 057 & 20
T TER T TR YR A RO A R, O SO 5 5 BRI AL (GC-MS) Al R BSO8R 3T (HPLC ) X 24 I R A B8 fie 7 00 4
AT T A BT S5 AL B, 1 A B AE Do v — KR TR AT 58 1 B E K % pH 7E 5.0 ~ 6.8 Z [RIE 3. 2k
A B 5 %R 2 K pH A B LT F. 25 90% #9 COD IR B 75 A 14~ B 42 N A, (HR 26BR 22 9 COD IR 2 fR-454E 100 mg- L™
A, DR A5 26t K T B A I i 0 B (P 2 W AR T A Ay 4 7R Rl TR B 4 R ol TR Y o AR 2 R PR R R T
FH B —JEKBR TR 2R 0 A S 204 B TR DL B B Bl Streptococcaceae Rl Enterobacteriaceae # Syntrophaceae B ; 1 H fE
TE I 34 Bl Methanobacteriaceae W Woesearchaeales BURX,. TUA 4 HT B, HTH Syntrophaceae B} FI i B Woesearchaeales
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Microbial community succession characteristics in an anaerobic baffled reactor during

phenol gradient acclimation

LI Yuan™, YU Chunmei, CANG Dagiang

School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China

PCorresponding author, E-mail: liyuan_eco@ustb.edu.cn

ABSTRACT Anaerobic digestion (AD) is extensively used for treating both industrial and municipal wastewater owing to its cost-
efficiency and eco-friendly nature. However, phenol in polluted effluents can destabilize AD performance. To increase phenol tolerance
to AD microbial communities, stepwise acclimatization is commonly employed. This method also aids in selecting microorganisms well-
suited for phenol degradation. In this study, anaerobic sludge acclimatization was conducted using a four-chamber anaerobic baffled
reactor (ABR). Initially, the reactor was fed with glucose as the sole carbon source. Phenol levels in the influent increased stepwise from
100 to 300 mg-L™". In the final experimental phase, the reactor processed wastewater containing 780 mg-L™" of phenol as the sole
substrate, without glucose. We analyzed hydrogen partial pressure, pH, chemical oxygen demand (COD), and phenol concentration to

examine changes in reactor performance. The Microbial community dynamics were investigated using Illumina high-throughput
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sequencing technology. Phenol degradation intermediates were performed using gas chromatography/mass spectrometry (GC-MS), with
their quantities measured by high-performance liquid chromatography. The results showed a decrease in hydrogen partial pressure from
5 to 20 Pa in the ABR from Chamber 1 to Chamber 4. The pH levels in the first chamber fluctuated from 5.0 to 6.8 with glucose alone
and increased with phenol addition. Nearly 90% of COD and phenol were degraded in the initial two chambers. However, COD levels
remained at 100 mg-L™" in the last two chambers, suggesting the presence of nondegradable components in the effluent. o-diversity
analysis indicated Shannon, Simpson, and Chaol indices for bacterial and archaeal communities with glucose and phenol as carbon
sources in the feed. Acclimatization significantly altered the microbial community structure, shifting dominant families from
Streptococcaceae and Enterobacteriaceae to Syntrophaceae, and archaeal families from Methanobacteriaceae to Woesearchaeales.
Redundancy analysis (RDA)linked Syntrophaceae and Woesearchaeales to phenol degradation and acetotrophic processes, respectively.
GC-MS analysis revealed propionic acid as the only effluent component. The randomized methyl-malonyl-CoA pathway and the C-6-
dismutation pathway are two known routes for propionate degradation. However, the AG' values for these reactions were consistently
greater than —20 kJ-mol ', indicating that propionate degradation did not occur under the experimental conditions. From a
thermodynamic point of view, high hydrogen partial pressure levels in the reactor affected the propionate degradation process and also
inhibited sludge bioactivity. Syntrophobacter and Smithella are responsible for degrading propionate. The relative abundance of these
two families slowly increased from 0.35% to 6.9% in the ABR from Chamber 1 to Chamber 4. These findings account for the inadequate
efficiency of COD removal observed in the effluent.

KEY WORDS phenol wastewater; anaerobic baffled reactor; microbial community succession; gradient acclimation; anaerobic

degradation

R AL B A Rl A T AR TR
TR FE A WL G, R A B e in R A
PR K R H i HE AT 3K 6091, R By HLAT v A R Y
T2z BE 1k, REWE 51 AR W M AR 1 JB A28 M R R 2%
A R AR HE O B 52 7K 23 6 A2 38 R Ge R N S fi B
T ™ EE A .

A Wk R — Pl A Ry 3l Y L 28 A R Ak B
B KRR Tk R R A A W A B B
bregtk b e 0 . AL R FERED L B AT A
AARAEOL i, PR B Ry B 02 K Ak B ot
S —1E T 207 HET M2 55 IR A 5%
91T 4 1y % fidk 2 0L 1 A TR 22 00 AT TE IR AR AT T T
(Desulfobacterota). % W& '] 1 W) H. 8 W B (Syntrop-
haceae). HEFFHEFF (Syntrophobacteracea) Fl Smith-
ellaceae 7 5 #& & 7™ W ot A1 A= B 0T LA B8 A
IRy I 7 A e R D R RN AR, AR — AR
AR 5 38 A R A R R R I B Ak S R
PR, B 5 28 FH R 0 i R 36 O B R R B A O M R
TRl B AL BB B o ol TR . SRR
SAARARDY. R R B B £ TR RN AR P i 1o
TR, PRI U > 2R W B i A 7 TR ot TR OB LR e
R e A B 95 I A B S R B 9 R 22 I A U0 SR g
R A I B e A A S IR RS R E R, S Ek
FEFRECR TR S TR EEA T &3 KA
(s AT, 7R R T 2 A # M K Z i A 7
BN RN A N S PR TS YR A T AR DR AR T IR

RV %% (Anaerobic baffled reactor, ABR) il it PN &
(1) 165 ] T AR S 2% 73 B SRy A HR I A B
TP 235 ) ol 45 B A T A A R T e B 1 Y
A W e v 7 B ey, TS o B 2 A2 B TR
JNU TR 32 s I 2 T PR TS TR AR AR e

A BOR RO IS TS D Wk 7R
A W) T R AL Y B T Bz — . AR R
e ARAEAE I 38 G L ORG B 22 DA ROnT R I A=
Pyl 28 A0 () e oS FE — o R EE B BRI T AR G IE 5
(R85 AR P (Next generation sequencing,
NGS) £ A A Pk 5 Kz (i 15 30 5% # fig 0% LUK BE 19
JRCAS PR AR A 1 SO S A SR DR 2 A, AR DG IE A A
BT I 52 00 o i B R0 AR TR LR
PERE 09 52 T DL S A= W05 B 53 A B T e A S I o
it — P HES) T A YR TR A5 A . DR S R R
FEAH S 5% 1) SR 2 R .

AHE5E R F Nlumina 5538 & 9057 6, X5 2 15
YAk 251 ABR iAW B v R O AR R AT
T o, HEEE T AR T XL E R
SER, R R Wy DR AR Al 7 ) B R i AR T o 0%
PRIEAT T 50 81, A B 5T 45 3 R e S 1 T e ) % i
TR 1) 075 8 B 48 T G e i A 3 A R P AR A1

1 MBR5FE

1.1 RNz=RSHE5HKESE
SCI H ABR 146 4 S K/NAH R B &=, B4
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MR 169 L, R #r @R 67.5L (K 1). &
N7 7 A AR R A R 5, R 8 3l 2 4 ol 1 K

it EE . BN g 7K 345 B I [E] Ry 45 h, IS AT IR EE 28 +
2 °C, #7K COD (1) Jiz £ V& £ 2y 2000 mg-L ™.
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Fig.1 Schematic diagram of the anaerobic baffled reactor

FEFI5 PRI A AR S 15 K AR BT IR A
TR 0 e S b 1 [ 5 R AL K A A 4
B AR B VE M B, COD., Rt & (AL 8 ) Fws
JUR (B S8 i ol 500 :5 « 1, [A] I
0.66 gL' B R 40 M it oo 3 R R 2.

12 UEBE5RF

NOVA 60(3 [ MERCK A 7] ) £ £ ¥ K Ji
53 M A PHS-25 8 B2 11 (v [ 55 7 22 | ) 5 GCMS-
QP2010-plus T AH 4 1% 5 Jit 3% ¢ H A (H 4% 5 3t
) ) 3 Prominence = A0 AH €8 35 A0 (H A B HE A
A ) s Milli-Q A 10 8 2 7K 4b ¥R 45 (55 5 % 8 A
F] ) ; Gasboard-3100P i 48 X & /3 Hr A% ([ 8 2
HERGARAR).

. O B IR — S840 . BEIR ¥ N (6 1% 4l
(= EFEERR CAFD) . TR RRIE AR . EH
1R 12K B A o 40 50 A F 3€ B AccuStandard 23 ] .
Strata-X Y [& 48 %€ BUR: 3% H 25 [E Phenomenex 2\ &) .
A 3 590 S5 2 35 A A3 Ml (e [ ] 2 4 T B At
FIARAH).

1.3 KELALESENTE
1.3.1 JKFEAEBETT %

it IR & 21 4 R AL BB AR (FL AR 0.45 pm) 323 98
JKFEZ) 40 mL, B3 HX 30 mL fH T pH. COD. W3 Fil
15 AR £ 3% (HPLC) A5 .

SR FH B AHAE O 2l A KR, BARSRAE Ky : B 10 mL
1L UE S5 KRR, INERER VAT pH = 2.0 J5 & . R E
JFH PR R0 0 7K b O 2 UK, B K 2 mL Rk K
FEIMA B AR, FEKFE 2383 5 i 1 mL K W

Tk, RJE E AT 1 min, BUH S 1 mL SR
U, S R I VAL SO i A A
1.3.2  COD FIZK My A5 I 5 v

K FH B 4% R A 5 T %E COD, R 4-F k4 %%
FE K B £ 3 0 R 2K 3 e . COD #AE i 8 k. Bt
JEZKAE 10 mL A B TR0 b 8 Hp IR 2 2 h,
o LU 8 V2 205 A8 K BT 43 B ASCRS: T 5 24 13 6z )
iR e BRI AT
133 GC-MS EMAH ik

SRS, ZB-FFAP(30m x 0.32 mm x0.25 pm,
Phenomenex, 32 [# ). 15 55 F: PIIGIRE 80 C R4
1 min, B&J5 LAEES38h 8 °C il B AR P THR 2 220 °C,
PRFE 3 min; H shEFERR I B UERE R R 1 pl, SEAE
I N ANor bR, BERE DR A 180 °C5 AN
AR, "R = N 1.5 mL-min™". 3% 25 1.
ML 35 7 85 U8 (ED), FLFHBHE R 70 eV, SCAN £
G 45 ~ 300 Da, B 5 FlE 1R 38
240 C, G EI B A NIST14.

A R A A R 2 ~ 3R, R
FL LRS- R 5 T R AT RE SR L R AR MR
BE T RRRL B G JC 1 o 3 51 2 4 R O 45 B b o L 0
TIE A B2 B[] B 0 .
1.3.4 HPLC & M ik

WA 3% FE A Acclaim Organic Acid (250 mm x
4.0 mm, Thermo Fisher Scientific, 35 [H ). {4 % #f &
Ve A5 R sl A 4 20 mmol- L™ iR — A4
I FHE R E Y pH 2 2.5), s B A,
o BE VR AR 0 ~ 3 min, 100% A; 3 ~ 25 min 80% A.
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FEVE 35 °C, W 1 mL-min', #ERE R 10 uL, K609
KN 210 nm. 43S0 ECH] 5 AV EE IR A BRI R .
FF R AR T A 1 T W, R FH AR 125 2 ot
14 REEITETRERRE

FE 9 Ak S 56 1 1T 158 FH i 20 WA S itk 9 T o
BEALE K, de R N #4217 6 I~ H . 247K COD 3
AFe s Ja R 1E G5

R PRI S0 R 4 AR B, BB B K
HH ) 3 OB AR B EE 91 2 AN A TR, {ELEJK COD i
ZARFFAE 2000 mg L' 247 (3R 1) N #8311 is
17 158 d, & 2 Kl % v A W 2= K #£11%) COD. pH #
KB . AR 159 RIFUR, ELE 5 KX A b=
TRAREEAT RE P A2 A

155 U BBURE fufi FH 39 385 45 78 S 7 s I IS L rh
AL 3B 45 B 10 mL 22 44 R K TR A 9, 1R 205 8
Je B I AR5 15 U6 — [R] 2 B 2 B0 A IR UE AE-80 °C
UKAR AR AE . BB B N TE 4 4 B8 2 0TS e A
i 1A, RIS L IURE 16 . e AE 1 2 v it FH U8 4K 2%
fi L35 28k v R KR, V5 JRTR AT | il U A R A
FEB M TAE G AT

55 1B Bi5 IR R dihfim 44 S 6] B 28 ( Control group,
CG), BB = H i 24 IR CG.1, CG.2, CG.3 FlI
CG.4; 55 11 B B i 7K 2% 1 (Phenol, Phe) JiT i ik
S} 100 mg-L™", ¥ /i 44 K ¥ 4 Phel100.1 ~ Phe100.4;
55 0L IV B BAE i 22 AR I A0, 435124 Phe300.1 ~
Phe300.4 F Phe780.1 ~ Phe780.4.
1.5 DNARERESRENF

75 76 DNA $2 B 45 — AL P T/E Z 46k 5t
o AR SOIR Ry A BR A R S8 . T AR S
20 WA VR I BB UM A, >R ] FastDNA SPIN Kit
for soil (MP Biomedicals, 3& [#) 12 7] &5 ¥4 B8 #524F F
T 2 B AL DNA; SR 19 B30 4 R s FL 9k 58 1 4G
Il DNA, R H 43 A6 1% DNA e 8 il i ik 17
i

i Ff} Tllumina HiSeq PE250 ¥ & X 2 & i £ 5
S L (PCR) (4 47 348 77 Wy #E A7 e 308 2t 00 ) . 2400 1

T 2 W 5 W X 165 rRNA 3 [H iy V4 1] 725
X HEATH 3. 405148 515F(5'-GTGCCAGCMGC
CGCGGTAA-3") 11 806R(5'-GTGCCAGCMGCCGC-
GGTAA-3"%; 1 5 51 #) & Arch519F(5'-CAGYMG
CCRCGGKAAHACC-3") #1 Arch806R (5'-GGACTAC
NSGGGTMTCTAAT-3")2.
1.6 HIEHH

I JE AR 8 F QIIME 2-2022.2 FEA T4,
HAR AT FE R 1 q2-demux 476 14 2 B )5 46 %%
PR AR 2 RS ) P 51 L BRI BT & E A, A A
At ¥ 8 B 4K B R 180 bps fifi Ff DADA2P 347 J¥
G| W RN DI A L 14 )7 51 A2 7 ( Amplicon sequ-
ence variants, ASV) ; Z #1158 R H q2-diversity,
20 B R0 T 40 0 FH 27318 1 11751 45 % 51 H ik
T4, JOF 22 R AR e it e, W2 il 4k B A7
Fa, UEEHHURE 7T 2 HA L. WA BER T q2-feature-
classifier i 4, fiff FIAR 3R D07 3509k 43 25 4% (Naive
Bayes classifier), 2% 845 &} Silva 16s rRNA 4K
Hede 220 (Silva 138 99% OTUs full-length sequences).

Bl Gt f H R 15 F vegan B4l A0 5¢ s ™7,
FH 5 T % 46 19 T0 4% 43 It 15 (Transformation-based
redundancy analysis, tb-RDA) J& 7~ ¥ # F £ 5 31 53
Rl 2Z [ Y OG22 3 A R 58 X 4 il ok 4 1 Wk
pH il COD’, H: ¥ COD’ % /5 7E & COD 41 B 4
My i ST RK, BT A I 30 7 d 8RR E BE,
AR BE RN CODY SR FH X I 46, T ol = B2 4l 4t
FH Hellinger 2 %% . {8 FH vegan £ "1 1Y) anova iy &
X} tb-RDA 45 S 47 & 4k 5, {# FH anova.cca fiF %>
AT IREE A Wk 3 A e, A R A R 999.

2 #FR5R

21 KRZTSH

IR E0 20 TR B, 25 1 B = K AR fh 45
RANE 2(a) Frs. HEBFRE = A pH B B K, S AIK
fEAH 5.0 2247, Uk B R Ak S o 47 1R 5 Sk Tl 1.
SR T LA pH 23l 7~ R e v 2R 4, BRI

#£1 AFFB: ABR iB1T5MF

Table 1 Operating conditions of ABR across different phases

Glucose COD equivalent of

Phenol COD equivalent of

Stage concentration/(g-L™") glucose/(g-L™") concentration/(g-L™") phenol/(g'L™") Time/d
1 2.00 2.02 0 0 62
11 1.75 1.75 0.10 0.26 26
111 1.24 1.24 0.30 0.77 46
v 0 0 0.78 1.99 22
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By BE Y COD 2B R AN 20% 2247 . 78 5 SL b =
pH F&5E 7€ 6.0 ~ 6.5 Z 1], i BHAG HILER (1) AS W7 % A,
COD . 2 BE A T B s e (& 2(b), 2(c), 2(d)
FIT7R).

FESS 1L, TN B B, B A a2t 7K v 10 78 2 00 5% 40
AR, T A B E N A pH A BT L X
S TR B 04 AR T R A 55 TR AR, TR UL R
PEY) 5= A 0 e, DT 5 B0 pH I s/ T
BF Y pH A ) F IR B R W B #E47, 55 1. 2 FR &
) COD £ RO KA F] 85% L I, WK FeA 5¢ 4
B i, iE A 20505 3. 4R % iy COD A {7 7E
100 mg-L™" AY7KF-.

55 1V B Bt LUK B A S ME — iE K B R, DL 55
1, 2 BREREAR T 90% LU LR B I 5Bk T 95% LA
1 COD, 7E46 3. 4 fRZ oK1 Fl COD HEA S |
— B BeA A, fH 2 pH 20 HT =AM BBt B TR
R, T BT e 1B 7K R A7 A X B i 0 BR MR . AN AE
V5V HURERT & B, A 3. 4 BRE R COD K 4k
FRARKT, Hods A Wy I F mir v b =
22 MEWME o SHEMESHT

4 B A1t B % 1) Shannon, Simpson F1 Chaol
FE 2 2 pros . Hirp Shannon il Simpson 5 %% [
B 2% 0 P = e R Y S B XS RV o ZREPER R
e, {55 35 55 5 52 3 34 59 B () 52 A ; Chaol 48 04
i A7 ) o 1 o WURR, AR5 W R o R N A
K AESE T B, K D) bl B for de R A5 1 B
TR RN T R RE TR Y o 2RV R AR, BB S 2
W 2 K T B e 9 328 25 T 9 LA B n ) FE Al T ) 3
Z, WREM o ZREMEZ A TS, WSS 4 BRE PR
# i) Shannon F1 Simpson 5§ % & WX T 26 3 fa =,
{HJ& Chaol $5 AN fe K. 656 11 B B, ZE B 09 i A
el 45 2 7K B U5 TN =, LA 1 B A B A
HEBER T o ZREMIEEBCYA &, B 4 BR =
1) o ZREPEEN I B R B 7650 T B BT A B 5 1
TN o ZREME R I — B BOA BT, 25 1V B B
DL oy A Ry M — E 7K B IR, BE BT B o 22 FEPEFE K
FOHTR R B 55— By BEE i K . L 2
FhA HLER TR & R 72 0] DL & A3 TH R B Y o 22
FEE, T #2 7+ ABR 245 19 Fa 8 M.

23 MEMBEBEENEST

1B BE 75 D L3R4S 584656 45741, 43l 1A
J&F 46 171, 461 AR e UM X 3= B 5 He e v 19
20 AL, B H AL BE G I Others, WA 3(a) 7K.
T2 1By B, 55 BK BA B} (Streptococcaceae) F1 1 T

Bl (Enterobacteriaceae) 3255 1 fa & W 1) 3 2 5 #Hf
(R = B 53 51l 57.2% 1 23.9%) , % Fh 32
DL 2 0 R A R B iR YL R S sk B e DL A
PR I = B T R, HLA AR R R A DR fE 0 A i
it 9K & Bl (Desulfovibrionaceae) R pirellulaceae Ffl
X Zo B B S e AR SR L B B, BE BR BRI AT B
PR FBERRZ TR, 1R E 48 A B (Anaerolineaceae)
B9 BEA B L TE. RS LI B B, AS0BE BR I R 2R
AR m i B, R AY s G 2 s E)
54.7% ~ 69.3% (Others), X 5 1% W Bt 41 B 1 7% £E )
ZRETER R S5 — B0 A TV B B, B Ry
R fit 66 1 04 58 B BE (Syntrophaceae) 18, 7 45 TR &
o) R, TE5E 1 PR E R 483 45%,
e A5 V9 R 5 i A O B B35 KT 1R R (Syntrophoba-
cteracea) 1 Smithellaceae 1 F JE WA Fr -7+,
L DR A i o R A R R A .

T A T R 3RS 35350 A% 74, 3 A
J& 91T T B T A Y 4 25 AR B AR ME
W L B B B KO, B F 5 1 B 2R KOE 1
W IZ YR H SRR 2 PR Hrh Woesea-
rchaeales Fll Micrarchaeales & H 44 #%, Bathyarch-
aeia F1 Lokiarchaeia “}y T8 4 %4 ¥, Asgardarchaeota
T4 R, HoAth vy ol IR 44 PR 3R . B A
FE/NT 0.1% W %dE G IF S HoAth (Others) Z 5 245
B 14 4B, Qs 3(b) fros. 7E5E TR Be, W et
Bl (Methanobacteriaceae) J& FIT A b = H 32 5 fxe f5 AY
WA (FEERKRMEN 93.1%), T i%ZFHE TEE R
A7 FBE TR, PR O AT DA I3 o B S AR,
I A1 Unassigned (A 43 28 & Fh ) =F & e KAE 323
15% (55 4 f =) Ut AE IR | U E M e I h e A 17
TER Z WA I T TE55 11 Be, W Be AT s B Y
FEEIF UG T B, Z 00 FBEAUN 1% 224571 Asgardar-
chaeota 1655 3. 4 =T E & 8% L L, Woesearch-
aeales Fl Micrarchaeales W) 3 FE W tH 8L T — %€ 38
KA T BE, HYGEAT i -F B h 56 1 B 63.3%
TR T R 25 4 FR %= 1 0.6%, Nitrososphaeraceae
H Nitrosotaleaceae FE LB Bt FHAEHTAY 0.1% PRk
KRB 10% 2ok, 7556 TV BB, Methanobacteriaceae
RO B 28 Woesearchaeales F1 Micrarchaeales
J& B, P AESS 1 IR T 3 2 RIA 2] 74.8%;
TE J5 £ B % T Bathyarchaeia W) =F B R 3E 38 i, 7¢
5 4 MR PR AR 52.3%, AN Methanofastidio-
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Table 2 a-diversity analysis of different sludge samples
Bacterial community Archaeal community
Samples
Shannon Simpson Chaol Shannon Simpson Chaol
CG.1 2.01 0.65 284 3.42 0.90 404
CG.2 3.37 0.89 230 3.96 0.92 415
CG.3 5.37 0.99 673 4.48 0.97 394
CG4 5.13 0.98 716 4.25 0.95 632
Phe100.1 2.87 0.80 305 3.59 0.90 510
Phe100.2 3.36 0.89 317 4.29 0.95 564
Phe100.3 4.09 0.95 416 4.65 0.97 589
Phe100.4 3.92 0.92 383 4.82 0.98 486
Phe300.1 5.44 0.98 1027 3.68 0.87 1100
Phe300.2 5.70 0.97 1111 4.43 0.88 1620
Phe300.3 5.68 0.98 860 491 0.94 1489
Phe300.4 4.14 0.94 292 5.78 0.99 1585
Phe780.1 3.57 0.90 402 2.96 0.84 370
Phe780.2 4.46 0.95 608 437 0.97 458
Phe780.3 5.22 0.98 865 4.17 0.96 585
Phe780.4 5.28 0.99 807 4.45 0.97 580

(A2 1E J7 BB 53 507 39.7% F1 40.4% ) ; RDA #5574 1)
B E IR BN AR R B KF- (p=0.001) ; 7EHL—FR L
AR I 2 PR RG I8 T 1T, COD X 41 B BE V& 1) 52 T 1K
PR H K (p = 0.003) , X6y B B 5 52 1) 34 )
B i 2 K- (p = 0.001) 5 4% 193 X 40 B Aty B 7 %%
F18 52 Wi 357 38 3] 4 25 7KF (p {BL 20990 2 0,022, 0.030) 5
F T AR 5 40 FH Bk R S 46T 7K pH 2R 4T T 98 1,
PRL I 4G 50 245 2R (5 7 pHL W 4 B A9 52 el {038 31— i
IR (p =0.083), X7t BV W AT 85 52 )
(p=0.617).

I T A B RE VR TERRKF- (19 RDA 73 Fr 4 2R
4 Fros (G ol s 20 S 40 R 14 A AR,
P Hp G B DA Bl RDAT 5 RDA2 4331 4% 34 i Jly o
XoF o) 7 AR e ()R EHE ) 1 7 2 M o 30 e v Y TR
B, $5 5 b R BB R R i R (BB )
X M) 7 A5 b ) i PR R A A TR RE VR Y, A BR TR R
(Streptococcaceae) . W ¥ # F} ( Enterobacteriaceae)
MR E L FER (Anaerolineaceae) ¥4 1) 3 AR {E H COD’
B ER S h, X 5 B RAT R A A iR AL 2R
P LIy REAH — B, AR B X6 He A A1 oK 77 A g B
& Bl (Syntrophaceae) Fl Desulfotomaculaceae E. 4
W A WA Ry SR 1 D RE ™, BRI A 1) T 03 AT
FE = AR B A B (5 COD AH & 388 55 5 Desul-
fovibrionaceae E. A ¥ Z2 F A WL B itk hy L TR 1 )

AERY, T A 5 28 iy Al COD ¥ £ IEAH G,
M T 32 B R T L[] R R R BT 2 A 1
I rE A B9 A HLIER 5 Anaerolineaceae., Pirellulacea .
Smithellaceae F1 Syntrophomonadaceae 43 i 15 Ik 78
. % COD* Al i pH R 5, 1 46 5 b 75 #€ =)™ 1
ot TR AEAE B OL T AT LA AT BILIRR 274, (B
B TENE W)U AR PR BE T 0 A1 A o A AE Ak
P 28 TP AR LI B O B Y R T BEAE RS R
S5 v ¥ 5 A B0UR O3 A TE IR SR 1 v i X

TE T BRE T T, 20 9 87 P e i T B AT I
B} (Methanobacteriaceae) F- 553 #ii 75 {7y COD’ [ 34
S5 rh O (L 2 M R G PR 58, i B A 2 I i
RS A" 3| £ . Woesearchaeale 5 5 1 5 W i,
TEARSG, (B2 5 COD M SC M4 555 , 7% B X 4 43 #r
Mz BB 2R AR g J1 PO Methanofasti-
diosaceae, Micrarchaeales F Bathyarchaeia 1] 43 7ii
FRAEECR AR, Y ] T4 A 5 COD Bk
PREE b, M X s g/, BN 3 SRR
7 7= BRI L B2 . Lokiarchaeia, Asgardarchaeota
N A3 25 B (Unassigned ) #4434 5 48 3 A1 COD?
YR OCOC AR, BT oA R 5% PR 7 52 e 2
FH 3 A
2.5 REERBEFHIW

EPE A LA 4 R, A B
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Fig.3  Changes in microbial community structure at the family level during different acclimation phases: (a) bacterial community; (b) archaeal
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Fig.5 Changes in the concentrations of phenol degradation interme-

diates in the four chambers
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F B RAE LLEE T R AL A 2R R R I B = N
LU R R 7R B2 5 W P TR A i %) i B PR K

R4 HBEAE T NRRIEAR RS A A il AEE AL

Table 4 Gibbs free energy changes in propionate oxidation during methanogenic fermentation

Equation number Reaction AG®’/(kJ-mol ™) AG’/(kJ-mol™)
1 CHyCH,CO0™ + 3H,0 — CH,CO0™ + HCO; +H' +3H, 774 163
2 CH;CH,COO™ + H,0 — 1.5CH;COO + 0.5H" + H, 243 -15.7

Note: The partial pressure of H, was 20 Pa. The concentrations of acetate, propionate, and HCO3 were 1.6 x 10, 2.66 x 107 and 1.4 x 10 mol-L™’,
respectively. The reaction temperature was 303 K. The AG®’ is the standard Gibbs free energy change, the AG’ values were calculated according to Thauer

etal. ™,
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