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Abstract; To resolve the problem of acid inhibition in anaerobic digestion, anaerobic sludge was
gradually acclimated by butyric acid and regulated hydrogen partial pressure to enrich two different
mesophilic syntrophic butyric acid-oxidizing genera B-H and B-F whose dominant acetogens were
hydrogen-producing acetogens and formic acid-producing acetogens, respectively. The results showed that
the butyric acid-oxidizing acetogens were significantly enriched. The relative abundance of
Syntrophomonas in B-H and B-F increased from (0.43 +0.01)% and (1.05 +£0.06)% to (18.84 +
1.68)% and (14.13 +£0.47)% , respectively, which became the dominant genus of the acetogens.
However, relative abundance of the propionate-degrading acetogens was decreased in different degrees
during the acclimation process. The dominant microbial community shifted from propionate-degrading
acetogens to butyric acid-degrading acetogens. In methanogens, Methanobacteriales and Methanosaeta

spp. were the dominant genera (at order level) of the hydrogenotrophic methanogens and the acetotrophic
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methanogens, respectively. Methanomicrobiales grew better under high hydrogen stress. The specific
methanogenic activity ( SMA) of B-H and B-F degrading butyric acid increased from 0. 453 ¢COD/

(gVSS - d) and 0.438 gCOD/(gVSS - d) to 3.510 gCOD/(gVSS

- d) and 2. 855 ¢COD/(gVSS - d),

respectively, and the SMA of B-F for formic acid degradation increased from 0.290 gCOD/(gVSS - d) to

1.540 ¢COD/(gVSS - d).

Furthermore, biological enhancement effect of the two kinds of microbial

communities on the recovery of an anaerobic sequencing batch reactor ( ASBR) was investigated.

Compared with non-enhanced reactor, the recovery time of the enhanced reactors (adding 10% of

MLVSS with B-H and B-F respectively) was reduced by 70 days and 25 days, respectively.
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Schematics of experimental setup

Fig. 1
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1.2 #iREYIMLF

FER5 IR E RS E B 4TI ASBR, R HT T BRX
TS VRREAT YA, I m 2o 2 1) 00 s 15 5% 20 | LA™ &
7R OB R SRR A 7 SRR o
EE TRAM” PR B-HMB-F, B-H
BB J: TR, 7.0 ¢/L; NH,CL, 1.5 ¢/L;
KH,PO,,0.4 ¢/L;NaHCO,,4.0 ¢/L; B ILE K, 1
mL/L, B —F 5535 BB R F] 8 0 9832 ( NaHCO, oh
6.0 ¢/L) S, HAR M 15 B - H B FR SaAf A . H:
H B T R WK 43 4T : CaCl, - 2H,0,8 mg/L;
MgSO, - 4H,0,9 mg/L;FeCl, + 4H,0,2 mg/L;CoCl, -
6H,0,2 mg/L; MnCl, + 4H,0,0. 5 mg/L; CuCl, -
2H,0,0. 03 mg/L; ZnCl,,0. 05 mg/L; H,BO, , 0. 05
mg/L;NiCl, - 6H,0,0.05 mg/L;36% ( & 53%0) 1
12 ,0.001 mL/L, #2R A NaOH #EH 15{& & pH
B4 6.8 ~7.2, THRBLIHAE 95% LA b iy 5 ks 3¢
& 500 mL,

o ) ) 42 H, 2 A% G S AR A R WDk T A TR
RACEI AR IE M #647 , L™ &0 SR B A K I i
FrRIRIIRN A FRE R, H, 75 EAER e — DA XU
53 s (< 10 Pa) , & SR A A RE IE H A5
VFAs FIZHEE " o PILTERTRE B - F i39I B,
PLH: N, 10 9 BTR A ACH 8 4 118 N 19 <
i P ST AR KT 100 Pa, U= 20 L
PRI A T ARG, DATIT 3K B e R 1 e 4R 7 W IR 7 S TR
AR H .

1.3 &R Liie

¥ 3 HAREIZATHY ASBR (451 2H R1 {46 21
R2 #1 R3, 7Kk COD & 4 000 mg/L) @ i 42 T 37K
COD % 8 000 mg/L, fmf B S 8 d, fdff Sz b A% R
oo Pl R a8 RU B ORIRSE , a5 2 S
#r R2 5 R3 — W I #EB - H 5 B - F, 4%
fins= > i5 e MLVSS /) 10% , % %25 H COD K VFAs
PRIZAE DL, 24 SO g X COD 1Y 25 B 588 8 18 85%
DL, B8 R G
1.4 DNA 1R2EU K qPCR 4 #7

T EE IR AR B AN [  T) DAL 3 96 P 10 mL
T5UEE T IR B OB I 25 BIEWL 1E -20 C TR
ffo R 2 A 7 A 7 i - S R 4 DNA 42
B £ (Soil Genomic DNA Kit) 147 DNA $2HL,
e )| N BT R R (S

K HISER 5262 B PCR Y ( ABI7500Fast ) #E47

K], BN AR AR SRR 25l Horfr DNA A5 h
10 ng. 51 #¥1 4% 500 nmol/L . UltraSYBR Mixture ( Low
ROX)1 x 5 e WiAZFUNT :95 °C 1484 10 min 40 4
PEFR;95 CAZME 15 .60 CIR K 1 min, REKE ; 75
EHAR IR Y5 1) S P50 2 WSCHR[ 14 - 17 ]
1.5 SWmBRAE

COD SR 430606 Bk 1 5 pH R FH 3 38 v
P& s MLSS MLVSS S F k0 i 5 o™ B e
TP (SMA) SR FH LW L5 0 7 5 TR L TR L INTRR
TRY R PO (i o i U 7 s H, SR AU (03
I AR E o
2 #R5®
2.1 b HkRiEE

1 MR EREYERT)S 700 LR \ 2R N
W2 TR AR BTy SMA, /] UL, 76 T B2 (4 9l 1k
YEFT B HE B -H 5 B - F Xt 4 fl VFAs ) SMA
PAF TAFERREE A 3, Hrp DUT RN £ R g HE o
IRy SMA $&THJ0 R 3%, 0 R TH T 675% (134%
55552% \106% . [Al0f, BAE B - F LS hiE T, U
PRSI SMA #2711 24 4 5. Thiele 4 A
T3 RS TR 7 U SRAE L, e T AR
it FEAASE 1k ABAE A5 $0 ] 7 Y e R 1R )
HIRIHIG AR . X U™ R ™ IR A B A7
TE, B 5 CRRIs R BTSN, = &0 R
FREPEE U AR 45 R . WE B - F R
PG TER S T 1 R G ™ IR ™ SR A&
PR 5

F=1 AEEHYMLETER SMA

Tab.1 SMA of two types of microflora before and after
acclimation gCOD « g~ 'VSS - d ™'

5 H H R L W TR
B-HYI{LRT | 0.327 | 1.088 | 0.840 | 0.453
B-HYlIfkjs | 0.441 | 2.546 | 1.125 | 3.510
B-FYIfkAi | 0.290 | 0.985 | 0.821 | 0.438
B-FY{bJ5 | 1.540 | 2.031 | 1.137 | 2.855

2.2 WMEMBEESH

R qPCR A, 75 15 37 1 7 o 19 A (7] i [
XSS AN FE v 3 S N IR AL T T IR
PO TR 27 2R T R 7 PR ot B R4 T 2 T S 0 T
ST 16S tRNA BRI 32 BEA I, P-4 70 72 3
LIEATRE L, LA oA 7= B R ™ & BRI 35 e A2 Ak
A R LR AT SR IS
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=
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Fig.2 Alterations in the relative abundance of Syntrophobacter

Smithella and Syntrophomonas in microflora B-H and B-F
TEFP e b, PIZR N IR A AL T & Syntrophobacter

Y Smithella 3L ERE, X2 R ICH ASBR,
S SR TR K e PR B 7 Syntrophomonas 41
BT 8 FHLAT R S At = SRR I R g 32 288 R Ak o
frE PR R e T RRYIME T35 E 4. et
B -H.B - F 1, Syntrophomonas 1) 3 K 45 %} 3= B 4y
HH1(0.43 £0.01)% .(1.05 +£0.06) % B FHT+ &2
(18.84 +1.68)% .(14.13 +0.47)% ,fEH F 5
AL, HHAERRE B - F R iE A B - H, 1t
Hb,B-F LUT R A5 SMA %5 B —H /b, i1 T
— R T IR ER A R A 5 ) S R AT
VR H, IAFTE R 2 I T R ER A A, W] L AE
SR 7 DG I R AV v 1 R
Syntrophomonas {4~ FE [ T} 52 3| — & & FE 1Y 52 Wi
BIRFRE B - F & Syntrophomonas F £ L B - H 1§,
EHACBHRE L T B - Hy AWK, 7E
T ER T AN P AT AR R A A A RE

PRICAE U8 S50 T 2 T IR IR ™ C IR AR
A BEZH1 Syntrophomonas "R 53 HAT BEFEPEAC LN
RERY TR , 2 & Syntrophomonas T4 [T 7™ HI IR
PR FIR E TR, BT HErg ™ PR O
TR AR ) 035G 5k, DR 3 5 ik — 2D BIF S A e
P IR ™ SR B BRSO . PR TR N IR
AT R B 1A W) FEBE 0 R B TE R B - H
i, Syntrophobacter 55 Smithella V1) 3 PRI X 3 B 43 51|
H(2.34£0.14)% (10.76 +1.41)% [ % (2. 01 +
0.14)% . (4.30 +0.58)% , fEHi Bt B — F ifs
Syntrophobacter 55 Smithella /) %5 PR A X} =E FE 43 73] B
(3.01 £0.19)% 5(7.87 £1.03)% [ & (2.38 +
0.19)% 5 (3.23 £0.04)% , Syntrophobacter Jifig
W LA T IR S B AT 2, FUAR S o B A P e
TR /NREE T B, A R IEHE ), Smithella
LB SR A TN R SR A= 4, DA T B 6 o BE o i A=
G ) b, Smithella. (9 5E PRI 2 A6 T
B —F P T B — H, 4 & & 20 FE % AR
TEAMHIAE R o

A [] s X6 [] 24 7 £ B2 TR Homoacetogens F1
IR BT R Pelotomaculum )KL AR - B2 47
TR (CEdE R WoR) o Horh Pelotomaculum £
H, T Homoacetogens Bt 3 R AH XT3 B 7E 0. 002% /2
A, (A B CRRAE AN R o 25 Bl 0, 18 T BRI I
AR PSS IR W Y I 2 L 8y o T R B O I
WS T MRI A, T IR AL A 7 R SR T
H DL R o
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H Methanomicrobiales W kg BRE H Methanococcales
KB )\EFRE B Methanosarcinales W1 7= B k2 )\ &
PR J& Methanosarcina spp. Fl 7= B 4g 22 4R )&
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HRXF 2 BE B AE A O, AR LI 3
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80} @ Methanosarcina spp. B Methanosaeta spp. &*Tﬁ]ﬂ“ /ﬂ\:% *H X{I‘%\%ﬁij’j ( 52.2 x11.4 ) % .
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1 6 17 27

t/d
b. W B-F

3 &# B-HX5B-F rh Methanosarcina spp. .
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EEMENEENTH

Fig.3  Alterations in the relative abundance of Methanosarcina

40 52 65

spp. , Methanosaeta spp. , Methanomicrobiales and
Methanobacteriales in microflora B-H and B-F

Methanosarcina spp. Fll Methanosaeta spp. 7= H
ATEL & IR AUAT B WA R 2 70 7 R e i g ™
Bt B - H Fp J& o Methanosarcina spp. Fl
Methanosaeta spp. B3 FAHXT B 78 (19.15 =
1.01)% F1(19. 17 +1.79)% , Y4b 45K 5 & &=
(4.02£0.40)% 5 (17.30 +0.52)% ., HEE B - F
Hh, Methanosarcina spp. 5 Methanosaeta spp. Rtk Kl
HEGE = 5 48 51 0BG (18,28 = 1. 55)9% .
(14.14 £1.59)% 75 51 (4.39 +0.42) % . (18.24 +
0. 31)%, n W i@ = T % 90 1k, M Ik F
Methanosarcina spp. % K A0 %F 3 B 0 A B T B,
Methanosaeta spp. F)HEPIFIR B AR 280 FRE
HRZ N CIRE TR R B R B DUV o BRI A
PLT RRER N BL 00w 46 T IR AR A M A0 T I o A 1 7
e 22 bR T R A K BB . MR Monod J5 7,
Methanosarcina spp. 1E 5 SR H FE A L3, 24 2R
W <70 mg/L i, W& Methanosaeta spp. 51,
EA B 5 AE & TRV & Ih 24 R T 70 mg/L I,
Methanosaeta spp. B P T , SR I A 2y 15 77 B
AR W B AW AE AL 1) SRS, 22 IR T F)
FH AR 3R 5 R L R T AR Z AR 3R R Y
A RE . AOTER AR DT T, AN
K S 5 B R A K 1) RN s Al G , Methanosaeta
spp. A I S Ah, Rk = SR 4R T
R, Fe, Co. Ni 45, RAE & B W ¥ 1R &,
Methanosaeta spp. [ 22 4R 4= K A1 2 5 1 #h[26]
Angenent 257 % 5] AMBR — 2644 2 1 0BT e HR
IR CIRUE Rk 600 mg/ L, 418K e I H v UKL 75
Je i rE e B DA Methanosaeta spp. i 3, F) i FISH

M2, Methanosarcina spp. 5 Methanosaeta spp. ) 55
PO RIMH A%, A IR — R g , A SR
i JCE 1 o

e FF B H Methanobacteriales . H 45t 43k & H
Methanomicrobiales .\ F } 3R E H Methanococcales & F
B3 REEF MR A . R R, R
FRBL P GE AR HUBE o T op b H A SRR SR B
o ETRINAET, B -HMB - F FHEP,
Methanobacteriales Y 3E R AE % 2 BE 4l |y (13. 21 +
1.86)% (16.51 +1.65)% T} %5 (26.28 +1.74) % .
(20.97 +1.32) % ; Methanomicrobiales 115 KA %F =
B (11.31 £0.65)% . (5.75 £0.27)% 75N
(6.03+0.23)% (9.02 £0.47)% ., ] WL
Py B FRA T H G T LG B8 2 MRS I 1k 7 R e
TR PR PL AR LA A S B IR, 42% 1Y
2 BH 2K AR AN R R I 0 FL R e A O SR, TAXAT
15% W44k g H, 2, RO TR Jl U D T 1R o i — ¢
IRER IR S = Y R, B T SR E 7 B H e
WY A DT SRS TR B WU BE T 1Y o5 LG T B, &
B R B8 T TR IR W Y 5 A4 TP R A5 0
Methanomicrobiales 1 B - F 4 KL T B - H, &
PRI AT BE S TR 2UMHE T B 2y T R 7 H R O R
Rt &R M R fAEE 2 0P IR,
Methanomicrobiales W9 ]R3 & 0] LA A i H fig £h
PEATHEFE T, R AE S a0 R A AR, A
Methanomicrobiales TEREN = H R L FRIK R T
FEANEM . Methanococcales K ZAFAE T IR
i 3 o, RAES AL B g FE e B - H
5 B = F Y25 o 5 5 PR X T2 2 43 53124 (0. 07 +
0.01)% 5(0. 18 £0.01) % , £ 55 3= ¥ v & 2 40/
(B RER)
2.3 BRILASBR WAEWEHIRE

FIHRRE B - H B - F X[ fk ASBR iE47/E%)
sfl, Bl 4 BoR T 3 MR RY K COD ¥k 724k
TEOL(S AR B O A vh iy B B R BRALYK S By
Bo) o et bl BB, BEAE E/K COD e B p 3
R1.R2 \R3 ¥ i7k COD ity F I, H COD £ER
RO 12 K 94.9% 97.3% F197.3% T [%
Z5520 K1 43.9% 43.9% F144.9% , [F]iF R G
VFAs FUE . 55 20 KINF, 3 20 2 i i i 7K N R Tl &
BRue B/ mlas 3] 2 317 .2 275 .2 354 mg/L 11 195,
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1059 .1 163 mg/L, 7K pH [H4ERAE 5.3 245,
KT R FEIITE 70 mg/L A4y, 3 A W] RE A2 RN 7E
ASBR 1 TR A & EZ B A P&
= jjEK

< R1 A

+R2 B-H 4l
<R3 B-F 4l

10000, 4
=~ 9000}5 {0 R
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t/d

d. HK TR R

40 60 100 120

4 EWRATERU ASBR H kK FTHI R0

Fig.4 Effect of biological enhancement on effluent quality of
acidified ASBR

CTRAH X R B 2R 5 B 5 M (56 17 K IF i
MR 4 12001 087 .1 071 mg/L, Z R E KL T
100 mg/L) , ATRESRE 1 T AR 4852 2 ofral S 47, N TR

A R R B H, A B oA 20 W e 1 A1) T
T e BT (A PR R AT T A R B Rk
SR, KRR BUER & pH (BT [, BEM
7 HE B T P 52 B B M 3t F LR MR B8 ) Ty o ]I
PN R B2 1) B2 e o AR 17 7 PR e T T 2, A 9 A
NBRHCEETE 1 500 ~2 220 mg/L 25 /™ 4 i 7
FRGE R TG R b s S fer i ) T 3 4L 9%
FARIBRALFRRE o 26 20 K 3 2H Je i ek &2 1B
HEK T G, R1UR2 . R3 X COD 1 2 B 4K &2 %]
85% L) LBt 43 5| i Bt 110,40 .85 d, A& 4y 5 Ak XF
VFAs PRS0 5 COD ARAL, 4> s AL 2H S48 T
FEHIA, v WX TR 1k ASBR R4, i #E B - H
F B — F 0] A &40 B s Hf COD A, {2 it
PRI R GERIR

TERRACIRIE B B, 3 4 S o N 42 S TR PR 2R
FRBR ST IR, BV F B RS PR B T P &0
FREA o 77 %™ &R W MK S I £ £ 79 1R AR 2R A
R, BEM IR AL R G . AR AL AR S B R
PN RE B -H 5 B - F 3fb 1 b s R2 F1 R3
H C R AN e AR AR IR T SR AR R
BRANE SR T, FEm A2t T INER A AL 20 SR
BTG PERIRAE . AHECERE B - F,B - H tp &8 578
PGSR B BE AR F R [B -H 5 B - F i
Methanobacteriales 3R AH %} 3 B 4351 4 (26. 28 +
1.74)% .(20.97 +1.32)% | , @57 JE WP T fEBH
A2 TINRR AT CIRETE Y IRKE . B - F
H VS FRA T B T 0 BE A X SE LG B - HAIK,
FTRESE TR A8 AR, H VFAs R i 1] 7
IR IR AR A2 ARk 1 A1 IR 7™ AR ot T AR I,
4 B — F A A n 40 e e F BEA 0 B - H
WIHE B — F X} COD [ i) s Ak 1 AR BE 35 21 T
ROR I J5L PR AR 30 25 6T % COD 1 ER 4 A
DARRRI SRy 3, RN B - F ol (A
FRNRIREN R Oy R AR BB U
3 %t

A LA T B2 R e —i I i 15 5 56 5 & 00 R s
HEATYIAE , B T PR B T IR A AL H e T
#B-HB-F, #id9{k,B-HY5B-FLILR.
TR N AT SMA 3 5l #2711 134% .675% 5
106% 552% ,B - F LLH R MR SMA 427+ T
431% . MERFYETHR.CR NIRRT R
SMA 3528 0. 441 2. 546 /1. 125 .3. 510 ¢gCOD/
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