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0 ST A s S DA 1 3 42 | 7 SRR A B B R AR R I 10 pumol - L' & = 4R 400mg - LT B M gk, R
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Enhancement of methane production from high C/N ratio wastewater
containing sulfate and its enzymatic mechanism

SU Jiancong"* HE Qingshan'" LI Xiufen'>** WANG Xinhua'> REN Yueping'"

(1. School of Environmental and Civil Engineering, Jiangnan Univeristy, Wuxi, 214122, China;

2. Jiangsu Key Laboratory of Anaerobic Biotechnology, Wuxi, 214122, China)

Abstract; Recovery of sludge protein has become one of the most efficient routes for utilizing waste
activated sludge (WAS). It ischelpful for the application of WAS protein recovery and will provide
useful information for high C/Nratio. wastewater containing sulfate from chemical and food industries
to study the enhancement of methane production from wastewater of protein recovery. The results
showed that the addition of iron and its chelate efficiently enhanced methane production via
promoting the activities of key enzymes of hydrolytic acidification and inhibiting those of sulfate
reductase. When 10 pmol - L™ nitrilotriacetic acid ( NTA) and 40 mg-L™" Fe” were added, the
cumulative biogas production rate reached 196.2 mL-g ' COD. It increased by 123.97%, compared
with the control. The polysaccharides were the main substrate for methane production from high C/N
ratio wastewater containing sulfate. The hydrolysis of polysaccharides and proteins was the limiting
step to improve methane production, compared with the acidification process, by integrating the
variations in the activities of key enzymes.
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Podas , T B ARAE = A2 24 3000—4000 J5 475 K AL BRI 4375 e , Kk 22 1 B e B , A2 32 25 3 5
SRR I | Bl SR KT K S SRR R e b B b )7 AR B v, HL 5 B R R AR Y
TWREYEY ARSI A A FEE TR ALY, LA A6, 3 TS KA B R A TS e o
2K 28.7%—40.9% , WNEE [IOR] FH U AT A8 % 5275 e 2 (A R Sk A RUZEM N, 75 R i B
B AL B A W A I SR PR R A i OB I AT A S Al R I 3R A TS Ve B 1 oL
a4 SR R AR A R A5 Ve s, A % BT e 2 14 5, RS 8 1 BOML AL 0 A 7 P 7 R R, H
T4 A Bt TR IR A DG RR v R A TS e BB K AR, R A R T I RS VR B 1, B
P8R ™ S AR AR 1 b 75 SR R S e, o o 49.5% 1 12.37% , SR T x5 A L, 48
B RTE 909% LA L, A A5-2K 1 JBORLS A7 AE 4 Ja v e AU AT L [mlic i U8 2 1 B 2k S BRI A
TSI IR A R Z —.

SR, 45 HL DT TE SRR A BT A v 7 R R ER R 15 pH (EL 2 3.5—5.5, DA 85 1 BT i o 43 9
X R IR T A BRI AR S B e W R A= Bt BRI 5 55— D7 T, B P R 94 S 4R B Bk
WA R B BRA LT 5] 80—100° , T PR A2 Y e 4 Foe R R L S 20—2517 . R ik, RV 14 I R B
BRI COD e BEH s | (H A e B AT v s A DR AR AR A L O ARl o e s 34 5 R RR AR 1) i e
LU 7K 1 o R A8 A A Ak B R AT S e T e G R AR B A g R e

AT FE LA BB AR | PR B ARG L A TR A V5 R 2 P I AR R TR AR 9 X5, i gk S B 39 R sk Ak G
DRARC P R (R85 330 3 7 B oo A P G B IS AV (0 AR AR , A SRR AL, A4S AT Bl ) 3 A s
B AR G AR A 07 AR, o m R AT A 7 oIl g A AR R il 2 B K 1 PR AR W ek BEAR (I AT 35
5%,

1 #ES 5 ( Material and methods)

1.1 SCEektk
S AR AT 8 2 SRR B ) AR V5 e 2 A SRR UL, R An 2 1 R & 1 ]
O SR BRI BR A LR 118.95 , B BRARHE ER1242.10 mg-17",pH {HH 3.5.

&1 EARPERBAIA L

Table 1 __ Constituent of wastewater from protein recovery

VA W LU e

Constituent Concentration/ (mg-L™") Constituent Concentration/ (mg-L™")
CcoD 6346.15+611.23 AR 53.35+2.74

TR AR 1242.10+174.43 S 143.41+9.99

EZi 1765.30+13.21 B 1172.48+17.30

VFAs 653.7432.48 Fe 9.71x1.12

As 0.30+0.03 Hg 0.25+0.03

Pb < 0.01 Cd < 0.01

Cr 0.37+0.05 Cu 0.72+0.06

pH 3.5 C/N 118.95

PR H e FH A2 D T Ve BB JC 85 T R8T 3815 /K Ab 1) IR 40, 15 78 pHL 7.2, VSS/TSS & 0.70.4%
T, R BAA LR KRR (3521 °C) YL 7, SR K A an 3% 2 fs ALK K pH (E2 7.0, IR
U e R K s B sl ok 5 d, IR TR 2 1 AN H L 24K COD 2 B R A=A 8 Ra e i, Wik
4.

1.2 SEETJTE

TE 4 A~ 250 mL (9 KON, 23 5 I AGES s 2 BB ORI ] i e A AL 4 (4 IR AR5 0, A i 118
W RN 30 gL' RAHSE, IR RV pH (X 7.0. 2RO AWFRIRE T BAT MR (Fe”) ITE
KN, 2 A 7% & = Z R ( nitrilotriacetic acid, NTA ), 43 51 % B %F B 525 10 wmol « L™ NTA |
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40 mg-L™" Fef1 10 wmol-L™' NTA+40 mg- L™ Fe’  WF 5 8k K FLEEA 78 i £ 15 B I AR 114 i il 20 b P
IKPRAE = e M ROCR IR ST AR FE %5 3 S N, BT 3541 CAE IR E R W e 1 8], B KR
B 1 U028 BB A FREINES (16 d) 45 A SR B 3 17

R2 BHUAPLEK AL

Table 2 Constituent of simulated organic wastewater

LRSS W LB W
Constituent Concentration/ ( mg-L™") Constituent Concentration/ (mg-L™")
GiEsLi 6000 iR 0.2

TR A 4h 0.4 LKA IRBREE 0.2

ARG EALE 0.04 WA — A4 0.04

ARIKE AR 0.09 TR A, 0.02

TR 0.02 e B F 0.6

LK G BRI B 0.02 FKA B 0.002

1.3 Aot 2 5 05

e BRSO W " SR R BRsE B VR R 1% T
W BRI R SR UL

B B BT MR G- A T I DU 2 BAA - [ i BRI A SR ] BAA ( N-a-benzoyl-1.-
argininamide ) JIG4 7 BB 2R B (acetate kinase, AK) 5 iR 2. il ( phosphotransacetylase,,
PTA) 76 P52 53 3K FH Rose F1 Andersch 35 i F o6 M 19I5 R Eivich 351 SR RS MY
2 2R FH PP L8 Aol vk ) AR R 538 I -5 B R IR TR ( adenosine phosphosulfate , APS ) i Ji
TG4 755 12 43591 5% FH Ostrowski 32 R e B LA A0 Sk 5271

HoAtn 53 B 550 355 F E Gpm ik e .

2 R 5118 (Results and discussion)

2.1 BRBHEA RN R BRI 5500

ARBIFF (18 Ak B NG G oA 55 H g TV B ¥ 5 T e K SR BRI, 5 8 8 v M B R AR . 5 B R AR PR /K R R
FEH B R AR $hid JELUE (sulfate reducting bacteria, SRB) 5 5 = il , Fe A 50 210 S, AL
7= 45E 1 ( methane (production bacteria, MPB) TG PE , 12 5 2U™ B e B U0 B9 10 4 J@ JT R UL, FEIK
7R st R U TR PR P A 4 B O R AR L A R, TR IR 118,95, H5 i A Bk L LS R A ML
S WS AR T B AR A7 A B TR A SR BT, R AR K R R A TS TR, KA 4
J& B -3l SR DTVE BEK kA I 5 SRR P A B T B ARSI R &R B e ST,
AR5 T 4 2 Bk B A RS I 2 1 B R BBV H o i A 35 2R

SERLRW B B A R AR T 2 2 T v A R ) B P R BB ) 7 P e R 3K U R 1
PP IR i 4 B TR T B =2 E R AN S A R T e s PR A 4R . 5 RIS AE L, TR
10 pmol-L™" NTA 40 mg-L™" Fe’#l 10 wmol L™ NTA+40 mg-L™" Fe’ i) 2540 B4R & T 69.18% |
102.85%Fl1 123.97% , Hov | &k K HE A FVEE A I N A2 PR RUR e o B, 24780 10 pumol - L™ NTA +
40 mg- L™ Fe'l, BR=S %55 ik 196.2 mL-g”' COD( 32 3) BB INAT A 5 Fe ik R h i i 4R
JCE 1M NTA S48 B F A AT, HB I mT A R m o AR R e & JB e RN AR 7 — e 1
JE 1 G A SIS AR T Bl 2 265 7 F e ( CHL ) 7 SR IS RS2 g TRDER, 900 okl R AR 30 Dl A, 5 e ™ FR e 252
2.2 BREILEA I 205 5 TR A2 0 e

Bk R LS A TN s e AR 1 7= FR e ) TR, £ 1 T A I R A e, HL AR B AOR 5 7= RR  AR b
P F X HRIR R B 25 5 TR 2R 9 R 43.10% A1 39.49% (&l 1), %1 10 pumol - L' NTA |
40 mg-L™" Fe’ 110 pmol - L' NTA+40 mg- L' Fe'Ji7, 1A 2 Z0 5 8 1 5 B i 00 ) 42 155 21 66.37% il
53.74% .66.77% 1 58.62% 77.29%H1 69.34% , Z2 Wi (1) [k fff e 4 24 3 T8 (A B AR GE b, th T ARSI &2
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D PRBGE B U BFR, RRBON R Z , 20 W RS A E 2R Y. 40 10 wmol - L™ NTA+40 mg- L™
Fe' I}, 22055 8 TR AR i T NTA AN ERMAS I B 00, KA B BAT B Rl i BEROCR . IO 7 5
B LA R 22 -5 2 P R S B 9 T 1A %, A Rt — 2P I

R3 BRMHESFI AR BRI

Table 3 Effect of Fe and chelant on cumulative gas production rate

Ko HR Sy 10 1-L7! NTA+
TR 10 pmol- L' NTA 40 mg-L~" Fe pmore
Control 40 mg-L™" Fe
N pe A 2%
FRUR 87.6+5.4 148.2+3.5 177.7+3.1 196.2+3.7

Cumulative gas production rate/(mL-g™'COD)

2.3 BR B TN Z2 7K A A G B RS 1 1) )

TR K AR R A 3t A R o R s B4R | 20 B T KA A L) R ORI G ALk Ny T A DL,
HETT %Ak R B ot 1 5 R R 5 R P BB T, B v 7 PR e 58 T R o R 8 2 A Tl A PR A 4 FH I 52 B
B DRI B 5 ik B S5 3 o A 2 7K AR A S B S T B 32 ), A ) T TR A B L R AL L.

(1) 2045 2 A K B PE R A8 1k

B-HIEIETT T , 44 B-D- 1 2 A8 25 W /K FAk T8 , B8 /K A it 11 B 46 AR, R B-D -1 28
5 2 %I B BC L, Hm P B4R e A ) T oM R ) BAA - (K A T Ak 22 K sl 2 1 BOK i, 16
KorF 0 EE (TR g RNy R SR

SRR 7SR R IR A R 0 AR AR A — B, B S LB G i I i A5 B- A5 R 1 i . BAA-ZE
K A B S 25 v (1 2) SR 10 mol - L' NTA+40 mg - Lth Fe® I, -7 285 W8 11 i 05 1 B e, M
3.11x10* U-g™'VSS, Hzs FIX IR SC B & 1 2.53 £, i BAA-ZE P K Bl 16 PR 4 35 T 0.46 15, 8k S FLES
B VIR NN 5 2 AR S RSCRAS A0 B A WE T B o X 5 2 RN B 1A o R i R (R AR AR AR (18D 1) AR
Tt BT 5 W LT G 1 A ML 4 T 22 /K ik S 07 e 3ol 19 S A i AT 5 IS PR i O 2565 52 A
B TR 2GS BT 025 A nT i R A T DRk, SR v 4 22 A K A B [ e sk SR
BAA-ZE K -5 B- 4] 2 b A 45 A AN [l 9 M o ol — b 38 LD 4 8 o0 2 DA S S R A 1,
AR 1 T A S NE R S 1o ok e 4 o 6 R Vs ik J3E B LT A R P M A AE — s R B, 8 1 T e A 1) 412
PERCRANEA 5 NTA AT 5 2 A AR R MR &R P i & B oo R I R, DRI 7E — 8 R B 1 4 w8 A DG Tl

100 - 2% 4 JfiProtein 40000 o B w5 REEFEE B-glucosidase
90 m % BiPolysaccharide 35000 ™ BAA- ﬁEﬂkﬁfﬁ@
80 F BBA-hydrolysing protease
%\ 30000
70 L =
N - -
S 60 F . -, 25000 I
£ L 2
250 2 20000}
8 =
40 o = 150001
3 30 g
M 10000 -
20
| 5000
10 590 849 845 863
0 Ly,  Eetes et e |
Control NTA Fe? NTA+Fe? Control NTA Fe’ NTA+Fe?
Group Group
1 BRGNS 220 5 8 10 TR A R 1 s el B2 BREHEGHIN p- A A S
Fig.1 Effect of Fe and chelant on reduction rate BAA-ZE H 7K A T 1 04 52 1
of protein and polysaccharide Fig.2 Effect of Fe and chelant on activity of

B-glucosidase and BAA-hydrolysing protease
(2) 7" LRSS LR AE 1k
CIRIET MR RIEY) , CFRIE Ut FE b, AK A PTA 25 SR . AR R W, Sk A L AR
TFF R R A U AR TR 7 SR R IR 00 7= F e 803 3 ek 1 M 4 T Al ok Vs
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Ve K IR AL, 4 v 28 1 B A AT 4E 3R B AL A LR R SRR3R R, 32 5 235 1 1l 2P 4E R i AK
FIPTA TEPE K RENS (R 2k DR G T2 IS T i/ At I A o 5 o R R ) 2 A, a0 488 g 7= K
AK I PTA 25 GBS PR A5 DL 4R ) AR, DA L T 9 2 2 A A 0 PR AR R 28 v 52 LAY, O 13
PR AR | e L L K AR VR A Rt — 204558

IR Bk RS G RS A R TR 3277 IR ARl 7 1 g 4t v, a2 T A ™ R B PR B (AL T8 22 iy T
FIREY (K 3) . S5 RESZEAR L, 78 10 wmol - L™ NTA 40 mg+L™" Fe® il 10 pmol-L™' NTA+40 mg-L™
Fe’, AK F1 PTA 1% P43 41 T 74.23% F1 200.00% 426.80% F1 433.33% 416.49% A1 400.00% , %k b H:
B TS SR U AR i ASCR B S e T O 220 R A 11 Jo o i %) £ 28R 158 ) 22 W R A 1 o e e o
7 e R BR L R A SRR A M FAN R, AK 55 PTA WM, 2390 5.11.,0.16 U-g ' VSS, 1
PEHERCRIL = T NTA BB T5 e 8 1 B ORI h i 4 R T R A i = 3 kb 78 48 J 78 3R 0 7K Al iR
LRUY R B DV
2.4 R B HE AR TR 227 R 6 G B Tl 7% P 1) 552

AT b AR B RS2 7 H e T R — B A AR A S 0 CO, 3 B4 & v 1 R L ik
JE R FRGE AR e AR T X — 2R 81 A T IS 7 7 AS [ g %) C A T 58 B 7 Tk 2 il K 22 D RS o ol
G JRICERAE R IEE L PR, G 42 8 T 3R MR BE K A W] VAR 7 Y Bt ok R e 73 DG S STl )
ZAEFET MPB oy 5k — Bl 1% A7 (4 H 7~ Mk, 78 7= W ol R Pl 5 o A i AR S
F oo M0 HL P 52 AR A B AL S5 T3 S A B ST o0 DU L 1, VR A H - AR AR I H A% 388 45 7 T o
PR R R SR S, PRI, S S P, 767 H b B s AN T Z A VR B R
FHEAHE S F 0 15 PR 0048 A R ARk K L5 R0 7 S 1 5

AL YA NTA BEG RN, 1A 2R A0 I 1 Feid, 2 84.7 U-g™' VSS, 5XF BSZIGAA 1L, 42
BT 6245 (K 4) B F L I R PR SR 0.20 U- g 'VSS R 1.11 U-g 7' VSS, #2155 174.55 155
—J5 T, AP g v TR AT 50 A S T gl S, AR T B e Sy — O T, SR Y
Pl Fe—S FRAIAE Y BRAG TR A I T4 o SUMR BB 5 1 | (2 200 7= Y .

100

LR AK I il F 0 Coenzyme Fyy
51 m BilG: Z Bl PTA Il 90 m F/LE§ Hydrogenase reductase
2 ~ 80
4l 2
- > 70
20 I
2 60
Sor S
£ Eal
2t g o1
= < 30}
1+ = 20
0 0.03 | 0.09 0,16 [ 0.15 l0_0.2(_)1- 0714 1.025 111
Control NTA FeO NTA+Fe0 0 Control NTA Fe? NTA+Fe?
Group Group
3 BRI TN SRR B4 BB R
TR £ TE RS A 1) 2 ) ISR 1 1 5
Fig.3 Effect of Fe and chelant on activity of AK and Fig.4 Effect of Fe and chelant on activity of key
PTA BAA-hydrolysing protease enzymes of MPB BAA-hydrolysing protease

2.5 RS TR Z2 00 R R I S B 4 11 52 i)

APS I Ji i i R Ak g 4% v ) — o SRR, HCGH B0 1R 6 1) 3 D B i Ak 4 1) Ak HL A T R T A
FH SO R 0 T il U] o] A0 A R i I A B Ay , DRIt — 38 30 M %) A8 Ak T s gk B L5 7 x4
R JF T H Bt B2 . fh 18 5 AT 2k BB R A IR APS 48 Ji i () 17 1 VA ik 2 5%
M), L X6 NIV 5 R 58 3 3 ) 3 ek 40 oV P 0 0 83 S8 10 umol - L™ NTA+40 mg+ L™ Fe B, IE 6
iR R A SRt O 6 1 A IR, O 87.7 U ™' VSS, X BRSCISAH L TR T 210.33%. C A BRI, i35 gk nl
OV STV A PR £ R 3 v (EL AP N A B ) a5 3 2 AR 4 S5 R R R AL R Bk
BB S 2 B g 7 FR e 00 1, A TR 8 D i A 2 25 38 4 I A T P R34, S B0 i TR 0 T
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PEREAR , BRI d e S2 B4 .

300 APS 3£ JEES APS reductase
m I HiER£0IE )5 Sulfite reductase

250

@7

w2

Z 200f

o

2

} 150 [

Z I

S 100f * I !

50

Control NTA Fe? NTA+Fe?
Group

5 R HEE TR R AR A T DG BRI A 1) S
Fig.5 Effect of Fe and chelant on activity of key enzymes of SRB BAA-hydrolysing protease

3 %58 ( Conclusion)

Bk R HES A T 3 B S BB AR B TR B R L R K A DR AR P R 24 A RN 10 umol - L™ NTA
5540 mg- L™ Fe'B, BR=RIE 196.2 mL-g ™' COD, 5 X} HESCIGAH FU 42 =5 T 123.97% AHR Hb, 1A R K
iR T A 3 R 10 O B 5 ™ P o R O B A e P 0t 3 T ATV R s D ) 0 D A2 ) e ]
BOVR AT A ROk FEIAR R P A o 4 B T 25, T NTA J2 4 B ES TR EE A H) , HOa I ml A5 2082 s ek &
il 4R TC R AN SRR, 6 — R PR 1 G2 A 55 R X i =2 28 R et DB ()R RS i) (TR 000 o6 5 7R
MRt 7 s A BERICR
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