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B E. HFRALE[FA 20 kg COD/(m® » d) iE % i5 474 EGSB(Expanded Granular Sludge Bed)
BEREY RBEGRABREER, Bit—A B L5834, £33k COD %44 000 mg/L # 44 F,
#K SO HAERAETRAZELS] 800 mg/L,EHT 9kg SO /(m® « DHEIFRA ., KHHH
MAFERFATRRAMIFRANENARME, Fo LRGH LA RRAFADRFGLES
BEMR,EBAMTHALELERG. R TRESH43.8%. RRLAZRAMRALAIGRKR
B F R EH 31 4%, %5 B8 &1k COD/SO,* 1% % 2.0, EGSB R A S REMHANLYH 540 5
# B WA SR ER A A 255 mg/L A 102 mg/L, A5t SRB 5 = P I8 & £A4E4T &K

X RREKAGEGSB; Y B FRILE

HESFES: X703 ARG A

Treatment of Sulfate-Rich Wastewater with EGSB Reactor
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SUN Zhi-hao'?
(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Southern Yangtze University, Wuxi

214036,China; 2. School of Biotechnology, Southern Yangtze University, Wuxi 214036, China)

Abstract: In the EGSB reactor with a steady COD-loading rate of 20 kg/(m?® » d), the final SO,%~
loading rate reached 9 kg /(m® « d), with influent COD and SO,*" levels of 4 000 mg/L and
1 800 mg/L respectively, after about one month’s acclimatization. The stripping effect was
observed when the gas production rate was larger. This due to the fact that the higher organic
loading rate. On the other hand, the good gas-solid separation resulting from the high upflow
velocity made a higher sulfur content in the gas phase, which was 43.8%. The largest percent
electron flow which sulfate reducing bacteria was achieved at 31.4% and the corresponding
lowest COD/SO,*~ value was about 2.0. The concentrations of dissolved sulfide and free
hydrogen sulfide in the reactor were 255 mg/L and 102 mg/L, respectively, which don’t bring
inhibitory to the sulfate reducing bacteria and the methane producing bacteria,
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WEIWEK bR BEEE-H. B
WMEOMT WG EEMBREKE BEHRBRE
BEHALYAGEREY . REEWEARC LMK
BB R TR EARVLE KL E S, ER
i F EREBBEAK, B FHBRILOFER THEX
R REA IR B RN L R, b n = — 5
ERSERAR, ERNEA NG RBRN L 81 5
R, B R E KA R B ™= BREE
KIEETHRERRANTENRE THREFRAL
BiRrerB™  XFEREN:D RREER
i (Sulfate reducing bacteria, SRB) &M= F 5 &
(Methane producing bacteria, MPB) & 4 % i 7%
%, JiH R 7E COD:SO,*” EE/R L /M F 10 B & &L
T ;2) SRB 3% F 5T B b A A4 A8 oK b 7= W R AL
R EEEXMYR, EREX MPB &
BAT MR, £ E &% SRBEG 4N
.

#xt bR 2 HAFHAR . ARARFRT KE
MIAEFAGWBITHESRR, LIRAKHRRLE
FRIBSFFRIBAFHHHELEY BHK
RIS E pH BRI gk VTR B Y U RS
RyE%, B2 EERS RN RN EF
EESHEHYREAIUmEIEZRERE SR,
EMOE KPEARERAKRER . FERBUER
B RS R BRERERBL .

BEES 3SRREBUBEARMBIIFF XML,
i EGSB(Expanded granular sludge bed).IC(In-
ternal circulation) [ . £ %, SR E A R FE I IFHIE
 EAREEERYREKGLEE, XEPREDHE
MEBEEAKS, RELBRUSFREELEYE
MBI ZEEY RO M RERN R,
BRMFEMIZIRANELE LRFMHMEIRR,
B B 5T b R R R A% 7E Ab 2 ¥k B BR £k B K B B9
RANTRBRIER N BBREETHHRIESE
HRBHBRELE. (EFREL EGSB RUSEL
R BLER £ WL K B RO IBFT R T R FF R .

1 A5

1.1 #E#MFE
B E AR A L IEEE TR IC R R4
A R EUBURLIS IR . 38 T A% M N 88 A AT R 20
kgCOD/(m* « d) Z 45, ¥t B PR 4 UKL ¥5 I8 ¥ 1 1R
B IFREBROPAMEEY R, IUBERE. A
LR BB —-ME 2 mm, ‘
HEARMBERERL FELETEARRRE

F/AREELFFUBEMNBREIF R ERRMMS K
B shet R R AR B KB B (LK VSS 30 g/L)
SFe B , T 2 45 2 i V5 U A8 B4 o 7E L 8% A AR A
B 1/2 44,805 2.0 L, A\TIRENBHERT
Y Ik BE B3 (TSS: 45.6 g/L; VSS: 40.6 g/L), K
BEFREMITREN:

VSXCVSS=2. 0X40.6
Vr 4.0

KA Vs—EMBRER L) Vi—REHA G
L) Ces— BEMBREAURFEBK VS RE
%EE’E/La

ZAER K F 5 2 Lettinga H# 8 UASB X i
BEWE Shet R A B VSS 10~15 g/L,HR 5%
REMHHRERHEF.
1.2 RERAk

FRAANTHEBEAR, KF COD: N: P=200:
5:1, MR EE T BB MBBRHES, Bk
BHFAEL

=20.3(g/L)

R1 BUBEKRS

Tab,1 The components of synthetic wastewater

COD 4 000 H;BO; 0.1
HE 3 750 ZnCl, 0.1
NH,Cl 400 CuCl, 0.06

KH, PO, 90 MnSO, + H;0 0.1

CaCl; + 2H.O 60 (NH,)¢Mo7(4 « 4H, O 0.1

MgSO, + 7TH;O 50 AlCI, 0.1
FeSO, « TH,O0 40 CoCl; * 6H,O 0.1

NaHCO, 5 000 NiCl, 0.1
1.3 ABRE

R H EGSB [ I 28 i 338 518, BERh
BOLKPRMRA40L, REREEN 780
em, HBHN 7.1 e, HELA KR 11, REBHNEAR
HLZ pHI, RERKBEEILEBSEHE
35 C,

REFERRBNE 1R,

1.4 RBANBSH X

BHREHKPARNBRENELATEBIR
R 2%, 2 BRSCHRHH 45 & SE B IR 00 26 B _E FH 3K (o)
Hh6m/h, HFAXERAEMRGREEENESY
HIE7E B S B AT B9 IC B 2% R B A9 BB YS
P, EHERE , S E# K COD B 4 000 mg/L
EEM%GT,.COD ARAHRBREBT 20
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Fig.1 Schematic diagram of EGSB reactor
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Tab, 2 Operational conditions for the reactor

K Ak KAEE  EFH COD A #
cop/ wm#E/ wE/ WE/ RTE/
(mg/L)  (L/b) h (m/h)  (kg/(m® « d))
4 000 0.8 4.8 6 20

HIR IR 38 ) 3 K AP R 0 R 44 R AR E
K BB BR SRV, SF IRIE A B T SUZ B

K-, Bp 2 COD £B R 5 SO, B R 3
80% LA EF HBEEFT T 5 K 1E@EatE (Hy-
draulic Retention Time, HRT) ZJ& FFHa MK #EK
FRRRLEE . EZERUFANHAMHAZR.

YR MEENEIAME N, A E—E &N
TELRBTAHAEEINBR LIRS, ATTYIL
R, RS R BT 15 2 8 B8 SR 58 <& 7T RLR IE
FEXRBEREBTH—NBARBUE A, AR AL
BENFHTREBIT, BEX HAF LT B RN HF
RAFRIE—2EHER.

B AV BB K A X R IR T KPR K
BIAbFRIRES
1.5 #HBMBEAZE

(DCOD: ¢ B R AL

(2)# 7K pH {H : (Mettler-Toledo) Delta320 %
B

(3)MLSS(E % E &) & MLVSSU# % 1 B2
Bk . EEES;

(4) SO~ ZAREE",

GOFY AR

(B)F=E R4 : KA BN E

2 BR5H®

2.1 mEBBEAKHILTE
Bitb s Nk 3,

®3 WMBEEAKNYNLHE

Tab.3 Operating schedule of acclimatization with sulfate-rich wastewater

EX 4
YERE/d sk SO/ BERH/ CoD:. #ACOD/  CODEBMM/  ypr,
(mg/L) (kg SO /(m® + d)) SO & (mg/L) (kg/(m® » d))
1~7 676 3.38 5. 92 - - -
8~12 1014 5. 07 3.94 R - -
13~18 1521 7. 60 2.63 4 000
19~25 2 028 10.1 1.98 - - -
26~27
ranmo 180 9.0 2.22 - - -

ARIBRIEKETH COD #BREHRS SO,
BRERSHINE 2~E 3, NFATUE S, 75 4
MBZ R COD X BREM—ELRE ONESR,
HE SO RREERIE BSNER LK N #E
TR, XEAEHK pH HMESEEK
BEEAFIE) L, H A pH EHN-SERRBEE.
BREYHK SO, REWREH MBI 2 028 mg/L
A, RMNBFHE/BARE, BR COD £HE

MARIFTE 00X KR EHR SO EIRFH MRk
B OSNRBRTERERE 30 EHR, AN KRR
Rk RM, = SBEFEMREKR, 23— B
HREA ZHRET R ER SO~ ERER LI
RE % LEH, X B HK SO & &K EH 200
mg/L, YA R 2% 3 SRB Z 3 T il , Z iR &
Pt A SR .

MYMETBRE  E—E &K MAT EGSB RIL#F
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B R E MR K, B AL E 2R &
BiBR £ &Y B 7k 2 4 5 B #h K ¥ A B 2 028 mg/L
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Fig.2 The COD change curve
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Fig.3 The SO,*~ change curve

2.2 BESTHRHORERRT

A% R A8 YL B g5 R K SO R i
WEE ML 800 mg/L A4, IBIKE RN 2N
SRBHRIFENE. RREREH,. 214 2 dWEN
BT, SO BRIRREPE KT 95 % 4, N ik
SO~ B W EMEK KN 65 mg/L 4, 55k
FEREBEHWEBE Tk, AT ULAKKS$7E 1 800
mg/L 3Kk SO REBRELXGTRLEER
o

BB RN AR B FT RAM SRR 4, Xl
HOLT B TRETYRER, ER IR 5, AT
DEHBRHEMSHTRRTRD A 42.5% 5
43.8%., Fang F I ME B MM L E R 5226 ~
642 L1 DS B RAF7E, T ST TR & B
5 21%~260, AREPRMERTRERZHMU
BR, TREHENANATBRRAMER =R
REEZ A RA RN SRB, B EBRFH LA R
BEEERNRFHSESBEER.

R4 BEBTRETHRERRR

Tab.4 The performance of the reactor in the steady state

X COD G S O P ik K K mAk S/ MR
COD/ %K SOS/ ®EE/ 'DS/  *H,S/ S/ N WL
(mg/L)  #/%  (mg/L) %  (mgS/L) (mg S/L) (mg/L) P CH,/% CO;/% H,S/%
312 92.0 68 96. 2 255 102 248 7.05 1.3 50. 4 48 12. 8

- RABEIABRERS T MU LSRR FHE.
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Tab.5 Sulfur mass-balance in the steady state

BB/ %

#k ik ik KM 5 R
80,*"S SO>S DS"S  H,5S X

100 3.8 42.5 43.8 90.1

2.3 BFRILE

B3 E 2 B BLEHT MPB il SRB 4%
AH— 128, EREALEL RS, 8 F R
COD #78) 38 ¥ 7 MPB # SRB Z [ 4y B, \ T
MPB #1 SRB g5 ST LU R FRER.

ARk SO, BBk BT K s F 9 4 7 fn
4 ff7R, 9] W, SRB By 81 F 3 L B B & # K SO~ R
BWREMNRNTELR, BREXNE BREL,X
YLBA7E EGSB X K #% 7, MPB B A ¥ 8 & 19 &
. Rinzema %' 2% G BR £k B 7K 4 IR AL 2l
HBAG IR AETRFRALEFIHESH
SRETBRE, WEALH 67% 8 COD R =
R BRERN, A REREUBBRRIETX -4
w. BRMMNEAEAHAKNEHR, 25 ANET
EREFRBRAL T MPB REARSBHAEX
N8 SRBEMERSF NIRRT REER
FERE. MABNERE-FHEXBRENER, B
HTFEANREFRAEERNIMHE RS, &

#{€78 SRB R~ e se £H A COD,
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Fig. 4 Percent electron flows at different influent sulfate
levels

HEH KR, COD kIR PAH 1/3
REELEST 2/3 MEEITZREBUERE, 0T
SRB7EE S 9 F A RE 1 £ R K8 id MPB, )T i
78 SRB U REE 2 F| H A S .HR2 SRBEZRKFI
FRES E#1F1 MPB R4 LT, X B A5 &
& 9 SRB Fxk Fl FH Z B , Bk %k Rinzema %™
i R RHIEER .

BT FE 5 A%

FAMRF H A9 44 A LAE it COD = SO,* {8
BEF AT H R, 3 H COD : SO,>™ {H X} |2 [ 2% #Y
FEBETE—-NRAREENSE., 2B EANG
T SRB 7£ 35 Bl £ & B F ¥ b & X 07 #Y & K
COD. SO {H7E 2.0 &£ 4. Bi £ EGSB X ji 8%
COD : SO,* B} 2. 0 B FE S B N BE.

2.4 WUMHEN -

RUAYHESEN TRELEIBHYIERET
MERE—TEEXBEHEE,BEXTEHMHEK
FHEAYAR —. Parkin EUME B E L ZR K
TRAIEFHENBERE T, Y DS R F MK
Al RASTBKE RSB 150~200 mg/ L 5 60~
75 mg/L Bt &AM Hl. T Fang %17 MWL F
ErRXREBRK(UASB) RS, BifE DS #
AHRL A B AL SR B E R A 769 mg/L #0234
mg/L AR HABTBAIAR . XRARLY KM
HE—-ITEFREEWAR, CHHFHREGER .
RSB YL ASEREEERXR, AR
A (B4R —N i A B I K R

AR AR HK DS REHKEHZLME S
FiR. 7E#EK SO, JREW E XS 2 028 mg/L 2
A,k DS B W EEABEE K SO REWK
ERHMmKER R, BRERIK SO HER
B —BmE 2 028 mg/L f5,Hik DS RE¥KE
HRBEL , BlET K SO~ REWERAF B
B tAY SRB 323 T8 AWK, A B E LR #HT
7k SO,* & ¥k BE X 1818 B T 5k F R € 7 200
mg/L &A%, K DS IR EIREE LA, ERIABE
S AA AT SRB fF & A #4314 R 2 — gk et
M. ORE -SRI, BAEEDS
RESESP COD ERE-HBEIRE EFE
90% &4, X UL MPB 8 A 234,

BAFE#K SO~ REWE R 1 800 mg/L K
HHF, K DS REW EREE 255 mg/L £4,
Hih7E EGSB R mi 2% ,DS SH MK B B AR
FREWREE N 255 mg/L 1 102 mg/L Bt % & X SRB
5 MPB =04,

3 £ #®

1) 25% 30 d ZHBYI4L . ZE#F K COD }4 000
mg/LB &4 T, kK SO REEEFE A N1 800
mg/L Bf, 3718 T 20 kg COD/(m® « d)#1 9 kg
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BKREZ R BB M KRB, F i EBF K BT 4)DS 5K AR RERE N 255

THF = £ B RAF RSB EAR, RSP mg/L 1 102 mg/L Bf R Xf SRB 5 MPB = 4 {£ 1]

BRTERBEHBER,XBT 43.8%; Btk
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Fig. 5 The curve of effluent DS levels
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