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KB ARNIARR B, SBBR AR —MHRE
GREYRRNBER. BERFHAGETER 5L BEA
8, RAWmERNRA. BRXEERU M RLRTR
SBBR £ R4GHEMB 1 00 B A B K L B P N B,

MANEFZ—: SBBR HANKFY. E6FE: RNBERZ.
REBPELBRENTEAHRSH. RNBPHRE. RN%
[t K B AR e (HokR) R R 88 +h KK 854 h %
B4 R R W : SBBR & —F Rt SMEFR I 2 bR A YRl % v 58
f5Bh T 118 3048, SBBR TE1T 10 KA T EMR. ZEsT
REHT, RIEBAKGIER BB 2 548, 4T REREFR
B&M, RETERMBANRENE EAENTHT,
SBBR MIEAER R Y K. 7 39~103 W HZH, REMFTE 17
8.0X107°~20.5X 10" kgO/h ZJAl. RN BEEKWHELEE
LA FYE. EPRSHEHT, AR ENBRAN
B ELAELMT, BEE K=3.0175%10° v m’. FRBRSE
THHEEEZEERENKUERXRDE. EZRNBLEHRNET
BT, REBPHEEHZRKABY S, 4R 0.962 dyn/em?.
KA N EYRRARENEE, SBRANEWBEEH.
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B R HEBAKA AT, REBNFENGEHKERERRTIE
65%~74%. Tl JLA&@ 12 3R R K P28 i R B 3 K R BRE
HE,

HRANAEZ = SBBR HAMEERE KK &
A REMBEHN (COD) « ML R R g &,
Baf: RENRE3, BEREmTEKE CODe Ml NH,-N £
MEENBEARWHER, BUKPEE(TN) ZREERTREK R
gk, RAMENHRE, LUBRHBRENS . LTRER
FH: SBBR KEHRMEZAXBH. EEHR. Bk
BTFREARMEEER. EEBEIRPEENKINIARE
M. WX CODe HH BV BPERMER. REXT
COD¢ MIEBIEHAER, X4 COD A HHFH 1.38~6.32 kg/m’-d,
COD(, fIEREAE 90%LL L. ZEEREMHT, #K COD, iRE
%t CODg, fI B ERM /N, COD KIEBREE L 9% L,
H7K COD¢, 3A#BIE 100 mg/L, I HKKREHH LK E
%, RARFERNPINERERS. 4 HRT 2F 75 min B,
COD, [¥1 £k %5 HRT R MM, %4 HRT KT 75 min B,
CODc, HIZBRHEEAERIRME. BHSKEE 1001 EHERMN
B K DO RIFE 4~5 mgl, X T O BRRMBERRGEN. #
SR &M T, AEK COD/N 3t COD, I EBREJLFELEWH, R
B BRI Y TR AR L RERE 2, (87 SBBR F TR
ARER S REHBRBKTHERE A EWHENER. 4
NH, N BB AHZE 0.15~0.30 kg/m>d, NI COD, B MFFH
1.38~3.22 kg/m>d Bf, NH,'-N BI£BREN 61.5%~87.0% , T-N K
EBEN 55.0%~60.7%. BEEHK NHS-N KE LA (GER
COD, BRAFM 1.4 EFHF] 6.3 kg/m®d) , NH,-N fI T-N [
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BRETH. MTEZHHK NH -N f1 COD., B, HF HRT
RIEEK, NH,-N B T-N fy %R EAENIRE. K% CODN Hi
BN, NH-N F TN BEBRRANNEM, % COD/N % 31.4: 1.0
i, NH,-N A T-N B £ BRERIE D] 90%LU £, RRBENE LG
EREWMAK. & FO)0 BT, FERMNIALEK pH ¥
T+, HERMERMBRATRPHEREEYE, XEEHMN. & SBBR
TERL A RIBRYR AR IR BE R K i, Hi7K SS #F%%%, X 5 SBBR
U FEROY LA X, 7E SBBR BITEA T, AR IREHRS
R EERER. ERM TR T REBHFEEZES N 0.12 kg
VSS / kg COD F10.21 kg VSS/kg COD. ffiie, 15R=%E
HE. ERRANLERZE Y, N ZRRAEH, 2aRMAEE
B, EELA R EREEAR S B RBREERN %Lk, Eid
L RFEHERZERY N B2RER. BEEATNRE, HLT
HRT EK, N ZBREAR, ZREERT, & 80%H N BT
R RER, EERNARTERN N B3 20%. 7
EHRARE HRT &4 T, RERNBLTANBESNTEL
T, EHEEKE SND K, HHHEATNLAERS. £
HERRY: MEVHREE, EVENRERTF. £
SBTERNBPERFAER 23.7%.

HANBLZ =: HitH SBBR B EHEEMHIF (KR
) BOKP T ERM, #TEYVHANEAIT. SRERE
B3: X SBBR HIARLF R A AWk s K sl Bk, £
BYHR—MEY RS ERES AN FE. T
AKHERIEK, B O BURMETA. HRT #9380, CODc &M
AR, COD EZREWM. %L COD. ARAMT, MK
) pH & 0.4~1.4 pH 247 91918, 7F SBBR BITHA T, dAiXE
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B BK MR Y5 K BA T4 AU L R, XATHET
SBBR HI4F . 4 KFRBHUE K7 FD)-0 T, JEK pH 1&
T 65, &3 O BBRM, EHE 7.5~7.9. FA FD) (15 min)
-A(45min)-O(135min) KB TR BEBAFRTER K, K
Riggeh DO W Z R & REMTENBMEER, o=t s
BRI REFHEE. T BE— Y R A Yy A e 8 4 i
URFMHEBKNAENRTERNEEREN, TRA
F(D)15 min)-A(30 min)-O(135 min)f KR E XK. SBBR 2
—EEETE, RNMERVLER, IRASKRENIR. K
PRG54 R AHLAHT LR R EaRE RF L
RHR EKRP, RAEE—EA 48~96 Pit. *f it
K MBERKTEH A B O &E‘Ji%*ﬂiﬁﬁf’“%iﬁfﬁ A.B
BRAYHETRESE, FERHE. ’ '
FRAAZM: 434 SBBR £ RN A KIZN A $#454E, HitH
SBBR £ AR ZEREAUIR V57K H CODe, M NH, -N HI5h %, &
AN R, TREREY: SBBR BT 2R AR
AR, H3HER A, BEREYNT B EE@ER, a8
FRREEELTRYERFT S —RZRNERE. BRRNMER
Monod FHEHIZH R, XEBREGR T E4E A RRET
FE AL AR BERERT 935k, SBBR MV H B I B s TR &4 HT LA
HEREMBST B R EH, COD HEEMBEN KRBT S
—RRMF S FERR EERTRMEEA, TR CODG
RE. ARH CN RARFIBRETH COD, BRI REMAS
KPUWER. CODc, MEAIBTAHABE C=
Co exp(~Kyt)(1-erfé) ik, T L5 H0HE i =] A AT K th A
S¥ Co M K. NH, N EEMEAMBELZT & TR RNE %0
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Abstract

In this paper the state of the art is reviewed of Sequencing
Batch Biofilm Reactor (SBBR) technology and its application in the
wastewater treatment first. SBBR technology is a new type of
combined biofilm reactor technology. It combines the sequencing
batch operation mode with the biofilm process with both
advantages.This research work focused on the study of the
characteristics, kinetics and application in wastewater treatment of
SBBR technology by means of a type of specific reactor systems.

The first part of the research work is on the characteristics of
SBBR technology. It included SBBR reactor system, the oxygen
transfer coefficients and oxygenating performance parameters, the
fluid flow pattern in the reactor, the volumetric exchange rate of
feeding and draining simultaneously in the reactor, and the
hydrodynamic shear force in the reactor. The research results
showed that the SBBR employed is a type of packed bed SBBR with
external recirculation loop. The reactor system is capable of
operating in more than ten modes by means of the automatic control
box designed specially. Under the operation conditions, the water in
. the reactor is at the state of high speed recirculation resulting in the
good mass transfer and mixing effects; Under the experimental
conditions, the oxygen transfer coefficients K, are between 39~103
(h™") and the oxygenating capacity is from 8.0x10™ to 20.5x107
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kgOy/h; The filling stuff composed of ceramic grains belongs to the
porous media. Under the condition of no aeration, the flow pattern in
the packed bed of the reactor is infiltration. Under the given
conditions, the infiltration rate X equals 3.0175x10* pm? Under
different aeration intensity the linear relationship between the
pressure difference and flow speed in the packed bed was obvious.
Under the operation conditions of the reactor there is the obvious
hydrodynamic shear force which is typically equivalent to
0.962 dyn/cm®. Hydrodynamic shear force has the marked influences
on the biofilm leading to the steady state structure, the equilibrium
thickness and density of biofilm. During the feeding (draining) phase
of the reactor the flow pattern is between ideal »lug flow and
completely mixing flow and is mainly characterized by plug flow.
During the reaction phase, the influent, after entering the reactor,
rapidly became the completely mixing flow. The volumetric
exchange rate of feeding and draining simultaneously in the reactor
can reach 65%~74% if only the influent hydraulic loading rate is
controlled properly. There are several ways to increase the
volumetric exchange rate.

The second part of the research work is on the feasibility of
treatment of simulated municipal wastewater with SBBR technology.
It included the performance and efficiency of the removal of
carbonaceous organic wastes (COD) and nitrification and
denitrification. It can be further divided into the followings: the
start-up of the system , the examination of principal mechanisms and
influencing factors of the removal of COD and NH,'-N, the
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examination of the degree and routes of the removal of total nitrogen
(T-N) or NH,4"-N, the estimation of oxygen utilization efficiency of
the system and the microscopic examination and analysis of the
phase of the microbial communities. The experimental results
showed that there were several rapid ways to immobilize and
acclimatize the microbial communities in SBBR. The
immobilization of the microbial communities on the filling stuff of
ceramic grains belonged to the surface adsorption immobilization
process. The existence of hydrodynamic shear force during the
microbial immobilization was favorable. The biofilm had the
obvious initial rapid adsorption of COD. The SBBR was very
effective to remove COD and the removal rates of COD reach more
than 90% when the volumetric loading rate of COD was from 1.38
to 6.32 kg/m>-d. Under the experimental conditions influent COD
concentration had little effect on the COD removal rates of more
than 90% and the effluent COD was always below 100 mg/L, which
meant that the effluent quality was quite stable and the SBBR
possessed stronger performance against the shock load. When the
HRT was less than 75 min., the COD removal increased with the
increased HRT and reached the upper limit when the HRT was more
than 75 min. With respect to the aerobic reaction phase, it was
appropriate to keep the DO in the reactor to be 4 to 5 mg/L by
controlling the ratio of air to water of 10:1. Under the experimental
conditions the different ratios of COD/N had little influence on the
COD removal. Although the biodegradability of sodium citrate was
inferior to that of sucrose, the partial and complete replacement of

VIII
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sucrose with sodium citrate used as carbon source in the reactor did
not bring about obvious difference. When the volumetric loading
rate of NH,"N was 0.15~0.30" kg/m*d, correspondingly, the
volumetric loading rate of COD was 1.38~3.22 kg/m3 -d, the NH,*-N
removal was 61.5%~87.0% and the T-N removal was
55.0%~60.7%. As the influent NH,"-N concentration increased
(correspondingly, the volumetric loading rate of COD increased
from 1.4 to 6.3 kg/m>d)the removal of NH,"-N and TN
decreased. With respect to the fixed NH,"-N and COD
concentrations in the influent, the removal of NH,;"-N and T-N
correspondingly increased with the increased HRT. The removal
rates of NH,"-N and T-N also increased with the ratio of COD/N.
When the ratio of COD/N equaled 31.4 : 1.0, the removal of
NH,"-N and T-N reached more than 90% respectively. The different
types of carbon source had a little effect on the nitrogen removal.
Under the operation mode of F(D)-O the pH of the treated water
continuously increased during the reaction phase with the result that
the pH of the water changed from acidity to neutrality or weak
basicity, which was desirable. When the wastewaters of different
carbon sources and different influent concentrations were treated,
the SS in the effluent was under a low value, which is relevant to the
ceramic grains used as filling stuff. Under SBBR operation mode
different operation conditions resulted in the different sludge yields.
The yields obtained under two operation conditions equaled 0.12kg VSS/kg
COD and 0.21 kg VSS/kg COD respectively. The higher the loading,
the higher the sludge yield. In the treatment system with higher

IX



2004 £ LR E LFARIT

loading rates the nitrogen removal was not high; in the limited T-N
removal the nitrogen removal by assimilation accounted for more
than 90% of the total nitrogen removal and that by nitrification and
denitrification was very limited. With the decrease of the loading
rate, corresponding to the increase of HRT, NH4-N could be more
thoroughly oxidized leading to the increased nitrogen removal. In
this case, the nitrogen removal by nitrification and denitrification
accounted for 80% of T-N removal and that by assimilation
decreased to 20%. Under the appropriate conditions of loading rate
or HRT there were the phenomena of simultaneous nitrification and
denitrification (SND) although the reactor was under the aerobic
condition. The possible mechanisms involved in the phenomena
could be explained in several aspects. The microscopic examination
of the microorganisms phase showed that there were various typical
microbial communities corresponding to the exerted environmental
condition and better biofilm quality. The utilization rate of oxygen
under the given air supply in the reactor was 23.7%.

The third part of the research work is on the process of treating
the simulated wastewater containing botanic products (garlic and
golden thread) with SBBR technology and the microscopic
examination and analysis of the microorganisms phase. The
experimental results showed that when the simulated garlic
wastewater biologically inhibitory was treated with SBBR
technology, the gradient acclimation was an effective method for the
stable transition and rapid start-up of the biological system. With the
simulated single garlic wastewater COD removal increased with the
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