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Abstract: This paper established a continuous-flow ultrasonic SBR system for low temperature
wastewater treatment, and investigated the effects of ultrasonic wave on the properties and quorum sensing

of activated sludge at low temperature. When the wastewater temperature was 15 ‘C, the yield coefficient

(Y,,.) of sludge in the ultrasonic SBR system decreased to 0.306 kgVSS/kgCOD, and the sludge reduction
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rate (SRE) was 44.77%. Ultrasonic wave did not affect the settling performance of activated sludge and

the stability of the system. The sludge volume index (SVI) of the sludge in the system was between 121.2
mL/g and 148.0 mL/g. Stable COD removal performance was obtained, and the effluent COD reached 22

mg/L. The extracellular polymeric substances (EPS) content of activated sludge increased, and the

polysaccharide and protein contents increased to 74.71 mg/gMLSS and 29.23 mg/gMLSS, respectively,

which increased by 63.2% and 36.8%, respectively. Ultrasonic wave significantly affected the

concentration of signal molecules in activated sludge. The concentration of C4-HSL was 0.196 6 pg/L,

and the signal molecule content per unit mass of sludge was 0.044 pwg/gMLSS, which was 2.56 times and

2.44 times of that of the control reactor, respectively. Ultrasonic wave also resulted in the significant
decrease of the concentrations of signal molecules such as C6-HSL, C7-HSL, C8-HSL, C10-HSL,

C12-HSL and C14-HSL.

ultrasonic wave;
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1 87%, 15 Ve 2 FLH8 B (SVI) 24 80. 4~170. 8 mL/g,
pH A 6. 95~7. 58, B (4 At {1 .

BT K DL A0 S e I A B oy AR
M — VBRI R S — B S IR, o IR COD 2 400
mg/L TN 2} 50 mg/L. TP & 5 mg/L BC il o #4147
EHEAT : CH,,0, 4 375 mg/L \NH,Cl Jy 152. 86 mg/
L.KH,PO, K11 mg/L., Na,HPO, F 11 mg/L A
(N &N 12%) N30 mg/L, fEH D& .
CaCl, >} 20 mg/L . MgSO0,-7H,0 >4 50 mg/L . EDTA A
50 mg/L . H,BO, 4 0. 15 mg/L.KI 4 0. 03 mg/L., MoO,
}9°0.7 mg/L., MnSO,-H,0 4 3. 66 mg/L . FeSO,+7H,0
40. 3 mg/L..ZnS0,-7H,0 4 0. 12 mg/L . CuSO, - 5H,0
30. 03 mg/L,CoCl,-6H,0 4 0. 15 mg/L \Ni(NO,), }y
0. 085 9 mg/L.
1.2 ZBEE

8 75 PR 45 SBR R 40 /K AR L iE K G B 5 L E
JFRIVE SN S Wl PR IVA 1 Srid o N DRl A AT I
Y 7K T R R E A S A, a1 R . R
N B N A LB S, R SF S 60 mmx60 mmx1 100
mm, AR 3.6 Lo [N a IS Al K, A &L
ARG 173 AT ORE 1T, 2/3 Ab i A /K T o R I 2 1E 5
TR AV 15 B AT R P A B S s e LA 1 iR K
G h 5 A3 R RNHEK A b R IR 1Y) I A5 R DG
(DG EECPIE Y= Rk Y = SV VA R N w
AR X, 1% X 48 B S IR IR A AR % . E IR
N7 g UG 4 HE e A 3 Ak R SR % 4 AR R RN A
R P N A LR ] 2 R N R TR IR . X
HESBR 2 0 I A 8 75 50 #2025 AR 7 2 1 24
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Fig.1 Schematic diagram of experimental equipment

1.3 XWHE

A4 Bl 3% 75 PR SRR 0. 5 h 45 I B RS
B ULYE 30 min, B UTVE S 1975 U6 T 108 2 H R 2%
Yy, P4 5IEC 1 200 mL U85 V5 Je e AR 32 R0
o ARG K ZIER KA, B sl 3R,
VB IR A el 3 S g 1 PR TR K VR AR B, 4 3
SR s KR A (15+1) °Co PIAS 32 0 £ 3 LA
SBRIE a1, F/K e R 0. 33, I ] A 4 h, Hod
HYEK 5 min B N 135 min JLHE 60 min FE/K 10
min B TJF 30 min, I8 17 B ARG VA8
IR W DO 3~4 mg/L, WIUGTE e 354 0. 247
kgCOD/(kgMLSSd) o % K HERRE 4275 U8 , 45 6l
DRGNP R 10 ds

X B8 SN A AN HEAT R A R AR HEK S R 30
min, P RE SN A TR R IY 3 A S S 28 X6 4 4
TG TR A, BVAEHE K T 45 15 I IR i 3 22
B UUTE I B9 35 1 75 P8 LA 100 mL/min 1) 37 5 2% A %

SL LR P RN g o B P N g R FH LI P T A
KGRI E R 6 s, o P 2 s 41k 4 ),
PR 20 kHz, 8 75 50 R 0. 113 W/mL, 4 5408
PRI R R 30 s X 3 S N i PN UL TE [R5 T 43R kA T
e P Ah 3 S 45E 1k A o EE RE Ah L 1495 T T
ZF RN, BN — FEIiETT .

B R AR 1 AR AR KK BE Tl 22 COD
SS.TN.Z 4 . TP Fl pH S48 b , I 5 V5 P8 DL R ik
R BRI A P B TE TS VR IR A RE
SV . MLSS.SVIL 4R &Y (EPS) 45 bR, iz
F18 5 Ji BUSBR 28 40 14 Pk V5 e A6 T A 1R SR Ry 15 5
2
1.4 NI B RFE

IG5 IR R R E (Y, ) FR AR5 Ie 72, U
15 R I 5 (SRE) R R 48 115 Je sl it R, ATS
e UL 1 R SVT R R T3 T8 UL [ PR BE>' . coD
SS.TN.Z A& . TP MLSS .SV #1 SVI$% 8 (7K 1% 7K W
D531 7536 ) 3 4 B0 #4702 o pH R A pH 1+
SE o 15 YRR 2 A I 7 32 47 A ) o i S A
TG, 43 A0 SFEAS [R] O 3E B 18] 52 1 2 P 16 P 35 Ve TR
B IE Ve S R, TR . EPS SR
KV A 3 R AT BRI, SR FH A R — U B £ 3
Lowry 7843 51100 7 B O 04 25 11 oA 20 5 3

T 1 5 Ve R B W AR 5 40 —F SR R AR 40335 5
TEIE I 2 . OXF 6 P TS PR RE S R 178 7wl e
AP AR A 20 kHz ARSI TR EE N 10 mm  BE 2%
&0 2 W/mL G 7 B ] 10 min, Q¥ 5 1975
Je L4 8 000 r/min B5.0> 10 min, Y4E PG . @ Z
R 2L AR O30 10 1 2B V5, R 5 e i e
3 min, AR A3 K. @FPSE NG 1200 mL 17
WA S g oK BRAREE , B E 24 h 5 H 0. 45 pm JE
FRE 5t 3 W UE VR . NG DB TR e 28 AN R T,
A INA 2 mL B35 BER R 5 5 0 7 B ARR
/NP 37 B T UKAEREI . @Ak B (1)
FE AR /NI E T B A RE RS T, (B0 2%
% . Agilent ZORBAX SB-C18 1% % #¥ (2. 1 mmx50
mm, 1. 8 wm) , 3 Hr B[] 4 15 min, Ji3E 4 0. 20 mL/
min, FEEEARFUN 10 pL, FahAH A B & A 1% Gi%%R
HH R 2liK B R £ 15 9 FF B, R R R B D00k 5 i
S5t B TR A I 55 B IR (EST) , R IE B 8
22 BN B s (MRM) B R, 205 AUV, RE
4300 °C, BT 4 100 °C, i i#E K 180 L/h,
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Wit 5 3 A7 IS TR AR 140, W B2 1 g PN 15 Y08 vk X A
TR, LR 7 R T SR 0 5 PR T R R TR
—26 . [I15 d, RENIE MG IRAL FIE N BB, i
HEB T8 42 v e i R T 58 7 AR i s e i, 6 R R
TS TR A IR Y 4. 52 o/ LRI E 3. 62 o/LL, %
R R 0.071 7 g/(L-d) 5 1078 75 Ji 4 R G5 Ve ik
BENI T 4. 55 g/L AR 3. 40 o/L, FEAKHEZE N 0. 090 2
¢/ (Led) . BifiJ5 RN a4 i ARG E B 1T BB, 7 21~35
d SR, X B s N A T U v BE AR FE 3. 23~3. 34 ¢/
2 [8) 5 TG 75 4% R G 0TS e R AT e 2R 18 T [
AR % 0. 029 3 of (Led) , S &AL 5 35 R FEAR
#]2.86 ¢/L. LIRS RERLEN Y, N 0.306
kgVSS/kgCOD , 1 [7] 1 X B8 52 1 5% A 0. 554 kgVSS/
kgCOD, AT U8 75 I8 42 3 B & 4075 Je ool it 2 R
44.77%.
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45 18 :
40 y=-0.004 6x+3.392 1
R=03212
o35
2 :
2 307y=-0000 2+4.5252
B o5 [R=09199 y=-0.029 3x+3.875 0
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Fig.2 Change of sludge concentration in ultrasonic SBR

system

Z G5 K COD 25k 400 mg/L, % BE N 2% Hi 7K
COD IR B BE 1Y 60 me/L LA 1P 2 J5 10111 33 mg/L.
0~15 d, iR 4RI H 7K COD AT, 15 d R R g is T
S0 1) 75 R 2R 48 K CODARE T B S vy o, HH 7K
COD 4 22 mg/L, COD Z 555 94. 5%,
2.2 BEFEIE SRR A

7 A 4 X6 V5 YR T AR R 1 R e ] 3 e
R AIE, 0~20 min, XJ S0 5 TGS U8 1 7K
R THT 10 0 23 vy T R A SN i o R RSN

T 1 15 Ve U8 K T Re 3t 1 55 s DR 3 %68 4. 06 mi/h,
FLAEDTTETF 06 I W ER 7 43t B0 5 T 7 08 45 SR 1
A I Y i e DR R0 2. 38 m/h, FEVLIE IR A
20 min iKH, AL —E R LR TSR
TREER  BEAR T V5 e DURE R 6 Bl 25 76 75 ] ) 4B
K, REHEETGRIIEEFE T . 7630 min Z
J& IS RGeS YR TR R AH 22 AN K, 60 min J5 5
M, ¥4 F0.72~0. 96 m/h Z 8] . RS iEfTha
SE LV, 6 BB N g B SVIE A X 81K, 78 97. 7~
128. 0 mL/g Z [] , M 75 8 428 Ji2 0 #% 7F 121. 2~148. 0
mL/g Z [H] o AT U, 6 7 R 4 I T P s e i TR e
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Fig.3 Effect of ultrasonic wave on settling rate of

activated sludge
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R R 9 B N R R TS e AN R A i AR
F o R 28 S s A T T o R R S e i P
158 1Y 205 AR BT i 4 o0 Ry 45. 78 Fil 21, 37
mg/gMLSS, 8 75 I 45 [ N 4% 19 2 9l ok 74,71 F
29.23 mg/gMLSS, M A = R HIE T e 20
R 1 63. 2%, A RiEE 1 36.8%. AL,
AP JE A T BR G I TS R AN R &Y T
R, X 5 2R TE A NPT IR 4 R — 20 Tian %19
WS E B, 76 0. 15 W/mL {1 58 J5 368 75 3 &b B 10
min £/ T, 15 P A EUCEL EPS 7 i 8. 3 mg/gVSS
HEIMZE 18. 0 mg/gVSS™ . A Ab P 17 14 V5 e 41 i
PR T R, AR TR R T G U AR B A
3L R A W B A A AR 75 I AR 28, e &
FETEMEERP IR SRS
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TE R Gukasg i AT a], o BE sy 28 HhoRs i 21 1
C4-HSL (0. 076 8 pg/L) . C6-HSL (0. 084 7 pg/L) .
C7-HSL (0. 036 2 pg/L) . C8-HSL(0.039 9 pg/L) .
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HSL(0. 020 9 pg/L) 55573 1. ATLUE T
WEER L G5 I8 v CA-HSL He B g %iF BB 52 107 4 1Y)
2.56 ff% . R SN A CA-HSL YA BT
WA ST &8 0. 044 wg/eMLSS, VLR 4, J2 %) 1R
S 1Y 2. 44 A% o A IR 45 IO A% T 0X0-C 14—
HSL ¥ B L X B8 Sz 7 281K 0. 578 7 wg/L. A, 7]
DL 8 75 R 4 S BUR N P CA-HSLAR 540 Tk
FERIREEYG I, BB — @ BE 5, RIS
VA Yy A i, i H I iR 2R B & S 40
W, e 2 BU N # WG PTG Te AN R G & &
ﬂ

g
o

w18
w2
=
= 16 7
o D2 MRN8
S 14+ ERER M H RS A% 7]
‘Tg 12
= 1
W O 7
&g
e
K 6
jaitpd
iz 4
=
B2
JHEH 0 a Wl m L L L )7
i N N [ | S|
A
UU§UU§U?59—5|
>3 =< o =] o
° < 5 5 B
{75 TR
B4 BEAEMNEESREERFESSFRIENZN

Fig.4 Effect of ultrasonic wave on signal molecules

content in activated sludge system
P 555 T 1 EPS MR anTAl 5 iR
RS PRI 0 M TS J IR AT Y CA-HSLAE 5
O3 TR PR , 0 T A0 L 114 22 N AR 1 BT LA
RE S MW TGS JE T ARG ) & R E R,
VLI 5(a) . Bl P 4% B HEA T, P O 3 P

Yo A A B A T UM, A0 TR R bR A B A3
BEA R (5 54> F CA-HSL, S8R I 5815 M 15 8
TR AW T CA-HSLAF 570 F W B a3 hn o 281 5
—EFRRE 22 S5 R 2R I 4 T U A TR A i LT
Ji 2 M RVER 145 A PR A ‘ﬁém\ I B AHAT
i P T VR M AN IR A W A iR R i, LR S
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Fig.5 Mode of ultrasonic wave, signal molecule and EPS
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WA R I 28 43 BIAR 5 T 63. 2% H136. 8%, #8745 Pl 45
SEOG TG RMINR A Y S .

@ HEEREENREEEERPE S ST
FER B GE M o 7 P R GENG 15 e Y C4-HSL
WeJE N 0. 196 6 pg/L, B T &5 A5 5 20 7%
T4 0. 044 pg/gMLSS, 43l A % JE SN #3519 2. 56 Fil
2.44 % . B IR L T 8 C6-HSL, C7-HSL, C8-
HSL. C10-HSL. C12-HSL 1 C14-HSL % {5 5 7 T
W B B SRR, B AR S B A P C4-HSLAF
ST E KRR N, BRE] e R E R, i
YRS MRS Ve M A e, R E T 22 MR R R
TR WA 430, DT S 002 7 28 PR T 7 e P 1 SR

aYERT .
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