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Abstract The effect of ultmsonic imadiaton/acid or ak aline w ith energy densiy of @ 05WemL™ ! on activaied slidge cell lys& under fH ranging fran
3 0to12 0 hasbeen sudied expermentally in detail The results indicated the concentrations of solubl cham ical oxygen demand ( SCOD), soluble
phosphor (SP) and soluble polysaccharid (SA) reducedw ith (H first and then ncreased W hen pH= 3. 0, the efficiency of cell ysswasnot high but
underbasic condition the conents of SCOD, SP and SA icreased exponentilly with fH. Strong akaline circum stance would benefit for cell lyss
U ltrasonic imadiation could higely i prove the efficiency of cell lysis moreover the higsher the H, the higher the lysis efficiency enhanced by ultrasonic
treament Under pH= 11. Q when ultrasonic tine was less than 60m in  all of the contents of SCOD, SP and SA icreased lnearly w ih tme Slhdge
lysis by ultrasonic/ak alne canbined treamentwas first order reaction If pH was larger han @ Q VSS/TSS of slidge could be reduced by increasing pH
and ultrasonic treament Based on expermental data amathenaticm odelw ith less than 2 6% rehtive enoy  descrbing the relationshipsb etw een SCOD
and pH or imadiaton tme has been obtined using ne- linear op tin ization m ethod.

Keywords ultrasound, activated slidge cell s SCOD; no-linear optin zation

1 Introducti '
(Introduction) 40% ( Sears etal , 2005),

1999).

(863)  (Na 2007AA06Z347)

Supported by heH T ech Research and Devebpnent Program of China ( Na 2007AA 06Z347)
(19713—), . , Emai htj@ tj edn en * ( ), E-mail stzhang® tju edu en
Biography LIU Yong (1973—), malk aswciate prokssor * Corresponding author, E-mail stzhang® tju edu cn



684 29
22 Ehk
, 6 56 L' 1000m L
4 Omot L™ 'NaOH 606 H,0,
: H 391011 12 1 5h
( Sears etal, 2005 Gilnroos etal, 2003 Yu 100001 mn " ( 8000g)
etal, 2008 Onyeche et al, 2002). W ang  ( 1999) 30m n( GL-20G-11 ) 0. 45Um
, SCOD (SA)
3 (SP), TSS VSS SV.
: ( 9kHz 20W, 30m in) > H , (KQ-50DB
(120C, 30m n) > (- 10C, 15h). , 25kH z 50W)  1000mL
; ; 30m in 1000mL
Q WemL ' ( , 2006 , HoO1L0 ,
2000), 10 20 30 60min
( , 2004 H ’ ’
, 2007), 1. Sh, :
; Q 05WemL "
’ 23 oAt
: Q 0SWemL' TSS  VSS ., SCOD  TCOD
H 30~120 ’ Vi
= 30m in . SP
’ ( , 1989), SA
’ ( , 2007).
] TV - 1800
’ , 3 (R esulis)
31 B OB RAEE R T RS IR
2 (M aterials and m ethods) la
N . la. , pH 30 ,SCOD
21 KBAH 66 Ome L, (H=71) SOD
; , SCOD H=71
’ 533 mg L' pH = 10 112 0
! mg L. \ pH , SCOD
1 H=120 647 1meg L™ H
Table 1 Characteristics of the studied sludge
— —— 100 , SCOD H ,
" — . SP pH .
08 760 H=30 ,SP 576mglL
TSS /(mg L) 12300 Sp (@86 mg L ');pH 110 .
VSS /(mg L) 8005 sp 6 04meg L, :
TCOD /(mg L") 11530 H 12 .S 16 39mg L.
SCOD, /(mg L) 53 25 (SA) pH
SP/(mg L™ 1) 0 56 ’ “ur . ‘ H
SA /(mg L") 59 7 .
30 . SA 310 Img L,



4 : 685

SA 54 Tmeg L, pH= 12 (DDoop ) QF%:; pH 110
SA 112 9me L™ 2 . , DDcop L %%;#H 120 , DD
gl 120  SCOD SP et S Y. fH
30mn |,
700 - (a) FoB R i 4R 4T 118 g=30,
e I P : pH 110 120 ,
o - @ --SCOD ;B 7 % 15 8. Zhan
b WM / 412 ~ ’ ) &
$ ol [ lexn (2009) 25mg0;  90m i
S 0 18 £ 10 %%, .
& 46 E
;300" 14 30m in SCOD =30 SCOD
1o 2 95meg L', =110 668. 0
0 0
2 1 14 mg L', H=120 1226 mg L~
P
2000 - (b) A7 PR ST 30min 30 .
~ 1800 - ——SA ] - s pH
= 1600 —=—5C0D =
g 1400 |- —A—TP 4205 ’ 4 pH
S 1200 F 2
S 1000 - 415 “é“
= igg: 410 & 800% 7 1400
= :88 - 45 16.00% - —&— ultrasound - 1200
"8 i i 14.00% - —a— SCOD | Oy
2 14 12.00% |
S 10.00% {800 £
a ]
1 il 8 8.00% deoo <
Fig 1 The relatnships beween soluble substance and fH 6.00% 1 500 §
B 4.00%
lb pH 0 OSVV. mL 2.00% - 200
30m n 0 |40
.SCOD P SA
. la 1b ,
2 pH
SCOD SP SA pH Fig 2 The effects of pH and ultrasonic on cell lysis efficiencies
i ,pH 30 ,SCOD SP ‘
1.0 120 , 894 2 8 98 >
129 1 mg* L' 1873 1 28 28  325. 7 pH -, 2]
me 1. 110 Q 0SWemL™'
SCOD SP SA
, (Zhang et al , 2009): ; 3 : 3 ;
X,-X, SCOD SP - SA
DDCOD:X3—XZXIO(% (1) ﬂ‘l 1. 0
(1) ., X H SCOD ., L /de ,
(mg L ); X, SCOD (mg L™ '); X (2005) - SCOD P SA
TCOD (mg L~ "); DDeop . 2236 282 Q 4mgL *mn .
2 coD H / SCOD
, blank s Sp . 60min ,
-1
, ultrasound ( ). 2 14 63k} g ( )s

, . . pH 10 0 SCOD /TCOD Q 14 Yu (2008) 12 0



29

686
e L \ TSS
-1 .
1590(hlg L 2m n SCOD /TCOD y [ blank [ ultrasound
Q17 pH 1L 0 60m in ‘gsgg/F oM -
-1 4 o [T
’ 90 S7kF g ( 80.00% [ —
) 70.00% |- r ]
60.00% _F ] ol
2 . > ) B
10 20 30 40 50  60min G
40.00%
10 13 17 20 22 25C. 30.00% L
20.00%
= 1800 ° 7 02 (=
= 1500 . ZQOD =0.143x+2.6751 i :j 10:00%
£ 1400 a SP R*=0.9701 4 5555 0 : : : . '
ﬂﬁ 1200 “ __; 30 7.1 9.0 10.0 11.0
&2 1000 y=22361x+229.53 710 & pH
8 s00 R?=0.9986 138 EE 4 W W
S 6w 16 &« |
Z 400 yj2'8124)2‘+48-466 44 a Fig 4 The effects of H and ultrasound on SV
R%=0.994 s
< 200 12
e e 5 VSS/TSS
0 10 20 30 40 50 60 70
A4 ] /min 5, ,
3@ 110 SCOD P SA VSS/TSS , H
10 0 , VSS/TSS .
Fig 3 The effects of ultrasonic tme on SCOD, SP and SA under H = 30mn |, Ifl VSS/TSS
110
SCOD PH 0% [ blank O ultrasound
( , 2005), pH 68.00% -
9~ 12 SCOD , H 66.00% H |- N
’ pH 9 6400% H
o9~ 12 ; 62.00% H
SCOD . ,
pH ‘ 60.00% H
y= 125 066(0 0674¢2-Q 9013 ) I+ 5849 436(0 1072x2- 1 404x) 58.00% H
( 2) 56000/6 1 | 1 1 1 ]
30 7.1 90 100 110 120
, 1 (mmn), x M Ly pH
SCOD L. 2 :
(mg ) E )_1 * 5 M VSS/TSS
9~ 12 0. 0w+ L, Fig 5 Effects of pH and ultrasound on VSS /TSS
25K 2 60m n
2 6, 4 (D iscussbn)
35|
33 T IR M T IR MR B LR
4 (3V)
) 4 , ) COD ; Mo,
SV 7L %%, H=130 SV 7L Y, ; (
sy : , pH , 200Q , 2006), jial
90100 1.0 |, S 68 b SC0D
’ B ﬂ_l

63, %o 6L 1%. S . [



687

)
(Wyberet al , 1997),

2 B B

@ .
(Chu et al, 200, Gonze et al , 2003),

B

) COD ; @
( . 2002)

. (SP) o3|
SCOD i

SP . H

. VSS/TSS
, TSS ,

Voo i
30m i

5 ( Conclusions)

1) :
SCOD SP SA 3~ 12 “U”

. H 10

., CoD ,
SA , SP .
pH 90~120
60m in / oy =

(0 0674x2- Q 9013x) (Q 10722- 1 4704 )

125.06¢ t+ 5849 43e ,
2 6o,
SCOD

VSS/TSS ,
VSS/TSS H ,

DK EHE (1956—), B, L, HE, REAF
FAEHFEIBFRE K. ZEHE Fa 2 BEEE BF K
AEGREESRBENNE LS, FEMF IR, ¥ TR
TRESTEHET. AAERE KA ¥E4 H ABR X4
(FA B A, 12H B ), 211 T 42, 985TE & £ B IR
TH A0 B A EE TE .

(References):

T, FukEa, 4. 2006, 88 5 AL B P& TS VB R4S Je i E
[J]. . 7(6): 85—88

CaoX Q Chen J WangH G etal 2006 Study on the effect of shidge
reduction in activated slidge systan by ultrasound[ J]. Techniques
and Equipm ent for E nvironm ental Pollution Conto] 7( 6): 85— 88
(in Chinese)

ChuC P, ChangB YV, LiaoG S, et al 2001l Observations on changes in
ultrasonically treated w aste-activated slidge [ J]. W atRes 35(4):
1038— 1046

GonzeE, PilbtS Valktte E, et al 2003. U ltrasonic treament of an
aembic activated shidge i a batch reacor [ J]. Chen ical
Engineering and Processing 42(12): 965— 975

GhnmwosA, KylknenH, KompifviK, etal 2005 U ltrasound assisted

method to increass solublk chen ical oxygen denand (SCOD) of



688

29

sav age sldge for digeston|[ J].
2): 115— 120
R . 2007.
[JI , 19(3): 34—36

U ltrasonics Sonochem istty, 12( +

Guo D § Peng X L. 2007 C an parative study on antrone chran am etry and
enzmatic hydwlysis for assay starch method[ J]. Joumal ofH unan
Unwersity of A its and Science( Science and Technology), 19(3):
34—36( in Chinese)

. 2002 [J].

, 16(6): 614—619

Guo P § Hua B, Li Z 2002 Mechanisn analyss of desomption

s B

enhan cean ent by utrasonic field[ J]. Joumal of Chen ical Eng ineering
of ChineseU niversities 16(6): 614—619( in Chinese)
> s , . 2006
[]]. , 22( 3): 96— 100

LiH, Jn Y Y, Zhang G M, etal 2006 Impact factors of ultrasonic
pretream ent of sevage sludge[ J]. China Water& W astew atey 22
(3): 96— 100( in Chinese)

s R . 1989, [M].
, 150

LuG S ZhouH D, LiYT. 1982 M ethods ofw ater quality analyss[M |.
Beijng Acadanic Publications 150( in Chinese)

Onyeche T ] SchPifer O, Bomann H, etal 2002 U lkrasonic cell
dsmuption of stabilised shidge with subsequent anaermbic digestion
[J]. Ulmasonics 40(1-8): 31— 35

SearsK J Allman JE GongW L. 2005. Feasbility of using ultrasonic
imadiaton to recover active biamass fran waste activated sludge
[ J]. Joumal of Biotechnobgy, 119(4): 389—399
, . 2005, [J].

, 38(7): 643— 649

Wang F, JiM. 2008 Infliencing factors for ultrasonic pretreatment of
waste activated slidge[ J]. Joumal of Tanjin Unwersity 38( 7):
643—649( in Chinese)
> , , . 2004

[J]. , 30(126): 16— 22

Wang F, JiM, Wang Y, etal 2004 Analysis on Ulia sonic a s
Pretreament for D sintegration of Surplis Activated Sldge and
Contrbuton[ J]. Environmental Science of Protection 30 ( 126):
16— 22( in Chinese)

Wang Q H, Kunmobu M, Kakmoto K, eral 1999. Upgrading of
anaewbic digestion of waste activated slidge by ultrasonic
pretreatment] J]. Joumal of Biotechno bgy, 68(3): 300—313

Wyber JA, andrews JD, Emanode A. 1997 The use of sonicaton br the

efficent delvery of plhsnid DNA i cells [ J]. Pham Res 14

(6): 750—1756
, . 2006
[J. , 27(2): 319—323

XioB Y, Lu J X 2006 Study on treament of excess shidge under
akalne condition[ J]. Environm ental Science 27( 2): 319— 323(
Ch nese)
. 2007 [
, 1(6): 118— 122
XueY W, JiM, LiW B. 2007. Effect of ch aracteristics of w aste activated

s ’

slidge and expermental conditions on ultrasonic disniegration[ J].
Chnese Joumal of E nvironm ental Engineermng 1( 6): 118—122( m
Chiese)

YuG H, He P J Shao L M, et al 2008 Extracellilar proteinsg
po lysaccharides and enzymes inpact on slidge aerobic digestion after
ultrasonic pretreament| J|. W at Res 42(6-7): 1644— 1650

Zhang G M, Yang ] Luw H Z etal 2009 Shdge ozonation

Disitegration ~ supematant changes and medansms [ J].
Bioresource Technobgy, 100 (3): 1505— 1509

. 1999 ( )[M]. : s
353—354

Zhang Z J 1999 DramageW ok[M ]. Beijmg Chmna Buildng Industy
Press 353— 354( in Chinese)
R . 2000. [M].
, 26— 29
Zhou Q Y, Gao T Y. 2000. Environmental Engineering M icrob blogy
[M ]. Beijing H igher E ducation Press 26—29( n Chiese)



