s T ke dle
e Ol ol
\YAA Jle 0 o )les SRS

S gl g of plod b Andiai iy dhaw g9 (280 Jad (o (5 3w Jghono

Wl by Sy oS e LS Lo e

uﬂ),\.acﬂ:gj?a@xl:‘w)'iaﬁmjolﬂwxyéﬁséﬂiﬂ:.\

w}Jﬁ C,\:JJJ AK.:,.’..) Wy .h:}m 9 Q‘]Q& J.AJ...@A oK.i.-u\é sl =Y

e e 5 oS (s Jaes s Ol s g 0SSl GLiSI-Y

* h-ganji@modares.ac.ir

AARASETE W P

WA 23l s )b

ol

k4

C‘jﬁ‘jla)u@\hwb,::..l:Lhu,i:})w‘jlL>_<.L.\;..‘.»\4:."3))[54.1ﬁ)dw‘}?;séj‘ﬁjvmd)‘}bﬁéﬁd.ﬂﬁméug}})
o RS AR LSNP G KHZ 618 5 L S gl 350 plam 5l oslizal b ads b oo sy onl 0ol S sl 5l
lemﬁdy!)ug\;)L.,N;),.pQK%)ﬁuj:;\ja;)\;M‘;ﬁg,f@fwrpxwvpﬁnﬂQyJMC}@,
Sl Oldels Olsae 2alS imeen s VO EMG/L G Jglowe 8L L 5708 B J s COD e 1580 s ) o2 (55l
Corgo 4idd G o 4 +/OY WML JE U adal i ol ol o2 (3l Jdoms Esl abal 2 3l OLES 7YE B 5las

S A OT resdle A5 (53lm g a5l ey 1B Slelr (sdoys BA AL 5 dald gad 4 o S s W5 shes Yo

Sl Jsbma Ol b5l 6l 018 oo Ssdl Colda o ls 5l as sls olis @L:J A ey 5 S ol Gestls ) adad

23 gad ol

53 Jlb ol (S S s (3lm e (Sl ) e ST OB 319

P 5 pUls s a5l o el [2] 55 e el
22 s ol 5 S5 S e M o i
Silsa s L cilsee e ol sdd S o
53 S3e0le 5 (ilalial (gludenl 5 dm 3l S Le
S o s dal o 31 bl B btk
ook ST s 4 Js 5,8 53 55l s 2B 3
Solsa s 22 Sl gl 2 Sl 5 e ads Jled

Ao .
a S il T8 il e ) e b
SV 51 e 55 L liie (g5l 5 ol b o2 5,
o Aol s 5les 28 eslinal s w [1] el OS5 5L 5 JI
2] s 0 M5 los mS slul 53 ads b o (Jleb
ool e DS Slrasial S 3 G5 o o e
MGM_QQ}AJS'/.'MUﬂcﬂﬂu@ﬁ)nﬁ;ﬂ

AR

1 .Waste Activated Sludge



O 5 LS Lo jdtess

Sl Al pla b ahoad Sy oy (283 Jlad (2 (5l J e

Sl Al I el sl 0 1) 5 ol sl S, S
S5 JUEl 53 eaiS et slas 86 glsel LB 0L
5 [9] daes o a4 SOl Al 2l e 4 (S
o ol dgls 033l 3 sl Cor e b el ol s
b aiesd i L iash i 55 aSul 4 a5 b sy e
o (6] Sl 4 8 Sy go s g 5l s Ve KHZ S
A S8 s Sl Al pla by (ds Wb ] adas
Sl il s a3l
plom b adeal iy e (pRe0n ol S S
23 b o (S5l g ez 5 (ol sl 5 S sl A
s sl COD L iy in (3led sl Oljas 55
b8 5 andllae 5y 40 SO STl ol 5 A8l L (Glas
o 53 S B e Ol Sl ey
e O Sl 5 IS 0 S Sl s (AT 5lsm
33 Jd o Gla g s p ek Sy S els

l.hd:bg)gé".o—f

S3lad g 9N 9 o digai-)-Y

aial V56w gU e eaeS iy Sl e ags ol s
el 4l YL s il Olgiel Jld LG Ll
ol Sl ek se 5 030 A/BY Jleb oo (ol b el
Sl B paslpr a4 bs e 0 & and s
36 lea o mola 515K sy e Sialas plomil (5l i
RGN PP SIS V. ISP EOpW I |

S gl S 9 Z g0l gl Ay Olasein-Y-Y
Sl Al plom sy o) 4 SOl A el NG
ol (a5 5 <ol Cleaner Mercury Ultrasonic) A% gl
SOl 5 8 kHZ 308 3y Sl ) el ahs
OF e a3 505 o A 5 olSas S a3 515 Y0
S 53 e Agaade 53 350 mpe e la YEOATVL 4l

sl 8 eKL.NJ;.&S)J Sem g0 ddo S 6 4 23 ¢

sl o ln Sl e s Jlad o Olea L w50 2
Jl o (315m 0 s AT 3 033 5 s 5 slite 4 [3]
Jud ol Ol oo oo s Shee (RIS1 5 (0
5 sherd (2l S (SO 0SUS sledss w0 L o
e kAl Gl (2] 5 15 ekl h e (S5 S
> gn LBl S sk )l500 o 55 5 (5 o
53 5 edd sl sk 058 sl a3 5 edd o s
G S 03 Sl Sl S s
b ol eSS sk a4 Sl sl s 2 4
ol 303 a5 Sosm sl Jsk 0555 JTslse 2l 5l
[T el o 5 shons sl 25 3555 51 LS o
Cop boadal o &8 Lob Ol OLer 5 ol e
Sl Ve S SINOlS 5 Ve KHZ G 3 L S sl )
o 0 gles o ge 55 051 b S s 93 5l i
pheal o Lol L 50 0L s 5 o sil LG [4] 555 e
VS s olg 5 Y kHz S 5L SOl Al s b
4 5] ool Jlis w1y oo (5l Jsloms IFT LG s 4ls
gl o whai i Glr S Ol Jsbe oS sl
03 5dowa )3 (s uilS 3 5 (T WYL Ol 5 b S sl 35
A5 Sl sl s s 4 i 5 0 e3linad Yo kHz
Sl Aol s Sl eslinal b ) adad i [6] Mg e
LS Sl p 0o 3B e Mg SRRl ke w
S [6] 2,5 o 13 eliad 5) 5 mio lke 3 Oler
plom Sl eslizal b S gl Jol lssl W5 sla2ss 51 S0
33 0o 5 S gl sl plam ol 55 sl Kyl
R Sl dds JS ol Do Jde sl e
ghw 025 o5 (7] 28 e 56 2lsel Dl (K585
plo L odd W 5 sl codd om0 S gl 51 sl JU]
SaS oo Sl Sl gy oK 4 Cand Sl )
S wleoa JESES L Gae $5H 5 e s Doyt
Losn g ol o3 g3l Jsl opl b [8] Lles iz
U5 (3 01 5 esdhe ol Doglite gl I3l pla

2. Absorption — Bio — Oxidation

VY

1. High-power Ultrasound



YA JL»/C o)u/v.ﬁ))j} 09

e Olpes (pudige (Las = ele dlre

[11]aze s 5laslel 31 oslizal b o plonil gl VSN A PRP

PARAMETER METHOD
COD SCOD 5220D
MLSS 2540D
VSS 2540E
TOTAL COLIFORM 9221

Table 3.Performed experiments based on standard methods
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Fig. 1. Waste activated sludge sonication
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Parameter Scope
Ultrasonic Intensity (W/cm?) 0.8
Ultrasoinc Density (W/mL) 0.176, 0.265, 0.53
Wave Radiation Time (min) 5,10, 15, 20

Table 1.Test parameters and relevant scopes

B o boT —£-F
O gl 2l 51 OT Slialr 1 o J s i (5lulr (51
Jsd 53 [10] i eslial (05,50 +/80 ol b SLis 2ls)
bl a8 ol mbesl s likad o jled 5 s il ol (V)
s 7Sl ST ol 0 S5 ol plowil o 351
L8l L 5 COD sla iolesl sl DR2500 Jus HACH

L ealaid

4. Dubios

VY

1. Ultrasonic Intensity
2. Ultrasonic Density
3. Extracellular Polymeric Substance



O 5 LS Lo jdtess

Sl Al pla b ahoad Sy oy (283 Jlad (2 (5l J e

Biogas production enhancement= (V¢ = V;)/Vix100 (¢)
oo N ekl b (gl g s Sl A o) IS e 208

—\'_VC»JT‘)LSJMJCAJJQLQJ}MJ{J}JQ&SMJ‘M

0SS Sl do s s i 5 o aslizd e
A desle (0) alady 5l exliza L

Total Coliform Reduction = (C; = C¢)/Cix100 (0)

5 a5 e dals e S e alS L 1L G0l s kS
an Sl e akal o s S e IS L 2l e Cr
S LR o Ll Sl Ol s cl (g5lea o
Glls (VO),1 5 Dldalr J2alS Ao js & j 0 0 5 Sl o
£ yad 53 Sldels b a5 VS 0T 55 a8 ai anuloes (1) alayl
et S0d O3 el bl VSt 5 (53lsm s ean Sl
el (55l —2n Bl

VS Reduction after digestion=(VS;=VS¢)/VSix100 ()

Ollelr chle U bt daly SS ol

e S S el b ilesT 0L o s [21] 5,05 J gl
Colda I8l Olse Lopso 4 5 ol S 51 (65500
A e dald ) S el ksl 4ged o SO
5 pan 3l day JS 0 ,alS G s e e (ST
Db a bbbl ale (e 51 day 13 Olelr Ol i
s el 1SS

g @ b-v

5 Jb (2 ko Jlore 1T

VSS, COD (& 3kw Jgloee —1 -1
@ujwﬁj\&ﬂéwbwm)dj&ﬁ
a2zl o S 53 VSS ;COD (gilud shoms Ol a5 by yo
6ok sled 51 by Jled e Lol sl SIS s
SsEls Sen gl ol 0l S8 (S5
slpe 5 BB L GO (BB sdS i
L S5sm e LBl L aile ke 05 ek

b oMg s Bb S el ) s eslinl Al
YO U a0l slos sosp oy Ola S g5, A S
B ai3s s A (i 5 8 Olies 5 e sl 4
el s w5l (318 0 w3ls 51 FIM Ol [14] 05
[15] 4t e (¥)
F( s tis VS 05 oMy, 1VSS 05 ) (7)
VY an sl S3len o V,,él.a); 6;\,»&@;&;,@ Sode
Ao g S8 g A5 0T Sl ey 5 [16] 35 55, VWG
Sl Al b o adal o bl sla g5y ol
Olis ol 5 355 o0 S5 O s o SRl s e
St ol s ol e [17,18] ol ol o S anS] (65w
W3S A g 2050 0k W5 5 s e D kS L
IS mle bl s (M5 S e S5l sl
b 58 a5 L aS Syse ol 4 [19] A eslizal (Y)
OF 5l Jsbe 5058 3505 SLid Jshome 4 58 lonn 51~
A O3n O Sl s A e e dlgl Sl 5 2ol
Wy e et e 4 Tt lgal G by ks
Ll gy 4 gl (sl 5 K e (6 Sesll 6l b s
Sl ol 5) 50 Jgloee G5 DDl 1 (685l 6
1195201 55 ¥ 2l pH s glsl S ol sl sbrals

@V sl i, Y S

Biogas

Ty
1]

&})L;A?.hiﬁ)‘m

Saturated Solution

Fig. 2 Water displacement method
dsloe S 35 5 g IS enm G g M5 pladl 51 g
o D SHlsA s Gk s ey Sl S
aS S el (8) adaily 5 QJLI..:M(L.&./\:.S):).KW s 38

e bl Vi dals €500 58 g am bl Vi 0T 5o

AR}

1. Most Probable Number



\YaA JL»/O a)u/r.ﬁéjj} 09

oe Oles (pudige (Las5 = ele dlore

S 5 gl SR 0l L VSS 5 COD (s5lud s
COD (3led sloes sl 5 Sl it alaly 55 SO gl )
S il e (a5l ane 53 cpl SRl5EI L VSS
3 M 5 el oS5 I o e (Sl
OB o S5l Jsloms 5 Ol 5 sdidy D A
D 0l a1 b el Syl ol I sl e
Oles e o &S s ol 0 il w8 i ol (el

L2 3 Ol 5 sy (S me 53 (6 A

)Liéuiﬁksp&:j}w\ﬂjldy\ oG 1] s e JSES
sl Eel ‘@LA Db L 5l meS a8 s
19] 555 n Lol il L1 5 S S S sls ol
O"'OC JJJG-)J &L‘Jbghﬁ‘f‘:’ JL@‘WJZLU U‘i‘
Lo dgd= 53 S ee b oaaall 00y sads 5y (g LS
5 ol S IS anl B 4 s e 4l 5 SCa
[9] »55 o i€ 10 gl g8 U bl Osls &
65 S L S G sl U 0l s
st 3 5 [5]0 58 o ) SAE Jslome 5 (SoenS x5
J—sﬂl?' @b Jﬁb C_,.w‘ A_J”"J )‘ L;:..?r_t L;jl.w G)‘)'.'.J B} LS‘

L Pl s 4§l edd 4zl 5 4 gad Slaseie YU gl

Factor COD Soluble MLSS Total VSS pH EC Soluble
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Average 7150 123.24 6450 15x10° 4950 7.1 980 10 (mg/L)
value

Table 3.Specifications of the sample taken from secondary sedimentation
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pre-treated and control samples as function of sonication time
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Abstract

Activated sludge process is commonly utilized for the treatment of wastewater with the benefits of high efficiency and
easy operation. However, during the biological treatment of wastewater, huge amounts of waste biomass (called as “waste
activated sludge (WAS)”) are inevitably generated in the process. The WAS should be treated in order to reduce the water
content of raw WAS, transform the highly putrescible organic matter into stable or inert organic and inorganic residue,
and finally condition the residue to meet disposal acceptance regulations. But, WAS treatment and disposal, representing
50-60% of the total operating costs of the wastewater treatment. WAS is produced in massive volumes; specifically,
more than 25,000 tons of WAS is produced in Iran per year. Anaerobic digestion is one the most applicable methods in
WAS stabilization due to its ability to reduce WAS volume and produce biogases. A mixture of primary and secondary
sludge (WAS) passes through anaerobic digestion, but this process is more difficult for WAS than primary sludge.
However, the hydrolysis stage limits anaerobic WAS digestion. To optimize the general process of WAS anaerobic
digestion and increase hydrolysis performance, it would be possible to pre-treat WAS by various mechanical, thermal,
chemical, and biological methods. In this research the influence of ultrasonic bath pre-treatment was studied to observe
the effects of ultrasonic density and sonication time on WAS solubilisation. The charactristics of ultrasonic wave producer
was surface area of 240x137 mm?, frequency of 40 kHz, power of 265W. Increases in soluble chemical oxygen demand
and soluble polysaccharide concentration, as well as the decrease in volatile suspended solids, indicate that pre-treatment
could cause WAS solubilisation. The cavitation produced by ultrasound waves radiation breaked down the bacterial cell
wall and released the intracellular substances into an aqueous phase. Since polysaccharide is one of the main parts of
extracellular polymeric substances (EPS), a polysaccharide concentration increase in the solution indicated that
ultrasonication disintegrates WAS floc and the EPS value reduced in biological flocculation. Increases in ultrasonic
density and sonication time caused more solubilisation, stronger cavitation arised with an increase in ultrasonic density
and with increased ultrasonic density; more floc structure disintegration was achieved in less time. The best Pre-treatment
efficiency was achieved in ultrasonic density 0.53 W/mL and 20 min. sonication time and it caused 20% increase in
biogas production and 24% volatile suspended solids solubilisation compared to the control sample. The volatile solids
after anaerobic digestion of pre-treated sludge also decreased. Increament in ultrasonic density and snication time had
direct relation with volatile solids reduction. The best volatile solids efficiency was achieved in ultrasonic density 0.53
W/mL and 20 min. sonication time and it caused 48% decrease in volatile solids Given the change in WAS, electrical
conductivity with ultrasonic bath pre-treatment, in addition to other tests like chemical oxygen demand and volatile
suspended solids, electrical conductivity could also effectively assess WAS solubilisation.
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AR



