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Pretreatment of Sewage Sludge
by Using The Radiation Technology
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Abstract

A study on enhancement of sludge dewaterability and disinfection of the
microorganisms in sewage sludge by using radiation technology was accomplished.
Moisture content in sludge was reduced by using irradiation and adding the starfish as
a dewatering aid. Moisture content was reduced by 20%(w/w) after irradiation and
adding the dewatering aid while decreased by ~7%(w/w) after only irradiation. The
amount of coagulant to form sludge flocs was dramatically increased in accordance with
the irradiation dose because of the degradation of sludge particles but it was reduced
when adding the dewatering aid. The colony forming unit of bacteria and E.coli were
reduced over 99% after irradiation at the dose of >1kGy and SCOD, S-protein and
S-carbohydrate were largely increased after irradiation.
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Table 1. Generation and treatment of sewage sludge in Korea (unit : tons)

Year Total Reuse Landfill Incineration  Ocean Dump
34,466 792,828 20,947 552,188
1998 LATIT0 o) (55%) (1%) (389%)
80,293 640,515 33,350 820,135
1999 1998001 5 (40%) (29) (519%)
88,101 439,099 93,163 1,118,453
20000 LALSTL 5 (25%) (5%) (64%)
118,339 229,082 138,440 1,390,779
2000 L902410 50r) (12%) (79%) (739%)
Ao FES (1) AFF (F8A FFUAd 2 AY d&S 24 g 1), (2)
NEF(EE AE] 7o 2E dE 1), 3) AFHF(JAFTH F2ATEH
= e s FARE = oy Ho FES), 4) FI(EHA dAe} et ow
AgEo] glom do oste] AA 7 FR)E BFIT dubdgon LHejx o] B
= 7AA o r FA AAT ¢ Qe FES BAS, 15 AR A, 1
2lal, 3k Tol d7lo xEgHET APl EHA ] FES AAAIT V] flste] 2HE
da MEZY A aga 9AEFT] 5o 7AA B4 o] AFEE I JqA T FA S0
Zet Aoy A wiitoll 324 G4t o] FojA A gk ) ok FH A PRk 4
A dliEe] dF AFTe g9 Fod AR AAFHIE st AR5 AU A =
0.28k]J/kg water ¢l WFA, ¥ 2541= 5k]/kg water o]o|tt” wtex] o5 Ado1fA oA
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Table 2. Characteristics of digested sludge

Item Average
TS (%) 4.3
pH 6.9
SCOD¢r (mg/L) 77.1
DOC (mg/L) 42.4
TVS/TS (%) 53.7
Temperature () 25.7
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el 105 C 2xolA] Ax sto] Axsgrt. S e o B 7)o 48R &e1A 7
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A7HE sk

_

22 2FI

WA A & S-Ed A9 8458 astEe Ao WA S Ao, B8
Aol e Hrtslr] 918t E7RAbeE] E#S 3g/100mL sludge?] ¥oz H7bste] 30
T A9 wRkete] AES FstAnh @A Al FE ARSI = &
oA A A S *OSO(Songwon Co.)& #H7Fste] Jar testerE o] 83 33
A& AFH HEY GF7|(+3, SP-10000E ol§3te] EHAE &5t 25 & &9
A Aol= o g9 %th Standard method 2540 ol Fato] A’

g HEE g™ esr SA4s7] st CST A& o839t Type 304B

Capillary suction timer(Triton Electronics Ltd.,, UK)E ©¢]£3} stainless funnel (L=1.8
cm, P=bmm) o] A& 3mLE FY3te] CST A (Triton Electronics Ltd., UK)o| &

Hol 248 e FHA CSTE olupxe] 94 AGE SeAe] F¥o] Aol
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A Eyael o wE 3-F9= Table 33 o] A ekl

Table 3. Value of the Variables at each Level of the Experimental Design

Coded levels

Variables
-1 0 1
X1, pH 7 9
Xo, Dose (kGy) 0 3 10
Xs, TS (%) 4 6 8
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Fig. 1 Sludge disintegration after irradiation Fig. 2 Turbidity of sludge filtrate

Table 4. Physico—chemical Properties of Sludge after Irradiation

Irradiation Dose

ltems OkGy  IkGy 3kGy 6kGy 10kGy

pH 685 681 679 6.79 6.78

TS(%) 117 115 116 114 118

TVS(%) 057 053 06 057 062

mg S-Protein Solubilized/g TVS 44 132 184 234 283
mg S-Carbohydrate Solubilized/g TVS 9 48 74 9 124

HALE zALY @ s8R g5 g4

WA S 0~20kGy 2] A=Fo =z ALY S W &84 Alolae & dHe] 7% = 7
28 A th(Fig. 3) WARA 9 43k of b g A

A He Ao® ddEm, COD &3 9 A & S| Adwst A48 Ao dA s}
BEE VERT

Aol A A ¢ WAk 2Abel whE AEASE 1~9 mV F7FHAh(Fig 4) A
B g S0 207 A71A o5 olgata YA Bl FEE HHE Ao
2" ol A7 WA zAbel old AEAIL Fe AL gAEE W AEER] 44
aRA BAo] WAkl o5 BaHo] EUAGI} HadE AL MMt Fuh EG of
A8 Aekdge) Fre Wadel 2AE dAze wnE g paAA ¢ L B5E &

oS Sh el EHE AT FE AOE oAF & Yk
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powder irradiation
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ZAL % &AW A= AlE 23

DA g2 dA g g A wEEE £8A 2 Grap Samplingsdlo] WA ZARA 2ol )
2 XA A -5 g T 2 dUAETE SHTOER WAL o) A ass 3

eAgdukA el A=A sk
Mol M=AbA, g 25 99.7%0] %] AAES e
e, AubAlgre] Abdoe] g9g Aoz ey

<A W v =] 93 Extracellular polymer substance %ol 3t *.:_1 dol dgto
= AdAdWelA 03%= sFildd ddTs ddeR kGydFos YA ALE 4
Alstel Ao ezt E BT Fig. 8, 99 SEMANK S E3lo] & ¢ gl%o] 1
APAS ZAFSEA] & Ecoli cell} 3kGyE WA S A3 Ecolid dH:= 5813 2
ol HATLE F, WAN S ZAEA 2 EcolimldAe AEE oA 38 1 T
ZE Holu 3kGyE FAFSE Ecoliv FWol WA &g &4 &3o] Az A

xo] Hdolk Folxl A& AT F AUt

ZAMA % W3le] W& S-Protein¥®} S-Carbohydrate®] F=W3E ZAsct. A
S-Protein®] =% control ¥l %A 52mg/L, 3kGy Bi%A] 70.2mg/L= 13v] oA Z7}15
e S-Carbohydrate2 control ¥l %A 11.7mg/Lol A 3kGy ®i¥A] 184.1mg/L= 154
ol F7tE Atk webA ol WAbde] o3k S AW FUlE7HE S WA A9
o mEs S2A W mAEe] AE E4d 9§ Extracellular polymer substance®]
&F0] F8 7Y E AT E A9 E Alsdn



Table 5. Reduction of The Colony Forming Unit of bacteria after Irradiation

Irradiation Dose CFU/ml A AE(%)
0 kGy 1,300,000,000 0.000
1 kGy 1,040,000 99.920
3 kGy 460,000 99.965
6 kGy 220,000 99.983
10 kGy 77,000 99.994

Table 6. Reduction of The Colony Forming Unit of E.coli after Irradiation

Irradiation Dose CFU/ml A A& (%)
0 kGy 375,000 0.000
1 kGy 1,050 99.720
3 kGy 330 99.912
6 kGy 290 99.951
10 kGy 185 99.923

Fig. 8 SEM images of E. Fig. 9 SEM images of E.
coli before irradiation coli after irradiation
at the dose of 3kGy
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of FEHo HF g5 Aol T Fol of 7% A HAast o, o= WAL A
7V HE YA TAEFS ARAE 7 de UHA HA S AAFsE] £ AR S g
& AT ol E#A 9 Hitd® Fast a5 YelU o] 1kGy o]d9] FARA Fo
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