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We conducted the experiments to find out the appropriate
gelling materials for the treatment of waste water by
immobilizing microorganisms inside the gels. The gelling
materials known to immobilize microorganisms or cells in them
are polyacrylamide, polyvinylalcohol, sodium alginate, '
~carrageenan and chitosan. The gel strengths were determined by
the breaking points of the pellet using a rheometer with reaction
time. The polyacrylamide gels were retained their solidities and
activities excellently compared with the other pellets of
polyvinylalcohol, sodium alginate and chitosan with reaction time.

It is considered that, in the other hand, the polyacrylamide gels
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are toxic to the single microorganisms and cells by free radicals
during the formation of gels. We used activated sludge for the
immobilization, so it didn’t matter the toxicity caused by free
radicals. The profiles of waste water treatment by all the
immobilized pellets using in this study were showed nearly
strength of all the gels except
polyacrylamide pellets were getting weak and weak as reaction

time goes by. It was concluded that the polyacrylamide gels are

similar patterns, but gel

excellent for immobilization of activated sludge for waste water
but in the
or cells,

immobilization of
polysaccharides of sodium
alginate, « —carrageenan or chitosan are thought to be suitable,

treatment, case of single

microorganisms natural
it must be developed the techniques for elevating gel
strength of nautral polysaccharides.
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o I

deAdedy FRaYsYE o

nAaZe yapAsas wyge A BomA dojxE oHE
oorE BT mEPopd glojn CIEHABAM HEHD Qo
obul A 8 A? ogme wyd ZIEEH AFHHAE At A
=9 Exog olm TYsso g BT BEeUH dY ol &5 1
U olne =4 BAS Adseyg N ol ¥HE M4 vxE
ANANe EuHoz #gaz o F A8 F ez HAzt

3 AR 2PN A& g
Jq T AT EAH EE BLE
Baste nAE, F AAWAE 0
Szue nAg AU A%
o] 7bzatAl EHol A HH Q)
2885 7ldyg £ Y7 WEolTh
old A&z dAl olg MAE E
ZaAsty e oo HEA ¥ ¥
s e Eote 744 &hHa U= 4
Rolth? @A ofe] A7zt oA
g4 2dA%"s HFsd @A
®9=zo g9 THAHHI AR
Ha gl

a

o ed Hexm, ddeyst U
wAgezd 1 Aeld e wE
ol Wasu, B4 F WgEY)
o Fole & glom
4 58 AYY +
9] 10

2 gRezy N 24 5
of wAERC $RAA S4EY
8 ¥olt 49 2AYPEAY
Aol o) o)z glout, o
gAde 23 A2AA ¥

o}

B x \=]
1__?:5“)6‘5
o

U

z2
Qe EAH

YO it o ok 1o



A vAESE TS W
Ao o]&dtele AFIt ©)Folx
33U &, YU E nEA gel2
T30 pellete)] A nPE
€ ol&3YgY  FA nAE
pellete® &2 FEH7] ojgd$2z o
g9 dARE A F U3, 49
2] pelletell ¥l EH2UHFE 3
FEEZ ol F UL2E2 HFYY
14371 shsdde AT A8 A4
HEE HEE F Ade 7154l 2
=3

nNAEE TEuAs = AHEH
3 e 382 gele A FAFA
AQ ofZHolrto] =(PAA), Z2)u|d
43I (PVC) I HAYIFA ¢
AHEE, Ao JlEtr)d o] A&
I oy, A7hx FAHE ¢t
9. & gATAAE geldte A =7t
=2 9d geldl A= EAE9 1|
Ago O SHEAE & + Yo
2R A Fe Ao gelst
7} dE] ojFo] e FPHe
Ao geld) Zx7t dolxE @A
o= Aol ¢8A

133 AR2A gelo] 7FAof &
ZPoEME YgHd FE Agtso]
2 H Ao Fp, NFEHORA
A NG F A=A 2)2
A3t o} 138t Tz nAE
W3 540 HEA, IsFF 714
o] FHAo] FEA. H A A A
7t BEEZHFl A1, Fdel F&
R OUAESY FE] HEA 6)8E
A ZEgE ZHAA. Ngel AYEAR
ol

AA ol A W= A
As gAY E Aol =83, YA
HES FAFAAA PAA" 9}

PEG""7} 1) 28 ojuAx 2=
ANANHA & 3§ o] o] &3ty
HrAed dAz $43n Y F
ojw, o] W] o Al HAEA

¥ o A Boloel & Aol

metd B AFdME 9 FAd
6 e gelsltAle g3 ¢ o
PAA % PVA &&= H4E uggs
o] &3 geldt Lo uF Ao =
Mg 9o 492 Fgsqdrt.

As 2 By
1. 4¥A4A=
Gel A4AZAME polyacrylamide

(SigmaA}, 1)), polyvinylalcohol(Wako
Ah4Y), carboxymethylcellulose(CMC,
AldrichA}h, )& #0392, Sodium
Alginate®} Chitosan2 (F)d U314
ol A A 3wkl

2. 4994y
1) Activated sludge 3 A g
Aactivated sludgews AT &gw @

FHEG) FErNxzAN FHSFA AL

£d AFTHAFAM 15A42HF¢ 17

243t AT A E A7l7] A8

o activated sludgeE HAAGAA

3-4A17 AR F ATAE vEa ¥

9 AL A&}
ATHATFE ABERE

TEE e AMEE AT

08 g/L9

2) Polyacrylamide pellet = |4t

(acrylamide 15% + N,N-
bis-acrylamide  0.8%) &E¥Ya}
activated sludge, 25% TEMED, 1%

persulfate & ztzt
v &2 Eggsld AA

potassium
24:40:1:59)

_.34_



3mm Eg2¥ FEd Feld 208
Bx% ¢4 ¥ immobilized activated
sludge gel2 ¥oldUG. oAE ¢
Al 3mm Aoz ZHehfo] pellet®
wtE 31 o] %9 Ayl A& AT

3) Sodium alginate pellet Z& | %]

29% sodium alginate ¢ activated
sludge® 505002 &% ¥, 05M
CaCl, &) AHststo stF <t W
2 %% Immobilized activated sludge
gel pellet& ZAFHY. wrEold
pellet£9 H7F A4 5mm HAH.

4) Polyvinylalcohol pellet & A%

10% polyvinylalcohol®} activated
sludgeg 505002 &gt 28 5
Abg- A (60g/L)ol  HEeto T F<t
4k x| &} of Immobilized  activated
sludge pellet® &5 o F&3
AAsR. 2A € pelletE ] 272
%3 3mm A

5) Chitosan pellet Z A%

Activated sludge 9 1% CMCHE
F £9% 1 U 12 EFsd, 05%
CMC 248 g e} 1% A8
o] 0.7% chitosan & ¥ & &
€ 4AfEZ A HAxZ WPEEA
9ol A} wrE CMC EALA S FA &
E35to] A& AWM activated
sludge pelletg 4t A€ pellet
o] HF#A 4L 4mmatt.

6) A€ pelletd] 4= FA

Z}zt ZA Y pelletE e FEE F
Ast7] 989  Rheometer(Model
TA-XT2, Stable Micro SystemsA})
g Ag3dy. Pelletd] Z=t #o

WEIS o]f3ld HWHA P& 7IWE
o pellete] #A A= ¢ (Kg/cm?)o.
24 A& Ao

7) Immobilized activated sludge
pelletd] w34 HE

ZAE pellete] AFAHY FHE
Ax 7] 9439 batchd oz A3t
o HrFse RrIEFEY ¥EE X
Atetger, WEEA A= 2L mass
cylinderg ol&3&on, F71Ho2
HrE ZolFdM FIUIEFTEY ¥
35 CODE FA3o WAL 49
Bt

A3 9@ uF

1. Immobilized Activated Slugde
Pellet?) EA

1) Polyacrylamide Pellet

ZAY geld AEAAME 3
Ak geld WEEH  AMRHE
acrylamide & & #% A0 TEMED
t uAEd did 54 HF Ao
FAdez dFEHRYY. & d4¥d
A A} 8=+ activated sludge?! 2§

+ sludgel ¥4 DABES] flocs
HAsn oy, nAETLE] FR

gram&$A #o]l $HE7] wWE H A
B digd 54L& ada FAA H
A ket ot gd7F grame A
#9 Agde RIAZ vg 3™
ANDFE nAFAIGE SHAEAE
e bttt gAY, B At
Qe AHEE A LA FoA
polyacrylamideE FA 2o =2 3t A¥
& AYPs}Pd. 1 ojfrre 4 %
AY gelo] & ol AARTE T}

_35_



, : °
o
l ;
" E l i °
. : s
i 20 ® ‘ !
i
Y

|

Oi
DAYS 0 40 8

Fig. 1. Changes in Gel Strength of Polyacrylamide Pellets Immobilized

Activated Sludge with Reaction Time (Days)

Activated sludge were collected from the Waste water disposal station at the
university. Activated sludge for immobilization were cultivated for 15 days with
supplying synthetic waste water made from the market powdered milk(0.8¢/L), and
used the concentrated bottom layer when activated sludge were stand for 3 to 4

hours. Immobilization was conducted by suspending activated

sludge in an

acrylamide monomer solution containing crosslinker and a promotor by ratio of 50 to
50, and mixed with an initiator. The individual gel strength was measured by the

breaking point of gel using rheometer.
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Fig. 2. Profiles of Waste Water Treatment by Polyacrylamide Pellets Immobilized
Activated Sludge.

Immobilized activated sludge pellets were added by 10%(v/v) to the waste water
solution. COD(mg/L) was measured everyday during Feb. 23 to Mar. 28
exchanging the waste water at intervals of 4 or 7 days.
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Fig. 3. Effect of Initial Concentration of Waste Water on the Waste Water
Purification by Polyacrylamide Gels Immobilized Activated Shlidge within 24
hours.

Immobilized activated sludge pellets were added by 10%(v/v) to the waste water
solution. COD(mg/L) was measured every 2 hours during Apr. 12 to 16
exchanging the waste water at intervals of 2 days. The initial concentrations of
waste water were 1.2g-CODu.(@—@), 1.0g-CODM(O—Q), 0.8g-CODm(l—H)
and 0.6g-CODmo(A—A).
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Table 1. Comparison of Immobilized
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Fig. 4. Profiles of waste water Treatment by Alginate Pellets Immobilized Activated

Sludge.

Immobilized activated sludge pellets were added by 10%(v/v) to the waste water
solution. COD(mg/L) was measured everyday during Feb.10 to Mar. 10 exchanging

the waste water at intervals
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Fig. 5 Profiles of waste water Treatment by Polyvinylalcohol Pellets Immobilized
Activated Shudge.

Immobilized activated sludge pellets were added by 10%(v/v) to the waste water
solution. COD(mg/L.) was measured everyday during Feb. 23 to Mar. 28 exchanging
the waste water at intervals of 4 or 7 days.
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Fig. 6. Profiles of waste water Treatment by Chitosan-CMC Pellets Immobilized

Activated Shudge.

Immobilized activated sludge pellets were added by 10%(v/v) to the waste water
solution. COD(mg/L) was measured everyday during Mar. 16 to Apr. 4 exchanging

the waste water at intervals of 4 or 7 days.
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