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ABSTRACT

When microorganism is injected into porous medium such as soils along with
appropriate substrate and nutrients, biomass retained in the soil pore. Soil pore size
and shape are varied from the initial condition as a result of biofilm formation, which
make hydraulic conductivity reduced. In this research, hydraulic conductivity reduc-
tion was measured after microorganism are inoculated and cultured with synthetic
substrates and nutrients. Biomass-soil mixture was evaluated its applicability to the
field condition as an alternative liner material in landfill by measuring hydraulic
conductivity change after repetitive freeze-thaw cycles. Resistance of biofilm to
chemical solution and degree of biodegradation were measured through column test.
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Aggch 2 gl AF Fo RFAS
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™, column test& F8 A8 LHEZ HANE
Agted AHgsiact. MM gl dat 49
29 FEAFE 1.58, FE#ASFE 1.03. Do
0.47 mmelth. HAEEE DAY 4P
of BlE EAIR vlo] oY § Yo & ErAS
Wzisl vlojoWEo] YAHE AR89 B - A
B4& dgshed At R EREY B
Eagel o J4L sPRen, ASTM(1999)¢l
uiel A& 718 84932 Table 10 Vet glot,

2.2. gtej2|ot

Azotobacter chroococcum¥ Azotobacter Bejj-

4 g EY% A& $¥ Bio-barrier ¥4 929

Table 1. Basic property of poorly graded
sand used for the test

Test Method Test Result

ASTM D422-63 | 0.63 (mm)
ASTM D4318-98 | 30.0 (%)
ASTM D4318-98 | 24.3 (%)
ASTM D4318-98| 5.8 (%)
ASTM D854-98 | 2.67 (-)
ASTM D698-91 | 15.75 (%)

Basic Property

Dso Grain Size
Liquid Limit
Plastic Limit
Plasticity Index
Specific Gravity
Optimum Moisture
Content
Maximum Dry Unit | ASTM D698-91
Weight

1.68 (t/m%)

i

Optimal Density (@600mm)

Fig. 1. Temperature effect on bacterial growth
versus time.

erinck £ &8 o2 4§ IFE U
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B 817] o] DA A wiFA] A4 o F
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& &30 A ugexsd 4z 10. 20, 30T
FA s 4 Alvict &P FAFdol. AT
MZ7L AAsd g g wMsles, B3N
& A8 600 nm #24 FR=§ 3P F
AZHE F8Ach 49 A3 welole 30T
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2.3. 84 &

ol 4 g9 wigE ¢ /1AL KH2POs 200 mg.
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K2HPO4 800 mg. MgS04 200 mg., CaSO4 100
mg, 914 %9 FeSO48t NasMoOs, Yeast extract
500 mg. Mannitol 20 g $& FF- 1t &Y
&o] Azt WA £Ee FH4Y B Hox
£ AMolFz Jldsle] &R Qo 4AH3 X
2 i8] pHE pH Meter& ol §3t 441 7
% IN NaOHZ, 97149 2% IN HCI& £33}
o A pHYl 7.622 2AHAY, GEE L9
EAsle € vAES &E3) APEAINAYG AA
37 98 wigde mPEEIe) Wi, 121CH
LxolA 1.5 kgf/em®e] g8 o2 158 $U¢ 7Y
3to] FFEAD. o] A TE AAuiA|of e 2]}t
E AZ3%o 30T MY7IdA 39 B AFAA A
Yol AL}, uwlgo] B didjelo} Y&
EgA s YUY Ao HR ALHE ol S8l
3 2o Py¥ez dealol £8 &AL
vt elotE Y FE 8o} FFA JFAY F A
8ol W3yl Ao £AE Ha 10W 2 AMAH
Azt felBg olgdtel mAlA ] =@ER, 30
T} WiYr1oA 39 A= W g MR ol »
ehd F & (colony) & &33A.

2.4. Bio-barrier®] X5 ¥ WTY AY

vtej2jold AFW Az Algd W# bio-
barrier®] 4% R W74 B v H43}

o #2% ¥ 4 Y-& Table 291 Vel ot

Test 12 Wel2lolE HEH 2efle] FA+ A
3o} AxFALEU| g o] 831 wlolLWEo| ¥
e A8 GBE BAGG. Rl F4AHe
B+SF ErAgez A7 10 om, ¥°] 12.4 em?
Z4d 938 B=§ AHSgd. 4¢e 3x107
cell/mL %9 wel2lolg 6209 JIE £
AZ8] @95 %0] 1.6 ke/em’Q Zaol AFA
AL, ARE FAY TPYL YT E AL G o
A #Az2 E£3 2 1098 Az,

Test 2€ 20¥ ¢ 99€¢E Fde 3+ ¢
glglo} Jao] w@ Alge] F5ASF WEtE Al
uz} &338lo] ulol e @WEo| A8 F5Ase v
AE 9% BAHN. Yotz wigE Alse
gy AEe AA 10 cm, ¥l 12.7 cme| EE¥
A3 en, ol dANAE 564 ke/em’
2 EgddduA 563 kg/em’s ¥l&T. F
FAYe LS AYge 2 ASTM D5856-95¢] ot
2 gyt

Test 3& ulo| @ Eo] PAHE Alae] 288
€ AFAAE B¢ vlol oG §e] &l TE 5
A4 At goliy] s8] 4YAY. Yz
WYy Y&l pHE 4~8.5°14,'? Azotobacter
chroococcum® 373 pH ¥%7} 5.5 ~8.594¢€ %
Qi) FH5ol HClE TR pH 3 4843
NaOH& ¥ pH 119 G718 8422 554

Table 2. Test program and concentration of bacteria used for the test

Test Program
Test| Specimen| Bacteria of Concentration | Permeability Description
(cell/mL) Test ; P
1 Sand 3%107 CH. DF permeated with n.utnent solution followed by
tap water (1 Specimen)
ted with nutrient solution followed by
5x 6__ X107 . F permea!
2 Sp Plate 10°~3 VH. D tap water (4 Specimens)
(Poorl Count d with nutrient solution followed b
oorly | Method x10° permeated with nutrient solution follow y
8 Graded 2 VH, DF chemical solution (2 Specimens)
Sand) . . .
4 8x 10° VH. DF permeated with nutrient solutlo‘n followed by
three freeze-thaw cycles (4 Specimens)
ted with nutrient solution measure inflow/
8% 10° permeal
5 Sand ! CH. UF outflow COD concentrations (4 Specimens)

CH: Constant Head Permeability Test, VH: Variable Head Permeability Test, DF: Downflow, UF: Upflow
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D2434-689 ¥¥oz HF+F FFAYE e
o, o} Tl £& W upflowZ A
713 FYHEE AL gE AszA FFE G
€ columne 2 ¥, AFe 4de %
ojZ g At 5 o] 71AL O 71A A
A B3z By A+-HAE FA3UT Columns] &
Aol 6702 3 way-value® 6.9 cm g o2 4
X 8te] ¥ Yo 2+ manometerst WA 7
A4 HE VY F YEE e, ey
o2t column? & port AX& $H3te 71A
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Reﬂux'ﬂm.-i Aol g FFHAL, £
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Fig. 2. Schematic diagram of column test apparatus.
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(c) After biofilm formation(=700)

(d) After biofilm formation( > 1000)

Fig. 3. Comparison of SEM images of pore sand before and after biofilm formation.
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Fig. 4. Hydraulic conductivity of poorly graded
sand versus water content.
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Fig. 5. Hydraulic conductivity change of
specimens permeated with nutrient
solution and tap water.
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Fig. 6. Hydraulic conductivity change of
specimens permeated with nutrient
solution and chemical solution.
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Fig. 7. Hydraulic conductivity changes with
freeze-thaw cycles.
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Fig. 8. Effects of freeze-thaw cycles on
hydrautic conductivity versus void
ratio relationship.
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Fig. 9. Hydraulic conductivity changes as
function of distance and time for
column.
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Fig. 10. SCODQ« concentration change as
function of distance and time for
column.
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Fig. 11. Organism content change as func-
tion of distance from substrate inlet.
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