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HR(SYNOPSIS) : When microorganisms such as bacteria and fungi are 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 reduction 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.

# 8 o] (Keywords) : hydraulic conductivity, biofilm, landfill, alternative cover material.

1. M B

AFZ7F R A3 wal HidsA BAste EYedeS Ay ¢ A8 7HA e ALH
Aok WA ER == AU AFY FABE BHH ¥ HEFY F&, FHEY FF AT
AA e g BAY §F F 98 7R ASd A EFL el AR waA ol 2dE
Ae Hystadol & "o Aol glh. oleld E%Q QL pump and treatoll} excavate and dumpS o
Yoz Agsted dEEe A oM ELLES Hsrld g FAEA EFLEEAY &

d

e WRE7] 98l cut-off wallg AX|steiol st A7F WlwMsith o] ¥ cut-off walle] TFE
¥ sheet pile, soil-bentonite slurry, concrete, concrete-polymer E#E3& MEZ AML-dth. Grouting
T 0E9EF AFLoz ALY F Utk olu F$7} cut-off wall HWE HAFIE RS A7 A
of BEZ ¥ "aAo] UL ASE At EF FHiY FF5AF HAdE FF vE Foz U
EY 249 #ie Ay 95ty AF¥E AXdn Jvr. a2y FullelA AHEHI e AA
S AFon} Q8 5o &4 B4sE AE5 FFE AT + 7] WEA HNE AEFAA
S3HE AESE BEYS Q9ATE FodYoes EAA 53 glov FAugo] ghajd ®e ofy
gt dx7F 988 FAE ¢A 57 HYvksE 2AL & £ Qa A5y Ax] Aol o] FolF|
= QEEAY o)Fd vdlde 1 EHUL vA st

AR HE 0B F 7|&E AFAS] FAY nadn AAGE G N2 FTHY Ao #F
FEo] g Fo ded 53 EG uAES F, AFANA ES
AN E FHE 2 %9 otk 298 EF HEF 54
bacteria®l g oj&] vleleHBE o] FAHHo| EFS FF40) A
& AT o] ERLEEARL BEAIE, 293 #$ias wASdE J#¥E FHCunningham,
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1993; Rijnaarts®l, 1997). ©]¥ bacteria®] AFo] W& FFAe a9 WESH BAodx o hat
A7 AF= g Bag urtb A, Shaw 5(1985)7 Stoodley 5(1994)& 872 L o) 7
datA AL F vl I ES FHAAS WY §457 AIHREE 2Hegsd A4 A" volews
o HAHol FFF olFEHEE 493 AAIdE AL 2 £ UAYT.  Brough 5(1997)e 3719
columnd]l EHE AL F PAER JIYES TN vAE FA ESY HA=HE Eo voloyg
£ HAA 83 d287F F4E FAHIAAY. EFASE HIT 606% B2sPgen, COD 55
7F 90% ZAdte HlolQPES o] &3 A ALET QPEAHY PEFAH B THE Zwsd,

ol go] AAMA BuY ATEE EAY #FEF wTy FAY v)o] bacteria® s
EPS7b 3¢ dAAZel wet B4ste 4459 2ad 28¢ T2 @) o2l THe Ag
el e 27 AT @ F Ak webd £ A7E A4 Ed F9 EAbo) bacteriadh fungi®
F9, MFste) vpole WL YHAR F AFAL Ex BEARS A8 54 AR, A4
A BEAZ B2 A A BAT 4 0E 849 W F, A9/904 Beede $9 2 2 -
&3 B4 Fol ¢ FHH WHE BAYOZA vole W2 AW EAY AFAR AHE o
3 Bz sach

2. 4y Wy
21 EY

2 A7l AHEE AAFTSEE DAY A4 EG H0E EAIZ bloloBE A

S Wsksh vloloWEo]l WYY NEY B - H9H 4L AYsed AeART. HFEHE 7
2 24 g& Table 19 Yy o
Table 1. Basic Property of Poorly Graded Sand Used for the Test
Basic Property Test Method Test Result
Dsy Grain Size KS F2309 0.63 (mm)
Liquid Limit KS F2303 30.0 (%%)
Plastic Limit KS F2303 243 (%)
Plasticity Index  KS F2303 58 (%)
Specific Gravity KS F2308 2.67
Optimum Moisture Content KS F2312 15.75 (%)
Maximum Dry Unit Weight KS F2312 1.68 (/m”)

2.2 DjYE 25

EY Wl o 1002+F 9 bacteria7t AF3stn glon o2 bacterias 93 7tx] AFxe] A
4 4 A9 bacteriaZt AZE wode A48 HAY 71AE HHINEE HAEF bacteriag Ao
EYUe 298RS AAY 4+ U, B dFol A8E bacteria®}t fungiv Z+d Azotobacter
chroococcum Aureobasidium pullulans®)©}. Azotobacter chroococcum2 %714 AL A HFLo=R,
A d8¥ pH ¥HE 55~85509, MEU E-L-3=EAIFEAE FH3EH 052 97
tFe] gFFE A7) W nAuAAA MFA FAY HFE eI H(Stainers], 1986). £

- 490 -



°] bacteria® -4 (mesophilic) 22 ¢ 5C~35TA Aol 7tsde =7t 10C 715k wet A
Feey d2uAE FUEEE, AE7L T AE F UE 2EAo)E Z FAV S Aes Ay
U}(Atlas$®} Bartha, 1992). wetd EGd v ES AES Fof ZE Age Ay 252 25CTE3T
oA +#8q3AT}E.  Aureobasidium pullulansTe ESATFAA &3t fungi® AFE S exopolysaccaride
pullulang A43 film-wrapg TWH=Ed o] &FH7|E o}, EIS fungit Mool H3) pH Fd3 2
T 397 W 549 it

2.3 Hjet

Azotobacter chroococcum bacteria®] #l¥& #13% 717 & KHoPOs 200mg, KoHPOs 800mg, MgSO4
200mg, CaS0s 100mg, "lA& %2 FeSO49t NasMoQs, Yeast extract 500mg, Mannitol 20g 58 S5 1
Lol £33t A=A}y Aureobasidium pullulans fungi® diced potatoes 200g, glucose 20g, agar
15g22 ZA¥ potato dextrose agar 39g& FFF 109 EF38tH A|=3 plated] =2 TS 25T
wF7lol A 293 BFAIZ F potato dextrose broth 24gS T 7 140 EFsS A2 WA HF
g F 25C wiF7iclA 3R = AZAZN F AFA ALstHt. viFHA AP L bacteria®t TLH WP
2 3t

2.4 Bio-barrier®] A$s ¥ UFAM ¥

Bacteria®} fungi® FHZF 3 Zzte] A4 3] bio-barrierd] X% L WTA WHIlE #F
o £8% APL Table 291 Yelt ek, Test 1 20¥ ¢ FIYES FFWE % bacterias
fungi®] Ao wE AR EFAG ¥HIE A we F3se uvo]leUFo] ArY FFATd
o xe 9% BHsHUTE Bacteria®}t fungi® siE3 Al29 ol AdL2 A4 10cm, E°l 12.7cmel
2T g Agsged, ojde gAY E 564kg/cm’E EZ AN WA 563kg/em’s W £ AT F
FAPe AFF Ageg ASTM D5856-95° whet 33 3tsich,

Test 2% vloleBEo] FAE AR 38494E AFAAE 35 voled &9 &4 wE 547
4 WEE dolry] A& APIHUY. Azotobacter chroococcum bacteria®t Aureobasidium pullulans
fungi®l AA pH ¥E7} 5~8YE& #Asd FHFo HCIE £33 pH 39 AHd L&A1 NaOHE &
g pH 119 G714 8402 FFAPE P33

0.

Test 3& wjol2WEo| oJatel F4A47E Bad AR LE WHE FUS 3% VAL F Ut
A% Wgs a0 BE FIUE SHFORA veledEY &4 A5HE 2ARAT. AYo
A4 BEE 747 M2 2 ATES YE UL FIY F, 23 ¢ A: L IRLE

4 -

FYPIHEA FFAFE BRI, UnA A e T2 - &30 Ao & 3546 Az #Fd o] &
st F8let FFAF '7z§°ﬂ AHEE ANEE YT R, T S A H4EFES AR
ANge aFoz A FFAF7E F7HE £ 7] WEolth, EF 4] E=9¢ AFvle uAE TA
AR mat M2 gd2A 24" £ Jdoy, uF g5us VR E ZA dPeng AI6It F
de Aoz AP, ANgE EYUY FEo FHI}E 25 & 183ld 4TE2 IRFANA 4L F
ot 9443 TAAZ F(Moo Young® Zimmie, 1996), 48A17F ¢t 15CoHM S A #xE2E I FA
718 FFASFe 238 E SAH 4.
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Table 2. Test Program and Concentration of Bacteria and Fungi Used for the Test

Test Program
Test | Specimen Microorganism Bacteria of Concentration o
(cell/ml) Description
6 7
1 Azotobacter chroococcum 5X10°~3X10" | permeated with nutrient solution followed
Aureobasidium Pullulans - by tap water (2 Specimens)
SP 6
2 ( Poorly | Azotobacter chroococcum (P)gitnet 2x10 permeated with nutrient solution followed
(S}rracclie? Aureobasidium Pullulans | Method _ by chemical solution (2 Specimens)
an
6
3 Azotobacter chroococcum 8x10 permeated with nutrient solution followed
Aureobasidium Pullulans ~ by three freeze-thaw cycles (4 Specimens)

3. 4% ¥ EE

Fig. 1& bacteria® fungi® GFE TF Aol WE JFTIREY FFASF WA E FHF @ojth
Azotobacter chroococcum&.Z W@gd HPEHRES] EFASFE 11x10%em/s~1.05% 10 cm/sl A 2
Z} 1597 209 B FUE £48 TIEFH F AFLYS FXEZ vy IAFAIHE 1\]594 FE A
= 21%x10°%m/s~1.7%10%m/sE ZAHAT. AL FEEZ FF ojFAE 3T Lo Qdz HAH
go] glE ule]lWET AR £ FolglE bacterias®t FEE &l EA3tE bacteriadl] 3] nlo] 2
g9 E Aol F7HH] E}"] Zad £ I9A g€ FAsA JUY.  Aureobasidium pullulans fungi=
WS Az EFAFE 7X10°%m/s~1.25% 10 cm/s@ 2}, A gl 247 1593 208 B¢ FYE S
F3 2479 N8 E4A5E 19%10°%m/s~32x10%m/s2 Za8HT. Fig 1A 712338 5
} A9 BEFASI) Zete AYE Hole AL IVA MAEY FTAA EAsE CO9 #Ae
259 A9 o)l FFHA ¥ol biomass HAHo] FAHP7] WELFE Alsd

—al‘-\1°ﬂ=

riu
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a) bacteria b) fungi
Fig. 1 Hydraulic Conductivity Change of Specimens Permeated with Permeant

Fig. 25 159 S d4R S TFT Fo gtgds AFAA FFAs B95HE 54T %k] .
Azotobacter chroococcum bacteriaZ HEHE A% FFAF7 2z 95X10°cm/s~1.2X10 ‘em/sQ
Ngo FYE £4L I F 5892 *}‘*%QH(HCI)J% G714 & A (NaOH) .2 vty HAFEA D 2
I FFAFse 96X10 Tem/s~21%x10%cm/se} 7+AE JELWY.  Aureobasidium pullulans fungi® R ¥
3 Age E5AF 2}74 7%10%cm/s ~ 125><10‘4cm/soﬂf\1 getgd AF Az 21x10°cm/s~2.8x
10 bcm/s7H A A ‘I’_ % 9A g A% Ag A7, etsd S AFAR o] FE FFAFE F
z2o AEAA AT Y v e FANUG ol RAL bacteria® fungi® FF st FAE ol
SWEo] 33 g0 g WFAH S BAFE Aoln.
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Fig. 2 Hydraulic Conductivity Change of Specimens Permeated: with Permeant

SERs] WE vlolePEe WAL Huler] Y B2 - g3 NP L &y
3= Fig. 39 YelY ok, Azotobacter chroococcum bacteria® HEHL A
10%em/sQ) A go] JFE FFHE FFASE 75x10°%m/s7HA AT Eu WAgZo
g AT S Fig. 19 3 $-9 o] 46%2 71U voloWE A wE Ag9
FE 7.5><10_scm/s°ﬂ/‘1 1.7x10%m/s2 #4352 Rolth. ¥ ©L 339 7 - g3 A
29 A4 E Fig. 3% Zo] 73x10°cm/s742] Z714) wloloWE APA7} 49 & gLL
Ak, aHY °“‘°k_a OAl FHF3H biomasse AAH FUIE A FFAsE B2 - §3 A
1.7%10%cm/s9t FAE 24X107°cm/se) A E L HBEYY.  Aureobasidium pullulans fungi® #
FTE N8 FFAFE 1.25X107%m/s0 IR FFH FEE AFo)F 23x10°cm/s7A B
3o, 3519 T2 - g8 ANYE AY 46X10°cm/sE F2FETt. B2 - §8 AFolFE fungiol 4
ASE bacteria® 29t Zo]l ¢ 1/10 A9 #AE JUeBoy JFRe &) TIFsH oM e
38 & g Aoz A,

o e
S
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a) bacteria b) fungi
Fig. 3 Hydraulic Conductivity Changes with Freeze-Thaw Cycles

Fig. 45 A+ ¥l & 71389 ¥ E AT gog duzEd F9 EFAS5Y 369
o Bd BANE FEFAFI FAESE AN E AXNEe 2 BAH(Mitchell, 1993). Fig. 49 3
I8 24 A}, B5AF57F 24%x10%cm/sQ) Azotobacter chroococcum bacteria® vl EE Azl 7+

H= 063914 JFE TF F 05822 ZAasgct a2y 339 54 - &3] Ag F< vo]oPE 9
E4o2 Qg8 FFAS7E 73x10%cm/sY W 7HEu)E 05902 Zslstdnh. zkEu|e Z7) dA] @A
A F 8

RAAY, vle] e HE AFAN} 52 - §8 Fox T &0 Golgly] WEd T FFL wx o
g T - Fd Alge]l Bd F GYE 98 AFTFIE FuE FEASF Bad @4 o
Al g2t FAS7 1.25%10em/sQ] Aureobasidium pullulans fungi® wWgd Alge) 72w
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© 049790 FEE FF F 049402 HAAEHT. 28y X529 FTFH 339 T2 - g3 A g
ol ulo] o WE 9 &Aoo QI ELASI} 46><10 em/sY Wl ZHFH)E= 04952 ZbETh &R
HFHE AY LT FE UE L o] FFASTY DS dig AT A7 9.8 Aoz A
Z+g ),

1.00e-3 = le3 £
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Fig. 4 Effects of Freeze-Thaw Cycles on Hydraulic Conductivity vs. Void Ratio Relationship

4. H&
ExAo] & A EIEC Azotobacter chroococcum bacteria®t Aureobasidium pullulans fungis
HE33, 4L 498 FFsld AT TG G F FFAYE ¢ Ay tUeH gL FES

1. 83447 16X 10'4~1><10_4cm/s?l 31} Z 8 Ed| Azotobacter chroococcum bacteria® HF - w| %
¢ 2%} FFASE 27 57x10°~17x10%m/s7HA] 1/10~1/100 A= Z48 F 94 e #As
At

2. Fungi& 3174 E3E50d A2 . uIdd A7 A5 FFAFE 7x10°m/s~1.25%X10em/soN A 1.9
10 %cm/s~32%10%m/s7k A 1/10~1/100 A= #4E ¥ 4A g€ FAA

3. E4AY 2 AR RFASE A54A 58NS nEEA RPAT, FEASFIE 1x10°~1X
10%m/sQ) E %ol bacteria® fungi® HEsH 1X10cm/sol 82 2N 4 ooz & A5
A Aol 7t F US AHeoln

4, AALAHC) F& F71498A(NaOH)E HFAAX bacteria®} fungiE HF - LT A5 F
Ade 9A e FA59T. oJAL vloleWE JAFAS srg P AT F AYFE BA
€ Aog.

5. Azotobacter chroococcum bacteria® @@ A gol JFEL FFHHE 24x107%cm/slH 17X
10%n/s7H A A A8 B5A5E 52 - 48 AYSY 73x10°an/s2 AR ed, 33 &
% 05814 05902 Z713) Hlol¥E AYLA/ S4HUASE AT & AU 2ed FLEE
AEFFsd FFAFY 3= A I EHUAT

6. Aureobasidium pullulans fungi& Bﬂi}‘?l Algo] 9g&Es +XES %3} 1.25%10cm/sel A 1.9
x10%cm/s7HA A% NRY BEFASsE B4 - §8 PS¢ 46X10°%m/s2 Fa oY, 3|
 AY T4 FE FAA El'\“f}"i ExAset 339 oA g AT A7 A
Hojof & Aoz AZHr).

7. 2 AF7E @Fd ALY AL vAE AF 71 B AT, tdE FEHEd A F 7 vlo]ey
g9 WTA, 4F7AQ ulo]leWESR Ao iy A7 Fsojol & Ao Az,

2
T
S
>
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