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RIRBRMEIC LY 24%0°0 6 %ITIR T L7z, RRERE®RD
13 BUBRORERE B3 &, BRERITEERTD 35%~45%
235 55%~80%ICE TH E L7z, T, EHRECIY



RERMI NI SCE 615 ,/2002.12

6 8
<tk
H10.45: 5%+ 0.05>

|
|
|
|
|
|
|
|
|
|
|
|
|

iilll
13 16 21 0 2 4 6 10 16 0 2 4 6 10 16
+1:® Case 3 Case4 (&)

<HtEEDH> <At 1 : BIEL0.05>

Fig.7 S HEROEREL

100,000
=k aipo B EEEKS
avsyéy O7A7707Y%
80,000 |
E E3
< 60,000 | || _
0 ]
5 I i l B
o s =
" i = I
% o000 MY = Hi=
#H I I =HE
i
- lil
20,000 i I I l =
o |
0 2 4 6 8 1316 21 0 2 4
Case 1 Case 2
<K+ 1 WEE05>
——Casel g Case2 .- Case3 %  Case4
100.0
800 | /.\.__ P—
S
S 600 - el
% g
g 400 / -
&R A
2 200 =
& :
00 &
-20.0 :
0 5 10 15 20 25
AR HGE)

Fig.8 MHSRIRERORFEL

RIS, BN E TRRDHER SRR EE X
b5,

BIZTHIAEMEZEEL LTHIBLTWAD, 9
IR T EORMIC X 220313, RIBH ORISR L
TARHEETH -7, LHL, Case2 & Cased D 5 %HIFE
+DiEAKIE, Casel & Case3 & H~ 2~ 3EFRERMN
B Ro Tz, AEMOHEBRSTTRERICEL D &, IRINE
% OBIE tEF OISy & FERSCHEINDEIEH,
ENEN 44.2% k10 45.5% (Ff - K990%) &, xtH14E
FOMGHER ETLWVWEIEIZH Y LBHEES LT oz
LHEEINT,

Fig. 7 IR OEE T, £, f8f0 LAEFE
OV TORERES Fig. 88X W Fig. 9iczhTh
Y, BMPICHBEINARTICERT S L, 10 BEIZ
BT, B TEAEA L7z Casel & Case 2 DEREEN
55~66%Zxt L, Case3 & Cased Ti% 24~30%%R~L

—@—Casel @ Cased

—— Case2 4 Case3

100.0 .
800 -

60.0

FERSREE(%)
5
o

0 5 10 15 20 25
RBAMGE)

Fig.9 FEERSESREEOEREL

Too FRRICHE BRSO IND S T, 57~61%12%f
LU 19~24% %R LTz, £, HEBRED 1658 E DR
WEBTZE, AR BEINDm5m13, FERIC Case
1 & Case 2 DFREEMN 7T0~84%Izxt L, Case3 & Case
4 TiX 28~35%% R~ LT,

U EDRERNG, tridWE LR cimmT s e
KXo T, BEMOUELRNZZ LR, TIHIBREDE
TIZLDAFEREICLY, BEHOEENRLEL, WY
BEMEBLEZEEZ N, $T7, BIBEIFEORIMI L
D, MYBRERM EICORN 722 Ln, ABIE R
DHIL, MBOWMBEIEES L TWDB EHBEINTL,

39



HWESIERER RO LRI 2 KR LA - MR - TH

40

1 2 3 456 7 8 910111213 14151617 18

11: Case3 (0:#&)
12: (2;8)
13: (48)
14: Cased (038)
15: (2:8)
16: (48)
17
18:BI%¥+

Lane No. 1:Casel (0:8)
2: (28)
(48)
(6:8)
: (8:8)
: Case2 (0:8)
n (28)
n  (48)
r (68)
10: » (88)

”

"

"

"

3
4
5
6
7
8
9

Casel<HfE11: #$E10.5>, Case2<HhttE 11 : #E10.45 : BIFEL0.05>
Case3<HMtE L DH> , Cased <HhtE+1 - BIFEL0.05>

Fig.10 DGGE QX&) 4 —>

0.268

Case2(8#8)

0.096

0.024 2057

Case2(6:8)
Case2(4:8)
Case2(258)

Casel (838)

0.066

Casel (6:8)

Casel (4:8)

Casel(2:8)

0.039

Casel(0:8)

Case2(0:#)

HittiE
Cased (058)

0.014

Case3(0:#)
Cased (458)

Cased4(2:8)

Case3(2:8)

Case3(438)

0.443

- F =

Fig.11 DGGE k&84 — > OBt ES<#EE (T FRJ5.4)

3. 3PCR-DGGE %I & 5 EDOEEDEIL
Fig.10 \2 &5 EBRX D DGGE k8% — 2 %Rd, AT
WCHWZ3 8L, Casel,21X0~8iEH, Case3,41%0~
4BBDOREE LTz, £, HEE LT, ¥ELRUBIE
BHATICA W,

B+ (Lanel8) #FR< 3T Lane (ZHBEL T
Rond/AU R (REN:O) 13, HERBRBEN 2 EFTE
L R-oTERY, TORBEELTHEL TS Z &
b, MOBICEERZREZRZLCVWIHE LRSI,
¥/, BIETIELTHM LT~ Case2 (Lane6-10) & Cased
(Lanel4-16) IZBWTHEHICROND AV N (KE:
@) %, Bi%ELE (Lanel8) ICBWTHHERBEINIZ L
o, BALBIRLBZARK LZETH S LEbIh S,
—%, Fig. IR LM BREDRREEHD L, 6~
8RBIZBVT Casel,2 & HIZHMTBEDOKE RELR
Rohieholz, Thbb 1R LIERLRDIX, 6:8E
S BWETLHBIND, £ Z THSDORELRL L EHHEE
{bEEbETHB L, DENRERLRHY (0~68) T

HET2EOBERHIBRERONF T, EHEDONT
AEFRFLTEY, SBEPMMEHTK (6~8#) kbl
SRR RRBEATWS (BEOBESEM) ., 2hbo
Zemn, HEEDHERLED DD, BERERO
N RAEREF LD, HEEOBELSLEZRESEDI L
BEBETHDIEEILNS,

Fig.11 12 DGGE TH& b /=ikBi ¥ — OFER (5
Y Rr7IL) &Y, BENPOREL =2—2Y v F
BERE CREMEEZRTHEE) 2RL, NV FOBERUNE
DHOEHBLELDOTHD, #HlxiE, 5 Lane »5HID
Lane ¥ TOROEOEINE Y (FEEER/IEW) 1Z L,
Zh 5D Lane FEOHELEMERENZ LR LTS,

FTRTOF—RZRNT, NERRBZE OEBE L 2B D
Lane MO EH L2 25, 05~09 LWHKRER
BE2EBZLRENTZ, ZOZEiE, 25D Lane [
+i3, BEMENMEWY (BT RIOEREEBERELY) =
LERLTWD, —F, NERMHE 2 BF B AL, &8
DOEALIFE 05 LFIZBEE-2TRY, EREOE®/I



EL RT3, UEDZ &b, MEREEED) S EME
IIRELSEL, 2 BELANICHOBERICBIT LTS,
T, TNLEOEMIT, KERBMTRIZFERET D
LHEBIND,

4. F&OH

ittt L e E TRORESIC LD, MEMLEERD
R, UTOZ LmRIhT,

OepELBEZERERSAH/ELICRMTSZ LI
X0, UHBENMERBL, MEH~DOATEETIES
TENTERE, O edb, FIHRMEICERT BIEMER
to—Bhichot-tEX b,

QLW E THOMMEL~DFIMZ L - T, ¥ttt LR
TESENRmELEE &I, BEMOEELREL,
M DRFRIMEE STz,

@A EMICX 2B TIIA M CRtELICx LT 5 %k
) L7ckER, BIREEEZTRML TOARVWERRK & ik
LT, 2~3%nkERAE (10 8E) RN, £7-,
B3 HEORMERKX I, DGGE 2 X 3 5k@h /% — iz
BWC BHIEBEEEAEO N RBREBENTZZ LB,
MO DFRICEE L TWB Z ENTREB SN,

@DGGE k&% — DFERD G, WL & 2
BE T, BEBPKESENTIZ LB RENT T,
ZOHMIL, HOBREOETALBRMKE VRN TLD
o, TNHDT LiX, FIHBRKE LMY SRICEEST
DHOBHERKELS RoTNBZEETRETHIHLOTH
%o

5. S&DFE

ARRTIL, BEBEXMEOELOEM IR ERESED
O LR ELEZRA L2/R, BREvEAtEEHK
BETDZLiICKVBREROMENR OGN, 272, Mok
EEE LTIE, 21 BfE%ICHEVT 15,000~20,000mg/kg
DEEVROND, 5%, LEEREZMETDHLT, &
bR DM DIERLMEDBRENIFIND,

LML, —HTIRT AT 7 AT ULV VRl aBE S

RE AR TR 2R SB61%5 200212

NBESEEDORSIITHONTIL, LNEHZERLTHZ
WA LEOSRIFETERNVI L b TRENS, £/, W
SEEFE (OFFE) 220 Th, RERFEITHL S
NTHWRVOBBRTH Y, % OB L HE T &M
ERFBMETH B,

e, AEMNEEIL, HELREOEMEED Z L7
B ZMRMEEFETH Y, EIFERFR~DOE A TaEtE
BRFCHDEEZTND, 127, BRIZHZ- T, &
ML OREROM, KEFRIOE, BEEFE, EES
%, HMLREEREORNVBEETH 2,

e
BE TR FEICOWT, TTHRERET IR,
BHRETR, MIREDFAEDT 4 IZHER2D THEB LT

THAENWTEEE L, ZTIKESELER L ETET,

BER

DIEE, BH, MNE, K&, S, FE, A, &K AWERE
DI R T LDBFFERRTE, () AMEXEE (L ¥ —%F 14 B
BRI ARRRRRHRREESSE, vol. 1, pp. 431~440, 2000

2) TRAE=, AT, MTEZE, FlE: BREEMSRIEO
AEWILEER, REAIEEINBTZEEE, No. 60, pp. 33~38, 2001

3) LRAEES, PIRMIT, MESHE, G mshtSotke s
LAEYMNEERE], TR A T7T T ) uU—HESE,
13 EIEHTHTFERE R AR, pp. 5~8, 2002

4) G Muyzer, EC de Waal and AG Uitterlinden : Profiling of complex

populations by denaturing gradient

microbial gel

electrophoresis analysis of polymerase chain
reaction—amplified genes coding for 16S rRNA, Appl. Environ.
Microbiol., vol.59, No.3, pp.695-700, 1993.3

5)GRREERE, JIIORKIR, SRHEMSE, BOEX, MAMIT, LREE=:
EHERTOBERIC & 5 BEHRHEL 57k - EVLEIZOVT, 1R
BEY ¥ —HEiff=2—2R, No.2, pp.40~45, 2001.4

6) TRAE=, MAMIT, MHZE  BREMSEHELOEYLE
DEBRRT, #TK - TEELR L ZOIENRICET 2MEES,
% 8 [EIFAT4E, pp. 335~336, 2002.6

DYTEZRE, MeHfT, tRAEE=, FREE, 82, 5 &
F) B WEREEONSL A VAT 4 == a VTR BMED
BE OGN, HITK - TE5E L 2O IERICET 2554

£, H8EI#IEE, pp.413~416, 2002.6

41



42

BRI GRS Y IR 2 KBRS A - PR - ATH

Bioremediation Test on High-Concentration Petroleum-Hydrocarbon
Contaminated Poor Air Permeability Silty Cray Soil

Shuzo TOROBU, Nobuyuki KADOKURA, and Mie TAKEDA

Abstract

It is impossible to perform efficient bioremediation of clay featuring poor air permeability; poor air permeability and
poor water permeability prevent the uniform distribution of air and nutrients in the soil, restricting the activation of
microorganisms. This study consisted of a laboratory test of bioremediation using material made by mixing previously
washed sandy soil with clay contaminated with petroleum-hydrocarbon; this mix was designed to improve the
permeability of the clay to water and air. The results of the test confirmed that while there were almost no bioremediation
effects in a test case involving pure clay, in the case of clay containing sand, a bioremediation effect of between 65% and
75% occurred in 21 weeks. The results of gene analysis of the microorganisms that contributed to biological
decomposition revealed that such analysis can be used to determine bioremediation.

Keywords: Petroleum-hydrocarbon contaminated soil, bioremediation, air permeability, gene analysis, electrophoresis




