Characteristics of dam sediments with heavy
metals at the Jinzu River, Toyama, Japan, and the
experiment of bacterial bioremediation
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Characteristics of dam sediments with heavy metals at the Jinzu River, Toyama, Japan,
and the experiment of bacterial bioremediation

TAZAKI Kazue*, HASEGAWA Kaori** and MATSUMOTO Kazuya***

Abstract Contamination of water and soils is one of grave problers at mining area. Kamioka Mine, one of the
largest Zn-Pb mine in Gifu prefecture in Japan, has been the source of heavy metal pollution in Jinzu River. Cd,
Pb, Zn, and Fe have been released from an abandoned dump into the Takahara-Jinzu River system, and serious
health problem occurred in the down stream areas. Heavy metals, Cd, in particular, is regarded to be the pathogenic
substance causing Itai-Itai Disease. The Cd pollution problems have not yet been solved. Some tailing ponds
with neutralizing coagulation treatment (slaked lime) are present in the Kamioka Mine. Heavy metal-contaminated
wasted water from tailing and dumping areas were discharged into the Takahara River (the upper stream of the
Jinzu River). In this study, five dam sediments along the Takahara-Jinzu River were collected, in order to clarify
characteristics of sediments with heavy metals. Each sample was analyzed by using an X-ray powder
diffractometer (XRD) and an energy dispersive X-ray fluorescence analyzer (ED-XRF) in order to clarify the
mineralogical and chemical compositions of the dam sediments. As a result, the sediment from Asaida dam on
the upper course of the Kamioka Mine has little Cd, clay minerals and organic matter, whereas Shininotani dam,
Jinzu 1st dam, Jinzu 2nd dam, Jinzu 3rd dam in the down stream of the Kamioka Mine have much sludge,
smectite and heavy metals, such as Zn and Cd. Smectite and organic matter have been concentrated with heavy
metals in the down stream dam sediments of Jinzu River.

In this study, arrange of experimental observation has carried out in order to estimate the ability of heavy
metals for the purification of water. The results suggest that bioremediation methods using bacteria is effective
as a fixing heavy metals. Filamentous bacteria in biofloc selectively accumulated Pb, Zn, and Cd on the surface
of cell wall in laboratory experimental system after one week aging. The bacteria have an ability as a
bioremediation, play a key role in the fixation of heavy metals in the down stream dam sediments at mining area.

Key Words : Dam sediments, heavy metals, Cd, Jinzu River, Kamioka Mine, smectite, organic matter, biofloc, bacteria, bioremediation
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EHBL TWS, midfEkStomEE (1999 i2ihn
W, RIREICHETARAHY LAOEEOCIEERE (0.3
ppm) EHT D E, SRBHERI AT TND ZENHS
NTHD FH1R).

—J, METEN 5524 km LRI, BEHICESERE
METBEGENNEF R r EHEERETDHHENBH 0,
ZOOMNMERLTERMNER S, ZOFEBNOBERTI
SEGELILAS, Ee, RN ERBICSE» EHHILEI D 2,
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L, W ORBOBREDIRT, KIEMINER A TENT
DNITTE W G IR R 20 ABEMRE fi
DEFERFIE 1978). UL, BIEBEIIZ - 7= R
TOFEBICHRBIERFEICIZD DD E WD O, HH (1972)
DFERTHS. RRBICKREFINEHET L0 L, 20k 5k
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Fig. 1. Locality map of sampling points along the Jinzu River at
Toyama Prefecture in Japan.
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BL, 7b—ALZFEFEEICITETESAS-705V & H
W, 9‘/7*7\7‘/@@%5»“\‘/ R ETEHAELREZTS
7z.

& R
Ak

R - @) AR OKERIERS, ¥ LIKE Flam%,&"‘
LAEEORE R, HBIE~FIRICELDTRLE 8B, ¥
LEEHROH R I LEEDERHEB! iﬁﬂﬂﬁ%%fﬁ/\ﬁ
(1999) OfEEBIHALE GB1H).

EFRA [ TRA | aall| mel | fll
o | HL | 815 L8245 L|EIF L
1989 0.33 1.61 0.63 1.26 1.61
1990 0.35 1.56 0.61 1.26 1.63
1991 0.35 1.95 0.62 1.25 1.60
1992 0.37 1.51 0.61 1.24 1.58
1993 0.36 1.48 0.58 1.22 153
1994 0.26 1.61 0.62 1.52 1.62
1995 0.24 1.35 0.1 1.68 1.50
1996 0.29 1.25 0.85 1.56 1.02
1997 0.27 1.24 0.79 1.55 1.04
1998 0.21 1.48 0.97 1.27 1.51
%1 %&AE%’CMFT@M&% ppm). M gEERR S (1999)
o o

Table 1. Cd concentration in the dam sediments along the Jinzu
River, with the change of the years.
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KEAERER
1996 44 7 28 Hir5 2000@8@105 R -
KR T - B TOKREHEMRZH 2 KIORT. pH

i3, ER OIS 1 T3.0~ 41&@('%3;7\L/Ti5@ g
BABTHRG.0 EEEERLE —7F, BURRE2S T
FHHETIZ 6.7 ~ 7.7 EFEICEL L TWa, &R
RN R TR THIE L 72 pHOBPEEIE, 6.9~8.4
Eh~7 L h Uz R BEANR SNz, £/, Ehid R
(PO T3 469 mV Bl R L, FHRETIZ276
mvV, fEHiE R, S TR TIEEE 175 mV T IR
Tl EHICECHERETIE, SFEImILbIOOY-1E 587
1 S/em, SEBKED 375 ¢ S/em, WHUBERAID 447 1 S/
cm, EABR R A — N F v TR0 233 1 S/em EKT
TOERAA BN o, MR ER SO MRS
BT AEENE2Y LTI, EClaX 512197 ¢ S/cm %
LTV, &b, BFHEYLAD101 o S/emh S #)isE
3FADT2 uS/emENH EHIZ, ECIHETL TW5, DO
i, CEESLLYITT, 2.9 mg/l EBREFINEERL 2N,
?‘Z%k?féﬁ‘ 5 FIRHUE T 7.5~9.1 mg/l LR EHIML
TG, @R - HEE)N KR ORI S S T
i Eﬁdif?ﬁf’f FENEL, D, BERINEDRR
miE s R L T05, 728, Eh, EC, DO OMIEMIL, FiHK
BRLIUOEHRRTARESE(LL TWA, 19964E5 718 H
IZHIE U7 i Bk ik A 2t TR OB K D ECIE 437 u
S/em EEWEZE R LA, FNLEO 3EOHEE TIX 90~
97 u S/em SRS Eo T 5,

pH Eh [mV] EC[uS/cm]
1996 1998 | 2000 1996 1998 | 2000 1996 1993;__‘
4/28] 5/18] 7/13]10/11}3/147 6,18 8/10] 4/28] 5/18] /13 [10/11[3/14™] 8/10] 5/18{ 7/13{10/11[3/14" 8/10
47 30 469 587
50 49 276 375
6.7 207 4]
3BT 1.1 193 233
82| 78] 69 180] 240] 171 88| _87] 101] -
75| 798 84| 83 69 300] 230/ 180] 260] 137 437]_91] oo[ o7
6.8 200 81
6.6 179 74
68| 71 79| 75 64 290] 240] 180] 280] 138 78] 90 105] 197
87 8.1 6.6 2401 160 176 92] 89 72
DO [mg/1] WT [°C
BEH 1896 1998 [ 2000 1996 1998 2000
o 4/28| 5/18110/11]3/14™1 6/18| 8/10| 4/28| 5/18 7/13 10/11[3/147 6/18] 8/10
Wi o 120] 29 75| 55
i 4 :F 7:, 103] 79 92| 149
i _ 75 177
Mm F—bvo7 BT 9.1 20.6
& [; L 106/ 109 164] 113] 72
iﬁmﬁ; FREEM LA 130] 790 103] 11.2 122] 144 198] 134] 75
Gkt Lo 112 6.4
T M#A 114 72
257 L, 156] 710 88| 111 11.6] 138] 190] 146] 78
Fill u 3 Ly 137 137 124] 18.1 7.1
ok BIEN—EIKEOKEHEER MEHILTNOB~BORKTH o/ ¥ ¥ LHERYORRH.

Table 2. Examination of river water along the Takahara-Jinzu River system, with the change of years.
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92 HHEFNT » B4 - AR
Hieh A ZHATL | FRAFTL [MAINEIF L EE2S L] fl) B35 L
sl KR [m] 0.3 0.4 0.4 0.5 03
& R [m] 0 ~ 005 0~ 005 0 ~ 005 0 ~ 0.05 0 ~ 0.05
ol Jis ) . Rk aw, ik . ik iE &
b =10 P33 ke wee | BREE R | REE RE | BER RS |
S 2R L L L e ERLN
3 pH 7.1 7.3 7.2 7.2 7.2
* RED A A A L fL
:&f NZHEE[%] 0.179 0.253 0.189 0.183 0.272
F| CEER] 1.675 2.781 1.830 2.054 2.958
$iE e Wt Cd Wt Cd Wt Cd Wt Cd Wt Cd
Ay % ppm % ppm % ppm % ppm % ppm
9 ~ 20 65 0.2 1.7 1.6 60 07 0.3 14] 01 1.0
20 ~ 48 369 02 6.6 1.7] 102 1.1 1.0 38 0.9 1.7
;:? 48 ~ 100 36.8 0.2 94 1.5] 104 1.3 4.1 24 2.8 1.3
a6 100 ~ 200 158 02| 354 10 214 10 484 10 388 14
i 200 ~ 40] 04| 468 1.8] 520/ 09] 463 14] 574 16
BX 36.9 04] 468 1.8] 520 1.3] 484 38| 574 1.7
B/ 4.0 0.2 1.7 1.0 60 07 0.3 1.0 0.1 1.0
BCHEER S 100 o] 024 99 9] 1.52 100 0] 1.00 mo 1] 2.00 100 0] 1.40
m!:m 0.21 1.48 0.97 1.27 1.51
19975 EMEEY| - 027] - 1.24] - 079] - 155] - 1.04
B3R YLREAES LU 19984 3 A 14 HllE « 0L C LM SHRat (1999) 07 —4.
Table 3. Chemical analyses and the characteristics of the dam sediments along the Jinzu River.
ToOEHMAENZ LD XRD iR 4248 3 I RT.
HEREH) OF LEENS, ZAAZ5A R (144), 7054 K (14A)
= E 1 — i) II7J<% BT BERIMY L, FERY L, W BEUERE LY 10A) OREDEDSNE. £, &
M%19A B 2 ¥ LB R UEENE 3 Y L 51 HHEY L, FHEY L, WENE LY ABIOHE) 5245
MUY LEE ®f%ﬁﬁ££0m$ PHTHS R A T RCICRD &Y, LADTLIEBNSIZIHAD V8 (TA) O RN

T4, MEILILED BRBICIET 2R AAY LTI, EY
WEEND A I T LREDINEEE0.2 1 ppm &K NDITH
U, THROMENE2 Y AR@E/E 35y AT, F1FN
N 1.27 ppm BL U151 ppm &, EHEY LD T
EWRETHRIULAZEHELTWA, 517, @2
5A&%LH%3§AT1 ﬁﬁiﬁ%@@ﬁ%iéf n

FBIUEHRSGHRELEVWI &S, EKENERIL
TmétMAé(%Bﬁ)

X MR RIT R
) — #0117k R %bf%ﬁ&AFEO)N'mH@TLﬁ
HFLIT & D XRD #2598 2 I RT. Bikin o
# (334 A, 426 A, 1.82A) BEIUERE (324 A, 318
A) DEWEEE, AR (B04A), ROk (29
A) BLUKE LB (25A, 15A, 30A) 70—
RaRSPRD o Nz, A%, BEAEBIOHILH 1 M3, T
ﬁwﬁbm&ﬁﬁtﬁaf,k HWEH &2, B2
, RN, WSO TROY LA TR 501
VEMEORINEREL TS,
7z, BEN-HEIUKRICBITDEY LK

ﬁ
HD2 pmb

(30)

Pz, B S TIROY AEDIIRE S TI4A O RKE L 2
D, TFL 7 aA—=)LIBHARDOAA 71 (15~17
A) DFHHE< 2> Tn<,

FIEN = HENKRIZBT D85 LAEEOE AR RO
XRDGMHT#ERM SEEN, AXTZA b, 7O5A K, &
RERS IR 3 KO A4 U 2 I ORI BN BRI E [cps] &L
WL EERONEEEZEAMITRT, TRTOY AEEIC
BT, ERM LY ORKHREL, oKL HAE D Bk
Wiy, BEZWEFRBETHD., AATYA NMITHDY LN
EHEDITH S THROWRF ER> TW ZERH SN TH 5.,
70T4 N, ERIEMB IO AU VYRS A
BIUMHEE IS A THA LMENGE 24 L THEIML TH
D, HEERL -8 ERT

T F—DEBE XD FER

%EH*%me%tﬁﬁéyuﬁﬁwéﬁﬂﬂwﬁu
XRFE I L DB HILEDOE T B R 258 5 KITRT.

%ﬁbtm%i&l{&(@iiMmFeCuZmRb
Sr, ZrBLUPbD I3 TETHB. FNFNOMHHEE TS
Oy FUEFER, Cu ZnBXUPHIZHBESY A EH@IE
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WA BT 55 AHEY P OESEORE) & MEMIT LD LIEDRA 93
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M o RBRE
™ o HILY Ak
g *:FOTAh
|~ *: B
[ar 1K v )
00(
W ?_{: <
_ p: < |g S EHFES L
a % RN . 3 ﬁ
£“ i b' *Y. .’ ¢ * L ;
2 pos
‘@ o ! nHEaY L
E Iﬂj p ' :
E. (LN 1 1 “ | g
" ! ! HENEIS L
N ! y I HiﬁIII%Z,@'A
5‘:; ! 5‘. ; BB L
10 20 30 40 50 60
CuKa 26 [° ]

£2R. FAREOXBEFHHER (25, RAEHED.
Fig. 2. X-ray powder diffraction analyses of the dam sediments (whole sample) along the Jinzu River.

3 LTEENEML THO, B LU E8ERT. —4, S
K, Ca, Ti, Rb, SrRLZriditic#iERy L Ev@
SHELTEENHAL TS, dabhb, Cu, Zn, PbOi
#F7)—7 LS K, Ca, Ti, Rb, StBXUZroitET ) —
TOEEIE, WOMBENED NS, F/-, Mn, Fe, Cu,
INOBALIFITHWNESY A THEIC ERL TW SO0
TH5, 512, PIIEIIE LY ABXCHEIE 35 4L
TEIENED L T, FeldZHMY LB LUHHERSY LT
VRS, MBI LY LA, WEIE2 5 L, M) 3 4 L
TR ONABMICHENL TW ONEMTH L. L
FofERENS, MiLEF XSS S CIILBKEREIZH
AHMERY LS, @) —#E) KR OR MRl LET
HWENFE 3 Y ANEEDINE-> T, 2aTOESRETHET
$5Ti, Mn, Fe, Cu, Zn, PoAS ML TW5. %7z, &
LR OTEETH S S, K, Ca, Rb, SrBIZridEd
LTWABIZENHALMTHD. AP, ERYLIBTHHE
&J@%, Cu, Zn, Pb2SEIML, Rb, Sr, Zr AL T
%, ZO®EE, Ehoas, AEFEOXRD o G
2B ITHALNBLDICHYE, FEAEBXOANTA M, |k

B FIROY AN EEDIH > TRFEED, W2, 2
umPl FOE BB DA A7 & ST HH5 R S A
BELTWha (BE3RD.

EEN - #EIKRICBTEY AKRED2 ¢ mPL FOEE
@ ED-XRF 73412 & B RO E B ITHER 25 6 MR
T Lt EIR AL Si, P, K, Ca, Ti, Mn, Fe, Cu,
InBEUPbD 11l LETHS. Al Si, K, CaldFEML
EE AR L, FHEAY L SEBIFEY LA TREMHDT 2.
—7%. Mn, Fe, Cu, Zn BEUPhIEHBRS L El)IE
SHYLTHEMLTHED, AL Si, K, CaOEHETTHS. /5
B, Al Si, K, Ca 3kt gz Rl Tha,
Tild @5 3 7 LA THEML TV,

REBIVEROEEN
EE - @ K RICBT 285 LAIKE DG EHI BT
ZEFBLIUVREOTEEMTEREZEIRITRT. ML
R0 bRicH 2R LBV TIE, EEN0.179
%IRFENLE75 % L, TS FROFHERY LTIE, BF
P0.253 %, REMN2T81% E@BWMEERL, BHSMITHIE

(31)
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94 HHEFIIL - SR IFER - faAfith

HEMADHORELRR L TS, £, & FRO M@/

14 A ﬁ#ﬂi’flx %3imzmjﬂi, %%@0272 %, Aﬁ%ﬁfz%s % & X
N T* © A10A O, SIEVERTLTHED, HRIEOEFERL TN,
. o | x 51T, INSOEEBLUREDE DL, 2HOBAD

BE, BEeEaHRIMABL TV, KICCdEFEEELS
—HL TS (F4H).

BEEBESAILANIKD R L RBRER

KIEFRDKEZ

HEEBRIC W HEWEEZR S RITR U2, WK, 18
fet, HEPGAMZ K AN, KIEOTEE (BRLE
M&DK2cem ) OpHIE, 6.7~69 &EEHHE, Ehid
150 ~ 200 mV, DOZ 4.0~ 4.5 mg/l, ECiE 350~ 400
wS/em &, KEEHED RELAEME RS TICHB L
EhI3EIRIEE B AR~ HHE (199846 H15H~6H16 H)
DH 350 mV E@mWiEERL, BHMAS2EIETL, 150
~200 mV &{Ro/, 199846 H 14 HB LU 199846 A

HHLERDKEP T, JBKEAL D EMIEENHED 2
EMBEL, BRIINAA 7w I RER LU N 70y
71d, DAPI THREL /1R, Mo THEMEDS X UTEH IO
PGS TER L2, AXIH10 umA 5 30w m OEIRE
EWONT T T REBBOMME T A > TanZ—%H
R L TW5, HORBUEMIZREICEEL, FOEIIZIENY
FUT OEEERTEROMEBRD 5NE. ZOHRME
Pg, REOOENERTIENS I OO T 1 ILOEFEENED
SNz oI, HIRBEDSN T TU T, 0 HBHH
HIANIE TR ED HWIRNBSEBEONA 4 70y 7 QI
WERICOOZ—ZBRLTWD, BEREEZZSNAHRD
MAE LBl IN .

1B, NAF 70y 7h OERIRMEDI, BRI ik
‘ HooOody 7 ABYYIERE (Cosmariumsp.) &323
T bl RUJE (Crucigenia sp.), #HKO TSI EEBEFRA 1
Loor ZOFTHZYF TR F TR (Nirshia sp.) ERESN
9 5 10 . 5, Ff, ZONAAF 707 DXRD SR, £207 £

14 HIC70—-RBEFZ2ED, MEOGHREEGEO S HIR

’E 17 Hiz, KO FESD (SHLEELVH2 cm B 0B
0 TEh&EDOEMELAE DA, & bITETH OIS
2 BT LI

0 WIS

)

]

=

<]
CuKa 26 [* ] WERTE (7). |

@ : AADZA N.T. NI EENEFEMBERESLOT R E— S8R

O:5054k EG.IFLY BB D AR TARR L 72N 7 O 7 & s SRk

AEFRLIEY | )a— L 0B 12 & 0 SEM B & UUEDX LB THIZ - M afior, ©

X :hAV DEBE T, RIKEFERLTHY, ZOMMEE 1
FIE. FLEHO X BERSIER @ mMF, wpimen,  cn REOEOONG. BERWAGBNT ATy s 2l
Fig. 3. X-ray powder diffraction analyses of the oriented < 2 1 m RTEHELIZHOTH L. RIEEY O E I35 72
fraction of the dam sediments along the Jinzu River. KFof L THD, ZOEDX N GHED 75, S, KA

HWHETHDHIEM, Fe, Zn, Pb, CAREDHEGBEEZWEL T
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Fig. 4. Semi-quantity analyses of X-ray powder diffraction of clay minerals. The oriented samples are prepared in comparison with 5 dam

sediments along the Jinzu River.
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Fig. 5. Energy dispersive X-ray fluorescence spectrometer analyses of the dam sediments (whole sample) along the Jinzu River, showing

changeable chemical compositions.
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Ca Ti
MR

ZFETL

Ry L

HE)NE1TL

ABNE25 A

#RNESL | L : D
Sz %2 2 5478)8 533
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Counts [cps]
WO T E— S EEEE X BT LAY LEE CumT) OSHTEMEE.

Fig. 6. Energy dispersive X-ray fluorescence spectromete1 analyses of the dam sediments (< 2 ©« m clay fraction) along the Jinzu River,
showing changeable heavy mental concentrations.

b st 4 s pE| e | sy €| = v 8|y » 021
sRuxFEMIS| - | - | - |-| - | - . - -
T | Ay L wo | 58 | s (v & | ® £ |v|s|s| w-~s 148
Tlemnmisa  (mm R s v & | & | # |s|e|e 097
Al E2H L L ET TR IR I g | g|wfs 127
7 | i1 835 s (RS Ieanis| m | & 3 |wv|%|s 151

BAR @EN—tHEARRDY LEEFHEO X L0,
Table 4. The chemical and mineralogical changing of the dam sediments from the middle stream to the downstream along the Takahara-Jinzu
River system.

WEHZENHSMIIEo . BESHBIE, RIRFEDO—HE T R e AT SHETH (19984F‘6H 14 B), K

ZIRL, REIOEHD % EDX L7 DThH 5. FOk WERALZE (199846 A 15 H), ZDH% 19984
B Na, Mg, Al Si, P, S, Cl, K, Cap#voh, 4—% Iz 7R 7THETH3EMFe, Zn, Cu, Pba%;@@d@@ﬂﬁ&
Si, Ca, FeDKFAMBEETH 5. RIRMAEMOEENIZ i TFoz WINOESREA A > BIHERERZRA L2 HBICHE
ui‘ﬁﬁ?lz.z.m@ﬂ%*ﬁ%{“mb%\bﬂré. Z DMWY 12%@ MU7=AS, 1 TH PhiBREIZK 280 iz L 7=, FEIRIEWE
Fe B0 AH, 3fioFe & L THHL TR INF—2HTH ERAUZEOFeB LU CUBEIIRHOREE EBHITKE
AITHRBEO—HTHILEHEZONDS. Thbb, Sk REREBED SN0z, T, ZIn, PbB XU CAEER
WILTER Z2TTHBWRD, IR o280 8! iﬂbbmwx BEIR 3 AR DR —E I CRBITHED L 2 DRFEITEL 72,
Fe® EARIEILIERIC X 0 KEALER IR T 2T 5 Z &1 ZnBEIEK I ABE %I 0.52ppb TH - /=A%, —HE#ET
FOREEFOFe OEAEIIETT 5. AEBHOWM 20H 120.07ppb & 1/7 12 L7z, £/, PhEEIIES :E'E
M) TR, 2Bl kEEBERATWRnWEEZ 5N S, EIEVERL, R ABEKO 2.84ppb i S —HERIC
RFBL R iR 0.13ppb &, #1/2212W b U7 E5iz, Cd {%EZME%E
FLRERICH W KO KD AAS TR R %258 9 IR Wb ERL, 048ppb 5 0.02ppb AN & 1/24 O #RL
(34)
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Element river water _humus _ mining waste

(ppm) (wt.%) (wt.%)

Na - - 5.08

Al - 8.20 1.22

Si - 26.91 -

P - 1.39 -

cl - - 18.25

K - 3.65 3.38

Ca - 2243 0.73

Ti - 1.84 -
Mn - 2.51 -

Fe - 32.69 0.46

Cu - - 0.10

g" - 0.38 glﬁ 20 10 60

r - - ‘ Cuka 26[°
Cd <0.001 - 2.06 - ) [] o
Pb - - 59.09 $#£ 7M. 7J<’F§'%§?i'fﬁ25i_bf:/§4 Fou 70X TR 3 T
Total 100,00 100.00 Fig. 7. X-ray powder diffraction analysis of biofloc collected from

laboratory experimental system for bioremediation.
Eo5R. HUERICHWHEME O LFERRL

GRIIK, FEHEL, f3K).

Table 5. Chemical composition of starting materials of

bioremediation laboratory experiment using mixture of river

water, humus and mining waste.

Pb

100 keV

Fe

A

keV

FOR. KHERTHMKL /N 70y 7O SEMEDX iR,
Fig. 8. Scanning electron micro graphs and the energy dispersive X-ray analyses of biofloc collected from laboratory experimental system for
bioremediation.
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) == d

. bbb, KbhO&ESERE, HIZPb Zn, CdOEE,
BIROINA F 70y 7 OEIEHMBEL TH D, SEMBIRB L
U EDX iR 5 6, MEMCKHELBORERMELD
ABITON TS ZENHSNTH 5B,

%

TRIEBEN — M@ KRITBIT D KEDE, & L0
PNZBIT2ELBEORE, LT, MEMICE2ELEDOE
LEBER - DONTERT S,

IS

BRI —-#@)KRICEFEKEDEL

BRI —H@E/ K RIZBWT, ZOERICH S FiEinLT
513, BES pH3.0~4.7, ECKI600 1 S/cm DOEEMEE
KMFREL TWa, ECOMIREELL TKIEFELTWSY
WAV &E TIVE)TEEE, Cl, SO REDIH &
ERTH, LELEAKFOESBEELNIHEE LS.
ZO NHEOEBKIEE T pHL.0 OEEETH Y, »D, EC
% 375 1 S/em EEm <, BHO N EEGLILIOEELZ T TN
%, ¥z, ISITFROEMIRRED Z R AR R A — -
Fy o TBIRNTY, BHERATOECHT447 11 S/cm, B
SRR R A — b+ T HEI233 £ S/em E W TR b E
<, VPHSMLOEEEZIITNS, Lal, BAEHYALD
FRHETIZ pH A1 7.0, ECAMI100 1 S/em BLF &< 72
D, KEREDRERD S I FGIILOZELZT TN
EMBENTH S, f->T, HE (1972) AR TW5 [
B Z &0 TaE IS~ L Ee B ORENE L Wil
HTHO, WRIDAERIZTNSIZHRT 2HKERTS
%) T &I, s ERNSE (1999) AaEL THhaE4 A
EEHOCAdEAE/ERE S —E L ThAan

123, MEMILILTHEM L M TAS, kSN WLENS
T UK O RS EEKL T, THRNTHERT 2 TEM
KELTHIBHLTWS, ZOBETHEAEL ZERKIZIEREIC
FEEONRIVAREDESEAZSAL TWAED, IUE
Ui, SB)NCHKENTWS, Zo0UEE, EoHICH
BU YK OBENE 2 THNO 30 m> v 7 F—TH%
L, BRRARENMTHREZMA pHZSIZHRT S L0
SEOT, BENANZFEEL THE 2,000m® HikKL Thwb,
DD, TROFHEE~MHBENGE 3 Y LAWK, #ifsL
WA SBERCHL L EZESBIRBIZILBEL TNWEEEX5
N5,

F7z, BIFEKOVHIDZEKE, BRI TLRNEK
DKEZLETE7-DI7, 199844F7 A 5 B L
BYUCBIT DIRKDKERE 217 4R, ERORKD
EC1346 ~ 65 1 S/cm &Ko 7275, HILEHLA Y &80
5OREKIE, pHEO~T76 EHETH S H DD, ECIE 106
~136 £ S/cm &L, IRKEDBEBOAF L 2EALTN
LZTENBOSNE. DL, VBB tERCEE
NBLEOAF N, BEKIEGENTHREL TWS &%

(36)
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AL TWa, ah, BILEFZUBEGIZIEFe, Cu, ZnB&X
DPhEWVHFESBNZEBIIEENTNE I ENG, BiE
KICRBEZEOREEBEAF UNEENTHYD, EEBEHERO—
HEm->TNWBEEZSNS,
BIFEOKEREHE? 5, BHREY LS FTHROKE
13, pH#16.4~69 EHET, ECIIEIFHY LD 101 1S/
cmMSMSEEIY LD T2 1 S/cm ETHRAIENT 5
FsA 5N, EeEid, (TohOEE THEDICBITERZ
FRLTWELEEZ NS, AP, FNHDOFLADERBL
DDORE AR EERD sz, L, KERIERSE G
2%) Moid, 199644 A 28 H O MR £k A BRI T
BRI TpHMN 7.5, EhA300 mV, DOA13.0 mg/l &nis
DL RNE SN TVWA I MG, HARIEREDEE
KUIRIZ L BT INAD &R, 7IVAHY THEREI A FOR
ERELELTWEEEZENS,

TALAREEICBIT2EREDES

LR OKEHRE/RENS, ESRBBEOEEERL, T
h&E THVADTESBREOESOEEEAS ECHEN L
S NSRBI > TR 22 FHRIZ, ELENKbn
SHFEMNEBITEZEHERT LI EERBLTNS, o
T, YLAEEOHBYHDOESEERATOINENDH B,
BRI - #HEKRROHRL S TRICHTITOF LAEED
HWEMNS, TROY LANEEDITH - T, EEORE M2
<10, 2D, ERRELSBEENEZBL, RERERD
ZEMEEMER S, ZDZEE, FTROY LNEDNC
Mo T, Y AERBROBASHAENREOFRDNENL, 5
JRIEAHEITL TR 2 EaREL Tha, F7z, FIROY A
NEEDIIH ST, BEARECEENR EO—HOE ALY
BALT A2 &K DAL, BT, BT, AATS
1 SRR EIND, ZAAZHA FOBENEEREITE T,
Mn, Fe, Cu, Zn, Pb OHEMAHBET 2 ZENHSNTH
5. Tl THROY ANEDIIWES T, LA b OSSR
BROL Y, HEELBEIATIBEHETAZIEBEZS
1% (Fuge et al. 1989 ; Davies and Ballinger 1990 ;
Merringoton and Alloway 1994). Cald—BiIzESEE
Bal, YA by SOF1 hEhoTHEEINLZ &
PHSNTWD ik - @I 2000). %7z, 199849 H 2
HBEXURF 9 H 3 BTtk et (1999) 2o/
M5 LARERAEORE GE3H o CdDVEEEERD
&, BHEY LAOEETIZ0.21 ppm, FHERY L TIE 148
ppm, #5814 AT 0.97 ppm, #EIE 2 4 AT
1.27 ppm, #ENIE 345 A TiE1.51 ppm & TRz 512D
N, CAEHEENHEML THa5,
TRRIFEHEEADALD FIRBICAE T 2 Y LA DKRE &
WAL EM AR O TIRBICAE T 2 RS L, WiEIE
1A, BB LABLIUHEENE 3 ¥ LADEER, &
BHMOBALIZE BB, AAT S SO, CdOHEn,
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)R BT 25 LHEEY R O ESBEOEE EHAEMIC LS EEEOH A 99
3.00
280 | X —e—Fe (ppm)|
260 | =& —a— Zn (ppb)
240 | —2— Cu (ppb)
220 | i --x-- Pb (ppb)
200 | G .-X-- Cd (ppb)

o o > v o
%\b\ %\%\\ \\ %\6\ %\b\w %\b\ o \‘L %\6\% %\Q’\% q*’\,\\ q‘b(\\ g‘b\/\\
GG %q FFFFF LSS

date Fe (ppm) Zn (ppb) Cu (ppb) Pb (ppb) Cd (ppb)

1998/6/14 044 001 116 001  0gpeforeputin
heavy metals

1998/6/15 111 052 148 284 048 ;ﬂ’” put in,
eavy metals
1998/6/16 113 036 121 166 027
1998/6/17 102 019 157 074 015
1998/6/18 102 012 094 046  0.10
1998/6/20 138 008 095 026 002
1998/6/22 148 007 165 013 002
1998/6/28 1.61 007 159 014 002
1998/7/7 156 003 127 014 001

$FOR. KEERIZBITBKHFD Fe, Zn, Cu, Pb B LU Cd DIBEELL.
Fig. 9. The changing heavy metal concentrations in the laboratory experimental solution, with aging fime.
The sharp curved patterns indicate effective bacterial bioremediation of Pb, Zn and Cd after one week aging.

FEmomEm, AT SOED & WD IS IR SRR W3 LDEBRCBIUNNE S AREATHD, BsH
Jiiﬂ:?“ﬁﬁﬁiﬁi‘%{t@“éZ&ﬁ“ﬁ%iﬁtt;o 7z (45, I/ FTTEAIDMERE MOBIREA> TS, KeTHENIIE

, RIFHSY L O RBE AR R AR A A O RLE 3YLTRBERAEOARST, BEBICL> THREINTS
Jf%’a’:fé:b'(:h@ HOBEROFELZITTARNWI L% D, YLEEFOCAERERED EL B 1R, MHILEKRL
ALTWE, DFED, WEJ[I*@L”M@F@LUIL 55 SHPEENEL TVA I Z10ERO FRBOKFOCIE
FLr B OEREERE, BHAS ACBRATH R EN HENFEAEENL T Ens (MEiLEwAEH
A5, —H, %Iﬁl@i%&%‘tx&@%ﬂl%@?‘{ﬁlji ET S 1999), W, ELEESALKMMEGEIN, ¥ L%EREYT
RS L, M@ 1S L, EIE25 AB LU W, EAERBINTNAZEERLTHD,
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E2REOARLE

DA B kR, MRsL LA S HEE S N KF O Ti, Mn,
Fe, Cu, Zn, Pb, CdR EDESEIL, ¥ LOHHEYTIZH
FL, EXx8EINET WS, EEOEEE, A/ x0
B, RTAT7 A A, A RUREEREICHED S Y%
A Z L& THRY S TBOMEAnRETH 5 G
1975 ; #)11FH» 1984 ; McGrath et al. 1998 ; Raskin
1999 £/ 2001). LAaL, EEICEAREIISHL
He, BREAERE LB ORY) O BRI LI HENE 2.
—F, KFOEEE, 2B THNI 7)) 7RoRBIlL5ES
J& D BRARRE & AR UAERIC K 5 ERBOBEENTE R
HCICEDNTH D (F 1997, 1999 ; Tazaki et al.
1998, 1999). AR RIC XL, MR ERDEn 5
FRU @R & TR OB - & Em NI AN THRET 21
LEB T, NAA 70y IAKEITERL, ZOFRORIK
HNEERE 2 EROICR DAL Z EBHL MR, FO
FRIREE, BRI RDOR AR LAMINTERP O P, Zn,
Cd 23R MIC ppb A —4 —TH DR E, KEHLT S, 4
K DPEE RS AEDN AR D N TR L st nud 7 s
IRADITH L, BT X 25k, SEN DR aRER
FHETHHIEBRLTWA, Thabb, BB THEIN,
WD, AADY A NOHEYOL VKRR DHRYIL, N1
FonyrEEREIES LD, BHMTESEARE
T AR EARERIIRL T 5,

KIS ETE L =N 1 4 7 0 71 pH 2NEE i 0 BE s
TSN, ZOHFITIILBEERMENLEL TEESR
BB L TWA, BTG KIMTEH L - S5 s,
BHEIZHE L KB OBE R &, KRBl A 7oy s
EEIESHLEMICR S EBALNS. £, ZONTH
T 0y 7 EMAEOMIED S 0 S NI AR IR RO
PRI TF R EEMBELUTIBRL TWA Z EM S, EAEEY O
WABBILIZ Z A AAZ 914 FOEHRHREENS. Cowan
(1997) I2& B &, AN AILHER TH % Fe & A RAICELD
A2 57U 747 (siderophore) #4Wd 5. 57
0747 Fe DRV AAFE T TR MOELBEELARS
A TE, oD 42 E35F07 47 ETHkEDL
5. a8, ZORE, maEAKEERRT B L 1998). o
T, AREOKEERIIBN T Fe ECuBBEBELEEEIC
BoTWERRELT, MESBA Ao 707+ 7kE
KBS e EA U E AN S, — 4, thoE
&ElL, SEMBIBBLUNEDX i TR, RIRFER
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