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LRI L > CaB 2R 5 Fe (D) OEfEIRE L THEREZE Z R L TWD. Fx TARFEICIB N T, BEE 5 (PCBs)
WD DEBANA AV —F 2 ZIA e AR A B BRI LML REEE D Fe (I BSOS & FR~ 7. Ml O RESERSE AT
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X—U— N HERIEEREBILNE, A AV —F 7, &EEIY, EEM, Sulfobacillus thermosulfidooxidans
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g/L O Fe¥' A & v &R L 7o GG R 2 L,
R HRFER 1-3 B8 TEJ8 O RIR IR A 1 L 72
(Ilyas et al., 2007; Yang et al., 2009; Wang et al., 2009;
Zhu et al., 2011; Willner, 2013; Adhapure et al., 2013).
LinL, Fe¥'A T NINA A Y —=F » THICESI
fefbgk & U CILT 57280, (7 L7z Fe A A 2 3k
BL, XAV —=F T OYA 7 )VRHERE S u7en
EEBEZDND. B D Fer A A RIS TIEER
(EERATLE L3 <, iR BRI 2[RI 2 BRI 1R
BB DI N ENEE LN, KR D Fe*' A
FTCDONRNAF ) —=F U ITRRETH L. b,
RHFFRIN LV ENZ EREE LW, £ 2 THRA T,
Sulfobacillus thermosulfidooxidans @ X 9 7R 42
PEDSRFRALAREE Z M 95 2 & C, A& Fe? iR
WZBFTOINNAFTV—=F L IRARETH Y, (et
Bz HT M TEDLEERT

AAFFETIE, FKH R E)HRSR O Ttk o)1k L
U, K pH, 1K FeXS&UETAFNELS, BEREMMEZE
BT HEMBIGERL®RE L. £/, EREERD
AERRMEEZTAND L L BT, WE, pH, fHER, BX
B HEMICHECE VY —T7 7y — A 2 —%
WTC, N F Y —F o IR EITo 7.

mHEEHE

e L IEBREY

FKH R EJIRIR Tl o, GFEetEekis (b eE 2
EGUEREEREARR Uz, 55X, FiBeme: TSB
B (DUF TSB 51, 1L #7209 DAL : (NHs) 2S04
1250 mg, MgSO4 » 7H,O 500 mg, Tryptic Soy Broth
(TSB) 250 mg, & BEEHK 2ml) T, 121C,
1550, A— b 7 L—TWHE L. 27 o vH
—IEE LR ERAIR A FIREE T mM 1272 D K 9 I
WL, &5, &A— 7 L—73HE L7z KH,PO,4
Z 5mg/L TR L7z, %O pH X, Wil T 1.9-2.5
IR LT

EEFERE

NAF YV —F o ZIfER L ERBEERIL, AF
R & EABMMEIC LSk Lz AFIREIL, 25,
37, 45CIZRREL, 7=Fr b U U ETAIC

X5 FREOHIEIZLY, MEOEFZHIA .
EABMEERIL, Cu®, Ni¥', Mn*", Zn*, AP*O
IREWIRZFREL, ERE 1205 100 mM I2725 X
9, ERRORHISEML TV, SRombic L 585
HoOEOE L EBE LT,
BEFEW (PCBs) LB TOER

XY 3 HRkD PCBs M L7, B, 7y
T 4 > 7 2V SM200 (Retsch) & iz DMk REHE ZM200
(Retsch) % fVy, <1.0, <0.71, <0.5, <0.25mm T
SBHWST LTz, 26 OREE TS KRR 2 M
PERICL T D EBIZLELDE 455510, 250
KA H D EFE L TINE X DIZM#ERICHES,
A CIEEEZ A A —F o it 2085 F
TH#RVIEL, #EBE% kL7,

NAFV—F TR

BREFHZER.

MO, A A DIRIMERNAA FY —F 7
FAETHBIZOWTH 2, ERE &R UEMAT 100
ml 7 7 A 2 TR E L7 8k LAl R &, TSB 5l
FIREE 3, 7, 15, 30 mM TR L2 A > 72
¥ =77 =AU F =T 1%HEE L, 45C, 100 rpm,
pH18-1.9 C3HME L. Py —T 7 — AL ¥ —
TAREEE L7, B L72<0.25 mm @ PCBs ¥y Kk
BHa 10 gLz, 5 B, A4V —F 7 %17-
o, o7 o R REICA T T2 Y v
7 UTRE, w0, BEEAIRL, 4C TR
17 U7z AR U723 BHE S B ISl B 7 R I AR L,
ICP-OES (iCAP 6000 Series, Thermo Fisher Scientific)
B L OVICP-MS  (X-Series", Thermo Fisher Scientific)
EHWTEBIREZHIE L.

mEFHEER.

WAZ, WA F Y —F 2 TIRE OB AT ~T-. 100
ml 77 A2z HWCRIEEEIT LR EFCEGETH
V, TSBIsHA Vv —7 7 — A X —|{ZAfL, TmM
WD X O 8A A 22 CTHIERIRZ 1%
B L, 45°C, 100 rpm, pH1.8-1.9 T3 A& L71=.
R & FIERIC PCBs My RaEt AN %, 25, 37, 45C
TAA AN —F o 7B L. ERLEFREE, A
AV —F RN S B, Yo 7Y 7 12 KRR
BT 1=,
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DGGE (= & S E MR SR

ATV —F o TR OWETEERE DAV 2T
X570, 12 BB A AV —F U IR 5 ml
ZERECL, 12,000 rpm T 0B L, FERIEEST.
PRSI pHL.O ICFRHL U 7-9RE KT 2 [P L, &%
VIR K CHEg L=, Z Ok 5, ISOIL for Beads
Beating % VT DNA Z i} L, DGGE [Z i3l L 7=.

EREERI S OHBBICHEE O

03%Y =T U HABILN 15%ERKEZHRINL 72
TSB EHEF T, BEPEATIR L 7= BB R R 2 A L,
NCT 12 WERELZ, HBlLan =—%8H
L, TSBKIREGHI CHEZE L7-. WRIRES HICHAGH L 7=
F£ @ DNA % ISOIL for Beads Beating % F\ " CHhHi L,
7T A ~—27F/1492R Z{H LT PCR Z1T~>7-.
PCREMI D > — 4o AT L 0 155 7= S Fd 51 oD 4
FMRRR 2TV, Rt 2 1ERk L7z,

HEROEREFYE

EERIR R ERBR E LT, 50-100 ml 7 7 A 2|
TSB Hi#i & /37E L, 7 mM Fe?*, pHI.9, E& R
10 mM IZFRBLL 72, 2 ZICHEERR D38 A 1%H
B L, 45°CT2-3 HMRE®R Lz, “h# 28, 35, 45,
52, 60°CTHEE L7z, 62, EEBmMERERE L
T, 7mM Fe*® TSB K (pH22) Z~A /a7 L
— MIAEL, AFZELESBIRATKES XV AP
EEERVWESBIEGIKZ, SR 1-100 mM
WD E9BINUTZ. 22 Tld, BEEREZ 10%EE
L, 2CTHELEZ. 612, HERED FeX bR
AR5 72, 3 HRERTEG#E L7 BBk %2, 50ml @
TSB 554 (7 mM Fe?', pH1.9, H4&JE 10 mM) 12 1%
FEE L, 45°C, 100 rpm THiE L7z, 5% D 0-48
REC 31T 2 FeX MR bl 1L, W~ T v
LE AW ERITCEEIC L VR L.

EEEERCEBBONIT I —FOITHED
o4 3

100 ml 7 7 A =212 50 ml @ TSB 541 (7 mM Fe?',
pH1.9, E4JE | mM) & A, HEREEHERBIOH
BEREZ N2 1% L, 45°CT 3 HREAIEGE L
7. 2LEBEOY Yy —7 57— A X —|Z1 LOTSB

AL, FeN 7 mM IZ22 X oL,
2T, AiREER LB R R L OHEEE S 1%
fEE L, pH1.8-1.9, 45°C, 100 rpm, BREIHEEZ HE)
T L TR A T2, £, FREOSM THEE L
TWARWLDEHAELEZ. b, #EWE Lz
PERE MR Y > 7L (<0.25 mm) & AL, A
AV —F 7 EBMB U, 12 KEmIcY ) T
Z1T\>, ICP-OES 3 L N ICP-MS % FWV\C e @ik E
ZRE LT

BREEE

EBREBROEREH

4 pH O TSB 5% VY, Kk x 7 IR RSk T CThF
R VESKIR (LA B SRR 2 R A 5528 L C Fe? MR bid
ZR, Fe' TR bid B W EEREEE # R &, 25CC 2
RH, 37 CT4R5, 45CT6RAEKE L. 21
512 RAE AP EZELELITE T RVWERBIRGR
UL THEE LR, BREEERD 1 21, AP
HEDEABIEGK TIZ 20 mM, AP EZ&E /20 E
& BRI TIL 50 mM ORECEBRA LN, =
NIk Y, BOESROHEL T HEMEERNER
haniz. Zhi, EREESR NE & Lo, £REEs
FANE L, 1K pH & F Tl Fe LR 2~ L,
BOWHESBMEEZAETLZ 0D, "4V —F
ZIZELTWAD LB BT,

EREEBRNE ZRWRAF)—F2 T

WA FN—=F U TRED FPRELERTRER, T
mM B IO 15 mM O & &, BRI M E D & b )
STz, BRI R NE 2 VT 96 BR A 4 U —F
YT EAT ST E OERREEIE, Fe 7T mM D&
%, Cu:92%, Zn: 83%, Ni: 72%, Mn : 74% T
o7z F£72, 15mM Fe**® & &, Cu:97%, Zn: 88%,
Ni: 78%, Mn: 81% CdHho7=. F£7=. BB LIEFE X
FeJREE 7 mM O & TR R THD ERBIn, %
S DOEBFEONSAF ) —F U 7IZ#ELTWDEE X
bND.
RDWMERMETICBIT LAV —F 7T,
45°C, 96 IRFH1#% D4 812 =A% Cu: 94%, Zn: 87%,
Ni : 74%, Mn: 78%C, xbmEWEBRHELZRL
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7~ ZOIREL, HEELSER NE OREAEE IR L
FCTHoT-.

E/EERNE OB EE SR
MRS R NE Tl, S. thermosulfidooxidans 73
HLTEY, MR EMEDOZITR bR

7.

HEkOEEEYE

03%Y =7 U HAxETe TSB i Clian=—
DI SN, 1.5%FE K% 5T TSB i Cli= =
=R SN o 1o, FARESERICE
FAVD LS DI EE OB A I35 2 EAVURIE S
05, BEEMRIE LD, —RMICY =T 0 L5
FRao=—ER LT WHE NS5 Z L ba b
Cu% (Bassi and Benson, 2007; Tamaki et al., 2009) .

03%Y =7 0 LM CIE, £/HE#%% NE &
10-103 IZA R L2 b DO Tan =—23 B S, 102
BLOICHROT L— b RO a0 =— %%
WL, 2D, 28CHERICB T A7 v 7 ¥ A
ADFENZ LD 4 BE®RE LT,

B L72 4 BRD 16S tRNA &5 T DTS B, 4
SOOHEBKITIR —o0oHmEREITCHDL, S
thermosulfidooxidans & 99%DFEFIMEEAZ R LTZ. Zi
% NEI106G k& L, 5%z Lz, -, &£
FERE R NE IS8 7- 27 n— 2 DIE & A & DI
5| & NE106G O IFLFINIZIEF L TWDH Z &
5, ZORRITEREEER NE 2T 5 FE 2 M
ThoEHHEND (1),

Clone 01 (1/49)
Clone 02 (10/49)
Clone 03 54:"49%
Clone 04 (4/49
Strain NE106G
Clone 05 (18/49)
Clone 06 (5/49
8. thermosulfideoxidans DSM92937

Clone 07 (1/49)

Clone 08 E?MQ;

Clone 09 (1/49

| Acidicaldus sp. MK6
A. organivorans Y008

0.05

1 EBEEER NE OREBERNER & EEK
NE106G O 73 F F it

NB%%%%VTZ&@@T%E5ﬁ%LkF%
35-60°CC, AW X 0 AR S L T-ER b8k

TN OIS Z LR STz, 28°CRE&

W, FEE L TWRWE O & i LT H O
ot Z L, NE106G #RIZAEE L TV RN
DEEZ N, £77, 45, 2CTHRBAEBTNHL,
35-60°CD & X ITH N HEALS BB LTI &b, £
FERERE R NE & [ARRICTEEHEMETH L LB D
ni-.

NE106G ¥k D H 4 @ it SR ORGSR, AP A 5 £ 72
VN 100 mM B AR RINCEB VT, BEEkOIEN A
bz, —J, AFEEER20H O T, <20 mM
Db O TORLENP MR S 72, 16> T, NE106G
FRIZEERER 2% NE L0 b EERBMMESEH W &0
RS Tz,

NM%G%@ﬁ%W¢@F&%ié%&kF%
Fe* B 1% 0-8 W CRGEICHED L, 24 BRI
FEAEFELTWRWEEZ BT, Rﬁ%ﬁg
D5 0-24 FERNC R D Fe BRL IR & 3K b 7= b 1,
0.26 mM/h T - 7=.

EREEERCBEBEONIT IV —F O ITHED

[ 3

Fe** 7mM, PCBs # A X<0.25 mm, 45C, 96 K]
B OEMEE SR NE [ZBIT 2 &BRHHET, Cu:
100%, Zn : 95%, Ni: 77%, Mn : 94% T > 7=.
NE106G FETiX, Cu: 80%, Zn: 92%, Ni: 81%,
Mn: 100%CH 7. LLEXY, HEREHESR NE &
NE106G #ETIE, KV Fe* IR FE DR T,

120 1
Cu Zn |

i

Leaching rate (%)

Enrichment culture NE
B starain NE106G
. Abiotic control
. 1

0 24 48 72 96 ¢ 24 48 12 96
Leaching time (h)

K2 £iEEERNE & BB NE106G D
INAFY—F O TMEOEHER

- 105 -



HESDHE ARSI KF Y =7 Y v —F /LB /2018, vol. 5, 102-107

BETEMISE & RIRRE D@ BIRIHFEEZGH 2 LN TE

(X 2).

—J7, EHEEERANEIXICu B LN Zn 2B 54)
HERRHEENENZ ERHALNI RS2, 2O
TR & LT, HAEER NE (28T, NE106G £
K0 BAEFEEDHEME OFE, 7213, NE106G
BROMB) & 2 et 2 ME BN FET D ATREMEN B 2 5
ni-.

R

AT, Rk 25 4F EE BREE ST S HEME 2 AT ) 4
(FREFE 5 3K133012) 35 K OMKH RNL R 27
FEFRTa Y27 MIREEF-AZ— T v
BEFHAFTE] DBk & %1 TiT 272, 2 ZICRE L THE
ERTD.
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Iron(IT) oxidation Kinetics of moderately thermophilic acidophilic consortia
useful to bioleaching from printed circuit boards.

Fuyumi Tojo', Yosuke Watanabe', Narumi Oonoya', Ruilu Liang’,
Jun Fukushima®, Yukinori Tani* and Naoyuki Miyata'

! Department of Biological Environment, Faculty of Bioresource Science, Akita Prefectural University
? Department of Management Science and Engineering, Faculty of Systems Science and technology, Akita Prefectural University
3 Department of Biotechnology, Faculty of Bioresource Science, Akita Prefectural University

* Department of Environmental and Life Sciences, School of Food and Nutritional Science, University of Shizuoka

Fe(Il) plays a pivotal role as the growth substrate and as the source of the oxidant Fe(III) that leaches metals through oxidation reaction in the
bioleaching of metals with acidophilic iron (Fe) oxidizers in electronic waste. We examined the Fe(II) oxidation kinetics of moderately
thermophilic acidophilic consortia useful to metal bioleaching from printed circuit boards (PCBs). The analysis of bacterial community
structures revealed that the acidophilic consortium included Sulfobacillus thermosulfidooxidans and Acidiculdus-related bacteria. The optimal
temperature for Fe oxidation by the consortium was around 42—-50°C at pH 2, and the oxidation rates showed half-saturation constant of 10 mM
Fe(II). Further, the maximum specific growth rates of Fe oxidizer estimated by the Fe oxidation kinetics were found to be fully extended at
around 7 mM. The addition of higher concentrations of Fe(II) lowered the specific growth rate. These kinetic data suggest that excess Fe(Il) in
the cultures is not effective in bioleaching, for which appropriate concentrations may be much lower than those routinely used elsewhere
(50-270 mM). The results demonstrated that the bioleaching of copper, zinc, and nickel from powdered PCBs by the consortium reached 88%,
81%, and 69% at 7 mM Fe(Il), and increasing the Fe concentration did not substantially raise the leaching efficiency. The results of this study

showed that the microbial consortium with kinetic properties is feasible for the bioleaching of metals from PCBs under low Fe(II) conditions.

Keywords: acidophilic iron-oxidizing bacterium, Bioleaching, metal recovery, printed circuit boards, Sulfobacillus

thermosulfidooxidans
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