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AA| ZAE AFoA AR FHoZRE ngEd o5t T £ NS Lot SAMY vAER] Acidithiobacillus
ferrooxidans®} Acidithiobacillus thiooxidansS ©]-8-510] 27| AH Z A0 A B34 3(Pb-Zn-As FA)S 02 600l 24 S5
& 82T S AP §& A 270l 27] 4AMd 24 A5f| &5 = A FF% o]0l MRS E4TE Qg 349
|22 A9 HEFA Yottt U A. thiooxidanso] A =2] E70l 2-35H 209 o] F, T34 8% F43] T/t 54 &
A= 3do] &2 At 4, ofdo] Zbzf Ao} 2800 mg/L, 3700 mg/L, 121 2050 mg/LE §EE= 22 LU vH 4.
ferrooxidans& FUet ¥WH-&7 |9k H RS FA5HA] ok t 2 A Y AFof| Al F7he] oflS A QI3 7|EF S §F0] M LAY
4ottt o5 Bl A 22 FAl Aol A B2 u| & o5t 5l Akt Ul S340] 8% 7He A4S EIT = A9, B Ao AL
S8 5% HAS 33 B4 AARI A= 4. ferrooxidans BT A. thiooxidans©l 13t Fa4 -8&0] TS Y@ olg= A2 &1l

s

FHIN : 2 &=, Acidithiobacillus thiooxidans, Acidithiobacillus ferrooxidans, Y& 1= H| A T 34, 3%

Abstract

To investigate the potential for leaching of heavy metals by bacteria from ores stacked on actual mining sites, leaching tests
of a complex metallic ore (Pb-Zn-As ore) were conducted over 60 days using acidophile bacteria Acidithiobacillus ferrooxidans
and Acidithiobacillus thiooxidans under initial acidic conditions. Initially, a small amount of heavy metals was leached due to
the initial acidic conditions. After 20 days, when A. thiooxidans in the reactor was adapted to the ore, the amount of leached
heavy metals rapidly increased; the concentrations of leached arsenic, iron, and zinc reached a maximum of 2800, 3700, and
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2500 mg/L, respectively. On the other hand, in the presence of A. ferrooxidans or in the control test without bacteria, heavy

metals, except zinc, were barely detected in leaching. Through this study, it was confirmed that (i) bacteria could leach heavy

metals at mining sites under acidic conditions and (ii) leaching of heavy metals from a high arsenic-containing ore by 4.

thiooxidans was more significant than that by 4. ferrooxidans.

Key words : Heavy metal leaching, Acidithiobacillus thiooxidans, Acidithiobacillus ferrooxidans, High arsenic-containing ore,

Sulfide ore
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Fig. 1. XRD pattern of ore sample.
Table 1. ICP analysis of ore
Pb (%) Zn (%) Fe (%) As (%)
Ore 6.8 5.5 21 12
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Table 2. Mineralogical composition of ore

Phase Chemical Formula Weight (%)
Arsenopyrite FeAsS 26.4
Quartz SiO, 20.9
Pyrite FeS, 16.9
Dolomite CaMg(COs3), 11.2
Galena PbS 10.8
Sphalerite ZnS 6.9
Chlorite Mg, Al3(SizA1)O10(0)s 3.4
Calcite CaCO;s 2.1
Cerussite PbCO; 1.5
Albite (Na,Ca)(Si,Al),Os N.D.

&3l otk kAL, 11 A Fig. 1014 ERIRE FR F= 5
7HA] Qo & 7]e} ER W24 (dolomite, CaMg(CO5),),
v} 4 (calcite, CaCOs), =4 (chlorite, Mg,Als(SizAl)
010(0)g), A& (cerussite, PbCO;), =74 (albite, (Na,Ca)
(S5,A1),05) 0] T} Z35]0] Table 29} 2+ 52 1}
ERSIH

2.2. OPY= B

B A50]) ALgH I HZQl SAMI v|REL] Acidithio-
bacillus ferrooxidans (A. ferrooxidans) 2} Acidithiobacillus
thiooxidans (A. thiooxidans)+= Korea Collection for Type
Cultures (KCTC)OH 29} HISHTL, 29 W& 5 F50
EES A ERkAT B HlF FEE o835l 4d &
QF30 °C, 200 RPM O] XI5 HjF7]oflA] B gst3ict. m] A8
=9 4% B E (activity)E #0171 {3l = 2= A=y
Fol XY=, v|ABE2] 44 A= counting chamber
(Bruker-Turk, MARIENDFELD, Germany)E- °©]-&5}-o]
A3 drF o= stk

A. ferrooxidans 2] BjF Bi R 2= DSMZ8825 ARE3]
o™, 3t vl x]=solution A, solution B2} trace element
solution® 2 FLAET} Solution A= 950 mL ZF5:9
(NH.):S04 132 mg, MgCl, - 6H,0 53 mg, KH.PO, 27
mg, CaCl, - 2H,0 147 mg& £t & pHE 1.82 =&
5la] ZH]5}9 01, solution BE= 0.25 N &H4F 50 mLoj|
FeSO, - 7TH,0 20 g& 2-3|A|# SH]8T Y. Trace element
solution 1 L 5F<=0]] MnCl, - 2H,0 62 mg, ZnCl, 68
mg, CoCl, - 6H,0 64 mg, H;BOs 31 mg, Na,MoO4 10
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(a) Direct reaction (Contact leaching)

< Attached iron-and sulfur oxidizing
microorganisms=>

Fe3+ « Fe2*

2FeS,+70,+2H,0 — 2FeSO,+2H,50,

Bacterial Contact Mechanism
Initial : Electrostatic force
Later : Polymeric Substance (EPS)

(b) Indirect reaction (Non-contact leaching)

<Suspendediron-and sulfur oxidizing
microorganisms>

~
~

\ 12FeSO,+6H,S0, 40, — 6Fey(SO,)5+6H.0
H,S0,

Fig. 2. Scheme of bioleaching mechanisms.
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Fig. 3. Changes in pH (A) and ORP (B) during the bio-
leaching at initial pH of 1.5 (red circle and blue
triangle: bioleaching in the presence of 4. ferrooxidans
and A. thiooxidans, respectively, open square: leaching
without bacteria).
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Elapsed Times (days)
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Fig. 4. The concentration of leached arsenic (A) and Eh-pH
diagram of arsenic species (B) in the system of
As-Fe-S-H,O at 35 °C and 1 bar (2As=2X10" M,
YFe=3x10" M, and £S=4x10" M).
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Fig. 5. The concentration of leached iron (A) and Eh-pH
diagram of iron species (B) in the system of Fe-S-
H,0 at 35 °C and 1 bar (ZFe=3X10" M and XS=
4x10" M).
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Fig. 6. The concentration of leached zinc (A) and Eh-pH
diagram of zinc species (B) in the system of Zn-
S-H,O at 35 °C and 1 bar (ZZn=10" M and XS=
410" M).
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