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Abstract: Typical solid wastes contain many metal resources, which are worthy of recycling.
The bioleaching of typical solid waste is affected by multiple factors. Green and efficient
recovery of metals based on the characterization of leaching microorganisms and the elucidation
of leaching mechanisms may contribute to the implementation of China’s ‘“dual carbon”
strategic goals. This paper reviews various types of microorganisms used for leaching metals
from typical solid wastes, analyzes the action mechanism of metallurgical microorganisms, and
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prospects the application of metallurgical microorganisms to facilitate the application of
metallurgical microorganisms in typical solid wastes.
Keywords: solid wastes; metals; bioleaching; fungus; bacteria; leaching mechanism
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T FRWT ST 2 IR IR GRAT 1 , A4 Al 28Tk 20 v A
BRAANTE S . 125 THRAITR G . Bk 8k
Fe? fEMRERMTEOL T, kA TTHLE L)
FOERR S+, AR Ak B 1, T EMARE
PR E A w1 RN, R A B A R
Xt A SRR A KA R E AT BT A SRRE
PIRWT TR, DR S AT ST 80N Il PR 4R
fb B Wi #F B (Acidithiobacillus  thiooxidans) T
1922 AEg ek, DIOTER G ny P S Ak oy
A 1947 42/ Colmer 1 Hinkle B M KA
i S NG I - S V- = W A A A5 7 |
(Acidithiobacillus ferrooxidans)'™, FEEMI TR Fe*
S S SO R 3 3 B = PR R R I B 4%
iz e E s . HAEKNEE pH ETE
1.5-6.0 JulEN, KR 28-35 °C, i
HREEZ R 30 °C), p A mifL 2R, M
DNA-DNA 238t 23 ik s b 7441,
FAN, AL (Sulfolobus) &4 @ = h i 44
B A IR, B4 )R B AR i B (Sulfolobus
metallicus) . B4 4 BK E (Metallosphaera sedula)
FIAT BRI (Acidianus brierleyid)' "™, AT HA
BAVEGFR . EIARETR G RFIE, 1 80 °CAHl pH 2-3
FeA A AR AR i T An i N Y pH AE
PRIFAEHIE HIERY (R 1),
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Table 1 Types and characteristics of microorganisms used for metal leaching in typical solid wastes

Microorganism pH range Oxidation capacity Temperature (°C) Nutrition category References
Fe** So

Acidithiobacillus 1.8-2.0 + + 30 Autotrophic [6]

ferrooxidans

Leptospirillum 1.5-3.0 + - 28-30 Autotrophic [7]

ferrooxidans

Acidithiobacillus 2.0-2.8 - + 28-30 Autotrophic [14]

thiooxidans

Sulfolobus 0.9-5.8 + + 70—-85 Ecotrophic [19]

Sulfobacillus 1.5-5.5 + + 20-60 Ecotrophic [27]

thermosulfidooxidans

Leptospirillum 1.3-1.8 + - 30-37 Autotrophic [28]

ferriphium

Acidithiobacillus 1.0-4.0 - + 32-52 Autotrophic [28]

caldus

Chromobacterium - - - - Ecotrophic [47]

violaceum

Pseudomonas - - - 37-42 Ecotrophic [48]

aeruginosa

Bacillus subtilis - - - 25-35 Heterotrophic [50]

Streptomyces 5.0-7.0 - - - Heterotrophic [52]

albidoflavus

Aspergillus niger - - - 30 Heterotrophic [54]

Acremoniun sp. - - - 25-28 Heterotrophic [62]

Escherichia coli - - - 37 Heterotrophic [63]

Bacillus megaterium  4.0-7.5 - - - Heterotrophic [64]

Pseudomonas - - - 25-30 Heterotrophic [65]

fluorescens

Phanerochaete - - - 28 Heterotrophic [68]

chrysosporium

+: Indicates oxidation capacity; —: Indicates no relevant data in the literature.

AR NZ R P RR AR, B YERIREREY H Cu i IR . Xin PRI R
TN BNl H, B (printed circuit boards, PCB) ., J& REVRY i, FHWE IR S AL Bk BT 7 A 1R A4k
AR RS B 2Ok . JE SIM R, SR BRI RIR G SRR R - i rh Al B
ST EY YR R A RS RIBEERSEEME S, FEBARME Coik
AL BN 2. Fu PR gAML O TETE Cor Rk, H 5 RUEYRREIR
R B AT R TE A IR SO0 A MOHDRL R BRIl . SRAYTEOC . A — S TA hy I 5 i P vl B
BRI AR, RV EM A UR o F, TR A IR T RE IR 4 S BUm A Y A
JEILL Fe™ R H LY AL 32 Hong 55 () Ak A (CAn I 7 92 2k RN A6, IR 3k ) 1) 38 D e
IR RAL R ORAT P IR I 282 pH. 7 BR T XM Z 4h, MEI A Yt
AR R A, TR A AN A A T A 12 1184 . Rodrigues 282 F5¢ 2 1]
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T A i S A B v PR AT A T Y AR R 2 i
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SIS S & T S ol N S N
(Alkalibacterium sp. ) TRTYP6, HigtfL4EEH#H N
TIREERET TR, 16 pH Jy 8.0-12.5 BT,
XPERE R EA T 2 R A iR Y 52%
HI5 . eAh, RO P A KRR LR 1

3 HABRKESNTENRE S
JB AL

HeA S R 2l 2= F o & i T AR Hiil
YIRS LG . LB 3 RRRYERT R (B R
AL AR BT AT | W8 R B AL A A A T - T PR TR
BT DR R A, B 1M TR
AR, G5 CO, BE . —FRIRIEIF
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EAmT,
3.1 HABEKEYHERBEILEEMN
ik

), AR AR 0N X
L 5% 2 AT (A0 8 TR BT ) 152 11 4 J 11 = AL 7,
R E R VR A4 Fe' AALMERT, (A%
A W T B BRI WAL 5 ke Bl i
B RIAR R fil 5 1 LA BT AR, I i R
SERIOTN e fhR SR SR Wi A 43I 1 P

SNRG VIR E T SRR R0, et i 1568,

R R R T AR R R R T
Sk F AR Fe™, R Fe' b &R mifb P ifL
PRALH A L Fe? R4 R B 1, LAMLARIRET .
H1 T 45 SR B A O 40 ) = R B 85 v 1 S R A=
AR, T pH R ARG R R v ) A
PrIE U™ 4 e A P DA B [ (R ) e
it mERRYE A IR ) Can g R SR A R B AT
TR M T S AL B BT )5 S A TR AR ) 2 5 v ]
BRACYI AR , Qi 1 b AR A S R T 2%
W WA R R R 2 AR
B AU IR Eh iR A% -

FeS, +6Fe’ +3H,0 —S,0; +7Fe’" +6H (1)

http://journals.im.ac.cn/cjben

S,07 +8Fe*" +5H,0 —2S0; +8Fe’" +10H" (2)
2Fe™ +0.50, +2H" —B<1_ope® 1 H,O0  (3)

Zhf e
MS+Fe’ +H" - M* +0.5H,S,_ +Fe* (n>2) (4)
0.5H,S, +Fe’* —0.125nS; + Fe*H* (n>2)  (5)
0.125S; +1.50, + H,0 —SO; +2H" (6)

T MY [E P PR ) 0 e izt e AT R 3 A Y
HANRG Y S & R ALY 0 Rl i@ i
R EL G R o AL S B ALY, [
A HY, RIGREAGR B RS pHAE, B A3
PIE7 A PR B+ o TERXFMELL T, MLAY [
VR W vh i 4 ) 2 0 N DL 45 GRS % A2 oy
T B B RS AR i 0 R T RR M AT £ ) 1)
AR R Vs ik M B [ (A I ) v ) 4 s, DMIRAN 2
LB A, IR X L i 4 e 5 440k
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SR I AR RUIN & i (sulfur dioxygenase, SDO)., il
i iR £k S8 4L 38 JRU B[SO (sulfite oxidase). SOR
(sulfur oxygenase reductase) |52 MR EE . H
Hi, 71 1 iR Yt (quinol pool, QH,) H 5% #% 3] A iy
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FRR R AL B A 3 AN X FEA L, &
WA Y — R Y B A B 2™ A B R L
3.2 HABEGFREYhRFBEEMERRD
EBRIHLE

SRR A B R A K R R A A L
G EA R . RN . BHSEREE . REERTE R
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FLRFE i A, XL E E R
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7 4 Heterotrophic bioleaching
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