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1.1 Lk

A SCET FH B S B RO B H A B B 4 HER
i, AR5 CGMCC No. 24728,

{338 9% 5~ CGMCC No. 21602 [ Pseudomonas
putida strain TDB-1 FI{ 4% K CGMCC No. 9970
# Burkholderia sp. 7-90 B3k A LI %=
1.2 FENEE

U2010 50T WA BT ( H AR H L AR |
YXQ-LS-50A 373X 55 He 28 PR K T 3 (L 1 TR Sl
AHBRAT) BZY -2 4 H dh &/ Aok S (RAE T
LA PR A ) | H R 5 45 2 1 B (30
S HRIRBAERABRA ) o
1.3 EFEREH

LB B3 R S5 A PR 10.0 o/L, B B)
¥55.0 o/L, 584654 10. 0 o/ L, pH 7. 0, [EHAF-A 5
FEFRHEPIMABER 15.0 /L,

BT R REA TN 1.0 g BERA M
1.0 g LAKATIREE 0.1 ¢ SMLHN 0.1 g LKA
B2V ER 0.04 ¢ JC/K S ALES 0.005 ¢, #EHE 5 ¢
2mL MEITTRBER, HEEF/KEAE 1 L,pH H

7.0, B AR SR IMABER 15.0 g/L,

fE T R W MR 500 mg ., — KA FH A
400 mg LK G EALEE 400 mg FALHR 100 mg, —K
BHIRAN 195 mg FAALHT 40 mg, FE B FIKESR
%200 mL,

B LB HAERFRIEE T 121 CE R K EH
HKEE 20 min S5 KB TR FRIE T 115 C | R
ZEVRRK AR K 30 min S0, Hir, S48 .
TR SO R T A B M FE TE FL T 0. 45 wm
JC AUk 3 U5 A K B A B R 3
1.4 XIWH*E
14,1 TRFPIYIT I M 4 e

Bl B CN ™ HeEE My 100 me/L 1 LB 5 N7 5
FRHE FREL 2 ¢ RBIEFES A 100 mL K 5 #9255
TR IR AT, B B S BT W, 3 2% MR R HL B2
FPFRCELF 09 LB 5 FR R FR 5L b i B 3 KR
430 °C , #5348 4 150 v/min, 5535 3 d PR FR TR
FEERREZ 10711073 10 7° 1077 SR R AR %
AR TR FP A B, 18 B R B IR A IR R 30 °C,
BOEMCE T HARSE 3 ~5 d, B B ay b v
FER AL RE 25 5 300 me/L CN ™ 19 LB & B85 32 4t
B398 3 d, K W 50% HImMARAFE TIRE N -80 C
KA

W F A RSB R RTE ALY HS S5, 3% DNA $2H
IR AU I HE B DNA | 5% FH 40 0 1 9 18 5 1 4
27F/1492R #17 PCR 93 B4 2 HiGAE T AY)
K ALF #E1T 16S vDNA P 7, Al MEGA -11 A
ML R R R L EW .

1.4.2  REZAFNE A HERE IR

Sy B AR pH (8 R DL T L], If:
] B SR B I A — VR B A5 e ), B AR, A
FEIR NIEA TR 5% | A3 — B At 1R BURE | 7 8 000 r/min
HEE T B0 3 min S5 BB RO A iR B VS e
WL
1.4.3 AR XF I P8R () 5 i

W 120 g RO AMBEA:, G 3 5K 2 &
PR IR DR R TR A TR A TP 2R A7 b e, IR R P 52 0
W2 PNSUG AR 2 5 A MREAE Y, SRR PRI R, i
B pH (B R AR X E AR L, A b —
Berst (Rl B PR, B0 R e Hoh i s s 4
IR,

1.4.4 HBER L
TR R T 2R -F S A L E S
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ANTFT Y pH (BRI B2, FH OSSR FE A [ 25 4 T A 2
W, DFFE BRI ROCR . B B E AR A
TC 22 E ) L A5 0] I e R o ) < R R AT AR B, F 5
A TR ER R 0 B 4 B TURERICR

2 TR LA E SRR L RE

2.1 EHRHITHEESERE

o3 O 1k , re 2 INH A 4 Bl v T 1 R IR R e R
O3 bk AU AL R - U S W T
R, 24 16S 1DNA % & N — t& Methylorubrum
pseudosas-ae , T 24 4 TCD-1 (R B FL 4L 4T & TCD -
1), FFRE TCD -1 24 Hp [ 3 38 2R ) O e b O R AT
TR, PRI S 5 CGMCC No. 24728, BRI A% 1 41 4
M N RGE R EMIE 1 s, HE 1(a) AT, #H
PEEFPIR, TCHEE , K/ R 1. 51 pm x 0. 46 pm,

() LB
-
TCD-T,
N -
NR 108 240.1 Methylorbrum pseudosasae strain BL44
NR 074 215.1 Methylorbrum extorquens CM4
NR 041 031.1 Methylorbrum zatmanii strain DSM 5 688
NR 108 523.1 Methylobacterium thuringiense strain C34

NR 114 329.1 Methylobacterium brachythecii strain 99b
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E1 EhAMEEEMEREEEEN

2.2 HERRIPERRERE

TESEH 3 EAT B R TCD — 1 X UL B0 1 2%
AR ) o i P RE 256, 4 2% 11 T 20 ) B T 51k
Bk 50 me/L 100 mg/L 500 mg/L B T35 55 5L LU
RO Bk E LB BE 300 me/L B T3 b 35395 —
FE R[] AL S AR S AR B A5 R K 2
B o

I 2(a) AT, TCD -1 BA RIS eyt
P, HRE R R A A . TE UL B 4 v B2 43 31)
50 mg/L F1 100 mg/L 2544 F , 284 24 h )5,

SRR R IE A S A BRI —BAT 63
504
S0l 500
496 - FALHAS0 mg/L
&AL EF100 mg/L
~492] [ SE #7500 mg/L.
= 108
£ 104
3 L
2 100
] 96 [
& L
p 92
58
541
50 & 0.041 0.04L 0.618
0 | ——m 7
24
HiF ] /h
(a) TCD-1 MR RV S AL
350
300
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200

150

WHE AW (mg - 1)

100
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0 20 40 60 80 100 120 140 160 180

I &) /h
(b) P BRI SR E R 8] 1 BRI UL

E2 TCD-1BKEMBELIHRR
TR B YA Y AE AL B MR B 500 me/ L 451
T, TCD-1 HEH AL A0 I B2 4% 22 0. 618 mg/ L, [
R A3599. 88% . HIE 2(b) A%, @ TCD-1 BA
KA RS AL P, HLREF i 0 ek m L ar, 78
48 h |/, WARF AR Rl B2 5 2818 ,48 h J5 WAk
FALBR T4 KR BE R A, 16 120 h 5 A TR
HZTE 168 h J5 AR FALE B A 4434 70. 26%

2.3 EAEH

TDB -1 A B f s ALy, 1 TCD -1 RENE R i
it SR AR FAR Y , 2 -90 B 3RS 1
FIREfE LR EE P E SR, —FEE S A LI k5
B WM ER H Y,
2.4 AREBEMEARBENEIE
2.4.1 pH i

pH E X2 A R 2 i E 3 prn, thE 3
AL 2 pH 2 7 B, A T R R R R A | Ak
SALYISOR AR, EAZS SCN YR 1 325. 65 mg/L
Bf ) 21. 67 mg/L,Kf Fe(CN) ¢~ #eJ# M 300 mg/L
W i ) 102. 70 mg/L, B fift %8 53 % o4 93.35% F
65.77% ;7 pH A 8 B, & & TR K 3R 1 5K 7738 B i
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AT UL, &2 A W R TR IS (pH (AR T 6) Flgs
BPER BT AN GEAE K, H W 5 Je WAt pH
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400
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(c) Tk Ty

3 pHXESHEMNZM

2.4.2 JRE

TEEXT A BRI R 4 frs, hE 4 ]
AR R AL Ak B R T
PEFI BRI O 30 °C ., 7EILIREE T, B & HERE
¥ SCN ~ ¥ 13ty 325. 65 me/ L A3 11. 68 mg/L, ¥4
Fe(CN):™ #8111 300 mg/L F& A1 %) 98. 36 mg/L, [
Ry 5 R 96. 41% 1 67.21% , FIRE K 30 C
B, 52 G R 1 R T 5K 38 B e /ME 31,20 mN/m),
Pei 52 A B R IS PR BE S ik . IR AT
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2.4.3 EAEWEH

N A R sZ i 5 pron, mE S
A1, 7E TDB-1: TCD-1: Z-90 = 1: 1: I &AF T, i
AL W K i 2R 97.79% , 0Bk AL B R iR R
70.46% ;7F TDB-1: TCD—1: Z-90 =2: 1: 1 1 544
T, a2 97. 87% , W A% S AL Al 5 Ny
70.71% ;75 TDB-1: TCD—1: Z-90 =1: 2: 1 1 544
T, a2 97. 10% , A% SAL I Al 5
70.59% ;7F TDB-1: TCD—1: Z-90 = 1: 1: 21 514
T, B a2 g 96. 49% |, 7 Bk F AL P AR 26
$4170.19 % , 1€ TDB-1: TCD-1: Z-90 =2: 1: 1 {5
PR, B4 R A 2R 10 5K ) (E K B 5 ik 32.93 mN/m,
PERMEPERIRE ) ek . i DA A0 Bl i, S5 TR
TR A1 L X A S5 S0 kA 40 o i s SR S =
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100 -
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Hf ) /h
(by MR AL
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331

FE1E5K 1 /(mN + m)

| | | 1
28 1:1:1 1:2:1 2:1:1 1:1:2

TDB-1.TCD-1.Z-90f# k.44
(c) KTy

5 EAELHIXNESERHNZM

3 HAWBIMGESRMHE
3.1 AREEETHMKERR

FEANR BRI pH (H 2 AR Ll 4600 ik
VR PR A I 6 Fran, HIE 6(a) Al
L TER M N 120 g WK N TDB-1: TCD-1: Z -
90 =1: 1: 1504 F , M5 B it kife B4 K, SCN - &
BRI T, MEBERE A 20 HiEF, B
) SCN - KRB K B, KBRE N 65.05% ; 24
e 2o 100 H B, i g SCN - 2% bR R A X
BAK, R 61.45% , MR\ R AAKT 20 Hi, R

HERARER A T3 G L BRI, mT AHEN 2 B T
RS, R BN 552 A TR Al E A
Feo, NI 805 B ) KRR, Ji5b, it kiiz
I T F 3 a5 T A A i R U R =2 [ Y
YIRS G Y R BRACR . YR RN T
20 HEF, B b 42 /0N, 15 Y P 1 2 o R BRI
g T YRR 20 B, AL A X
M, AR T AN A R R R Ts e LB
R, M R RAR 1/, B L s T
K, s vh i SRR B /D 5 ) A R ) AR K [T B
JRE s URL 2 [R]85 U 38 K, 52 TV G ) 2 BR AL
R

—IEOL T, 3 S AW A K ) pH
H°H 6.5 ~7. 5, i FR alisd Bl AR 255 ma 2 3 S At 57
SR REE R | B I A Y R A A TS B, pH
(B B TE R 6 (b) Bix, HIE 6(b)
AL, TR M 5 120 ¢ B LA TDB-1: TCD -1:
7Z-90 =1: 1: 15544 F Bl pH {HHE K, SCN - LBRHR
FHEINE TR, 24 pH {E N 8 I, i Th iy SCN ™ 2%
BRFIKE] 65. 77 % , FBRAR B ;24 pH 3 #] 10
B, i Y SCN - LBRFFRNE 61.78% . AL
AR pH BYZERAN] X & i T pH (AR KR
R TR A K ARIETE Bl . pH (E AR S5
M fl A D 0 5 37 0 2R R, | Tt HLAS IS ‘LAY pH
1B 2 BRI A 0 Bl 7 A 10 Tl 9 065 2, DT 52 i s A
YA AR, A, pH (IR ] S 2R E Y A
AR A ) o 25 -4k, 3 17 [R] 422 M X A )
;AR (A B AR AS T L E RS B iR
ot AL 0

DAVRAAFR I LU 52 el B Pl 5 20 P 422 i 78 7
JE L AERNR W AT, B s e R i El 6
()i, HIE6(e) %, TDB-1: TCD-1: Z-90 =
2010 LE, &2 A TR RO R i P i SCN -~ 25 ok R 3k |
65.30% , KBRACREAT . XA g2 i T s b P b i
W TDB-1 By K, 5HER Rl il 5 78 47, itk
LB E AR AT

Zi Lk, fEHEIR il kAR 20 H . pH 2l 8,
HW L TDB-1: TCD—-1: Z-90 =2: 1: 1 i}, i vh
B BA 1) SCN ~ MR BE e AIG, 5B A 3 e i, X i 15 )
A WE ke N EAT N B &0 HE B G YLtk
VeIRHEA R KT,
3.2 RE£HTHMRESE

TE bR Fe Ak e S5 08 T R A7 /NS IOR 52 4
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65.5

480 465.0

470 (&=
~ 1640
E,ﬂ 460 1635 %.
g +463.0 %

T 450 lers

& 440 + \ 7%=

4615

430 ! |_| ! ' 61.0

10 20 40 100
ekt H
(a) it
480 - I SCNJE 166
~ 470
‘io =465
L, 460
ct 16448
450 - / \\ &
® 463 W
Z 440
430 F N |62
20 | ! ' 61
7 8 9 10
pH
(b) pHIE
455
[ SCN-IRJEF 1654
—-— SR -
_asof LERE 652
P 4 55.0
S0 445 - 1648 %
= 646 %
3 440 64.4 e
P - 10%% 4
Z / / 1642
S35t {640
|—| 161.8
430 ! ! ' 61.6
1:1:1 2:1:1 1:2:1 1:1:2
TR
(¢) EATH LA

6 ARFHTESEHRMKELR

T MR 5 19 R i St SR pH 0 9

() NaOH B gk vt X B4, ke b 4515
YW FEIIE 7 s

L 7 ATRN, ZEBROR IR BE 4 o, wUe ) Ak
Yy R E A S R R R E L LR R R] Y
TGN, 2575 e Wik FE AR A AT 27 5 T TE 56 R
VELH h  BEE KGRI [R]85, S sk LA
KW ERAT A e B 2 S B Bk 3 | DA &2 5 TR TR
W VEZH RERr A S AT A= 5 e W e IOt 2 IR R
JFREA RIS B, WU VR R S AL VR FE
0. 11 mg/L, 35 2 (¥ 4 17 b 550 T g 45 ) 2 R #1
) (HJ 943—2018) Bk

Hei2 B R AR5 Yk FE AN K] 8 R, TR E

—— BRI R
—— EEERMNEA

AR EE (mg - L)
o

0 Il Il 1 1
10 20 30 40 50 60 70 80 90
B Al /h

(a) B

400
01 —— WAL

300 —— BRIk
250
200
150+
100

ALY (g - 1Y)

0 L | | | I 1 L
10 20 30 40 50 60 70 80 90

B Fl /b
(b) BE e g

—=— TR R
—— E R FW A

(=20 <]
==
T T

IS
=]
T

W EAAT e B g+ L)
= 3

20 30 40 56 6‘0 7‘0 8|0 90
H ) /b
(o) WkaE LYk g

[\
=)
=

B 7 SRR RISRYIRE

R ALY &N 69. 65 mg/kg, 43 Bl
Ab BN A B RO e AL RS R i Rk e &
B 510 19.17% F1 69.79% . IR HE = B
TREAL B 5 5 1 268. 93 mg/ kg, Bl Ak FH 4 A1
R I Y A SR T IS S T I
16.56% F161. 13% , JiHfEiz ik i 4 8 - &
VIR &EN 173,65 mg/kg, B Ak B4 A2 4 B
WREALIY 45 8 — U4 A W R BR 34351 R 10. 28% Fi
39.31% o LA 150 W ek v Ak L 20 o i o 2 7
PIRCRAN 5. 17 52 6 TR I Y 8 A 80 R IO - % fie
FALY Wk 5 R R T F e & Rk B+
e A b T U XU A b v (it
7)) (GB 36600—2018 ) Hr— 2 FH 1A% il (B bR o

IR TR H T R R B o ) A R B LR 1,
R 1 ATAL B A R A kvt b E 4 s
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S0 HEIR R A R MR T R RS U E I s —R AT - 67 -

80
_10F
60 -
4 50t
I8 40
&
$30- .|.
ﬁzo_
% 1

10

0 1
D

LR 7 R g R v e
(a) BV EE
1400

= 1200
=18}

1 000

800 F
& so0f

(e
H

400
SE

0 ' —
JRE TR B4 Bkt

(b) FRF A

N X
(=]
T

—_ =

[SSI Y

(=
T T

=
o O
T
=

60 -
40+
20
0 L
Dt 1

2 B-5UEAYE B/(mk - kg )

TGRS HA BRI TR
(€) &R YE

B8 HWEREBRRSRIRE

As Cu Zn W& B34 5 T 0RO E AL, U6 52 & TR Ik
VEFVRHE T RAFHIVER . WUk 84 h 5 ik UEI T As
B O R K AR B i AR 1) ( GB3838—2002)
VEERF As KT 0. 1 mg/L AUESR, AT S
T 2 R (M ER K PR B I A A ) ( GB3838—
2002) VZRER
NV R RN R
4.1 WEKBEHIR

] 50 mL 2508 s I 40 mL RPN 10 mlL
MUK, BB ARTRNY pH (BRI, #R I A6 AR S50
XK AR 25 RN IE 9 FIR

H &1 9 (a) AT, 24 B2 O 47 30 C A AR Bl &
pH (B3 N, IR PRV S 2R S0 Ab 0 ok 3 2 S
JE LR S, 7€ pH {E R 6 ~ 8 B, BUE K ik 45
RO R4 pH Ry 7 B, IR0k W S 2k AL A 1Y

®1 MRERPEESERESTEER

L4 (R
e N SARIAL) 12 h 60 h 84 h R
& mg-L’l
T 0. 400 10.600  9.600
As 1.2

HATHWIMGEA 15030 154.000  96.000

Rl S A 0.009 0. 003 0.002

Cu . 120
RABIMNELL  0.489 0.077 0.047
TRl S 0.080  0.05L  0.05L

Zn TN 120
AWML 0.897 0.153 0.117
POHDEA.  0.004L  0.04L  0.04L

Cr 5
GHMYEZ 0.004L  0.004L  0.004L
TIRMEZ4E 0,000 1L 0.000 1L 0.000 1L

cd 0.6
SATHIMGEZ 0.0001L 0.0001L  0.000 1L

T 0.177 0.027 0.017

Pbh 1.2
SAEWMGEL  0.005 0. 005 0.002

20 80
ERLIN 470
:%o i —F—
= 16 ol 160
Sap S
gﬁ: =450 SN
N5 127 &
e H40
%@ 10 /{

B gl N [ 130
& 4
8/ 6t [f] =420
2 3 4 5 6 7 8 9 10 11 12
pH
(a) pHIH

18 80
S 6l | |
L I 70
E it
& 14F {60
& &
= 12f s
5 . 150 &
N o
& 10 - = H
s ac \ =140
= st N
A Na 430
= o ]

1 | | | IL 1 20
15 20 25 30 35 40
RE/C
(b) IR

B9 pHFREINRKFERZN
KBRARIBFNEAH 72. 54% 5 4E pH Oy 3 B R AL
P22 R A ARAR, AU R A 24.33% , 32 TR
IKAE BRI BBRE 26 78 T 23 S A A~ S, 3% R 1
2R, B9 (b) Al g, 2 pH {EARFE N 7 A2,
W JELRE A B2 w8, RO YR P I R T B ok B [ A
EICHINE AR RS SR 25 C wF, ki
WP AR TALED L BR R IK BIIE(E 71. 40% ; 5 i
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FEARSEPE &, L BR AR W T B IR B 15 C
40 °C B, % BR FAUAL 40 5 KA 34.78% H
29.32% X AT RER T 7EARIR A0 T 70 A 2L
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Compound Microbial Shower of Cyanogen-Reducing Bacteria and

Surfactant-Producing Bacteria in the Gold Deposit Heap Leaching Site

JIANG Jiuning
( China ENFT Engineering Corporation, Beijing 100038, China)

Abstract; There are cyanide, thiocyanate, metal-cyanide complexes, heavy metals and other composite
pollutants in the gold mine heap leaching tailings, which seriously endanger the health of the surrounding
environment. The microbial treatment of gold mine heap leaching tailings has the characteristics of low
cost, high efficiency and low secondary pollution. It is a green and efficient treatment method, but the
cyanide-reducing strain has a single function and has limitations. Therefore, this paper used a composite
flora to treat the heap leaching tailings. A functional bacterium TCD -1 with heavy metal tolerance and
cyanide degradation ability was screened, and its degradation performance of cyanide and metal-cyanide
complex was studied. It was mixed with thiocyanate degrading bacteria TDB -1 and surfactant producing
bacteria Z-90 to make a composite microbial eluent. The leaching process of compound bacteria in gold
mine heap leaching site was established, and the optimum tailings particle size, optimum pH value and
optimum bacteria liquid ratio were determined. Under the condition that the particle size of heap leaching
tailings is 20 mesh, the pH value is 8, and the ratio of bacteria to liquid is TDB-1: TCD-1:Z-90 =2:
1:1, the treatment effect of thiocyanate and heavy metals in tailings is the best. The small-scale amplifi-
cation test showed that the content of pollutants in the heap leaching tailings and leachate after leaching
met the requirements of relevant standards. Finally, the eluent produced in the leaching process was
deeply purified, and the residual metal-cyanide complex in the eluent was broken by the oxidation ability
of hydrogen peroxide. At the same time, the flocculant was used to flocculate and precipitate the heavy
metals, so as to achieve the effect of simultaneous removal of complex and heavy metals in the eluent.

Key words: gold deposits; cyanide; heavy metals; compound microorganisms; deeply purification



