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WE: PR L X2 A E SR E TS Y, HETR—E SR I Y IR B R EOR LB, MG H 4R
JEE G IERNG BEORAT it — D WER . AWFTCRAERTY AR M B m s Y 1, 1B b B i H G Rt
M IRE, PN TRINVEE GRS ETG Y 1 W BN A . 3 TR S AL B IR S5 Al i T B
IEREG IR RET 3 e e 8g Hh— bR HR R BTV IR, 2% RIS (Aspergillus niger ), 54470 F2o XH:
HE B INE R RE I TR, SRR BhEE F2 X Pb. Zn. Cd Al Cu IR K 32 S5 HEVR 43514 8 500, 6 000,
2200 12500 mg'L" o 7 vk T 4 R AU A T, BRI ARAL T IIME R B, A K AR, B0 5 1A= B e
He BB RN S 50 mL BiFRIR PSR 7 d, FERIAY pH (N 7.00 FE2E 2.40, 4 2.5 g KB HHEMIA 50 mL 555501, Hefh 1
mL B, BT EIRARG A b (IRE 28 C L #53E 120 rmin ) 5557 15d, Pb. Zn., Cd Fl Cu (YR E 40550 51 46.79%
52.01%. 29.40%F1 75.70%, Xt 4 F0efi 4x J (1) B2 1 363K 59.54%., Berl L, MRMEE A A IRSR Y B A8 i 2 v, 0B
BORWR B R G m i L m Jr, B —ErusesE.
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HAT, 4RI 3 e sz 2 E N R
SEHEMEYICE, JCHIGHAT S H R I E 4
JET YN BN XSS (REBIVESE, 20155 Deng
etal., 2012a ) PIBFST R T R4 BEG ) IR HEY,
R X - 3658525 Pb. Zn. Cd Fl Cu ZE 4
HEEJRMEGY, XHEE (2015, 2014) Do
PO SR E R R R ) DX P 39 % R LA TH A ol 5 %o
%, SR XN ZE Pb. Zn, Cu. As.
Cd Fl Hg /™ mEy5gy, | X JE FA HA7AE 5 4w i
TEAE A fE % Hodh Cd f Hg 175 YK S 15 Gy,
Pb M5 YK R TG Y, TR EEESE (2014a,
2014b ) [WBIFGE & B PO AR I A R 1A e T A LB
HiH Pb, Zn, Cu, Cd. Cr. Hg. As fl Ni (7]
TR TS LR R, AR
FIFr - AR E G R, HhES)R
Pb. Hg Fl Zn 540 H ™8, MUILATIL, 1R IX

DA Pl w1 0 =R R o L O s ER R

RS TG Y g R B N B AR R
FHEPIFR AN, HAR A —E 4 w5y 1R
FAR R, X A E Lm0 R Ta
RIBAREOFE RIE CE.OMEA, 2011 ), RAME
Y ARG PR 4 8 s e H IR AT R A 4
JEHIER, ZEE R SRRl A 4
Aok, MEEXE 4 Fpak 4 FhULEE SR A PUE
FIBE IR B RTHGE /D>, iR Hg R e R
H AR F T U 0 0 AR P SR ™ 4 1 ) 4
TR, Fedth. IR, %G WINSERAER,
B E AR AR LR (INE SR . e
S8 ) EREECER R, BRI
H ARG 4 (S, 2002), diEny
TEAEESIEEYHIERIRPE( Deng et al.,2012b ),
HATFRBBEESEGREEEGEMAE H IR
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e Y S P N Y R S SR VA R A
SR (Liuetal., 2008; Shietal., 2004 );
SFRME M R B R IR HE, W Aspergillus
nige , Penicillium simplicissimum 1 Penicillium
chrysogenum fieif i ™4 K/ N A LR,

XUEH PR LIFR . 2 a8 RPN ESE, B3
BREHEPESBEABEN, B—FAESMEDR
WA HEARA TS (Sabraet al., 2012; Amiri et
al., 2011 ),

A MG iR GE AR+
Herp oy B Btk AR e bk, BEETE
PO il ER g = R SR R L T BU B RS R A
WA A DL I R 4R, DI &
JE—TCR AR NEE R G HE AR5 Y 1%
OE S N/ TP AR 1B o S i
1 MRS HE®
1.1 TEHENORE

TEM R A L 1000 m DL RERZE
(0~20 cm) 3, WAHE, — - RAETIKEEH
TFTHESBRIEREANTE; 55—l Ly
B, WG, EseE, of 20 HE, BTER TR
THE 24 h BfEE, FHFREHESGAATTREN&
H, ok DU TR A BR 2 w)R 1
Wk E 4R S, 544 Pb, Zn, Cd F1 Cu
TE AP RSB0 B 486, 6.75%10°, 319 il
486 mg-kg'lO
1.2 EHFE

FHF BRI e () RS 3R 360 LB KigR3k. W
RREFRIL ) E NN RS 90 g, AHEREN 3 g,
WA B0 1 g, BRMREE 0.5g, &AL 0.5 g, Bk
W4k 0.01 g, 7&K 1000 mL., FrA 0Tk
TAYTE (L) BOARAH.

1.3 BEESENMFBENS BiFik

FREL 10 g H3EREM T 150 mL & K HETE IR
H, A 10 mL KR $5FRFE, F 30 CREFRAE 8%
F24d,4dEH 1 mL K THA 9 mL KEKIK
B, RS, MR 10 f5 R, i
H7 107" M 107 A HLER 1 mL A S — 354 9 mL
KRR, #8457, 0 1075 KRR, ¥
FHEJERE R FERRA 107, 107, 107 A1 10°, U
WA 107, 107 F1 10°° FisBes 20 BB 0.1 mL 3%
P S E4AEN LB BRI F (E4EN R
WeJZJg: Pb 1500 mg-L". Cd 80 mg-L"', Cu 2000
mg' L Fl Zn 2000 mg L") , BERFESHTH, K
WOH =i TR b, B PAREE T 30 C
KFRFah AR 5 d, WESTHRTEIIERS, SRATE HOF

M2k oy aifl . F IR E R FRE A
IR, M TRIGRIAEE AT, BT 30 ClH
IR FF ISR, A5 2 RIFGHKER T
ML pH fH, R BEREREEIRIE pH (HAY
PR, BT 4 CUKFETIRAERS M LR A BT TE
121 "CF K1 30 min,
1.4 BEHRHEESENMEHAR

FHEAHR 0.9 cm [HETEHEF AT F-H 7% L
T AL - 2 b 21 B AN [R) 5 4w TR R Y [ A B SR 5
R, BRHERSETE EA, idsx8dE, @it
TR LA I A8 A0 A A 0 PR R 0T 4 T A vk
WS —E 4| IRy 7~8 d, WA E
SIE BB IR 12 do A B AER IR B
W E AT : Cu 435120 1800, 2000 Fl 2500
mg L', Zn 4351% 4000, 5000, 6000 F1 7000
mg-L", Pb 433179 6000, 7000 1 8000 mg'L", Cd
439129 1800, 2000, 2200 il 2400 mgL™.
1.5 BEHRFERIEREM R

FIR AR BOTC K T PR L, PR
AT, PRI TFEBREM PR RIS, A
KE SR 05 2 KT IR KGR IR B v 2 155 57 35 pH L,
B ERREE pH AR,
1.6 BEHESFENERLE
1.6.1 RFRMAEIK

FHMAE IR 1 PR SR T2k b e, 5%
LI A, BT RAE TSR,
1.62 HF%5%E

P EFME TG ES AR B3R 5 d, 5K
FRHEA YR A R AFIE 18s rDNA, 1TS4 Al
ITSS J¥4, Y@, RAPLILE) CTAB LpgiucE
[HZH DNA, DIFREGE|FEHN 4 DNA ik, DU
ITS4/ITS5 J514) (1TS4: 5-TCCTCCGCTTATTGAT
ATGC-3'; ITS5: 5-GGAAGTAAAAGTCGTAACAA
GG-3'); ¥ ITS XF4), LI NSI/NS8 N7|#)
( ZJ-NS1: GTAGTCATATGCTTGTCTC; ZJ-NS8:
TCCGCAGGTTCACCT ACGGA ); #"1 18s DNA [X.
FF3, 88 PCR JT4lifk I , K5 P GenBank
BRI IS5 P 25561 7 BLAST 347
1.7 BHMEESENERHEERAFAR

B E b SR IR AR RS 725 49 mL %% A 250 mL 4
e, B | mL AR, FHRARE LK
&, iIdFEE, BETHEERGEFRTER 745
Whn 2.5 g inye R, ERIRG SRR, 7 d
JEFRECG , JelasE, FdiE. KA ZE AR
LRy E SRR S, BEW, SRA ICP-AES
MERKRPESESRE. E2EERHE (%) 5T
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BRHEEB T ESERE (mg) BRLIRERIES
@i (mg) FIEL) 100%, 12 HHiE 4 Jm i1 5
PL2.5 g HHEHR, Hfgi 2.5 ¢ £3EF Pb. Zn,
Cd 1 Cu By 2514 0.001 2, 16.875. 0.797 5 Fi
0.001 2 mg.
2 FR5ITE
21 EHRMEEEHNME

WA 1a iR A AR EARTR] Cu TSk B RS
T FAAE KB, B 1 RIERATETR ERY N
0.90 cm, 4 Cu TN 1800 mgL ' i, Bk
W T7dlE, WEEARIA207cm, 7dHEKT 1.17
cm; 1fif Cu TR 43514 2 000 12 500 mg-L™ i,
K 7 dJa, W% EAS R 1.20 F11.07 cm,
AR HIEE T 0.30 F10.17 cm, I, 24 Cu JEiEHE
JE 4 1800 mg-L i, BERRAYLE K I BT Cu Fif:
WK 2000 F1 2500 mg'L™, JuHY Cu Bk
N 2500 mg LB, FERRAAE RIS, Sk

2.2+

(a) Cu

—=— 1800 mg/L
2.0 —— 2000 mg/L
—A— 2500 mg/L

d/cm

(c) Pb

5 —a&— 7000 mg/L
—e— 8000 mg/L
—A— 8500 mg/L
—¥— 9000 mg/L

XiF Cu BB KT 32 i W 9 2 500 mg-L™,

b Fim A RN AR TR Zn o R e B 8 77
B FRAEREDL . NS 2 KITHG, $ERNE Zn Bide
WeHE N 4000 mg L' BIREFRIE FIEMRAERK T, B
M 0.90 cm BE K ZE 1.03 em, HiAHk A FRIA S A
Ky BRI Zn M BTEIREE 5390 4 000 A1 5000
mg L i, BRFRAVE 3 K, HERRIETE B
HAARZE 1.10 cm 1 0.93 em; Y4 Zn TR 6 000
7000 mgL" B, HERRME 4 RITIHA R4 K,
HIE AR Z 0.93 cm, HH BRI N 6000
mg L I RGRLEGEB A K, B 7 KRINHTE HAR
BEKZE 1.10 cm, T Zn B v& Rk 7000 mgL™?
MR Y% AR KRS 1.00 cm. bl WL, 24 Zn W5
BIREHN 6000 mg L' i}, HbkHIZEEERK, 4
Zn WA EE R 7000 mg L, BRRRA: K IEA
BBRRNT Zn 0 H5 KT 52 R 2 6 000 mg L

BT Po BBTE A 1c Bran, 24 Pb Bk

2.0+
(b) Zn
—=— 4000 mg/L
—e— 5000 mg/L
—A— 6000 mg/L
—w— 7000 mg/L

1.5

d/cm

1.0

(d)cd

2.0
—a&— 1800 mg/L

—e— 2000 mg/L
1.84 —A—2200 mg/L
—¥— 2400 mg/L

1.6 4

1.4+

d/em

1.24

1.04

0.8 1 1 1 1 1 1

1 BE#IELE Cu. Zn, Pb 0 Cd KniEE
Fig. 1 The resistance strain of Cu, Zn, Pb and Cd
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JE4 7000 mg-L B, BERRMES 2 RITIRZES LK,
T3 RETEEAM 0.90 cm HEAE 1.07 cm, 4 4
RIFIR MR K, HE EAERE 177 om,
HFEE 7 KEKE 490 cm; Pb FifIKE 51N
8000 A1 7000 mg-L™ W EHRAYA: Kk #h—3k, {HRT
F R RS ; P BT N 8 500 mg L T
FRIEE 5 RATFIRA K, =5 7 KRIFHVE HATIA 1.40
cm; T Pb FEEVEEH 9000 mg- L™ I B JLTPALE
Ko I, WX Pb AR KT 32 B A 8 500
mg-L'lo

EREAT Cd AT 1d, 24 Cd Rk E N
1800 mg-L™ B, BARAIAEKILANRZ Cd (s,
MEEFRIE 2 RIFLG, BMHREESAER; X Cd i
BN 2000 mg L', GRS 4 KATFIARER, 25
7 RETEETE AR 0.90 cm #9% 1.90 cm; 4 Cd &
HRIE R 2200 mg LI, WS 4 KA THAZE L
K, 25 7 RINFEE EAAH 0.90 cm 3 % 1.30 em;
M Cd R 2400 mg L B, EBRIEA A K
BT RIEVE HARRA 1.07 em, HEBRBET 32
[k Cd R E N 2200 mg L.
2.2 HEREFR pH BERNZL

SKH pH BN 7.0 IRESRBSE R wdR (] 2),
FRFRISE 3 K, SRR pH (EME R 3.39, DIJRRER
BHARRL, HZEH 8 KATRFEZE 2.40, 5373k pH
(IREARE: e g R, BRI =4 T /Ny
THHLER (Dengetal., 2013), & THRRTIEACEHT
R AR T WA LR B oAb =W, A et —203E
IRAR TS | FOESEHTINR T-BAFSE (Ren et al.,
2009 ),

n=3
B2 BE#kiEFRiR pH EE
Fig.2 Medium pH value of the strain

23 RESRAMFBRENIBEERE
MIE 3 aIE N, WL BB T, Kik, 208,

B3 EHEEZRMTEE(x40)
Fig.3 Mycelium and spore morphology of Aspergillus niger F2

SERTERIE, RRE, WIERIHEE, &550T
HEYFEEMARGREW (K 4), ZEES B
FEIRE N RRNEE, 1T 4N Aspergillus niger, i/
H F2,
24 EHEBEMESZEMNEHIER

Ahd F2 s tEThESE Pb. Zn, Cd
Al Cu (932 B3R 5 Fias, Hodb Po (932 E 4
R 46.79%, Zn IR E/TFN 52.01%. Cd 1Y
BHEDERN 29.40%, Cu HYIRH A H A 75.70%,
AT 50 mL AR SR I REIR ) 10.52 mg F 4>
J&, B 4 FheE 4@ 10 B2 R IR 59.54%, IRPEC A
SCHRRIE, FEAHRIZRME T CIREE . RigRdkfniaiRiz
DEFERAEE AEE ), SRR F2 X b E AR
MR RE " EE MY (Ahmad et al., 2011),
WERZE R AR S E, Bk, A S%ER
AWFFE RS F2 PERRAGRE IR I 7 M AR &1,
E— R E R AT E R AR R, TR
wAR, BRI, KE—RE F2 Bl
BE E4E R ITYe L IERHA
3 it

(1) Bihd LA RENESEm 20, &
W E S B IE IR, BRI Eka Tz
HEEBEWYMLR B, AERSUERRE, HRE
AR, BhEXT Pb, Zn, Cd Fl Cu Wik
K A2 e BE 43 512 8500, 6000, 2200 Fl 2500
mg-L‘lo

(2) BihEESRE R EENR B BRI
K, HEWF 50 mL AR FRIL ) pHAEM 7.0 &= 2.40,
X} Pb., Zn., Cd Fll Cu Wiz E 43353010 46.79% .
52.01%. 29.40%F1 75.70%, *F 4 FhiE 4@ n Bz
K 59.54%,
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Aspergiilus aculearus chal-1(JX501392.1)

F2

Aspergillus niger isolate CBS 120.49 (AJ280006.1)
Aspergillus awameri strain DUCCS028 (KJ728683.1)
Aspergillus niger strain WM10.68 (I1Q014690.1)
Aspergillus niger isolate M31 (KT336535.1)

Aspergillus sp. 06 SMR 2010 (HMS01881.1)
Uncultured fungus clone £L1-38 (JNUL3VOI.1)
Aspergillus fubingensis strain NJA-1 (EF178271.1)
Aspergillus niger strain AN01 (JX402310.1)

Aspergiiius niger strain WM10.75 (HQO0144097.1)

| | 0005

4 BETEHTITS FINREEETW
Fig. 4 Phylogenetic tree based on ITS sequence of Aspergillus niger F2

50

40

30 4

20+

Bioleaching percentage/%

T T
Pb Zn Cd Cu
kinds of heavy metals

n=3
5 EHBERHESERE
Fig. 5 Heavy metal bioleaching efficiency of Aspergillus niger F2
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Study on Isolating of the Strain Having the Ability of Heavy Metal Resistance
and Producing Organic Acid

DENG Xinhui'", PENG Fufeng’, CHEN Yunsheng', HE Quanyun', KONG Lequn',
LI Beibei', ZHANG Xia'

1. College of Life Sciences and Chemistry of Hunan University of Technology, Zhuzhou 412007, China;
2. Yali High School, Changsha 410007, China

Abstract: The soil in the surrounding area of Pb/Zn smeltery was contaminated by heavy metals such as Pb, Zn, Cd and Cu et al. The
remediation technology for single heavy metal contaminated soil is already mature, but it needs further development for the seriously
heavy metals compound contaminated soil. In the paper, the soil was collected in the surrounding area of Pb/Zn smeltery, and the
microbiology having not only the ability of heavy metal resistance but also the ability of producing acid would be selected and
isolated in order to being used to remedy the contaminated soil. Through field sampling and surveying, molecular biological
identification, microscopic examination, a strain was selected from the soil samples which was indentified as Aspergillus niger and
named as F2, the ability of heavy metal resistant and bioleaching remediation was studied in the paper. The results show: The largest
concentration of resistance to Pb, Zn, Cd and Cu of Aspergillus niger F2 is 8 500, 6 000, 2200 and 2 500 mg-L", the largest
concentration of resistance to the compound of Pb, Zn, Cd and Cu is 105, 2 400, 2 200 and 2 400 mg-L"'. The growth of Aspergillus
niger F2 on LB medium containing high concentrations of heavy metals was faster in the later stage than in the early stage. The pH
value of liquid medium was degraded from 7.00 to 2.40 in 7 days. 2.5 g sterilized soil was added into 49 mL liquid medium, 1 mL
spore suspension liquid was inoculated, then put in 28 ‘C and 120 r-minorbital shaker incubator, after 15 days, the bioleaching
efficiency of Pb, Zn, Cd and Cu was 46.79%, 52.01%, 29.40% and 75.70% respectively, the total bioleaching efficiency of Pb, Zn,
Cd and Cu was 59.54%. Thus Aspergillus niger F2 has large ability of heavy metal resistance and good applied value of bioleaching
remediation on heavy metal contaminated soil.

Key words: Aspergillus; niger; heavy metal resistance; soil bioleaching



