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R PSR AL IR ) s A PR IR B ) B A
REFEAI 22 2P s ATC T G S 00 A X (AP )
TRCAE 1 4R RO 0 A1 FIAONE 7 7 A8 B LA 5
HE AL . W H A At (Aspergillus
fumigatus FNE A B (Aspergillus niger)) XAk &
B R AR B )RR Y BIF 5T © IBORS W0 2B 1 i (Lian et
al. » 20085 #4855, 2011) A IR 5% J2 76 7 ) 1A
(R SE Ak -, T JR R i 8 0 g S0 R AONE A XA P
b B S ALEL R T S, O AR W s T R I S A AR
AR UA B o i — 20 TR Bk B R ) 0 T
CO, [ 7€ BF 72 $2 I il 55}

1R BT

nih. gov) PRAFTE H [ FE27 e b 3R Ak 27 BIF 58 i B 355 2
PR 5 HORBE S 0o 20 R A K TR B Y A
30~50C .40 Cothudi A% A KA IR EE .

1.1.2 ##

g 30 o — T2 BR 5 K i R R ) L A 0 T
K (Mg Fe  ALNi); Si, O, (OH), » 1 “ A 8717
N R S5LSIO AR R B 7807 B R #1145
R RAS Y AT o MO A R — i IR A A Rk R AR
T A4 F X (Mg, Fe), [SiO, 1. 38 % H 85 it
4 (Forsterite) Mg, SiO, 5 &k # #i 7 (Fayalite)
Fe, SIORA AR . BT & & IR AW B
BB Z A IMPRLIR CR 2L 45,2003 ; 224 %2
85.2003) o 50 e SOA FRIONE £7 30RE 23531 o o [

1.1 ## b2y e th 1R A 2 TS I 1Ak e B 5 B R A 2 BF 5 5%
1.1.1 =# HUWG WS RE R BB RS H R S AL R R,
Mo % THO03 Pk ( Accession No. MO A0 R R B DU BT 2 . R 2 b R B R
DQ459328, GenBankdatabase- www. ncbi. nlm. R0 TR N7 R T E R O R K V37,02 o (1
F 1 BEAMEEATHOLERS (%)
Table 1 The chemical composition of serpentine and olivine( % )
SiO; TiO; Al Oy Fe; O3 FeO MnO MgO CaO Naz O K,O P, 0O; LOI Total
S 41. 33 0.01 2.41 2.50 4.13 0.02 37.25 0.11 0.07 0.05 0.13 11.61 99. 62
O 43.49 0.012 1.81 9. 30 - 0.076 43.13 1.38 0.24 0.00 0.013 0.56 100. 02
7 : S—serpentine; O—olivine,
1.2 FHi& f Mg®" F Si iz .
1.2.1 B#EFREHE PEH 250ml = A A AL B O O MO N

Al R R AT K B R A B R
(NaNO, 3. 00g, K, HPO, 1. 00g. MgSO, « 7H, O
0.50g,KCl 0.50g,FeSO, » 7H, O 0. 01g, fFH##30.0
g Biflg 18. 0g. 4liZk 1000mD A} E o, T 40 C &4 F
B3t 064k 3d R BL—FR 4 A 100mlIL £ [ K 85 57
L fE 40C 150rpm K PR R 1. B A E M
BERAE R T R 5 40 KA 8 A 5% 19 3 A 0 6 et
1.2.2 megAMEHEAXERR Mg (Si K Eik

I 54

(D) 3R T5 %5 . T 43 4 Ml 5 % g S04 R
M40 M BV FH S HE IR FE T8 R L 855 352 98B 43 T K 43 F
SERC A B X e a0 SRS A i I 4 LA
B @ FB OO 1E S © K6 B (4 K B Ab 3
JE R EOE ;O R e B (B IREE R B @
aliKAER . FEAS R B [ (] B (56 5.10,20,30d) 43
S BBURE 43 BT 12 A1 IR A e 0 Ay sl XU ORI 1 T 88 i

A 100ml 2 [R5 72 (A TR AR B 77 5L v iy MgSO,
© TH,O F5F R K, SO, B4, DUOR UE I 56 1 77 ik
Hle Al R Mgt ) AR BE@ i ingliZk 100ml; SR 5
HH AR B rp 23 530 A0 e S0 BOMONE 47 R 0. 5. i I
T3 1K 5 Fe Al b BEQO B WK 2ml, 4b 3O 25
8 T T s A PR N @A ATC TR K 2ml, 520
3ANEAT 40 C A T B % F i LU (2) Uk b 31 %
LioRlll8

(2) AR BT P SR SRS 5.10.20,
30d U LD QO @4 3 . aUFERE 5 )5 T
pH {E, 3.0 B F W W L g . ICP-OES (Inductively
Coupled Plasma Optical Emission Spectrometer,
Varian, Vista MPX) 35l & i e 19 & 2 .

Xf 1 B AR 20d AR A JRCTE A AR e
A1 SEM (Scanning Electron Microscopy, Jeol,
JSM-5600) W £ M fiE % EDS (Energy Dispersive
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Spectrometer, Shimadzu, Vantage) 73 #7., H 4
VE < 35 37 4 0 CRE Pk B V7 [ 25 ) 5 T+ SEM A i
G k. B KT JE. Bl A 3R AL o ik
20min, SEM TAESHON : TAEME R E 15KeV,

B SR 0 0 3 B/ ] 25 o T IRORS TR P 0
B R BT MR B B AT 3BT TEM
(Transmission Electron Microscopy, Jeol, JEM-
2000FX) W58 , TEM TAEHLE K 80KeV

BB R b mg R, B0, IO ETE I GC-MS
(Gas Chromatograph-Mass Spectrometer, Waters,
GC-TOF ) S A7 08 785 17 g S0 1R (9 A Q™ 1
MR . 525 4 1« f43% B DM-FFAP, 30m X 0. 25
mm,0. 25um; # A, : & 4l He, 1. 2ml/min; # #i iR
. 100C £+ 5min, 100 ~220C, 10C /min, {4 F
12min; PEAE 20 ERE T 250°CL 0 be 5 ¢ 1. kAR
1.5uL,

2 AR5

2.1 EEQR EBAIKERR M Si RESN
2.1.1  megUhA B IREERER Mg IR B ST

A 5 7 5 A W 0 B A R Y B R A
A TR 2 L AR L A Mg i 5 B i
B X ) AA R — S8 R T i R . BT 1 RTAL 2
S5 R L 8 R A T 20 A7 ABIONE 7 3R T i
iy Mg® " ¥ J3E W] R T oAt = 4> o B 4 A, i W
HE 5 ELAT R e A RGO T DA i 2
T R S04 FHONE A3 BT Mg™ ™ 19 il 2 ) LA Y
A it 2 A P g A iR S AR o Mg DR AR SR 5~
10d B IR ] B P 22 Ak fi bR - AR 36 A4 15 ] BE 19 4
i 2 14 A il 1 ) B R 0 e SO Y XUAR AR e ]
Ao TS A b e A RO £ R s Mig™ ™ e B A 5
20~30d Fy i [ B P A2 Ak e R o 15 1 A 2 T g £
A0 ARG A 9 AR AR AN S5 0 i 2 9 A OIR B0 A
O o T EL 55 700 114 o A 25 4 A O

XFECIE 1 FIE 2 5 2R AT LA L 0 i s AR A
AT IR REAE AN [ (4 A FH TR i Mg e B2 W i
o TROR A i ORE L 0B T e 80 AR X RS A 8 5 B
A b 2 A P 35 AR A ) AN T e AR e 2 25 )
A K. ML B2 ARG L B /N B L MR s
[ TR0 By 5 T K 1 Bk s o 1 B T S R
REILAT L iy LURH X882 WAL 5 T RS A7 2 B AR &6
Hey o A8 BE DA R SR i R 3 TR R A0 A7 A B 5 T K B
G Jm BT BRI B R 7 SXAEAE BT DU H L
Rg A S PR 3 oh, S sea il 2 A R Y

100G —e— HW{EH —m— KEHEEAH
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Fig.1 Analysis on the Mg®" released from the

samples of serpentine
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Fig. 2 Analysis on the Mg”" released from the

samples of olivine
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Mg”"  AE KU AE R B8 A0 25 55 il A2, o DL o ] 7
Y2 e S0 A B AE I ) 0 S A 1 — 25 g XAk
JIT LA M A7 3 R R FE 30d A A BRI B 2 1)
Mg* ",
2.1.2 myA EEARERNE S IRESH

Xof 5 T 2 XU A T ) e 0 A0 RN A 3R R AT
Site B2 E L S5 R LA 3,

H &L 3 45 2R R g S0 A FIRONG A 1 XRE BE TR Si
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Fig. 3 Analysis on the Si released from the samples

of serpentine and olivine

FRAAT U B e SO AR A 7 w0 ot 4R A R
H ) d A IR L S B ST R, T A
40 i 7R 35 A A i 80 A R RS B e 80 A R R i
Si He B2 [A) A Lo MRS A7 SRR B ey Sk S . X
150 B J2 R 25 4 1 e S0 BE 5 R 45 48 R e A B 5
B A it 2 KA R A
2.2 EHMEBERRANERAREN pHET
1L F1 GC-MS 4 #f
it — 27 i Al XU T R A R
Mg®" Hl Si AL, 3 BRI T RUAE 85 55 5 v AR b
i pH {H (3K 2).

R2 g A HEARREAREME pH E T
Table 2 Changes of pH value to the samples of serpentine

and olivine in different time

i) ] LA M A

(d 1 2 3 4 1 2 3 4
0 7.9317.93|7.94|6.53(.8.02|7.95|7.96|6.40
5 6.85|8.10 | 8.18 [ 8.08[7.79 | 8.16 | 8.22 | 8.14
10 6.43 ] 8.08|8.18 |8.26(7.17 | 8.04 | 8.20 | 8.34
20 6.33]8.07|8.20|7.62(6.57|7.92|8.33|8.56
30 6.27 [8.12|8.12|8.10 | 6.08 | 7.93 | 8.26 | 8.52

T L= AR s 2— 2K B AE s 3— 1 FR IR A 54—k A/

HiZ 2 H s T LU L R AR T CRI 0d) A
Hh A R TR RIS R 0 i 1 B S A
WA R 52 55 Rl S 2K A A A SRR S 5 ek (pH
2909 6.5), Zid AR A T E) s o A A AR
WURE pHEA B35 T L S 55 R UL T I o B )
A B4 S R Mg® ™ (S5 R AR R R
WA ™ W) A7 5% il AL A pHL (H 2 35 FE AR
17T = A~ %ok R LA ) pH (B A BT T . S5

Bl o HL R T T A B R AR A R A B D
Al RAE AR pH (22 RS KL Wl fiE 5 KR CO,
KAEF HCO, B RA K. IR B B 1 4 418 R
A A md) 3R 7 el 5 e AR O 55 Rk L pH
AR 2 7.9 R 21 6. 1 B3 5 JH b Xof 628 1) o
W — EAL T 5 Ak pH E DY 8 Ze A, X Ui WA il
FEAEVE A W B R A T A BT R MR S0 A TR
A7 A WAL AE T BR PEAC ™ )

PSS KA 35 57 0 B, 2R GC-MS 43 #r
A o A XA U B0 R N 7 2R N a3 T IR PEAR
W AR WA 4.

5.68
100 TR
R
= 1.33
&
i
Ly 5
z.m xH
735 14.67
0
0 4.00 8.00  12.00 16.00 20.00 24.00 28.00
e (min)

Bl 4 it 8 4E e s i RE GC-MS 431
Fig.4 Analysis of GC-MS on the sample of

serpentine by fungi

B4 S o 0 il 2 A T e S0 iR i KU 32
SEE T IR MR VWL . & MR AN 1 55 A AILA) 3k 26 TR
P J5 7 A 2 XA e S0 A ) VR T 2o A vhoa] e 5
THEEM. KA AR B E & A D5 2R
Bt 5 FHY -2 1k g FHY L 2- 2 1 -5 P RSk gy 45 1 JL
TG HLER » m] B0 X5 87 40 XUAK At — 2 DK

KT A W AR AE R 90 9 LR 3 22 BF 5800
A AR T ) S G 0 R R A ) e ol
Vs itk 4 ) B 2= AN AR W A 2 AE D (Barker et al.
1998; Ehrlich, 1998; % &= %, 2002; Gaylarde et
al. . 2004; Wu et al. , 2007; Lian et al. , 2008), fif
W R AR ) AL HE HNO; Fl H, SO, %5
TCHLER » LA K bl LG 7™ AR I AT R IR L R TR R A B R
A = AR R O R VB R W FLIR BRI
W) 1% 26 4% Fh A5 MLEE (Welch et al. , 2002; Chapelle
et al. , 1996; Barker et al. , 1997; Bennett et al. ,
2001) . XEERFHY T EAE P AEXS S KA R
PEIN=1 LY SN A PSR S 3 SR DN PN S Y F3
R A B B9 KALBIF 5 o X g 80 RN BHE 1 87 4 B9
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AR I8 AR DL ARGE . A0 25 SR U0 45 57
Hh RSN 2 T B YA ROIR B AR
AR A W B b AR 2 52 B A VL A S ) L 1
AEF T LA PR e A D BRI (K

UL

2.3 EHMEX i AMERARXFENRUAES
MR K5 H

2.3.1 SEM EEMRBRESHT

A 2 KA e SO IR ) SEMLJE 25 K RE 3% 73
Hraf WL 5., mIE S5 o al o] LIE W, REAERT
Ji e 0 A R 2 IR 1 UREIR 5 L 25 37 WA 0 Ff
B s of IO B9 RE 1% (AT 5a2) 2 7% A Bl IX 3 5 A7 i

(al)

SUE YR Mg Si Al Fe EE 0 E . ol il 5
PG W iaRE (I 5Sb1D 7 K B B 22 47 78, e LA 1
Py AL B T 24 A L SRR A B 2 b ) ORI
A 5 R A R () 5b2) B R T & AR
b AU E A S sCa P i) Mg, Si Al Fe £%5g
Z,MH C.O.S\Na . K L& & ok, e 22
T B 22 R I 4 T 3 R o IX 80T 3 0 A8 Ak i
BT B AR A e 80 R R R T AR - R
£E4R (Lian et al. , 2008) . i BRI 4544 1K B AT B T
PR 22 PR TE L 3 3 B8 vh Xt 0 ) k4 i — 2 1 KA AR
s

H0 i 2 KA A 3 FE 19 SEM B 25 K BE 3 4

Mg Sl (az)
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Fig.5 Analysis of SEM and EDS on the serpentine of original and weathered by fungi

(a—original serpentine;b—serpentine weathered by fungi)
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Fig. 6 Analysis of SEM and EDS on the olivine of original and weathered by fungi
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A RE T (18] 6a2) 27 1ol folt DX 38U & A it 40 7 1
i Mg, Siv Al Fe, 0 #5515 e 09 R (]
6b1) A R T 22 A7 7 WO A1 6 ) UL A 1R 22 4
AL B TR R 22 b T OB RS A KT
XL BE T (18] 6b2) B2 A Hh oo &R 2k A0S
AR A H P ey Mg Si Al Fe, i H C.O.S.Na,
K TG ER & B 0 86 2 B U I 22 (AP Y 41
JLER AR B X s 3R 1 78 Ak TR AR 1 1 R A P
A U L 2 I - ) 2R A TR AT AR
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2.3.2 TEMESMEBRSH

X5 SEM A [A] (i AE 247 TEM 438, i &l 7
FE 8 iR, R 5 SEM M A A8 fL B4

TEM 255 (& 7.8) Ui B, FL 18 A e 28047 Fl A
AU YRVE AR S L3RI N TE B -0 ) R 4
W TEVE T =X B 3R B T 22 0K X0 7 W UKL 1) 2 4
AL 2L 0 Y ORL R A A TR 2248 b DL AR /N 1 4
RLA] REHE AT 22 UK T B 453X SE T 28 1 1 ek 722 i W)
S0 it 25 KA AT TR R A T IR - ) SR AR R Y
B ST NSRS UEURaE7/EY B R (SRR R N R TR/ R Uk A
DAY B /)N B ORI B 22 14 39 P S I T i
T AR RACE T 2R R
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Fig. 7 Analysis of TEM on the serpentine of original and weathered by fungi

(a—original serpentine;b

serpentiné weathered by fungi)
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Fig. 8 Analysis of TEM on the olivine of original and weathered by fungi (a—original olivine; b—olivine weathered by fungi)
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ancient analogues from the Miocene Duero Basin, Spain.

Experimental Study of Weathering of Serpentine and
Olivine by Aspergillus fumigatus

YAQO Minjie" *, LIAN Bin"
1) State Key Laboratory of Environmental Geochemistry , Institute of Geochemistry , Chinese Academy of Sciences ,
2) GraduateUniversity of Chinese Academy of Sciences, Beijing, 100049
Abstract

Mg-bearing silicate minerals are.very important natural resources, which are developed and exploited

Guiyang, 550002;

widely using the traditional chemical methods at home and abroad, yet microbial releasing of magnesium
and silicon from silicate minerals'has not been reported. This paper mainly studied weathering of silicatic
minerals such as serpentine andolivine through Aspergillus fumigatus TH003 using the methods of shake
culture and control groups. ‘Concentrations of Mg*" and Si in the first 5, 10, 20, 30d, the changes of pH
value, and metabolites have been analysed using ICP-OES and GC-MS, and microbe and mineral congeries
were observed using SEM and TEM. The results demonstrate that change of the concentrations of Mg*"
and Si in the solutions of serpentine and olivine is related not only to growth of the Aspergillus fumigatus
but to crystal structures of minerals, with serpentite easily prone to weathering than olivine through
Aspergillus fumigatus. In addition, acidic metabolites produced during the growth of Aspergillus
fumigatus are conductive to weathering of minerals. The observation result using SEM and TEM displays
the traces of serpentite and olivine weathered by Aspergillus fumigatus. Integrated analyses demonstrate
that the mechanisms of microbe-mineral weathering are a comprehensive effect of acidolysis, attachment of
mycelia nets on surface of minerals, adsorption of mycelia to nutrient and so on. Therefore, our research
will provide some basic information for studying the process and mechanism of fungi-mineral interaction,

and for the microbial development and utility of serpentine and olivine in industry.
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