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B B AFFIBTELEBERRE LB FTEE LN T EEENE, EXRSGEIHRT, RAEMER
AAME, 25 RoRFEFHFRORAFRTME, MMAEYE T 5L B RALE N T LEHHIRE
LEEZHBER Cr(VH AL A EE. [B 6] ffkiE g HEF R §H6ER Cr(V)R A, F54#
HRAFTRE, A FEEESEEx k. [Fx] RAEEIML. 5B ERTHE; @i
BWEF AN TAMFMESQ FET B GHARITER,; KAMGZ ot & 219 b8k 218 R AL
HATHAR [ R T AR G-13 A 45% 49 Cr(VD)E R AL A, pH 9.0, iR /E 4 30 °C &4 T, 60 h 2+ Cr(VI)
(100 mg/L)#)3iE R FiA 3| 82.8%. XM EFfnTAMFLEL, A G-13 4 Micrococcus luteus. R
M Cr(V) e AR & Cr(IID 6938 An, HLEAVAERR L A £, FHEREEN S mE A K ZRMA
XA, smR A R R WA R, R EEERRE T & 2R, b PdT. CdTH, HhA
B BTt Bk MO AP RIAE R L B AT R et TR AT S SRR AT, AL G-13 5 Cr(VD & A b 2%
A BN, B CH. BEAS. [£4] B4k G-13 A45R4) Cr(VDIRREL ), fehHILE
FR&EFTRIESEFETAMNTR.
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Screening and identification of Cr(VI) reducing bacteria
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School of Energy and Environment, Inner Mongolia University of Science and Technology, Baotou,
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Abstract: [Background] Chromium-contaminated soil is a key target for soil pollution remediation in
China. In many remediation technologies, microbial method has become a research hotspot because of its
simple, economical, and no secondary pollution. It is particularly important to screen strains that can adapt
to the polluted site environment and efficiently reduce Cr(VI) in the microbial method. [Objective]
Screening strains adapted to the efficient reduction of Cr(VI) in cold and arid regions of Northwest China,
enrich the resource pool of chromium reducing bacteria, and lay the foundation for remediation of
chromium-contaminated soil. [Methods] Screening bacteria by enrichment, domestication, isolation and
purification; the target strain was identified by a combination of morphology and molecular biology; and
the reduction mechanism was studied by fourier transform infrared spectroscopy. [Results] G-13 has
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strong Cr(VI) reducing ability. At pH 9.0 and temperature 30 °C, the reduction rate reached 82.8% in a
100 mg/L Cr(VI) solution within 60 hours. Morphological and molecular biological identification showed
that the strain G-13 was Micrococcus luteus. The decrease of Cr(VI) in the reaction was accompanied by
the increase of Cr(III), which indicated that the reduction reaction was the main factor, and the reducing
ability was dependent on the growth of bacteria. Studies on cell components and denaturation showed that
extracellular enzymes play a major role in the reduction reaction. Except for Pd*" and Cd*", the other metal
ions had no significant inhibitory effect on enzyme activity. Through fourier transform infrared
spectroscopy analysis, it was found that the binding sites of G-13 and Cr(VI) were mainly —OH, C=
0O, —COOH, —CH, —CONH; and so on. [Conclusion] G-13 has strong Cr(VI) reducing ability, and can be
used to rich bacterial resources for repairing chromium-contaminated soil in northwestern cold and arid
regions.

Keywords: Chromium reduction strains, Micrococcus luteus, Reduction characteristics, Fourier transform

infrared spectroscopy
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kN 10.0, BR 15 (BIARSEIRIL) . #HY pH 7.0,
1x10° Pa K 20 min, BG4

TR B RN Cr(VDRRHER &
W, 1x10° Pa K[ 20 min, ¥H5, ELE ST
AR PPt W B 1) 5 % R R SRS AR A 27 Cr(VT)
FRUEN 45 T o
1.2 A%
1.2.1 Cr(VDIRR & B ik

B 10 g HAEIAFIRA 90 mL JCR K Y HEIE
M, TEREIPEFERS EPEFE 20 min, ##E 20 min,
PL10 f5 LSRR RE, IR A AE LB AR IRk
b, EETERRE AT, 35 °C HiFR 48 h, PhHK
AN FIES R TR T2k

B0 B AL TR AR AN T Co(VD U Ry
50, 100, 150, 200, 250, 300, 350 mg/L f*J LB
WREEFRHEE b, 35 °C ¥55% 2-3 d, WSS K
T, B S R R B

Wi 18 X Cr(VDA T 52 1 1Y B AR I A 1 5
Cr(VDHY LB WAIEFRHE D, Cr(VDRIRILR U B
100 mg/L, 35 °C.150 r/min $E %1537 3 d, 5 000 r/min
250 10 min, HUL F3FRE R & Cr(VDIRIREE,
RIAT 67 3t Cr(VI)If R E bk .
122 E#HETE

BERR BT S HRAE R A BEAE AL PE S B 9
SESLIG AR ) A5 2 RRUCTHEATERAE 0T

KM CTAB V£ 32 BUA AR SE N 2H DNA, PCR 9
9 16S rRNA SEHF41, 51918 27F (5'-AGAGTT
TGATCCTGGCTCAG-3")F1 1492R (5'-GGTTACCT
TGTTACGACTT-3'), PCR W& (20 pL): 10xEx
Tag Buffer 2.0 uL, dNTP Mix (2.5 mmol/L) 1.6 uL,
Primer 1 1 Primer 2 4% 5 pmol, #4x DNA 0.5 pL,
ExTag (5 U/uL) 0.2 uL, ddH,O 14.1 pL. PCR JZJii
%M. 95°C 5min; 95°C30s, 55°C30s, 72°C
1 min 30 s, 24 ME¥#; 72 °C 10 min, 10 °C {%1£,
16S rRNA E:PK P41 N il F 1 3635 A= Py = 25
HARAFSES, ¥ EFHI7E GenBank 4
PEr 1T BLAST 437, R MEGA-X ## R 40

KER .
1.3 F[ERW

1E Cr(VDHJE J 100 mg/L (8535 Kerh pEF ik
JRAZE, ArBIPESY pH 4 5.0, 6.0, 7.0, 8.0, 9.0,
10.0, JEA5IREE N 20, 30, 35, 40, 45, 50 °C,
XF pH RS T4

TEmAE: pH FRE 2540, 0T Cr(VDRI IR
4 50,100, 150,200 mg/L, HF5E A FFIEA Cr(VI)
VAR JEE XT38 D5 S ) S

TEdRcAE: pH FAREZAF T, B Tbk (R B A
RIS %(100 mg/L)A RS 3R 3R, 150 r/min 7%
3%, RS 6 h ME A AR K RIS Cr(VI)
W, R —FH KR,

TE s ¥ pH AR 2544 F , 5% Cr(VI) .Cr(I1I) |
MBS Z IR R . L IRE 3 11T,
1.4 WEZHES X Cr(VDRIEREYR

AR B 3% 30 h B BO TR , 4 °C .6 000 r/min
B0 10 min, 40EUTHEH 10 mmol/L Tris-HCI 2% i
WUEY 2 Wi, PR R 28 s o7, FEvKiR
#BA 20 min (200 W, TAE 5 s, [A]8K 15 s)BE RN
4 °C, 6 000 r/min Z5.0> 10 min B F3EW, BIk4n
M43 . WREERE SR 30 h XU TR, 4 °C.
6 000 r/min 5.0 10 min, B35 Bk 40 40 53
Yy B AL ITEE ] 10 mmol/L Tris-HC1 28 Ml e 5
205, FIEFER G2 s o, B R S 4 e
d, FIIA 1 mL 9 1%H £ 0.2% Triton X-100
BEWR IR . B A @ M An A it o 8 R A 2 o
A ZHIIR Cr(VDHKEE N 50 mg/L BZZ nhis i,
150 r/min #E 355537 24 h, B E I B0 E F 4y Cr(VI)
i,
1.5 EEMREITEE

il BN PN 2308 . A3 M R A LA B,
#7121 °C H1 10% SDS AFPEANBEM | e b TR f 41
STMAZYILR Ce(VDIRER 50 mg/L A5 MR
H, 150 r/min RS H TR 24 h, BURTE RN E R A
Cr(VD & i
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1.6 EEBTFXINDHEERIF D Cr(VI)I&JFK (%)=(Co—Ce)/Cox 100 (1)

% 3 D T P B P R SR TE R ) SR A
T, 30 min fig#4k 1 pmol KW Cr(VDRYERE, B
1 U=1 umol/30 min. P I P A0 A5 38 o0 1 -2 i ik
RBARRHEAT . ZERSAE R 2 mL, A
50 mg/L ¥ Cr(VI). 0.4 mol/L Tris-HC1 2& %5 i Fl
1 mL W HESN3 U0 o SOW NIIARBA N3 5 i
30 °C ¥ 30 min, 7£ 100 °C Jii# 10 min £ 1)
Mo FRZHIA 1.0 mmol/L 1 Zn** . Mn®", Na",
Ca’. Cu”', Pd*". Cd*", FRUMZEHGE T IE Cr(VI)
PR30 S o WLl T 1k
1.7 18 B T 20 50 H 1% (fourier transform
infrared spectroscopy, FT-IR)%#7

R T TR EIAREE REES Cr(VDAE
A, A BIEBE Cr(VHEE A 50 mg/L R4S 77 5
HAEK 48 h YRR AN S 0 BEAE L T FT-IR
RO, ) P AR TR R A A R AR A T 43T o
1.8 Cr(VDE BRI E

B—E /S WmEEIRM, 5 000 r/min Z.0
10 min JEHCEIHWR, R IR Mot
EE 540 nm P KA E FRFRPRIA Cr(VD#k
FE o BV H AR OB THIE . Cr(VDid 5
IR A LX)

K, Co ARIEFTEIRNZS PO BRAE RS Cr(VI)
JE B (mg/L) s C. Ry 55 9% R b T R P AR B Y
Cr(VD)Jia fa ¥ J& (mg/L)
2 HRG54h
2.1 EHHHE

ALK T s I s k3 1 8 vh 43 8 A
10 ¥R4HTE , FF7E 100 mg/L Cr(VI)REFR I ik
JR S, e 2T Y — PR 08 TR (S5
G-13), TARIME N 300 mg/L.
22 HEHEE
22,1 FEEFETE

T I 2T R R A (B TA) . S R
(B 1B) LA e 4514 ¥+ f 3 B3 (scanning  electronic
microscopy, SEM) (&l 1C)MEEKR IR, K&
T, SEE, R E RN, ARskE, o
XF, DU E N e B
222 HBEEUHEFE

PR G-13 M AE AL ROV AR 1 PR,
P L7 KL AN 73 L 1L S8 AN v N S P AN
B PRER IR I SN B AK A S 3o A Ak Sl S 7
B BAYE, BRI . M|k R N 4 R B

E1 AREEEMEAES

Figure 1 Bacterial colonies and microscopic morphology

E: A G-13 F%; B: ZMEBITRRMIELS; C: SEM TRHkIIEE.
Note: A: Colony of strain G-13; B: Strain morphology under microscope; C: Strain morphology under SEM; Scale bar: 200 nm.
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F1 EHk G-13 FUEERE (LHE

Table 1 Physiological and biochemical characteristics of
the strain G-13

SEE T 45
Experiment item Result
Catalase +
Methy Red -
Amylohydrolysis +
Reduction of nitrate to nitrate +
Indole production =
Gelatin hydrolysis 3
CAT 3
D-glucose fermentation +

Note: +: Positive; —: Negative.

223 HTFEMFEETE

PERR G-13 19 16S rRNA H:[H F 51352 5]
GenBank 342, 1] BLAST /B #E1 755 FL AT,
FIFH MEGA-X #4145 (neighbor-joining) 7 A4 £
RELEW, WK 2 Fin, HESESEEE 1)
MARAERY EGR AR, RUDNZRE MR S K
JERIFRUERE T 100%, N Micrococcus luteus
2.3 FEXE
2.3.1 pH i Cr(VI)iZ R 3 R B 5

M 3 TTIES, pH SHAEEOR A 821
S, pH R 5.0 BYEE#E G-13 I FRUE 42.6%,
{HBEA pH MFHE, WIRFZEETFE, pH R 9.0 B

100
61
51
30
—
0.005

E 2 HE#k G-13 £TF 16S rRNA £ EFFIH AR L B W

WIRRIRF R, N 82.1%. XAl fE R N (R
pH il T AN A KA, AR, W
AIRESEIIRAY pH (AR EGTEEREAL, SBOLEBE
JI R, pH l 6.0, 7.0, 8.0, 10.0 i}, MJFFHLY
TE 60% LA L, Ui FIZ R PR AEASIG N 1Y) pH YEFIEL,
{RAEBRE 2500 AR TR G-13 AR s AEH .
2.3.2 REN Cr(VDIE[REIR YN

H I 4 FTLAE Y, B LR A T, TRRR G-13
(IR IR RE SRl 38, FEIREE N 3040 °C YE
IR R B, 30 °C WA FRE R A, N
82.5%; TMTE 45, 50 °C B} ifs JFRAL T 20 °C, XAl
R A2 DR Ay 5 T SO P T 57 o5 0, 1 A T g
FIREAR IR, AR G-13 13508 38 JRURLE S 30 °C.,
233 MAEEKS Cr(VDIEREHRAK R

HE S FTRAVEH, Wbk G-13 7F 12-36 h B
K AXTE, ODgoo FEAS T AR I BEFRIE M 0.01
HEmE) 1.8, 7ESH[100 mg/L Cr(VI)]REFR3EF M
0.005 Mm% 1.6, &R MLEZ M, 76 60 h
M BBCE TRE , BRIk B i &, N 82.8%.
ARSI WA RIS R A a3, SLEs i T
FMRAERHEA TR, BERVBIEAERT, BT
B E T ARK R, RN FR N . XA K
5 R R TT W AE ST T oA R B 4% (100 mg/L

G-13 (MN744321)

Micrococcus luteus SA211 (CP033200)
Micrococcus yunnanensis SML M136 (MG937674)
Micrococcus yunnanensis BMC3N2 (MG996869)
Micrococcus yunnanensis Ac-5 (KY783356)
Micrococcus luteus (CP007434)

Micrococcus yunnanensis TK006 (MK 045783)
Micrococcus sp. 3450 (KP345946)

Figure 2 Phylogenetic tree of strain G-13 based on 16S rRNA gene sequence
TE: 525 PR GenBank £ 5%'%5, Jp SCAMARIEAT A RME, RIS 0.005 2 AR E 4.

Note: GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar 0.005

means the nucleotide substitution rate of 0.005.
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0 30 Cr(VI) 4 4 T 1 ODgoo 15 7 J5 4 2 i 3 1 3
Sl 71 (P<0.01), FIRRKCH 0.809. ULHIFHRILIHAES]
S SRR AT, BRI R

g oor 23.4  #I%E Cr(VIRE X E R REIE I
¢l B C(VIRIER R ISRCR I 6 7
g KL Cr(VDHEE R 50 mg/L BF, 3EJFR N
§ 207 99.1%, Cr(V)JLTREB5E IR, Bt Cr(VDHKE
IR IR BT TR 24 Cr(VDHEE D 100 mg/L

OO 210 4[0 6IO 8|0 1|00

7 (h)

El 3 pHME G-13 iIEEIRBIE N
Figure 3 Effect of pH on the reduction effect of strain
G-13
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X L
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G
=]
&
=
= 40t
k)
g
=]
2 20t
) e
O 1 1 1 J
0 20 40 60 80 100

1 (h)
4 BEMNEHK G-13 EEMRIE

Figure 4 Effect of temperature on the reduction effect of
strain G-13

—— Reduction rate of Cr(VI) (%)
—— 0Dy, with Cr(VI) of 0 mg/L

100r  —— 0Dy, with Cr(VI) of 100 mg/. 7120
£ ot 116
=
S 6ot 112
[ g
o )
: 3
«
= 40t —10.8
S
|2
2 20 {04
a2

1 | ! 1 ! 1 00
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¢ (h)
5 BEMG-13ERENSEKER

Figure 5 Relationship between reducing ability and
growth of strain G-13

AR IR R 82.6%, Cr(VI)HEE A 150 mg/L B 38 it
%K 69.8%, Cr(VDHEE K 200 mg/L B, i JFRAL
g 58%, VEHABER Cr(VIHEE RIS, X
AT —EBEE, AAREZBENE], TR ERCR
2.3.5 EBERNF Cr(VI). CrdIl). 2iEEIXER
H L 7 FTATL, B B RIIER:, 60 h A Cr(VI)
e M 100 mg/L T F%F] 15.60 mg/L. 58 &,
Cr(V)IR L) T BEAEBESE Cr(IDHE EE RSN, 60 h
P Cr(IIDZE W %) 80.01 mg/L, HERAT 101K
TR U G-13 FELIAE R F, 4 Cr(VDId i
J Cr(IlD),
24 HAEZEDN Cr(VDRIIEREHR
00 N 0707/ I A 73 07/ ﬁ%wﬁﬁlﬂ’@
BB R REE T, S5 AE 8 i,
JIAN I IR 3R 43.1%, Th MR AE . H@Vﬂ/\

WA B 2 E A R IR SR A R 11.5%
100 -
——50 mg/L
© ——100 mg/L
< 80 ——150 mg/L
g ——200 mg/L
O 60t
o
&
g
S 40t
S
3
=1
E 20
0 20 20 60 80

t (h)

Bl 6 #%A Cr(VI)IREXIERHRAF M0
Figure 6 Effect of initial
concentration on reduction effect

hexavalent chromium
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100 i

80
)
g 60
E _._Crwlal
> ——Cr(VI)
5 40r ——Cr(11I)

20+

0 1 1 1 )
0 20 40 60 80

t(h)

7 Cr(VD. Cr(Il). 25&RIXE
Figure 7 Relationship between Cr(VI), Cr(III) and total
chromium

100
80
60

401

Reduction rate of Cr(VI) (%)

B8 RBEASMWNTRMRIIBIZIE
Figure 8 Effect of each component on the reduction
reaction

13.8% . 6.7% X & WA I A7 5 2 & AL FE A4,
YR Cr(VI), HERR T AP & BFEIL Cr(VI)
P REYE . S AN 38 S RE s e TR B A,
T 200 8 3 5 M A R JE R Ay R A
SIS Triton X-100 25, @iEM: AR
A5, Cr(VDHEA LI = 3%, (i) AE ) 32 2]
SEMA AN U R M At 55 A e 2L AR

WA NI R AN A S8 S Cr(VI ) B F B0,
It DAAE BE IRt F0Ke 45 20 0 A T AR R S5, W45 S
ZY/t7/ i
25 EEMRT IR

T W 2 I JRRE T B 1S A AN
VIS0 . MBS . A EA T 121 °C
F1 10% SDS Z5PELNFE . 10% SDS (K /K #8431 5%
KR RS IR T, SR, (RS 2k
T, ATk B8 A i R . sl 9 B,
2 L R AE e TR A Cr(VDFI 4 49.94 mg/L, 5X%F
HEXTEL, WA LFh 0, 1B i v A 2 |-
(R34 SR R, TCTk S8 U B R A o 1, F
MARER R Cr(VI); {HZ: 10% SDS ZbBJE, Cr(VI)
Flsx 44.90 mg/L, HAT—E R JFEE ST, X ] AEZ
R A MRS 340 6 R AE A 3 R b R R R s MY
Ao I 25 3 IR IS I R RE J1 A, Cr(VI)
P4 47.43 mg/L, %5t 10% SDS 4B, AN
WP A SRR ) LT A, U B M A A A A DR
Cr(VDH 5 FEAE A s M N I ead = i A
10% SDS AbFR)5, HJCid ey, i B P 43
Yy HA R RE ) At 238 5

Cr(VI) (mg/L)

B9 FESZTMHEWNITRY RN
Figure 9 Effect of various components on the reduction
reaction after denaturation
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2.6 EEBETFXEEIEMEREIT

&8 B e A USSR 4R BT
AEXT 30 Ji 5 7 7 A — i AR E sl IRV E . fR
K10 7T LA, Cu® 0 S AT — e R e
ATHEE Y Cu” fE S iR R R A 4 3 5 Zn"
Mn®"| Na'. Ca* XIHEME MR G, Wi Pd> .
Cd*" HAT B BN o 3 P B R N A S5 i Y
ANFMERR G DER), T — 25 .
2.7 EEM T LS 1L (fourier transform
infrared spectroscopy, FT-IR)%#f

HCR MR G-13 38 )5 Cr(VD R 19 FT-IR &,
SPTRARRE E REA S Cr(VDRITER . i 11 B

ENL
[ 20 \ H
B

Cu Pd* Cd* Blank

B 10 £BETXEEMERR

Figure 10 Effect of metal ions on enzyme activity

Relative transmittance
o0
S

~
(=]
T

— Blank
— 50 mg/L
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Wavenumber (cm™)

1500 1000

11 #AE G-13 5 Cr(VD)R [ HT/E8Y FT-IR Eig
Figure 11 FT-IR spectrum of bacteria G-13 before and
after Cr(VI) reaction

R, G-13 REMAMEIZHE, 783300 cm ' LAY
il —OH FI-NH {5 R sh L 518, 2945 cm™
R Wi S B 777E—CH,, 1 650 em™ ' Ak (4 W2 g e 2
HIBERE 14789 C=0 fh4iiRsh5 e, 1 527 ecm ' 4b
(RIS A s FE TR TLHF 17 1 462 cm ' AR AYIEAE
H—CH,~FI-CH;— 25 iR 3h 512, 1 405 cm™' 4b
Wz P PR T A B N—H 59725 iR sh Al C-N {45
PRBM51E, 1248 cm™ 4k C—O Ml O—H AYZNN L
W, din] gt C=S Ml P=0 HIMIZ4EHR3N, 1 054 cm™
AbHIE(E H C-0—C Fil C—O-P fH4EdRan5 1., F*
RIS Cr(VDR Y, Z5& 05 T R |
BRI -CH. BLREESE
3 WikE4w

B —FE RIS Y, XK RS AR
T, i SRR I AR . B R
e — AT RO B 5 Y R 5 75 o AF 58 Hh A
A3k TR RIS i 3 R B — R Cr(VD A
WEIRJRRE TN G-13, &M5E N Micrococcus
luteus. BHTEZHRIE T2 HA R RE S I EE,
Microbacterium sp. MP30 .

Y

N Bacillus sp. .
Pseudomonas synxantha. Rhodobacter sphaeroides .
Achromobacter sp.55, {HXTF Micrococcus luteus it
J5L Cr(VDIY R IEH D o

PEAL TR AR O 1G5 A5 RERS 4 b U Cr(VIY
fiE 17 . Soni ZE'VH1 Poopal 25" MR IE T Streptomyces
griseus . Bacillus sp.. Microbacterium sp.fE pH H
7.0 B} 15 5L RE /) 5% 4 o Elangovan '™ Murugavelh
SEWOWRE T Arthobacter rhombi . Bacillus cereus T
WEEN 35, 37 °C Z51F T A% f KB id I
Cr(VID). Sau 25PN 5% % B Bacillus firmus KUCrl
() I A JERLE Ry 70 °C Ul BH B RRTE AR TR |
pH 25 Tk RE I AR o AWFFEAL T Btk G-13
TER G S ) pH AR, 1531854 pH o 9.0,
TN 30 °C, U e i Bt 38 P ade I ARCR
Belif . x5 Ma ZPY | RSORP R
HIEARARL, AT RE A A A A0 T e mR e 4 3 v o B B
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1%, Fr ATERRE S50 T B B i ik S v g o [RIE
ASCWSE T bk G-13 TEfefE pH AL Z4F T ik
JREE T AR MR , R RIE R )8 T 18
PRI K, X5 Desai &S — 8.

AR BYIE IR RE T8 37 Cr(VDRIURHR RS20 ,
Bl Cr(VIHREE B /), iR Cr(VD I BE
XTAE R AT RIVER , BRI TR R ) o (BAEAHT
R IF R G-13 7E 200 mg/L Cr(VIIE K H ik J5
FANREEWS L E] 58%, HILFHCRILFREZHD
2B B Ak, 40 Focardi 25 HR 1B 9 Halomonas sp.
16 Cr(VDHEJEH 54 mg/L B iR JE 24K 33.26%:;
Murugavelh 2"V I Bacillus cereus 7E 70 mg/L I
WFCRE LT IR T,  73.98% ABFFE IS K& BLTE
IR Cr(VDIUREIRFEREE Cr(IDIE T, &
AWMLY, R G-13 LIk R 3,
AR BRBHER, KD 5 A L

X 2 S 20 53 3 i R 7 AR I i B, LA 53
Y EAT R A SR RE T, F A S A ke A A A i
Sh, FEXT AL Sy AT A ST, R B A A
SRl R E AR, A IR R R AN
. Mala 28X Bacillus methylotrophicus #4178
T BB 5, 235 R 2 B T ANt 1) 10 T e -5 HAth 4% 2
FHECES S, AR A R —3 48 B As ez 4
SR R, IR EA 5 Cr(VDE S
AEH], FEORFREL . PR REL . —CH. BERRHESE
Raman 22511 Bueno 2P ST W], 403k
TAE RE I MERG S . JREL | et | RILSERE S &8
B4 . Kang ZEPS Ak 41 B 2 1T A9 B 5L A Ak
A5 W B4 SIS ) Cre(TI), - 0 L 1 e e 2 1T
LA 53 WA 1) 3 D5 R T R T R PN 3 W A T e R
oAy 2 P R o) 43 A R A T hn T AR B e 3 ) 24 i
JES 1) 43 D ) EL AT 3 v A IR SR T T A 368 4o 41 Y A
(1) 53 W A ELA AR IR S e T o 18 325 20 a2 1A
SR T AR R, NI RE e 1 38 i e
U 240 0 FEEAS(HLELAT 3 S RE T, i R A OR3P 4 £
ZEE, M T AR . X5 %R
BT H U IBE T S R (H TR AR IR,

AWEFE AR REXT ML S B — 20 %5

G @ B RERT DA R 16 1, LT DA IR
IRaETE, ABFFEH Cu S SR HA e,
i Pd*" . Cd* FAT R A4 HIME T, X 5 Murugavelh
DO BT TR 2% I — B X — &5 SRAE e B R B
B, TEZIE g g, BRT Cr(V)ZAh, b f
A 4 R 5, DR D R M A 1S G ) 52
V5 RN A IER .

BZ, WMk G-13 TEImBRMEIASEE h BAA B
Cr(VDIRJERETT, R e 2 v At Im ik 5% 15 4y
PRI TR BE R
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