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Isolation of a Cd-resistant bacterium and its effect on the speciation of Cd in soil

LIU Yu-ling'?, TIE Bai—qing'*, LI Yuan—xing—lu'"?, WEI Xiang—dong'?, PENG Ou'?, YE Chang—cheng'?, LIU Xiao-1i'?, SUN Jian’
(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.Engineering Research Center of Effi—
cient Utilization of Heavy Metal Polluted Crop—land, Hunan Province, Changsha 410013, China; 3.School of Environmental Science and En—
gineering, Guangdong University of Technology, Guangzhou 510006, China )

Abstract: Contamination of heavy metals has been increasing in recent years due to industrial activity. Consequently, microbial remediation
of heavy metal —polluted soils has received increasing interest. A bacterial strain, B9, with high cadmium adsorption capacity was isolated
from cadmium—polluted soils through a conventional method of bacterial isolation and cultivation, and the effects of the strain on soil Cd
speciation were investigated by a pot experiment to evaluate the feasibility of using B9 in Cd bioremediation. The results of 16S rRNA gene
sequence analysis showed that B9 was 99% homologous to Delfiia acidovorans, and was identified as Delfiia sp. by morphological and bio—
chemical analysis. It was found that the highest adsorption efficiency for Cd** was achieved at pH 8, 35 °C, and 48 h of incubation time. In
these conditions, more than 60% of the Cd** could be adsorbed from a concentration below 10 mg+ L. B9 could facilitate Cd transformation
from weak acid—soluble to reducible and residual phases in soil. The addition of 3 mL and 10 mL bacterial suspensions into the soil resulted
in 22.17% and 25.06% decreases in the content of weak acid—soluble Cd, 9.66% and 12.17% increases in the content of reduced Cd, and
13.55% and 13.61% increases in the content of residual Cd, respectively, whereas the content of oxidized Cd did not significantly change.
The results provide convincing evidence for the potential application of the B9 strain for bioremediation of Cd-contaminated soil.
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HEJRE(CHREB R BETE R 5 QL AR
JURRROSC IEEZ E T, 21 L LK Bl Tk
R BARIG , FEAH Cd 15 H ™ &P, 3,
32 Cd 5 Yt X 2 b S 11 M8 (Y 25 AN HbIXP
HEX ZEamisgn) B R, FERAMEARTT
AR WL YR MM YEEY,
TAEYIE R HIE P TS TR, FA R MUK A
HfT ARG SRR R B L B R AL A Y
TIERAEANS S LIRS IEIR S L, i AT
VE R ISR B B G R 5 Qe B T rxd
&R BA TR MR EEE A, 1 w5 G it
A= DR IR AR i B i FH 32 3 )12 OG0 - Francesca
SO 5 e I IR R I S RN Cd 1 2R A W i 2 B %
KB T7%. AR RIE SO GBI B A Rl e
i 77 FE AR AR R BUAREE 5 CA A (TR 2 3¢
Xf Cd AR St/ b | Herh sk R By =X 3 i 22 25
Cd 5 FF IR f =15 50.74%

Delfiia T & & 1999 4 Wen Z501% B — A8
W, HED W T8 FEAE b TR LTS 49
22 BRBE ) b, A0 Zhang S50 B2 IR IENY Xiao 45 HHF
FER I Delftia BEMS = U A o0 B 1 R i
FHZE LR RN MR 145 . Gonzdlez 25" B Delftia sp.RE
WA 2,4-D 75 2,4-D WU o 100 mg-L- i,
AR F) 99.9% , ML L B Delfiia RELIAHEN
ME—BRIEFIREIR , JF H BB M K . X T Delftia 1&
S A R TS Y IE ST, Prakash 483 GE T
D.tsuruhatensis AR=7 ] LAIE A3 it Ay R 22 a2t P JRS i o
B Se* Fz AL M Se?, Caravaglia 251 Morel 211 Ubalde
LA T Co( VD) Hit B D. acidovorans AR Fl Delf-
tia sp. JD2 % Cr( VD) A9 LE AL AT Cr( VDB i
ICEEMERARE Cr( D) o HETEA Delfiia XFF Cd 15
G LB 5y T AGE o

3 rpE A R U MO R T S A A m )
ANFJES BA AR RS P A YA Rk, e m
RS AFE—E BB ] DL 8 4 Ja 1 AR A sl
PERIEEVE AR AL, F G 8 TR AS S AL X I Y 4 )8
IR S S 4 TR 15 Y BB A A E s S

HET, RTMAEY-TRESRIE S s A
WS A AT DX 75 e b 3 v i 0 8 B T Cd 2
B, I HARE MR L3 Cd B 2S04 i, LA
10 B 4 1 e SR W 1 S AR A AR A
AR

1 #REFE

L1 it +3E

A R B W RS A PRI T B b X R R T
JHih 2 E A RIS 0~20 cm )2 1458, R &%
4o AR 1AL AR O i A, S K A
IREE it = R i CR R B R A 7 FIAE ) 18 A=
(4 350 AUl ) AHEE P Zn Cu Cd B8 5351y 1]
F B TR bR ME Y 2.71.10.06,15.61
174.87 £, Horr Cd s ™5,
1.2 ffit Cd EHRAYTFIE

BRI 3 g MR 10 g E AL 5 g B
g 15~20 g 2518k 1 L,pH 7.2~7.4, 121 CiEJEKH
B TR 30 min, JRARSEFREEA IR o

FREUS g 1FE, InAF] 45 mL & KI5 A 3155
PR R FE 3 (Cd> 5 2 50 mg-L™)H,30 °C 150 1+
min™ #RG R4 d H— B, AR S
10% VIV ) i3 i e 4 AR B R AR R 2L (Cd™
i 100 mg- L") H1, 150 remin™' k4R 5 5 55— A
W, PR 4 W, BRI IR B b iy APk 1S i 2]
300 mg- L7, WG —IRE B FE 0.2 mL, DL 10 £
Lo BRI B T AT T B Ak s R B |, e
30 CHRYfE IR IEFRAR 3] B 15 55 48~96 h, PR WL A
HAERIEOL, I Pk RIS M IR A EE %, 78
B o B A BE SR 5 p B Aks R 2oy B, AR
BRI VE R — SR B TR R o R K Sl TR Rh e b 2]
CA B AR FR e rh R V5 55 55, WAk AE KAE I,
PERRA KA I TR O A T T 267 T B e . B 1 mL
WA 50 mL C K IR SR, SRS
CA* ¥k J&ZE A 10 mg- L™ F1 100 mg- L™, 7£ 30 C T
BEFE24 h ), B 25 mL 53 T 13 000 remin™ B0
15 min, B EIFWONE CAURIE , IF e Cd™ ke i 3 i

F 1 TEEUHER

Table 1 Soil physical and chemical properties

T4 pH & Pb/mg-kg™ Zn/mg-kg™ Cu/mg-kg™ Cd/mg-kg™
[t e 7.9+0.04 1356+13.48 5030+12.27 624.53.88 174.87£1.04
FHEERBE AR (=) >6.5 <500 <500 <40 <1

T DE SO I AR e
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TR , BIR B AR B RR IR 15 2R 5%
1.3 BIrEHREE

PRIRR T A S A BRAE A S5 WL T PR (TR 2y
TEFFAR i B R BT S HRAE , 4 BRCH LA T RS
FWEYRE o3 s Al A A A R 1 T 5E

FAPE 16S rRNA F 8 FI4EE - 4 1.2 ik
1) B bR R AR R O BGE 1 A AR 30 wL G
ke, 98 CH#E 20 min Ji5,4000 remin™ B0 1 min,
BT pL B3 WAE B DNA, T PCR 473 . 140
I 16S rRNA i 5[4 (27F :5'~AGAGTTTGATCCTG-
GCTCAG -3" 1 1492R:5'-TACGGCTACCTTGT TAC-
GACTT-3' )k 1T PCR 473 . 434 Wy i 18] B 0
HEHARA BRA w4 T o
1.4 BfREBRIEK L

4 B bR A PRI R TR A S R B, 30 C 120 1
min™ ¥55% 24 h, DL 2% 3Rl 1 A B CAR B R
0(CK).10,100 mg-L™" 5535 76 0~54 h Ji 1 HL
LA 3 h R Ef Rl BE IR, T 600 nm T I AN A i
ENER NS
1.5 FAEEFZEGITRKRER CI R M
1.5.1 BRIl

4 B bR G R A AR A S 55 B 30 €120 ¢+
min™ #4557 24 h, FTCHEZKEER PG 8 ODeo=1.6
(7.6x10° cfu-mL™") A4 A B
1.5.2 pH X} HAR R Cd> (1) 520

4 50 mL 7% 10 mg- L™ CA* 85539 pH 433115 2
5.0.6.0,7.0.8.0.9.0, 54 pH {HIZE 3 MEE , KF 5
XPREFR ) pH S T  FF AN IE o % 2% HF
O AR, 30 °C 120 remin™ YRI5 48 h,
13 000 r*min™ B.0> 5 min, 3% ICP-0OES M€ _F sk
CA* MR BE , 15 FARBRAR ST C (1R B Rz B
1.5.3 JEFRMEEXT HAR BRI Cd> 520

50 mL % 10 mg L™ CA* K5 FE W pH 8 A
7.0, KRG8 2% BHERD R AR, 40 3T 10,
20.30.35.40 CF 120 r-min™ 355555 48 h, & 7
A 1.5.2,
1.5.4 3R B AR PRI Cd> 520

4 50 mL % 10 mg-L™" C*" i B 5% W pH 5y
7.0, KR G4 2% WA AR, T 30 €. 120
remin™ 4> BIHR G K FE 18.24 .36 .48 .72 h, WM& H 1k
i 1.5.2,
1.5.5 CA*HRBEXT H AR bk MR Cd™ i 5

A3 IR CA*HE M 1.5.10.50,100 mg- L £

WEFRW, pH IR 7.0, KA JEH 2% MR AR
I, T30 C 120 r-min™ JR i HE 7 48 h, I E 7
[7] 1.5.2,

1.6 BE#RXT L3 Cd FEARRI 20T

I e BH IR 2 2 mm i, 305
SRLINEER Y E AR 10 em, JIE T BEAR 9 em, 5 14
em, FREEHE A 150 g(LART L31) . RFEHRIEFR 48 h
JEERP 3 mL(T,, R0 &8 1.44x10" cfus) Al 10 mL
(T, 5FP A 4.8x10" cfus ) B +-3E i finZRIR K i+
0 KRR I AREZK A 1Y) 60% o LIASTINERT 19 4y %o
(CK), 73 FHFE 0.5.10,20,30 d it L4f 10 g
M2 14 Cd BB
1.7 A%

Cd WIEA 3R AT BCR 2, H] ICP-OES (€[]
PE8300) & H: Cd Ay EE . BCR 4 Mk : (1) H 40
mL 0.11 mol - L' fYEEFE (HOAC)TEE IR (22+5) CF 1
SRR AS Cd; (2)H 40 mL 0.5 mol - L™ R 12 2 i
(pH=2.0)7E 2t (22+5) CTHHRICATA A Cd; (3)0
A 10 mL 8.8 mol L™ H;0, (pH=2~3) ¥ i , JE1E % i
(22+£5)°CF KB 1 h, [A1ERHR 37 , SRS AE(85+2)°C K
WL 1 h, WU 36 F4kS K il A2 3
mL; i [a] Fosp i A 10 mL 8.8 mol + L™! H,0,(pH=2~
3)HSU, 852 °C /KIS 1 h, AREEK I Al Ho A4
FUNT 1 mL, BH5HA 50 mL 1 mol-L™' NH,OAc
PRI A AL Cd; (4) R 25 Cd $2HBCR AT 42 i b
B e 20 B ) - 3 4 B TR i
1.8 HiEAbIE

FE FAbHEiZ F Microsoft Excel #f4; Z2 22 7 1.
FVESWTiE F IBM SPSS Statistics 22.0 B4, 1B
2 W B 3= (R R R B - 2R B ) I i Ve JEE X 100%

2 HERESH

2.1 it Cd BRI BEEE

M R A SR R RS, A B A5 2
A K BT Cd kR 12 Bk, A Eg 9 bk, B 3
PR, 439644 H B1~B9 Fl F1~F3(3£ 2), M3 2 AT L
B MR R IE D CARIGAR MR EE N 10 mg- L7 B,
BO AWK [} 5 5, 65.64% , Hik Ay B2, W [ %Ky
47.14% , HABTRAR R B RAE 7.78%~30.27% 22 [0] o 24
WARRE SR I CE WM 100 mg- L™ B, £ TP
CA* W BRI TR AR 10 mg- L', o B9 119
CA> [ff R B v, b 44.30% , Hik N B2(26.02% ), H
MR CA MBI, 7 5% A4 o IR ASL S
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Table 2 Variation of cadmium concentration in medium after treatment with cadmium-resistant bacteria

o IR CYREE 10 mg- L BRI CA R B 100 mg- L

i FiR)E CA ) /mg L Uit /mg - L WEbR%  WESRIE CR B g LY IR /mg- L W BE1%
CK 9.78 — — 95.46 — —
Bl 8.24 1.54e 15.74 91.09 4.37d 4.58
B2 5.17 4.61b 47.14 70.62 24.84b 26.02
B3 8.25 1.53e 15.64 91.52 3.94de 4.13
B4 9.02 0.76g 778 96.15 — —
BS 8.17 1.61e 16.46 91.39 4.07de 4.26
B6 7.40 2.38d 24.34 90.72 4.74d 4.96
B7 8.62 1.16f 11.86 92.53 2.93e 3.07
B8 6.85 293¢ 29.96 89.39 6.07c 6.36
B9 336 6.42a 65.64 53.17 42.29a 4430
Fl 6.82 2.96¢ 3027 89.55 591c 6.19
F2 7.33 2.45d 25.05 91.39 4.07de 4.26
F3 8.59 1.19f 12.17 96.53 — —

T SR T EER IR 5%22 57K F 3 CKON A BN R A0 2 .

P E R, P CA™ W R S B ARSI TIRARE AR B ROK A e | msl i VP 300 ok B
£ B RGN, 285 D. acidovorans AP ALY

WPk B WE A6, A, AR, % fE—5. 16S rRNA JPH X 45 %00, B9 5 D. aci-
BRI (E 1a), RS T B AR 2 AR (E dovorans WP HIEAT 99% IR EME (] 1e), 454 B kE
1b). MR IERLS AR E I A P TER K TSR AR A, AT LA E BRI RN Delf-
tia sp., HE 55 MF679148
22 AE CIRETHAEK L

Kl 2 & CAd*He E 43512 0.10,100 mg- L' R, 1%
7% 54 h Ja @itk B9 MAE R Mgk . & 2 WT 0L, Cd ik
10 mg- L™ (5 BO XEUN 5 A K R, 5 CK #F
FETEREFEN 36 h FEAFE . Cd* ¥k EH 100 mg- L
\ u IHE R T BO A K AYIEHT ], BY FEIR 12 h J5 A XS
TG N B, HiF AXTEOE AR ERIL, #FARENE

ODgw TE 2.5 Z2 47, 26 B XF CA> A5 #5532 1

NZ FMZC01000034.1 .
NZ FOGD01000026.1
NZ CP006704.1

70 NZ JQKD01000107.1 45r

99— NC 010002.1 Delfiia acidovorans SPH-1 a0k -B- CK
94, Nz FZOTOL00044 asp 2 10mel”
NZ FZOTO1 1 5k
NZ CP009486.1 sob T 100mel” ﬁuq::,.."_';.""‘:'_
100 NZ JHYS01000032.1 :
56 NZ LSJH01001341.1 3257
66 NZ CP018787.1 g 50t

NZ CP021455.1
NZ CP016278.1

(c)
B 1 B#k B9 MESR4HE(a) FARERE (L) RE
168 rRNA 2L 510 R G AL B SV () § 24 30 36 42 48 54
Figure 1 Morphological characteristic(a ), scanning electron KrFRat ) /h
microscopy image(b) and the phylogenetic tree of 2 HH¥k B £z
16S rRNA(¢) of strain B9 Figure 2 Growth curve of strain B9
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2.3 FEIEFEEXT BFRE K BO XBk CI*RAIZNT

FH Il 3a AT D0, FERG SRR BN 30 °C.CA> PR
10 mg- L7 B, 24 pH {E M 5 34/ 3 8,B9 Xf Cd** iy
W RfF ek RIS 5 4y S 23 5 > pH=8 B, Cd> 1 Wi
MR R 323K B fe K AH 6.73 mg- L' 1 69.85% ; 2 pH
E AR SE 3 A, B X Cd> 1) W [ 2k A W i >3 247 B
KA. 24 pH=9 B, BY X CA> [y [t % 42.39% , L.
pH=8 Ik 2.64 mg L', 0] I, pH 2521 B9 W[t Cd*> Y
— A MRS ZE T A1, B9 78 pH=8 [k h
X Cd> Ao R B A3 R fee o

1 &l 3b ] 0L, ZERE SRR EE A 30 °C . pH=T7 .Cd*¥]
TR 10 mg- L™ ), 0~48 h B, B9 Fifi 75 1% 5 it (1]
PR B T G (18 R B 2t P o % 8 25 1 o, %) 48 h
Bt G (18 W% 2 TR B3 K 1) e K {H. 8.13 mg L' Al
84.37%; B3It E)SAF) 72 h i, W FfF 5 LE 48 h I BT
W H2ER R,

H &l 3c AT0L, 7€ pH=7 .CA*PIhRME B0 10 mg- L™
B, 4 B A 10 CHE A E] 30 °C, B9 X Cd>* iy W fff
S T B 3 350 S S s MR A 30 CHEnF 40

°C, 35 W B St R B2 4 B 3 25 e S ORISR AE
(a)

8r 170

7 ----------- I&I}ﬁ% ) ..__.-":%- 565
. o T N
B o= [ {1 1P =
E 3L || i 145 X
= R N R ¥ |

2r e | 140

{35

1100
- 180
| T .
= o 0 &
%% 4 b/ =
= ¢ i i
™ .-5'"'5 40
Tl
o) S S SN S SN S S S — 190
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R KT e B i 7E 8 mg- L™ D b, MR TE 85%
K E.

118 3d AT UL, ZERE SR 30 °C . pH=T7 .Cd* ]

AURBEYE 10 mg- L7 DU B, W FERARFE60% L) I, ik

JEE BRI B 2B 5, WIAh CAPYREESA 1 mg- L7 i, W
B3R IRE] 87.07%; Hlf CA*VE A 50 mg- L™ B, W
R TR 31.8%, 1 B9 X CA* W fff & i Cd*
e B B4 3G 0 i A DT 2 i, B X% Cd? i Ff & A 0.85
mg- L™ Hang) 31.28 mg-L7,
2.4 &HE B9 Xt 1% Cd AR

WS INEE PR B 5 55 R AT IA S Cd & i bis
SRR A i 22 el b s E T g n B -
SRR IR 255 10 d W, T (ER AN 3 mL T BRI TL(7R
Jn 10 mL P2 ) Ab B - HEAE S S5 PR T A Cd /Y
SR E L, > 44.40 me ke F 45.33
mg-kg (3R 3); AERGFRAYEE 10 d 255 30 d,T,.T, £
FEA IS5 RR AT A8 Cd 1 5 i Bl A B o) A 4 RS A P
AL HBA MR E S T\ A4S CK AL,
TEREFER 30 d NESRATIAAS Cd & oA 2
PR, T 5 T, AN [[IBR T4 30 d, HoAh A} H]

_(b) .
8'5§ e R a ab 590
| b - T
- £ 180
2l x| s
sor S {60
ssto& b s
PR T T 6 T T
18 24 36 48 72
Fi R [a)/h
(d)
190
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3 e
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T 25 L s
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Different lowercase letters indicate significant differences among treatments

B 3 FEIEFFMGIER BO WM CA* R0

Figure 3 Influence of different culture conditions on the adsorption rate of Cd from strain B9



RS % Tt AN 5 B SRS L4 P R 0T A5 B 255

TR E =S BT IR AR BO X 4 58 b 55 18 v] ¥4 A&
Cd F gm0k, B9 PRI [FIAS I 52 M 45708

ININTEBR BY J5 , CK AbHE Al iR 2 Cd 5 12 fifi
o 5 IR ] (438 0 52 B Sk b IS B iy i A (R
3), 55 R 2N 10 d WA Cd 5 2k 2.89 mg-kg™;
5510 d 256 30 d NATIAJFEAS Cd E 83 14.72 mg-
kg™, X AT RE G HEFRI OREFIIK A G T, F1 T, Zb 3
AR A Cd 25 5 B 2% I 1] 7 184 o 52 300 2 5 14
JE T RE M R T T, AP E5E 10 d /), 7T
WFEA Cd F 5 B, eIt ih - 5t 1 ml ik
JEZS Cd &4 BB N 13.71.17.60 mg-kg™; T, 7E 15
FREYEE 10 d 2% 30 d R ATA A Cd S EBEA
PRl B g5 R 25 30 d /), LT
TRIINT 1517 mg-kg™' s T, FERGFEAYES 10 d 255 20
d HHEPALAEAE Cd e BEA Tk, (H5510d
AHLG, WA B 25 5 JE R 3056 30 d B, TR 5 Cd
i FJHE] 38.06 mg-kg, HLITERHEM T 20.69 mg-
kg T\ T, Al CK = AMCFE 2 [ ZE K5 374 30 d AT A
JRAS Cd & = HA Bk 2= 5, HUL, 3 ik
B Je HL7S %) H I A A 5 AS Cd % 5 i 8
Ko

WSINEPE B J5, CK.T, 1 T, =AAb Al A AL
Cd % 5 [ o7 555 5 1 00 19 385 m 35 522 300 1 2 g s 3
(#£3), CK AR AT E AL Cd ZEEEFRMET 5 d N2
EW, 2R BERA ML, AER AR E R E
5530 d B, L FFIRIEA T 1.81 mg-kg™o Ty AbHAERE

FEHT 10 d NATEALSS Cd & B, sl
244 mg kg EFRAVE 10 d F)5E 30d B2RARE T,
AFRAEREFRIAS 30 d HLIFLRET AT LA Cd &
Z0k /0, 0 1.08 mg-kg™ o T, T, #l CK =AMk
PR AEREF2 1 30 d (N AT AMEAS Cd & 30
FrEZES R, U INTE R BO K HLUR I i 1
LA Cd S A B

T+ ERE S R AR A AR IR 3 R,
CK AbPErERE A Cd % BRG] () AR 10 AT B
2250, T T A BEER IS Cd 7 12 Bl 25 355 SR s 0] 3
P B ER AR T PR SR A 20 d B, 58
A Cd & ik B K MH 34.20 mg-kg™',  HLIAFARIE N
T 18.67 mg-kg”, ZJG /T, AP A AR A
Cd P 5 A B iR 22N, 5 92 246 30 d i), 5k
A Cd ik B ME 33.13 mg-kg™,  HWIFRIG N T
17.20 mg-kg™. T, T, Fl CK =ANAb B 2 [A] 76 K% 75 1)
30d NERIES Cd & A R 22, Wik,
TSN PR BO e FLvs i X - e rp lif J5i s Cd & &
AR

B 4 Rt 30 d 553 Cd e B EH 4 e A8 fb i
O, T LB A 355 5% B (] B ZE K, AR N BO T B TR 1) Ab
PHEE B L LI SRR AT AS Cd &2, 8l is
JRAFERERS Cd i, WA Cd AR LA
o CK APPSR A Cd SarER; 7% 30 d J5F%
FAR/MEL BT 4.64%, T, A PR SS IR ATIEZS Cd %
HEEEFE 10 d JERE R/ ME, Wb T 22.17% T, 4b

3 Btk BO X +IE Cd AR (mg-kg™)
Table 3 Effect of strain B9 on the speciation of Cd in the soil(mg-kg™)

‘ SIRPTIAEZ Cd AMR A Cd
5 [a]/d
CK T,(3 mL) T,(10 mL) CK T,(3 mL) T,(10 mL)
0 131.05+£0.91aB 133.39+0.81aA 133.70+0.37aA 19.30+2.01cA 17.16£3.79¢cA 17.37£1.74dA
128.93+0.81aA 125.35+2.00bB 123.15+0.43bB 20.43+0.60cC 22.71+0.52bB 25.20+0.49¢cA
10 125.47+1.88bA 88.99+5.88¢B 88.37+0.58¢B 16.41+0.19dC 30.87+0.58aB 34.97+0.88bA
20 125.37+0.88bA 89.33+4.45¢B 88.09+0.17¢B 25.60+0.84hC 30.42+0.11aB 35.02+0.21bA
30 125.35+£2.00bA 91.93+1.43¢B 88.51+£0.39¢C 31.13+0.31aC 32.87+0.58aB 38.06+1.26aA
‘ AL Cd FRitAs Cd
{5 [a]/d
CK T,(3 mL) T,(10 mL) CK T,(3 mL) T,(10 mL)
0 8.66+0.36aA 8.54+0.10aA 7.58+0.98aA 15.93+0.12aA 15.53+0.25¢B 15.93+0.12dA
6.51+0.60bA 7.13+0.53bA 6.86+0.42abA 15.27+0.06bC 17.20+0.20dB 18.50+1.06¢cA
10 6.23+0.48bAB 6.10+£0.40cB 6.98+0.38abA 15.67+0.25ahC 29.23+0.35¢B 32.00+0.17bA
20 6.54+0.06bA 6.09+0.52cA 6.63+0.13abA 15.93+0.31aC 34.20+1.14aA 32.03+0.50bB
30 6.85+0.41bA 6.18+0.65¢cA 6.50+0.18bA 16.00+0.35aC 31.87+0.57bB 33.13+£0.49aA

T AN 5 Bl 7R ] — 5 Bl 2 ) B 22 e S 2, AN ) RS 5 B 30 [l — 47 38 =2 18] 9 22 52 1. 25 (P<0.05 )

Note : Different lowercase and uppercase letters indicate significant differences in a row and in a line, respectively( P<0.05).
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Figure 4 Dynamic changes of percentage of Cd under exogenous
addition strain B9
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