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JIRI TR, SR FH TR B 0 TR R 1 1 R OKGE 2R W b B T AR AR A, R EE A B R aMT) X
A IR I R kR A B T A R T AR OR . SE A SRR R LI O 0 LA Cd B A I R R A R 4
Y8 J& TAP B R AT B (Citrobacter sp.). LR EERFW . FEAMAEDBRE AMKE-ELEWMEAEREH60d
Ja . T AR A P A T R A R IR 51.25%, B TR B TR 4 (40.44%) . AW (31.119%) FI2s A4 (15.18%)
(P<0.05); [FIAS, [ maE e L |WE 48 Cd, MHMNIscHE ., LG A B mkEsEE, o
fifi H AR M AS 500 4R £ R AH EL 30 6.68 7% 5 [F E b A W 41 A = 8 pH B RD AR B AR B R M, {H4E 5 T 8.42~
8.75; Wb, [EE I A oy T B i - A T A (2.48%10° cfurg ) (P<0.05), T A EEIE . i A AL AR
P UL % £ B AR S M (P<0.05) B SR AE W e [ LA B R, AT AE = AL A T R R [T B, PR R
&8 Cd B sUR . I IT 4 Tl h IMT R B E AiiE-mE s LRt S %
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Az, AT Sk A M 2 3 A A s e U i A s e R 2 S e R ST T, AR
=159, MG R T SR KRB, BT AEERSE, AT A I A B 5
R A G AR RIER I AR MG A2 TN R E A -E SR E A Y. i,
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YT R A S A W B S E S B s e L (HR, R RN A L 5 2 AN R
FEMBEERBRAE . BEE A AEYE AR AMT) 7] MR Y SR AE O 3 B e, bk e A W 32 36 5%
IR, 385+ FHEY S I W kB & . pH FNR A B AEDY, WANG S5 R
B, [ ARG Y eT DU S AR A 22 RO IR A R, ORI R R . Tk S AR B g T
TE AT W& 2 A TG Gl A 3 B P X A s e R A s e, 25 SRR R e
A ik By SO A TR B O e, BB N R RS M, X pH B Z i ER o IMT LA H T
BEAIIS Y 5, Br N HTESBEG R AU R, AW S e 4 3 4 P xf £ 4
H U, CdBlifb AR B 207,

HAr, XFEEMBEDERNMRZRETR ISR, HXAV-ESREE G5 1
(A AIF 5 B DL TE TS AN B AR P 0 0 NPT BB 23 M - R AR W A AT, e A8 R AR R AY
BEREEAMAEM N AI-ESBE AT R HIEBERUR,, BEH X HIERE A m R, +
98 T 5 R - M AN TR AR A Sy B WA R A SCHR AR, AT VRS TG SR DR T Y S T
AU iOE (L T

AHIE 5T AU 77 - b X 0T 5 SO & 3 3 s e X 1 Tl R b i e 1 Bk LA R
FUE R AR BB T PR AR . DR ORIESAE W e o 1 2 Abbd et B B B vk, 5 [T AR 2B P %o - A1
WG Y R ERCR, UM hE ST ENEBEERES %

1 MB5RF*®
1.1 i 1%

A FEAEFH (4 o 32 15 Y - A DU 7 5 DU SO P I AR T5 e X, B3R 2 (0~20 cm)
SEIRE , B R LI B AR O, ARNTIE, BRI R pR A BE I 3 2 mm 1575 9 4
o 0 5K i A Ak i (CCLy) A B ML PR 4% (CA(NO,)-4H,0) ¥ MW T 1/4 iy 38, IRG
Yo B FERGEN, fFCCl LR, SR 3/4 0+ HUR A AS R 452 A5 Yl +
e RS Y Y EAL 2E M RN 1 PR .

F=1 SREIEBUMR

Table 1l Major physicochemical characteristics of the soil

‘ Cd/(mg-kg )
HHLE/ MY Yol i FOKR TR/ T
Teo ! Teo ] . p o] 2 i s il S s e N
(mg'kg') (mgkg) ~(mgkg) % (mgkg) mds bags Az gian it B
s M= N == M1 == M= TN
5679.74 436150 6547 865 13.83 10000 3.15 0.88 0.54 121 030  6.08

1.2 EFRE

DAMBEESBBRAEEFERE. AME10gL", BHE 3 gL', NaCl5 gL', MgSO,7H,0
0.25gL". (NH,),S0,1gL", KHPO,3H013gL" KHPO,4gL"' CdNO,),4H,00.82gL",

2) A B A JE RS IR L . A R A T A R VR B 3R o A BN 2% 1 B .

EAERT IR | SRR RS IR S R AR B IR WS Sk [22]. LA IR pH B E LN 7.0~
7.5, 4E 121 °C . 1x10° Pa F /& JEZ€ 7 K B 20 min.,
13 EEENENAHRERBEENHIEREE

1) HA SR PTIE B0 7 T 0 R A TR A T 0 . FRBR 10 g B - SJERE B R B K 7 K A2 il A
A B A5 Y 0 X)) AT HL A BB 04 A T e R A O, LR R T ik DL SOk (23] B
P33 ELA WP L RE R R A i B R R R T 7 Bk (2 W3~W9), BRI TN =R

2) PRI B TR 6 P O e R R R 9 o O O 326 1Y 7 R R T TRV 40 i BB 1 mL F 100 mL 7%
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300 mg- L' CA* By LAY K FREd, 7630 °C. 130 rmin' F};3E 72h, B 0.5 g FiSwEm, KM
JEF WAL 4396 )6 B 92 000 o % 75 S P B G B i, B R 3 D A 4 B Bl R A R T AR B )
it WA (1) R

_ Ceao — Ceq,

- Cdo
Kb HER Cd BYWER ;s Cop NMALHRRT CAWE, mg L' Coo WALFRJG CAHESE, mgLl',

43K 1 mL B EE A 100 mL DL 10 g L' A7 3@ o ME — i UR 1 TCALEE BE 2 5L b, #E 30 € .

130 rmin' FH:3% 7d, RAEEENERFEL T AMES &, T AR E . AR R
fifeHe 4k X 2)

x 100% (1)

CO _Ct

0

R=

x 100% ©)

K. RAA M (TPH) BFEMR; C, AR AhE & &, mgL'; C AMAHE AMES &,
mg-L™",

X 7 B TR R AT T 4 W R AR T R A S R A AR PR AGBIE B O RE 1 R B T A2k L
A1 AR 25 B B 88 v 1) BT RRAE A S5 S RN A B A S 5 1 A PR R

3) AR BRI VR B AT 25 1 LSRR T R U A TP I o TE AR T 4 R AR 3R 38 B 9R 12 d,
WAL ERITEAR . B . BlE SRR, JFH B A B BT (SEM) ULEE B ik 14 41 i /N Fn JE
Mo WILLSE . MERREN RIS | FrgREhsrse | mIRRsC sl | S S0 s . B Si s . MR A B
LY. V-PEE . BALEE AR PRI . BRI KL . LR kS
S Ik [24]. IR CH LR R %08 T W) AL (B2 2018 44 FR B o3 2 % ) PO X IR MR 25
T B AR A S0 5 SR A A S TR AR AR AR AR U, PCR 9 3 7 12 WL SCHR 23] ARWFST 19 TR K 16S
rDNA 5 2% S 32 A B0die 5 64T BLAST Xt , M E RS A BTW, 0T bRl E .
1.4 [EBlELREDGIE KRR

TEH RS WA W e, g 500 °C A M# 3 h, FAAR AT B AR Wy 1E o 8 AR 3R T, e
BT, B 1 pl A7 T P9 =B A O B AR B AR R K 3R 6, BT 30 °CL 130 rmin' fH IR
PEIRTIGEAE 8 h DL b, VERMGEA B . 4 2 g Hl& i A 9 5 B T 100 mL @ fb R R, 78 121 C.
1x10° Pa 5 281K 20 min, & A 1 mL & W, & T 130 rmin', 30 C A4 K P EE 18 h
J&, LA 3500 rmin ' #5005 min J5 5 LIEW, A EARED N B RS . AR A E AR
(T8 S A S BE Sk [22]0
1.5 LTIREELIE

BE MY E A M- ESRIRG T HEA S 1Sem, HAAZ 10 em ¥R iE 4T . ADF
FEALVE 4 G R XFIRZE (CK), A=W B FIiE 25 B SN TR N 30 B8 I A TR 21 (FC), R AP Al 250
SIS [ A A R S T R RUE A M), 1 g T N 3% B [ E AR
EWIRABC), 1g THINN3% WEYs . B3 ANER, 54400 g 13 5 5 LU AR &2 AN iR
[AHMEA R MBI, DR a Uy R E, ey C. N P ZE C:N:P=100:10:1, %
HF 2 b e B AR R T R A S , IR TN EE oK, RS KR YRR 20%. S
Jy60d, BESdAHINE - pH, HHEL ARG (DHA). £ W % fL i (S-PPO) Fl it & fk AU fif (CAT) I
PE L AR R 1A B 10 d A T A R RS R R AN AR i A L. Horp, EKCRR
FH 105 °C HETF 3B s 38 pH 2R 1:2.5007V) BY 7K 32 BUR 30 8 A e BV 2 5 A WL . MR
S A1) SR FH % TR A A R A R I A 58 A0 o0 T B R R U SR R B - EH B T oot
JEILCOIME s 4RI R Tessier B AR HEIEDI M2 5 Ak & R HE L e A



680 EZ N D ERRE

Bty . 22 W 4 Ak B R ot 4R A S 0 ) Ak = R 3 U U (TTC) 430606 BE 2 . 402K = I HE (o 3k An
o o R B POV 5 A R S SR PR R U A ST A R DO I
2 #HR512
21 MEEEREMESH

1) B AR P R A 1 R o8 foge AR P o T R T 4 O B 23R A R R A R BT 1 s . L 1) T,
Ot B R W3 W4 FI W 35X Ca™ A B 47 I W A L IR B S 4 7E 289% LA L 3 BRI REAE &
Cd 1135 35 3 vh A2 35 IR — 22 B 0 Cd, {FBE ROk TR MR X Cd 10 I B 2800 22 AR o 1k 8 ok
W BT SE XF ' e AR A Ak, R B SRS Cd % A5, X Cd SR TR, & 1(b) 7T
AT, TR WS KA IR B B A R i, 3K 39.15%, 11 W BFF Cd BSOTR BEE B9 W3R W XA Tl )
fp AR o TR PR R A A R R A R ERE A 1B AR ARSI T s B R R B A . K
YN TR A -5 E AiE e E g, T 00 B RS T I A R AR LR A i phE TR B XA
R B R EE A BB Y 2R AP AN L A BRI S RCR AP, 28 B TR,
W8 2 WL o 0 88 At R SR SR A I PR A, SO o W8 S AR g B vk i H B BRI AR, IR R Sk s e
F5E ) A3 PR A
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(a) CdZ = (b) £7 ik AR

1 W3~W9 E#k X Cd W% M 22 70 4 5 3 P R 22
Fig. 1 Cd adsorption rate and petroleum degradation rate of strains W3~W9
2) WARIE S KA AL AR AR . B BR W8 1) SEM &1 K T bk W8 KT 62 R AT T4 1) 2 B A AL e
PEXT IR 3 il A&l 2 #1462 firzs o A MR IS E S N RE , BlohiRE 6, B, EER

() JK10 000 (b) HIK20 00017

B2 Bk WS IER
Fig. 2 Scanning electron microscopy (SEM) of strain W8
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Table 2 Physiological and biochemical characteristics of strain W8 and Citrobacter sp.

A BHAEALSNE SR AR FrERRRAT I A A AL ERlerE S PRI
Y - - CiE AR + +
P £ K S 38 - D THARER I S + +
EIRIE S - + A TS + +
T2 bR S0 - + V-PH5; - X
FrEIRER S + + TS RS + D
W51 S B + d DIl hligtan - -

T “PFoRE MMk “—FR RO “d?FoR IR TE; DR [l 732 A ] S RAN A o

2., mE 2, ME MM AFR, BAARK 1~2 um, A BAE G SI b R h f S L 4 fh il
5. V-P LS WIS TR AL SEES . W AR K R ST O R 22 e B I M () A, HA AR AR
N BHPE (). PR W8 YT 45 RN A B A A0 R (W) A7 A58 T A DRV 10 20 D RRAE AR L, %0 25 0 Sl
BRI .

3) B Bk 16S rDNA B F¢ 31 43 #7 o K I P 75 21 B9 W8 B AR 16S rDNA J 3l #1248 28 K4l ) 17 L
X, MEBMEIHRNAGELEN . S8R EH, Rk WS 5B MR AT 5 J&E 14 [F) J5 0 41 it
97%), 2 EHRGEREW LR N 1K, SGFAAMEIEA . A S0 S5 R A 16S tRNA 4381, vl
E W8 AT IR KT, 4 HAw 444 Citrobacter sp. W8,

97 NR_118106.1 Citrobacter amalonaticus strain LMG 7873 168 ribosomal RNA partial sequence

92 NR 104823.1 Citrobacter amalonaticus strain CECT 863 16S ribosomal RNA partial sequence

63 L_NR_024861.1 Citrobacter farmer strain CDC 2991-81 168 ribosomal RNA partial sequence

56 ———  [NR_W8
_|j028686.1 Citrobactersedlakii strain 1-75 16S ribosomal RNA partial sequence
82 NR_028685.1 Citrobacter rodentium strain DO 14784 16S ribosomal RNA partial sequence

NR_104890.1 Citrobacter koseri strain CDC-8132-86 16S ribosomal RNA partial sequence

100| NR_116125.1 Salmonella enterica subsp. arizonae strain DSM 9386 16S ribosomal RNA partial sequence

I—NR_041696.1 Salmonella enterica subsp. arizonae strain ATCC 13314 16S ribosomal RNA partial sequence
67

NR_044372.1 Salmonella enterica subsp. salamae strain DSM 9220 168 ribosomal RNA patial sequence

95 { NR 104709.1 Salmonella enterica subsp. enterica strain LT2 16S ribosomal RNA partial sequence

99 NR 074910.1 Salmonella enterica subsp. enterica strain LT2 16S ribosomal RNA partial sequence

0.002°0

3 ¥ W8 i 16S rDNA R4 % B it
Fig.3 16S rDNA phylogenetic tree of strain W8

2.2 YR K EE R ME MR

A W R ] A AR S D TE SRR AR W R 4 i o MNIEL 4(a) T LA B, AR W00 B SR 45 40 T Ol
TE AN FLBR A IR B 2540 o A= i Z2 L 45 A T DL SR U E D SR L B R M 45 25 el () Asf e A R
TSV Yy W BE 4 TS e S o W A RE P F B 4(b) e DOWER B, AR Wk FL AR
H R HARAR, XUl AR Yk R T 2 P 12K Citrobacter sp. WS
23 TEPABRMEBRENTL

FKHARMBE A amE-CdZ /s EEEIT A0 dMBE, BE LR T4 ME
(TPH) R AL N 5 s o 76 60 d B JEIBIN, 45 20 TPH R i R 3 2 E I H, e kil
AP (M), B 4L (FC). W4l (BC). %5 4l (CK) [ TPH & 3R 53l 8 51.25% . 40.44%
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(a) W (b) B

B4 4% (2000 %) FE ELME 10 000 ) poFI e T E
Fig. 4 SEM of biochar (2 000 times) and immobilized microorganisms-(10.000 times)

31.11%., 15.18%. 7£ 0~30 d N, IM 4 TPH [# 6W_FM
fif R T, I R B RO A W k1 FL B &G sol &M
H W B B T R R A 2 Y, AT AR <\x
B TANERAEY S L3 MEY NS, WE T i
HRYE Y B R EAE N . FEE, A
WEIMAFES M N, P, KEEFILEW,
A {7 248 T 5 U K i, T 5 S AR Pkt
TPH AR BETT o 259 e BE A% W B 358 4015 4 )
IR 4a A S5 T5 YL Wy BB B, 4 v B i
P8 30 d Y R i R R Tk TR, XA T R T——,
AE5 TPH R figp b B2 vh = A= i 2 A I LR sl
o i DA K A e v s SR BB W = A OG0 T E5 AhEERE
FC @% zH4 % fﬁ H"J 1'% EFF' 1/15 H , TPH K%ﬁﬁ’: $ Bﬁ T Fig. 5 Degradation rate of TPH
fiKF IM(P<0.05). BC i) TPH P& i R BH B 5 F CK, X 3iF B A= 9 i 6 TPH (W B A R EVE . CK
ARALH TPH REff%, X E2E i F L E MUY REfE L & TPH /Y A R &™),
24 TEFESEESHNTHL

& 6(a) B4 A 5560 K CAIEA = SWH T CAIERTEMILE, Rn&BELBANAE
. ATLEH, IMAT RS 5P HEA LI T 6.68 £, AHA T HABAM S, IM7ERFIK Cd i
B mERHE A, XEFAEY RS ESENECEEZXEENEMN. 2YrERER
P& EUE BRI OREERR L) WL S E RS A, 8 46 s DIiE R IR E 4 8 iy ol AR =1
DAS U LB, AR R BRI, S &m0 s cf/EsR . R, Citrobacter sp.
Al UL 3 A W B i SRR T AU S E S B ™, Wik, IM i EX & & 5 BRI A W e 2%
G AL UTTE SR W B GE R . Cd I SAR LR, AN 0 [ AL R el R cd B R
PE, FEAK Cd i sl P A A= ) ) T EET

KRG )7 20 A ik -Cd Z 615 3 R T i 60 d B, BRI L5 Cd B
AEEEmE 6b) . LT ESEIEAN LI A 8 (EX). kREEZE G54 (CB). #4t
AYE G (0X), AL S (OM) FIFRIE S (RS). 5 ML SR H 4 8 9 £ W nl Al I . EX >
CB>OM > OX >RS™, W 6(b) AT LIE Y, WI4h 3 ()b Cdp EX S, HEERE L
) 51.78%, RS & &Mk, HEHESBETBE®R, EWAMMES, HEARENEE. BE60d)5,
BC. IM. FC, CK #£41+ 3 EX &3 MWL 3.150 3 mg-kg ™' BEZE 2.124, 1.9429, 2.601 1 mg-kg™
12,957 0mg-kg™o HIEFAMMERRUE YRS EBCA VLTS RIS, OM & PR, i IM TR

TPH# %1%
() w0 e
S S S

—_
(=]
T

(=]
T
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%, W/ T 0.6653mg-kg'. IM 41 Cd 1) OX FIRS & & NEZ, /BT 0.251 8 A11.725 7mg-kg ™'
A, BEFRE A R T Cd AESR B8 4 40 v 5% B8 4L A O EE RS

[Irs [Jom [ox EEcE EEIEX

7~
ol 10d . 20d , 30d , 40d 50d 60d
_ iIIIIII Il-I II- II- II- II
% s AR AR RN
~ \
II|I"||I"Illl'||=lll|ll'||ll
£ oL Y ol Y (elal®
& 3 : I I
< '
S 2 s
i |
0 |
TRERYTRERYCRERYTRERYTRERE TEERY
(a) CABTE LA AL (b) CAEEAZM (T 1A 1 58)

Bl6 CAESHEMRETHER
Fig. 6 Change of Cd fraction and its changed times
25 TR pHHIEAL
A R M, SO R I A BERMIET 7 IM FIBC 4109 13 pH, 4374 8.75 il 8.81,
Citrobacter sp.W8 1t pH i 5~9 IF B RER aF A= 4, IR, TR ARAY A2 KON 2232 B AR W) ¢ 5 35 L 3 pH 72
R o R A R 2 7 A A ke -Cd B G i LA R, 78 60 d B2 i 2 b 1 %
pH W2 AL AN 18 7 Fiv 7 o A8 52 Rl 01 N 2% 20 + 338 pH A& TR 3, 33 2 IR R ot A 0 A A A il e i)

AR A T IR S A LR ™, fE IR 8.9

A9 (BC AIM) J5, 3 pH BT B 3 FAUR gk e
A% (CK A1 FC) BIALHEZ (P<0.05). 5 FC A ol e
[, BC HI IM Xt 4 3 pH A9 520 A XG5 /N, 4

FErEJR 1 pH(8.65) Bifi, HoAT e mZ v EM . —— a
RPNy, A B e R o PR Y i £ e

ST,k e o T TRV M T ol b
ERHE R, AT LA R A A R Y pH S AR ¢
SIS x t e  AAE AT0  S BE E il

il pH 19 2% of {2 FH AT U058 0 o 4 i B2 e o ¢
A=W B IR A B 1 4 pHL, X e g it 52 i l/d

EEBEULE, Wk ESE B E, WS VR FNE TR 2 F L, P<0.0S.

& RN E Y B Y E7 +i%pH

2.6 TIEEGEMATL Fig. 7 Soil pH

He 6 52 R0 ) S SR T A 0 00 e R Rl O R A ) R IR A M A SR 0 R BR AR e
R MALVE R, W DAE RN A 05 Y R385 RO 8 AR SR AR TG & 05 0 A i & -
WEATEREEHITBE, 7£60d MR LB -1 CAT. DHA. S-PPO i M A8 b [ 8 FiR .
60d 4, IMZHX + 1% DHA . CAT. S-PPO IGPESA (EHEMET, KM/ 510 0.549 7 pg-(mL-h-g) ',
9.063 7 mL+(g-30 min) ' 1 9.809 3 mg-(h-g) ' &5 if B v il i M X 25 HE OR R SR B/ B iR
TV S B A N A B R S RE B RS L H IM 41 3 RS MR T A 3 4l X
JEDIN, IM 4 A A 0 % R A BGRB8 ) 8 5 Ak T R G B T S ), R ) BT R
W, R R UERL A A R 2 . B E RTI EEP B SRR, AR BCE S, BT
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G 0.1F ) St ——IM o
< g ——FC &2
E (g . . . ) ) o ) ) —v:—CK . . . . @ 0 . / . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
1B fE)/d B fa)/d 5t fi)/d
(a) DHA (b) CAT (¢) SPPO

HARNG FREIR 253 23, P<0.05,
8 DHA. CAT #1 SPPO &%
Fig. 8 Soil dehydrogenase activity, catalase activity and polyphenol oxidase activity

PB4 o (HEEE BUEBCR R, RiErhE Ry k= O BAEA K5 fE b
TR A FERRBY), 28U B LR VRSSO FEPL WA, Cd ARSI 2 1 U R 4
WA ASFERE R, 255 K 6(a) nTH, IMALH Cd ] S & BRI ZE, RESS
W%, SFEOZA Cd W EYREIER/N, ATl LR o EAT,  BEAS b S 2 i
AOPLEE 2 BT 2 Pl e . — 2 U W R AE Rt g T S S W, TS g i 4
SERCE YR AR B, D R Y o W S PEARBE G s TR VS YW B T A T R S 4G
B, (HEESR T, B E AR P R A A Al S B AR, 9D TS g SR 4SS AL [
I, Cd A A 4] ) PR A i A 5 e A0 A ARt Dk A 1 T e 0 SR W R AR A T, A Rl R o
T RE M i o PR, M2 S I AR T S R 22 1 ST A T P A R
27 TREEHREHETL

KA RME S T7 ARl ke -Cd BB 15 Qe @A AT 85, 1 60 d B4 52 i e v L e 4 T
ARAEANTEL 9 BN o TR RE R T E AL W W R T B A W ok B S IR RE AR E LSRR WY
A, AR RS RR R E R B, R ERAR BT EE AN IM AR E, M 6.18x107 3
TN 2.48x10° cfu-g; HIK N ECH, M 6.09x107 H4h1 % 1.70x10° cfurg™', IM F1 FC 2H 40 14 B i 1 &
T BCMICK 41, %15 W& E AL O P A B TR B0 I A Bt i 1 LA i, (ol 200 v it A 7 B Y
KAV, RS B e 2 TR X A B A . TEAE S0, M ZH 20 TR R G, R A 4
TrU s 1) AW AR B 2 AL AT LORE BRI AL PR A R, 98D A BN RER R L

R B Yy 2) A g 5 P G R R B R 0 Br o a
TPH W B 4 7, 1k 2 L 0 W T e e ™

3) T I A B P 5 F AP ] 25 55, B 20 ok ,
IM 41 Cd 27T 75 i R o WA T 22 B 4 s .l

LGS OB R BN TR A, MR T Cd W = be
VIR AR EVE; 4) ANEGLES) Citrobacter sp. ﬁ 10|

WS B I ATT R 25 e i 2 AR HEE =

AN A R L TR A S 1 A st ¢
Bt $ o MEES B BRI A B3, RS 0 10 20 30 40 50 60
SRS, WL BRI ES . BB BE st

BT A , 0 0 LA e SR B, A g EARNEFHRREFEE, PD.05.
NIERIZ . 7640~60d 1Y, ATEECRAS LR, EY TMMEHE

SR PR 7 G T W it ok e e o I B T — Fig. 9 Number of bacteria in soil



%2 B A SRE B S - ST Y 685

SEATRE R AW, X S A 3 TP ] 0 A A T AR, DR A R R A — s G A L
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Abstract A bacterial strain with heavy metal cadmium (Cd) resistance and petroleum hydrocarbons
degradation ability was isolated from petroleum hydrocarbons and heavy metal Cd co-contaminated soil
sampled from Changning, Sichuan province. The strain was fixed on corncob biochar by adsorption method to
obtain immobilized microorganisms. The degradation efficiency of soil petroleum hydrocarbons and the
immobilization effect of heavy metals by immobilized microorganism technology (IMT) were investigated. The
results showed that the selected strain had the ability of Cd resistance and petroleum hydrocarbons degradation,
which was identified as Citrobacter sp. Remediation of petroleum hydrocarbon-heavy metal Cd contaminated
soil by immobilized microorganisms after 60 d, the degradation rate of petroleum hydrocarbons by immobilized
microorganisms was 51.25%, significantly higher than that of the free bacteria group (40.44%), biochar group
(31.11%) and blank group (15.18%) (P<0.05). At the same time, immobilized microorganisms could effectively
immobilize the heavy metal Cd in the soil by changing the exchangeable and organic matter-bound species to
the residual species, which could increase the residual species by 6.68 times compared with the initial soil. The
addition of immobilized microorganisms caused slight decrease of soil pH compared with that in the initial
stage, but maintained 8.42~8.75. Moreover, immobilized microorganisms significantly increased the number of
soil bacteria (2.48x10° cfu-g™") (P<0.05), soil dehydrogenase activity, catalase activity and polyphenol oxidase
activity (P<0.05). Biochar immobilized microorganisms could not only efficiently degrade petroleum
hydrocarbons, but also improve the heavy metal immobilization. The research results could provide theoretical
support for remediation of petroleum-Cd co-contaminated soil by IMT.

Keywords immobilized microorganism; petroleum hydrocarbon; cadmium; co-contaminated soil
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