+ 1% (Soils), 2008, 40 (5): 824~827

TSR R M S A TR

FHER, EXH, W4

(K KPR R S TR EBE, 9% 710054)

m =

WIS RS Y. SR AL, 9E0) 4 FRRB R . SRIVRRIRE TR, W T SRR S

RO AR PR RYERE s RIS B RS WA s g EHEEAT TR - B S RS . S5 RW], 4 P AR S
B 25 REPEAIIAFEIRE N 10000 mg/L A MK KB 74.36%- 54.36%- 78.19%- 62.17% Fl 83.73%; i&fr 120 K, &
T TG IRE FHYG g h A RI D 46.83% R 41.27%;  ANIER-Gr B 0 e D0 ASE 7 R A2 B B AR 2R O3 AR i B 67.14% I
56.92%. FifH 3T - TSR - AN R A A B R S TR B

K T CAusY: Y HA EVEBE
FESES: X53

LRI s TR AR R T, A
A7 S A T, A R B B, IR A
g Rk, A G A B O B E A
SRR ENE Y. AT, [FASSRT R
THETEATYI AL A A B AE DA B, 3L
A g R IR I AEM S B UL 2R
P ST N SR T T Y AR R £ 2 R,
AT Al e IR RS B2 e BT =
WFFTRY B2, R AR S5 A A Bk A £ 52 1 FH )R
BB FURIE DU ARSI E A AR,
DN S B e O R /R Rt DA Y A L BuR |
IEEPRE R A = K7/ B A 507/ Do R SRR S wee 1) 5
HREAER], A ahis G AL 12 F R RS

o
1 #MRE7A%

1.1 #RL RFI S

.11 SRR A+ 1% o (Glycine max) iFh
Beoi 125, Hi#H (Medicago sativa Linn) ik 4 F ),
) AR i I =W /N PR N 8 7 [N el o oy g
w R IR R ARy R T, Ry iE, A
e Gz, 3 pH 4 7.2, EAHLC 18.2 g/kg,
ENEEA 1.5gkg, HPEEN 1.3 gkg, Na,016.6
g/kg, K,0 23.1 g/kg, FH & 7 s (CEC) 3.42
cmol/kg, TIEHIEIHE L S A 2.7x10° cfu/g.
.12 35 H A e Ji 9 S 2 il ) g

ORETH: EXRARRFEETH (40472131 %,
EH I FER (1960—), Y,

fit, X 0.852 ~ 0.893, J& AR i, JRIE
X RE 2R 5 K.

1.1.3 Kkt FREERARERE: FRE S
g, AN 10g, NaCl5g , /K 1000 ml; BAAAT -
THLE R K,HPO, 1 g, KH,PO, 3 g, HgSO,4+7H,0
0.5 g, NH,NO; 0.1 g, CaCl, 0.002 g, FeCl, idi &, 251K
1000 ml, WAAWAIRSE 1% 80 3% 50 5%; &
WG FR LR FIR R IR AL CYE R 10000 mg/L
st B Nke s SRR RAE R H - Aldrich
Chemical.

1.1.4  FEEE  Oil-460 BLrshsr il (b
HAEE RS EARG R AT, 752 BUEAMF LR
(B A LA F]), AL 204-1C HL T RF (i
MR- FEA) 2 A 7)), TOC-VCPH S HL C ll5E1X
(HAR B HAF).

1.2 KWHZE

2.1 A BRI S 5 5 £ e A B
PRV FWSH 1 ml AR 1% WA - ToLES
FEHE, (29 £ 1) 'C. 120 v/min $RKIE TR E TR VE
ah, B 1 ml R T A 3% WA - RS IR
o, ARERE IR SR SR R R IR, R VA T A 3
5% WA TO LR TR IR IS 5% AR -
THURE TR T 1 ml, Sk, ST RER
FIRESRIE, (29 1) °C THIRAARTFE 72 h, JHIREFHREL
ANRIBRIVEREAE (P PR T IR S 00 s alif,, ShA 5 TR B PR
TRAF TR N E B ORISR, 4°C UKAR ORI

Beviig I, @z, EEsd, FENFOK. L5 WiE 5. E-mail: changanl @163.com



5 5 3] AR

A7 WG G T A8 B AR 825

1.2.2 mcAamibEg s iE &Rt T
(29+ 1) C 1HIEAREFE 72 h WAb)E, ek 3]
100 ml “FRFERAMKERFRE, T 29 £ 1) C. 120
r/min FEIRY KT 2 Ko W 1#. 2#. 6#. 8# W~
KIGFRW R CHEEEAN 10"~ 10" cfu/mD) 2 ml 4>
BEEAE] 100 ml A7 IRV 4 R K E A 10000
mg/L IS e ER R IR s I 4 PREs bRy KRG 9%
WA 2ml VENIRAER, B LIRS IO IR
B, RRIRREFE 25 Ko ANFEEAHRE, M 15ml 11
£l (60 ~90°C, 256 nm AbiE G =80%) #HL 3
W, FBRA TR T 58 N 50 ml (g
, ERBRE . UAMEE NS, 752 %
A1 436 B TE DN 5 AN () B 3T 75 8 A e e o AR
JE (C, m@/L; Amax=256 nm, 1 cm A7 3 LE 6 ) U819
SO 5 WA R AE ) R O AL (CK), B —Ab 3
3 REG I E PRI

1.2.3 MK W5 S b GREX (HOl,

HIOD), BEfEiIX (MO1, MJO1) FIJGAH M xf H X
(KOD)o “01™ 245 T 15 cm HHIBHE L2 HA TR
Bl 1% W BARTTVE N R PR )30 52 AR
IR AR R, A KR e g R A
B R, BRI A R X T R NI S
P 7 e = S R L A LT 0 1 N
5y T8 Ja Sk WASIRD 5 ) e SE A3 3 L e 52
FOBE, MBS K —K, IRHE s, f—k,

503 HER . #. 8, 2S00 kg
WA TR, ARG T A, “J01 285 X+ b i
FENTRE T ECN 1% MEhAL, 233 FFE 304
505 70~ F1 90 KAk b I 4y 28 i (K AR VR A B —
W, MEFEN 1 Lm?, BEWRSHEREN 1072 ~10"
cfu/mle FHRI XA 4 m x 4 m, BEE AT 40
cm, FEEE 20cem, 3t 9 17, BT 15 Bk EERIATER
30 cm, BEAT AR 400 Kio BRI AHATIA
B IX o SERFET, AT R O R, T
KU R B . TREOME R G IS 10 REURE, Zivh 51K
565 DXV it A0 AT ) s N AN R s S0 g e o sl 1
SRR, MR HEVE g IR ST G TR R B A
VEpip g
1.3 SWAE

WEE T ECR AR PR B0, IR AR
B R AR B AN e B i e PO
1.4 BEHRBIELE

FR A0 11 73 25 T M ARHE, X432 21 (1) AR T W)
WA SERIAN S B ARG, #7120 % e 3,

2 #R5iNe

2.1 SNAHMERERRFLSERIERE

SZIGE I 8#. 6#. 2. 1# 4 BRalfb SR Rk A HOR
GWE (H#), T 5. 10 15, 20 F1 25 RISHIA M
SRR e g5 R IR 1,

F 1 SEEMAHEMNERE

Table | Degradation ratio of petroleum by isolated microorganisms

LY 5K 10 X 15K 20 K 25 K

1# 3279+ 121¢ 47.16+135¢ 5831+ 1.57¢ 66.42+2.10 ¢ 7436+2.56 ¢
24 27.67+1.07d 35.74+1.09d 4263+1.15¢ 4983+143¢ 5436+ 1.66¢
6# 3851+1.34b 53.86+1.76 b 62.79+2.12b 70.68 £ 1.54 b 78.19+2.49 b
8# 28.38+0.88d 4501+ 1.14¢ 5123+143d 57.84+1.85d 62.17+2.04d
H# 4042+1.89a 5549+ 153a 66.82+2.14a 7536+234a 83.73+2.08a
CK 12.03£0.46 ¢ 1731+ 0.62 ¢ 20.21+0.53 f 21.08+0.77 21.16+0.74 f

T RPERERIME £ brfEz (n=3); [AFIEERAF 7 RRORTE p<0.05 KF LR, TERF.

1 0T, 4 BRI — 2 B ff g
J1. 6# K 1# 10 K B#fiR %18 3] 53.86% Al
47.16%, 25 RKEFfREEK 78.19% Fl 74.36%; 8# Fl
24 BB AR RCNS, (H 25 R MR ) ik )
T 62.17% F1 54.36%. VA 1R PR T 4 Bl
¥R, 25 RIEMEFIET] 83.73% . X ] RESEI N oh—14
PEE TR R B AU — e Y AN [ AP SE e, A
XFE— AR A YR B A AN R S ) R R4 T

TR G B FER A W B AR 2 = LR T R SEAR IS E T . 15
RIGH THREIEYE G T 58, AR ETE
21% Aidie o5 25 K 6#. 1#. 8#. 2# HEANE S5
AR ZAY R 57.03%- 53.20%- 41.01%. 33.20%
F62.57%, AWREA b7 T HAT
2.2 HiERE A HIEERE

P TR 60 45 Ach B P 7 - 358 o o i 40 T e o
KA B e g LR 2 FiEk 30w, 1BAT



826 +

s W40 %

£ 30 REMFERRRE GG R E 22, XL A
X B T, IR, 55971,
MRBRIE RV E FIAN IR, F il i) 25 o 2 AR HE 1 AR 4%
e P A A e g R /B 3 N A iR ) S A E
YIBEfR . 60 K 4 FhALFRM AR R S TR, B
HJO1.MJO1 [X BF##R 4% HOL MO i 15.48%
I 7.55%; 90 R LLJiG # Ab BEAT i 42 8 At 55 W A2
PR, X5 DX Il B BRI AR AR — B . 2 120
R, MOL F1HOL Kb R A 232 53 )i R L 93.50%
AT 70.61%. X2 K A X — I WA AR 5 v] LLIROSC, AR
SR PRAAR oA s, B E )2 R AR B B B
AR T RS IR S AR KA T, BRI R
V) SPGB AR IERIN T AP ) 2 AR s
ARG, A B A A R B B R AL R B
CAngy &) FHPIMR X i) b REUR. 2R
SR TAEND TR AR FA
B, AR L AR a2, 100 K,
HJO1. MJO1 DXWEIH R £ & 7008 HO1. MO1 X B4
T 33 f5F0 34 f%; 120 K, MJO1. HIO1 [X (¥ [
B MOL1. HOl #2517 43.37% 1 37.92%, 73 Hlis%
67.14% F1 56.92%. AMEIRA T RIHINA Ay e H ik
BT AGER . KRB ANAE CGRE. B
B, R BRI D 2SR B T IE 2 REE R
JETE S  EATTANO A i AT S ) AR e g, g X
FrhyG A A R iE A LG AR B
Rl AELE I B A NUICE A DO AN I AR B
FEPRAE T 78 A7 FRIE, 1 FL AR R 78 AR o Pl )
AT ECA AR, AT BRI L8 R A A g

B A 02 1 - 25 A R A Y,
TRAT e F B A

* 2 TEPEHAEHRITER

Table 2 Statistical figures of oilophilic bacteria in soil

Qb MBE (cfu/g)
40 K 60 K 80 K 100 K
K01 1.9x10% 6.3 x10%e 2.7x10% 7.8 x10%e
HO1 2.1 x 10*d 1.6x10°¢c 45x10°¢c 6.1 x10°¢c
HIO01 23 x10°b 3.4x10°a 9.5x10°a 2.1x10"a
Mol 2.4 x10% 13x10°d 3.5x10°d 5.4x10°d
MI01 2.6x10°a 3.1 x10°b 8.1 x10°b 1.9x10"b
% 3 SAEXAHERMEEE
Table 3 Degradation ratio of petroleum in treatments
yiSE] ML (cfu/g)
30 K 60 K 90 X 100 X
KOl  2021+15la 21.76+1.78d 23.62+2.06d 24.19+2.11¢
HOI 2096+14la 2461+1.18¢c 3278+217c 4127+1.56d
HJOI 21.07+137a 2842+123a 42.89+25la 56.92+228b
MOl  21.12+156a 2397+191c 3228+220c 46.83+2.69c
MIO1  21.17+124a 2578+132b 37.64+1.92b 67.14+351a
2.3 PERREMKRBIEE

XPSEIR e IR 4 BRBEEAT T BR TR AR o A4 3
AR, S AR 40 R Al B 5 e T
GE1# NIRRT REE, 24 O BCRBEE, of NI
wE, 8% MHFFRE.

R4 4 RIAEEREELER

Table 4 Identifying results of the four testing strains

LS B, A R =i il AN THIR Ehd J5 L Pty Dkehivad
1# | RN + + HerE KA + + + +
2# e YSLIRIN - - L4 + + + -
6# FLE RIAHR - + P + + -
8# R FATAR - + TP + + + +
3 i ) M 4 BB IRSENER S EE. 1T

(1) IR EYIMb > B TRIER) 14, 2#, 6# F1 8#
A BB, 25 R A TR B Ry s B
74.36%- 54.36%- 78.19% Fl1 62.17%. WL %E 4 B
WA AT R (Bacillus ), i 5 4 1R

(Pseudomonas), FifFEJE (Arthrobacter), B
J& (Microbacterium).

PHFRE IR A B IR T Y- E S B
AbPE 120 R AT 0 R AR R 2 A B 67.14% AN
56.92%, WG T BUFIIEERAR .

S k-

[1] Betts WB. Bioremediation: An alternative treatment for oil

pollution. The Genetic Engineering and Biotechnology, 1993, 13:



5 5 3] AR il e IR A MBS HARBIE ST 827

49-59 [13] Z=o, TR, WEE, T, F i i mEw .
2] ZFER, HEE AR NMHAYEE AR MG %+ HhBRRFE 5 IRER 4], 2007, 29(2): 214-216

B AhS RS AT, 2002, 31(6): 333-335 [14] 4BfEsth, S8, BER, ~PILR, XA, R, 20058
[3] EEM, fifiE, TRE, TEE, WA, LHM, k5. @& KA G L E s A B PR 9T. L5, 2006, 38(5):

DU A s Qe 15 5 4001, BRBE TF2, 2000, 18(4): 62-64 652-656
[4]  IMNKIE, RO Aahys g E BRI AR R, HAb e (151 XUTUR, Bk, BB, AR, RORE Aaim g s

JEYIER", 2002, 32(12): 4-9 BREEVENFEYMESE T — B RAT I A I K 4018 75 5
(51 WRae, 2590, SR, BRU. Arhis QR LS. Kk %o, R, 2006, 43(3): 461-466

AR, 2003, 29(5): 249-252 [16] fisl, ZiE, B Ahys Qe LIEEAVE S BRI, L%,
[6] AT4&, BT, Aahvs g M AEMBEE R, w4 505 2005, 37(3): 338-340

1%, 2001, 1(2): 50-54 [17] ¥hf, Y352, 25 i WUEYSRE. dbat &S 8w B,
[7] Margesin R, Schinner F. Bioremediation (natural attenuation and 1999: 92-95

biostimulation) of diesel-oil-cantaminated soil in an Alpine [18] WHENE, 727, ZepH. MmN RIS, EARER

Glacier Sking area. Appl. Environ. Microbio., 2001, 67(7): 2T, 1992, 13(6): 19-37

3127-3133 [19] WE&NEH, BRD7, XUZEME. SEAMor 606 Bl g 41 i 38 2% 4R
[8] Fan CY, krishnamurthy S. Enzymer for enhancing bioremediation W RERER N, 1999, 13(3): 176-178

of petroleum-contaminated soils. Journal of the Air and Waste [20] FEFRIAEARY RS, KRR KW 5 vk g 4. /KRR

Management Association, 1995, 45(6): 453-460 AKUEI AN BT i, 4 R dbat: b EIREERL2E H AR A, 2002
[91 Ding KQ, Luo YM, Sun TH, Li PJ. Bioremediation of soil 491-497

contaminated with petroleum using forced-aeration composting. [21] ZARFFER, W05, W AN RS %2 T Jbat: Bl s,

Pedosphere, 2002, 12(2): 145-150 2001: 343-378

[10] ZF2, TICR, WEWE, T, Aulm R ESsy (221 FHH, TkE SHRFSRRE A L AWE Lot
FMAEZHARWT. HEERFE S5 HIR, 2007, 143(30): 4-6 J'E. KR AE2EAR, 2004, 30(4): 55-59

[11] AR4Esy, Bk, fRA AL, BRN, Z¥em. LM 2307 (23] il SYREIAEMBE. Jhat 2 TR, 2002:
JE BB Y A S5 AR B ST 13, 2007, 39(3): 334-340 48-69

[12] ATHelE, PEEEL 07, iSRS EARMIR  [24] FRAE, KI5, WREREEEAL I b Bl
HERE. ARAbA0l K24244R, 2004, 35(3): 373-376 k£, 2004: 167-170

On Bioremediation of Petroleum-Contaminated Soil

LI Chun-rong, WANG Wen-ke, CHALI Li-hong

( College of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China )

Abstract: Four predominant bacteria that can degrade petroleum efficiently were obtained from the sludge in the sewage of Yan’an oil
refinery by adapting, purifying and screening processes. The degradation efficiencies of petroleum hydrocarbon of four strains and their mixed strains
were studied by the method of shaking cultivation. The bioremediation experiments of oil-contaminated soil were conducted by using soybean, alfalfa
and the mixed strains. The results indicated that petroleum hydrocarbon of four strains and mixed strains reduced by 78.19%, 74.36%, 62.17%,
54.36% and 83.73% respectively with the initial concentration of 10000 mg/L after 25 days. The petroleum concentrations in the experimental fields
of soybean and alfalfa reduced by 46.83% and 41.27% respectively after 120 days of bioremediation. The introduced mixed microbes increased the
biodegradation rate of two plants by 67.14% and 56.92% respectively. Soybean or alfalfa - soil microorganism- introduced mixed bacteria showed the
significant effect in the combined bioremediation of oil-contaminated soil.

Key words:  Soil, Petroleum pollutants, Soybean, Alfalfa, Bioremediation
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