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Contaminated Saline Soil

WU Tao'?, YI Yan-li'", XIE Wen—jun’®, XU Jie*, YAO Zhi-gang®, LI Xiao—bin

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.Shandong Provincial Engineering and
Technology Research Center for Wild Plant Resources Development and Application of Yellow River Delta, Department of Life Science,
Binzhou University, Binzhou 256600, China; 3.Shandong Provincial Key Laboratory of Eco—Environmental Science for Yellow River Delta,
Binzhou University, Binzhou 256600, China; 4.Department of Bioengineering, Binzhou Vocational College, Binzhou 256603, China)
Abstract: To provide high—efficient biosurfactant—producing bacteria and enhance the bioremediation efficiency of petroleum contaminated
saline soil, the biosurfactant—producing conditions and dynamics of a salt—tolerant Serratia BF40 strain and its remediation in petroleum con—
taminated saline soil were carried out. Results indicated that the optimum carbon and nitrogen sources for biosurfactant production were beef
extract and NH,CI, respectively. BF40 strain could produce more biosurfactant at 30~37 °C and pH ranged from 7.0 to 9.0. Biosurfactant was
produced during the log phase and producing type was correlated with cell growth. Surface activity of fermentation broth was significantly ef—
fective in the presence of 2.0% NaCl, and the value of surface tension and EI24 were 32.0 mN+-m™ and 66.9%, respectively. Petroleum degra—
dation experiments showed that BF40 strain could remove more than 50% of total petroleum hydrocarbons after 40 days in the soil with 0.22%
and 0.60% salinity. These results indicated that BF40 strain had potential used in bioremediation of petroleum—contaminated saline soil.

Keywords: petroleum contamination; saline soil; biosurfactant; Serratia species; bioremediation

YrFE HHA:2012-07-01

E&WE : IARA RIS TR H (2009GG 10006012 ) ; S i A& -5 H ([2010126) 5 INAAE h i AERFA R il 242 (20088509024 )
EEEIN 2% FH(1980—), 53 INZRF BN Ao s DO, SR oy i) SR is e L3 A )18 5 o E-mail : wisdbz@yahoo.cn

* BE1EE AKHIEE E-mail: yiyanli@126.com



2390 e

Vi, A TR B BFAO )7 SR 1T PR S A i i e bt i = e

20124 12 A

A 2 T PR B A B AR R
ARMTEHER PR BT APR TG R 2 5 kK
BERG KT IR P RS, BRI R TEK
VWA O EL, TR R AN S R S A R
fih S T AL S 4 L X e 288 B W A, A Tl T L R BE 1Y
AP SR B e D SR M A A U AT B Tz A
Zobell T 1946 4F-f5 L5 HL Gl A= 4977 A2 0 2 i i 4571
SEMAE I E AR IR R L 2 Y, 20 i
60 AR, A Wy AR T R A AL A5 38 B R
ARIWFFERL, SR, X6 118 i £R PRI 7™ 2 T 6 4 5 1Y)
HOEAEH D UL, Yakimov S5 1E — 7 e 11 1 14 571
AT R Bacillus , 0 AT 1A Rl . 2010 48,
Gesheva S5 gt 138 rpr 43 15 L — R BE RS I TS )2
AT 5 B ik Rhodococcus fascians A=3, % # %} NaCl
(TN 52 1k ik 9% , 31 HLRE WS FI FH 4 4G Wi i S v VA
ME— iR P55 B — b B i 8 TR PR o AR S
BT = A P A il TS Jeh ot Ak 43 h 0 A5 3 — bk
w8 it A7 I AR B Serratia BRAO, BIFSE T ™ A= 4y
RIMTEVER A 2500 312 RAE L K s A B 52 47
Y il TIERRHCR, DU S Eh T s
e LI A B S SR

| RS

1.1 EMiERE

PRl 2o AR R R AT = A A s e
Tt b 48 v 0 R A5 21— PR R A T B A TR BF4O,
NCBI %5758 JQ916906, 28 A5 FH A Ab i 5 Fl 168
tDNA JEH 012 55 5 v o6 R (Serratia sp. ) , 3
H ] G2 ) R R A O PR (CGMCC
N0.5236).

TEHLER W 1A ks 2 3 . KH,PO, 0.68 g, Na,HPO, 1.79
2,MgS0,0.35 g, T ICRIE G 1 mL,pH {HIH 2
7.5, K MBKESRZE 1000 mL, HPHiE cZ RS
CuCl,»2H,0 1.0 g, CoCl,»6H,0 4.0 g,ZnCl, 2.0 g, CaCl,
40.0 g,H;BO; 0.5 g,NaMoO, -2H,0 2.0 g,FeCl; -7H,0
40.0 g, AlCl;»6H,0 1.0 g, MnCl,+4H,0 8.0 g, % T 1000
mL ZE15 7K .

FAEEFRIE IR R 5.0 g, EEH K 10.0

g¢,NaCl 5.0 ¢,pH 7.5,

DL FHEFRIET 121 CCK B 30 min,
1.2 K 11

% N5 G A 5T S50 F A B0 A B
FJE 22 )2 32 (0~20 em) , FLIEABRAb 1 T L2 1.
HR A BT = AR b X 3R 4 5 5 A RRAE P B
SEEG - FEER AL B E  FARTT R T
HIHETF 45 CFTHE 4 d, 38 2 mm G IR 5T 5008 3 4y,
B & AN Y NaCl+NaSO,(BE/R R 6:1) IR 4™
IS A R %) S W A3 O - TR AT, T 40
CTFTHI10d )G, TSRS, L SR
1.96% (it kb)), b5l 0.22% .0.61% ,1.20%
B
1.3 BREEXT R A K R R EE R = £ R0l iE

¢ BFAO [RAREZ RN 2 45 R B 2R 1 R A s 77 0
BT 30 CEIRFEIR 180 romin™ 555 24 h, B0,
PR % pPIRE IR TR IR 3 IR, T A 1R % o s 8, T i
YHREL R 1108 A~ - mL™ [ BRI #1904 F i 4y
A LIS R TR AR R SR A
T 58 WA SR 3 S W5 2 4 N 1 S RS N S ]
Wi RERE JEMHZ 20 g- L7 A AR ST R
M IET7SBeRE 3 g L AL PA 2 g- L7 NHLCLERA
I5 B E 3 AER . JH pH {H 7.5, F 30 CfH
TRHEIR 180 remin™ K557 36 h, Il € B W 1 FR 1A 5K J7
AL FI 600 nm 4- OD {# .

PATCHLER ARG 23 3Em LA I E BR VA,
3 LA A B RS RN PR 2 R RN AR 1R A
Ui, FFVEEIE 2 g LA, B E 3 N E
5. BEFPE 1%, W pHAE 7.5, &F 30 CHERERIR
180 r-min™ 3557 36 h, & B Y R 5K 7 FLAKIE
A1 600 nm 4k OD {H.,

FEIE K I E T f R EEAE 4000 remin™
ZRAE R B0 20 min, KBREAA, T L1 JK99B 4=
H 3l 5k I3 A0 o T W R R K T o FLARE W E
e EZERAE LA S mL I ZER 5 mL
RHEW, ZEEIEY 2 min J5, &1 24 ho FHALE
(ERHHAMZH S ES R BREZ L, LU
100%i 15 .

1 il T EEAREL SR

Table 1 Primary physic—chemical properties of the tested soils

pH(H,0) h531% HHl/g kg BA/g kg /g kg B /mg kg BB /mg kg SATIE/mg kg
7.9 0.2 7.8 0.6 0.8 273 24.1 57.9
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PLTCHLER B AARESE SR 3 M 3emt, LA DB AR,
PLEARE R U, KR B 3R L 0146 pH (43 B =
5.0.5.5.6.0.6.5.7.0.7.5.8.0.8.5.9.0, #Ff&E 1%, T
30 °C 180 r-min™ 50 FHRIREEFE 36 h, W2 H 1
Femmink S FLARME A 600 nm 4b OD {i, L1342 pH {H
X BFAQ A A I T 14 777 A () 52

P il R SRR 439020 20,25 .30.37 °C, I pH {H
7.5, HABSEFRAAFINETEPRE b, LIS ER XS
BF40 Az RN TS P17 A= ) 52

W e e 35 % B NaCl vk B2 43 5 &y 0%
1.0% .2.0% .3.0% .4.0% .5.0% .6.0% .7.0% , Fofli 35 5
SR EFE PRI |, LAZEEE NaCl ¥R JE X} BF40 A&
R T 7] 7= A B R
1.5 BF40 F=REE MR35 Fi5E

PLTCHLER AR S SR 3 M Semt, LA DB AR,
PLSAR B R AR, A 19, 9 pH (. 7.5, F 30 °C.,
180 remin™ £ FHEIRIE S, FE 0.12.24 36 .48 .60,
72 h BURE 0 TR A 1Tk T FLABE R 600 nm 4b
0D fH.
1.6 AiMiTREEL TIERLIEE 0

M e R T R A 8L 1.96% , 1%
0.22%.0.61% 1.20% 3 P/K, LIARRERBE TR A I
B kR IR, 2k 6 AN BR, F A 3 YRk, EAARSZEG Ik
N RS 1.3 AR T A . B 10 mL A,
YIS A 100 ¢ £ 250 mL =) imA
NH,CI Fll K,HPO,, LIAN 5+ 38 N (P & 3% fdi 3
C:N:P=50:10:1°, %R 3 d BEHTC R K, fF 35K
RFLE 18%~20% (R kb ). BT 30 ClHER:#
LR AR 40 d,

AR SRR A A e R, E

o BARTER B10.0 g T4, SRS, D
AL RBGN, FIH E-916 PR 77 25 BU AR R
SEPPIR o FEBCREE A3 =1, 1 100 mL Z& 7K np
BEPIR , SCARAT AR, T JC/K B B S D8 i /K i 8T
PR B/ VAR R, SRR B AR, FRE A

[AE=N
[ESEENe

K FH JK99B 4= H g5k I3 A + v i i 2R 1
K J7. IR MW AIUEE S TR pH E R E
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% F SPSS 13.0 for Windows 48 1% {24 %t fir 15 %%
P TG o
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i R E R R A S PR IR AN U R A
Py T P R 0 o HA A

A IR X BFAO A& 8 2% 18 375 4 AR AT A A
FIsZI U 1, BRI HORFERRIEXS BF40O BREAE &K
AR, Hor DI A IR A K R T, A B
R, AR REME JEMT 7S Be RS Rt U5 T
WA FE A AR5 T A PPN A= P A=
FEAE PR A EE AR bR, LA AT DU N A R
G R Ry 200 i 1T AT RAE AN R
X BF40 kB 5K ) LA s Ak, o,
DAL RVE AR, K B R 1H 5K TN 56.7 mN-m™ [
% 284 mN-m™,EI24 {H 15 , i85 97.6%. LI
Rt R IATK )R 49.6 mN-m™ EI24 {5
60.0% . VA2 R TR 7S BER SR s
R 2R 9K 155055 (56.3~71.3 mN-m™) ,EI24 {# %
(11.0%~26.3%).,
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Figure 1 Effect of carbon source on growth of BF40 and surface activity of culture supernatant
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AR XS BFAO 2 T Y 2 T i P R R A A
FISZI AN 2 DR LR FIER (1 RVE D LR, BFAO TR 14
PRI T LIRS B4R R 2= P b fE /R . DL
b Ry B, R TR 2 1T 5K T fefI% , E124 {E i & o LA
PR R B R A TR A PR 2 0 R0 e e v 4 T ik
J1RENR %5 7N (55.7~69.0 mN -m ™), E124 {E A% (12.6%~
29.3%) o L5 R BFAO A A 4 22 T 77 5 LA
FAMIRR ARSI G, AR WA A CE,
X 5 Nie ™ Kiran 58455 —2,

AN TR AE 40 77 A 0 2 T 2 790 AR 1 e 1 24 7
WA . Kiran 2718 T ECR MSF3 DL 254 A ik
U, AR 0 U, 7 A 0 A 0 3 1 i 9 e e v o
MSF3 LIMEIH AR, LA PRk R 2 R IR RE
PR ARG PER] . Nie 25 A7 Y5 4t 1- 3 v 4y
B E— MR S AN T NY3, LA B I 1
R TH VG PR SR, R TRV AR 1T K ) T BRI & 32.8
mN-m™, Abouseoud FFMHEIA T — k2 A HL I R
1895-DSMZ DIMIHE I A bl , AR AR A/ 05 A=
(14 A 2 TR T M ) e, R R R T ) AT BRI &
31 mN-m™, EI24 {Hik %] 56% ., 1895-DSMZ D)4 % K

SRR IEANRE A AR ) A TS ) D DR Ay o A
1895-DSMZ 43 A HE A R S5 Rt R A AR, BRI T
KR pH, MR AL K . BF40O LA Z 4 HERE I
By 7S ke SRR T A s, DA R B P
TSR AN AN R 2 R SR,k R 2 T 5k 1 #F KF 50
mN-m™ DAA: PUE RIS AR E 2 R D  RUUR L K T
W T K 7 AT BE AR E 284 mN -m ™ EI24 {1 ik 3|
97.6% , % 181 1% P 15 T P i 38 A9 7 MSF31™ NY3!IA]
1895-DSMZ™!,
2.2 pHBREME A A KRR EEHEFI = £

A= W T P AR S P e A o A A, S
P2 IREE R T S MAAR K, pHL il BE FIER 70 S5 2 52 )
L 1) S R

pH X BFAO & eI 7 11 T35 P R A 2 K A 52
W 3, v BFA0 HAGH5E 1Y) pH 3 i, e
EEA pH ARy 7.0~9.5, R I IR X A K AT
il B pH BT, KB R T 5K 1 SEREIRE X
TGN, FLAAE SR IS FEAR . pH #E 7.0~9.0 Z [H]
KW AR K IR T 33 mN-m™ EI24 & F 85%, %
H BF40 7 H Pk K A B Pk PR A K A e, AR W 3 TG

100 10.8
o0l O kI ]
sl O EIR4 107
TE 70k —A— ODegyo 10.6
:éE < 60k 10.5 -
2§ sof 104 2
£ = 4o {03
E 30}
20k |7 4102
10+ —:EI 40.1
0
GBI [EaiTEy TRk JR%E ks
HUA

2 ®iEXT BF40 A B R EE R R & K=

Figure 2 Effect of nitrogen source on growth of BF40 and surface activity of culture supernatant
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Figure 3 Effect of pH on growth of BF40 and surface activity of culture supernatant
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PR fE R, 3% 9 Kiran 551D B[ PG 1 T TF 24 20
B ) —FR AL B 2R RED (Brevibacterium aureum )
MSA13 1 Yin SR K 0 18— A 2l
PRI (Pseudomonas aeruginosa)S6 HRFE—20, — M
Z2HCAN TR 7 A A W 2 D M R 5008 ELpHL S L D v
P, TR PRE S0 A0 7 ) A= R R T P 5 1 A
BF40 REAE H P K s ik ) P15 A 4 AR W 2R T it M 79
PR, AT R S A A AR IR A G IR R
A AR — DS e —E YL N, B A IR
OPANCING LY/ NS LR A ATRAL ) NV (7 RV X L
IR 3

T JEE XS BFAO T T 43 3 T T3k P R o AR A K )52
Wi Qi 4, FTLAE i, BF40 7EAIRT 30 CAF T, A
W FFLAL(E G . 7E 30~37 CRM A KT, L
W 5K 1T 32 mN-m™,EI24 5 F 90%, #H]
BFAO 7 30~37 “CE Bl N A= W) 2 I 1) 7 B s

100 41.0
o0 | 2 IS los
—A-EI24 :
80 10.8
T —+ ODgy
E 70 40.7
E§ 60 106 ¢
2 50 1052
E =40 0.4
® 30 40.3
20 H0.2
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hLEEC
4 IREX BF40 KB R EE A E R KB
Figure 4 Effect of temperature on growth of BF40 and surface

activity of culture supernatant
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T A IS Y S = BRI, v B
7™ T 2 T R R A TR T A A R O TR R
e )1 ARG AR A Y I A TE GRS YL &
ERIRBEHATAEYMESL M BT A BF40 RETE &
0.5%~6.0%NaCl ARG I AE K RAF(ORFFETT
ARG ARG ), B EmMERE. £5 1.0%
NaCl AR SR I, Rl 7 d 5, Dty R g 25k )
56.7%. BF40 7EA[A] NaCl ¥ F 5555 36 h Ji7 , [# 44
W FUR I R TS AR A AN ] 5 FR . ATLAE
BF40 7& NaCl ¥ (X T 6.0% 135 35 5 A= K BT,
24 NaCl ¥ JEIE N 7.0%H} , 55377 ODeo B B AT,
X 55 S5 % BT AR 45 5 — 2 NaCl VXS BF40 &
PR 1) 2= 1T 1 AN LA i AN [R] . NaCl ¥R B 0%

~7.0% , KI5k 17284 TG FElAE 28.4~67.2 mN +m™
Z [8],NaCl ¥ EAR T 3.0% 0 , K T 4 1 5K 7 3 i
N ALY 28.4 mNem™ _FFF3] 34.6 mN-m™, 24 NaCl 3¢
FER T 3.0%)5 , bk FIHGE TR o B124 AL G F7E
3.7%~98.6% 2 [d] , 24 NaCl ¥k & KF 1.0%0 , E124 FF
THTRGE A, Yo IR F) 4.0%8 , E124 F&{5F) 8.3%. {H
BF40 7£ NaCl ¥R 2.0%HF, 5B A #m LAk
fig, E124 4 66.9%, 1% 5 C B 1 i K E124 {H 65%"
R

FERER MR A B 2 2 K W BB T
JBpif , MBS SZ FE B A oty o R 0.5% TR &
2%}, S EALEL— B ARG gh . MRS
3%}, AEREER G AE P AR 25 32 BP0, LA &
SRR AL, FE A RE R e 11, BF4O RETE
0.5%~6.0%NaCl i3 h A K I, 78 NaCl ¥«
FER 2.0% 75 5A7 3 v (0 7L AR B A A AIK 1) 2 1hT 7k
J1o Manoj SFPI M AT IHIE Yl 1498 rp 438 — Ak R if
PARRIE DHT2, X IEEEWTE 0%~6%ER e T 30~
45 CHYMLEEE ™ A R HTEPER] . Ghojavand 4P
ATHT FH A3 B LR U et DR AR B 2R 1, X S
BEMSTE BT (55 °C) i Eh (10% ) BRE v 7= A 6 i 3G 2
7. Ghojavand ZE2HEIE T —HR T Eh 2EA0FF 5 1% 1 %)
NaCl P 52 PE B3k 10% , 16 & 5%NaCl #5555, &
T FE TR K ST AT RIS 27 mN-m™ . 13840 ZeIRag 50
Wi Fole A 200 T P R R 1, ol A ) — IR AE 8 3R i v 3
B B ReE, TEAB TS e T IR R RR AR A BOR 22
Sto BRI, XFTF 7 2R 1 R0 B R AE A kT e
B2 N R . TEEER RN 0.22%F1 0.61% 1
Herp S inTE BF40, HHEAR K E B E KT A
SRIR R, A IR R 8 B 50% LA I, 321 BF40 7£

E124/%
ODgp

KMk S /mN - m™

0 1 2 3 4 5 6 71 8
NaCl ¥ Ji&/%
B 5 shaxf BF40 R EER R E S A E A E K200
Figure 5 Effect of salinity on growth of BF40 and surface activity of

culture supernatant
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&5 e A s G 3R o HA AR KA I I 7 o
2.4 BF40 F=REEMEFIZ N ZF

TR AR TEA A R v ) 2 R i 2 B e I 3 T 5
71 E124 .pH FHEMIE ISR E 6, FTLAE H,
BF40 7EXF £ A K, e T 3 T 5K ) I R AT, 24
FEFRH) 18 h, RHK S FEZ AR, O 27.4 mN-m ™, fi
JE R KT WETT R . 7EHE SR 12 h )5, E124 113 T+
= 3 88.3%, Hid% 24 h J5 ik B F{H 97.6% .
B /ISR — Tl PR M 00 S 5% 5 9 e R T TS P
TR P BFA0 KRR /INVEAL S EI24 AR A
PEARE  FEH SR 12 h J5 R B2k F)] 7.3 em,
TETE AR AR KA E I, R B R T K ) (E124 AR i el
HARBA BT R . S5 R R, BFA0 1% £ A4 K M)
PR RGN . C TR A AR S A
PR ENETER Z B R, HATIE AR RS
Wo Patel 512V Zhang S5l 8 1 4 2 ik 58 0 18
(Pseudomonas aeruginosa ) TEA= 2 M , 15 B F2 € 1
AR TR PER] T 2 E N AR R
TR TG P70 1 7 A 5 TR AR L A AR DG IR, BF4O0 i
TEXS AR A e T T 5K ) [ R eI, HEvh L
PN E124 I5 B e, K] BF4O J7 A W) 11 1k

5 Al A R ek
2.5 BF40 Xt AiMiTEE RN TIENBLEENR
B = A PN ER B AL A 2 R AT R T G
B BRMAEYE R I, T T R
BF40 it #90] = A P17 i 75 Yeh e Ak - HE A sk AR
PIHEE SR, WS E R 0.22% .0.61% .1.20%
3K TE SR, 45 R L3 2. W AE H, 5
BF40 1) - AR R iR B 5w T HRKRR (P<
0.05), [&f# 40 d J5,0.22% .0.61% .1.20% 3 A~k &
AN BFAO - 3 i R B A R 0 S e R T
1 16.9% 25%F1 18.8% . K MFFE R , il 5 £h ik 15
PR HE IS P A S R AR, 7E B b it 0.22%
F1 0.61% - 58 rh TR N1 BF40, A3 i I3 W it 2 015 %)
50%L) I, %R AR (P<0.05), # 8] BF40 H
BH—E Wi tE, 7 s PRhE - e rh R b A= 953
fEATIMIERE ST . & 2 B nT 0, $500 BF4O0 (1) 1353
R IA5K 7 B KT H AR R (P<0.05), AW K 1
TR AT DU AR, B e S RE Y
FE A TET L, 2 T S W %o A ek P R 2 X T
REZUNIN BFAO k25 $12 2 - 38 A0 o AR e fit 2% 1 L IR
Z—

-k S1 R4 —A-HEWRE B

0.8 (a) 19
07F 18
47
0.6 7
=} 16 §
05F E &
g ER 15 &
S 04r =23
© K E 14 &
031 B 13 E
02t # 2 F
0.1F 11
0 1 1 1 1 1 1 | 0. L L L L L L 0
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B 6 EtkREEN IF Lk
Figure 6 Fermentation curve of the strain
R 2 0 BF40 AR & EhE T IEA M S EHEN TIEIRRIRREK I8
Table 2 Effect of BF40 on surface tension of soil extract and degradation rates of crude oil in different salinity soils
i PRI AR N
4 o HL/ 70
B X1 1 BF40 Xt 11 BF40
0.22 38.4x1.69a 55.3+2.96aA 69.1x1.32a 62.7+0.99aB
0.61 33.7+1.13b 58.7+3.12aA 71.6.+1.59a 63.2+0.76aB
1.20 20.6+0.89¢ 39.4+0.89bA 72.9+1.75a 66.2+0.63bB

T A 7RI BFAO [ 38 5 56 B - e MR PR A 2 11 22 57 0 3, P<0.05 5 B 7R NN BFAO (1) 1 38V 5 % BE - S8 W 3R T ok g 1 25 5 4

#,P<0.05;a.b .c FEERFZFIR RSN EHR 225 8%, P<0.05,
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(1)BF40 7= A= 1) 3R 1R P R el i R 24 N
ol AR AR A 30~37 CrHvd: R AR 318
AR, RIS YR R R . BF40 BEFE Y
0.5%~6.0%NaCl Ak RE Fe I A K BRI, 76 NaCl &
TN 2.0%EF, R EERATEA B m LA PERE AR
TRk 71, 2B BF40 7EM8 & M5 A1 M5 YL i35 o
AR R FHTE T

(2)BFA40 7E X500 K 0 Je i 2% 11 5K ) 1Lk e
ZRAR, HE B AR E124 A5 5 Sl , R bR A K
FasE W], R AR IRTK ST B4 HE B E AR A
FFg o BFAO FeImITEPER = A 5 20 M AR A S

(34 BF40 19 L3 i IR B R B 3 & T A
I BFAO () HAMAR . E G Eh R 0.22%F1 0.61% 1
Erp U BF40 1 38 iR R AR AR S 2 50% L)
I, B BF4O 7E i 3h IR 5T R b B R AL A W
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