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Abstract :

Isolation, identification of oil degrading strain Z,a-B and its application in oil-polluted soil bioremediation

High-efficient oil-degrading Z,a-B strain was isolated from the oil-contaminated soil which collected
from Shengli oil field in Dongying Shandong. The strain was identified as Albosporus in Streptomyces based on its
morphology and cultural characteristics, and the oil degrading capacity of Z,a-B was analyzed by GC/MS. The 60
days of indoor bioremediation experiment were conducted on oil polluted soil to investigate the effect of experiment
conditions on oil degradation efficiency. The results showed that Z;a-Bpresented perfect alkana degrading capacity
with oil degradation ratio of 66. 4% in {lask cultivation. The optimum nutriaent addition was KNQ, of 2.50 g/kg and
K: HPO, of . 35 g/kg , correspond to N/P weight ratio of 5. 57 : 1. 00. under this condition, oil degradation ratio
could reach 63.5% and dehydrogenase activity reached to 2. 99. the highest oil degradation rate of 76. 5% was found
when inoculating 5. 5 mL suspension (2. 7X 10" entries spores per milliliter) into 100 g oil-contaminated soil sample
(oil mass ratio of 3.3%, pH=8.5) at 28 'C. Dehydrogenase activity could selected as test index for evaluation the
bioremediation performance. In the outdoor natural bioremediation experiment, composting the oil-contaminated soil
with adding microbial agent, sawdust stalk and nutriaent, the oil degradation rate could reach 69.9%.
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Table 1 Basic charactcristics of the test soil

g N M P

WA oM gkl SR
(mg+ kg™!)  {mg-kg™H kS é
BE 6.5 63,5 3.6 - 3.3
1.1.2 ¥EHRE

/T LR TR R B SR B NHINO, 20 g
K,HPO, « 3H.0 1. 97 g, KH,PO, 3.0 g.MgSO. « 7TH, 0
0.1 g, TAKCaCl, 0. 01 g, Z__ M Z R ~ 4K
(Na, EDTA « 2H,0) 0.01 g, & (B F) i H R )
0.2~1.0g,H, 0O 1 000 mL,pH K837,

WMEREAM/ YR REEREP DA
1. 6% (B8 47 B0 89388 » ) B i -4

HR—-SHIEEFE. B ERES 20.0 g,
KNO, 1 g,NaCl ¢, 5 g,K,HPO, 0.5 g,MgSQ, - TH,0O
0.5 g,FeSO, 0.01 g,Bifg 16 g.H, O 1 000 mL

DA b33 SCER(9 JBL & .

2.1 AHMEREMEEER

PAEH A FRERHE i £ 8 5. 0 g. 3 A 45 mL
A/ YRR ARG FRE S, BT 28 C 180 r/min
EERERTEER 7d. WEXR SN (EESHT
) A 2 7 B BRORT — K B AR VB AT B8 B9 9 /R AL
HREEREP, HEHETIKRELR YL BK 7 d.
3 WE SR HE SR AT AR A /T ML SR VR A B g B b Y
AMBEREZRSRE, A H1.5.2.0.2.5 ¢/L.
1.2.2  fiH R i AT () 43 B9 07 6

RABBEHRE 2 EAMERE. BRG
— R EENFRE TAMBEERE, | 1077,

107°,107° 3B EWA 0. 1 mL ¥4 T F ik
E, BT 28 CHRBEFABHNER, BB 12 h WER
MEEENEKEL BIMRRERKR 2AHMEES
B, M EREKEEEN, ERAFRGELES
AL F BT 7, 70 AR B AT B IR R B, DAk
BRSO H A E R RET
BR—SHEERE LH#TH - IE.EL.EE
WEE, R

1.2.3 A ) A B8 00 55 3R B 0 i AR R 00

B EFEAN AR A TFRR /A
BEHATEBRRES . BEEN, &3 Bk 8k
WERFWETHE ;B3 mL EHEAZEA 50 mL
A/ AR R R KR IR 2 AY 250 mL = MM, T 28
C.180 r/min¥s#F 14 d. HIBEFRKER 1, #1174
W ET . IREMEN . EA 3 L TH
IK A i/ THLER R B S = B X IR(CKD
1.2.4 AMWASTWT

7E 250 mL 5 FE R F A A 50 mL o h/FTCALER
WAREE FECHMBREKER 1.0 /1) 4 F 5
5% (ERAE.FHD,F 28 C,180 r/min$E KK F*
14 d, BB EABEW 2.

% HP5890SERIES [ 5,48 23 {X f1 HP5972
RIESGETHRBRAI R AMAS . BREER
2 A 20 mL 710 B ZEERUE # 17 GC/MS 3, GC/
MS & {4: HP-5 AR E 4 E 1% 4 (30 mX0.25
mm X0, 25 pm) . He S HEEE TR E 290 C, &M
BHIREE 300 C T BT 418 80 C.HE 5 min f§
L3 °C/min #ZE 2950 C,H{%E 10 min,
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Table 2 Factors and levels of no repeated
two-factor experimental

HE
mes KNO; Hing K. HPO, #i#
/(g kg™ /(g kg™h)

1 0 0

2 0. 85 0.20
2 1.25 0.35
4 2.50 0.30
5 3.75 0.65
6 5.00 0. 80
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Table 3 Factors and levels of orthogonal experiment

H#%
7K B pH B AR R
(Ay/ C (B /% (D)/ml.
1 28 7.5 3.5 150
2 30 8.5 4.5 300
3 35 9.5 5.5 500
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WERRFRBUEI 14 100 ¢ B FHERBR+ 7% 121
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E BATREAK G KERE 200 RESHT
FD.BRMEBEK 2 K. ERKERRFE 20%, 7
WHHTHHE  HFELEFEREEN 2 com HHEEK
fl. BRERQHFHEER 2. 7X10°4/mL . L
AE NP AREFER, A pH MEEENS
BXR(CK3) ., F5 60 R HE, U E A % #
SRR A REE

(4) AR E

AMPERES RSOR2 7 ENE.

(5) BEmTEENE

TSRS MR AR TTC S M7
W k-,
1.2.7 AMBHRTENEIEREREDBRER

B LR SEN ER B LR NP T
4 HBEMHAEGRER OB HEMT 20 emX 15 emX
WemAZBEPHTEIEBEREHAEYBELR.
AIAEMER, AW MEE R FEFF AR NP AE K2
A Xt B (CK4),

LM pH A 8.5 BRMEREK 2 K, i+
BEEKERIFE 204, BRHYFITHEH, H 4 18
IR 5 AL A WK FL A8 A A AL R E R
M TFHEER 2. 9X10° 4A/mL, SLIEATE N 2009
£5A15AFZ7H15H,
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MERE. & NZiaB, Za-BR KGR R AW
MRt S, MBS AR ZaBRETERM
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&, EAMERENERIRED, REHEFRAE 10
Kot ZaBEMMWE L &5 A M BE LA, Tk
FILEFEAR B, Z, a-BE KA X — H1E
13 FAE AT A A2 9 A b Bt TERR R o
T A R A WU O B T R R o R A R BR
2.2 ZaB#kR

XZ a-Bor B R AEE LA BB EE SN
EHTOLEE. MESR—SHEEFEENE
BESOLE D . BFEEHE MR EXFLIR
wE TER. HER/N.BRNR0.5 om, MEBME
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Table 4 Experiment conditions of composting test

42 oy =2 THAR BAAE ERAR BIAR KNO; ®ing  K.HPO, g
HKEYS /kg /mL /g /e /(g kg™ /(g kg™
1(CK4) 20 2
2 20 2 110
3 20 2 110 2. 350 0. 35
4 20 2 110 120 30 2.50 0. 35
R5 Za-BEAKKARERERL
Table 5 The degradation ratio of oil by Z, a-B strain
Bk KRB MBAMmEE/g BREBOHMRAR/g HMEAEE %
7. 0B HERBFHAMBHAL. AMSER R HBHFRHH 0.912 0.306 66. 4
: W EXEEJLPFEARRME,; B3 R A ’ ’ ’
CK1 FFRE D OMARI AL, Sl Bk 0. 245 0. 200 18. 4
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Fig.1 Cultural characteristics of Z,2-B on gauze No ¢ 1 agar
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Fig. 2 Monomorpha cf Z,;a-B in microscope
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Fig. 3 GC/MS spectra of oil before and after

degradation by strain
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MEYFE AR, Y AE M NP R A ERERN
17. 8% WA ANE R N 5 P #MRE MM NP JF,
THERRHEAE. B NP RS SRS A
i RE LR M N 8 P &8 NP Em
BEXEMHZ B3 A MA B, BV NP &R mn&
S5EMBERZATAEMAMERFAXR, MEF
E—TEFAENBEERMEE . AFRP NP
HEREHMAE I KNO, 2.50 g/kg. K,;HPO,
0.35 g/kg B N/PUR &L, FRED A 5.57 ¢ 1,00,
XEMEYHBTEARPTN/PAL.67: 1.0OTR
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Table 6 Effect of N, P addition on oil degradation %
_— KNO; #inft/(g - _kg“i i K3 R4 R2
0 0. 85 1. 25 2. 50 3.75 2. 00
o 0 17.8 33.4 41.6 56,7 36.3 31.6 2.176 0. 363 0. 055
0. 20 31.7 36.6 47.8 57.3 37.2 32.3 2.429 0. 405
KE:;;’; 0.35 35.5 35. 8 44.5 63.5 38.6 33.1 2.510 0.418
/(g kg™ 0.50 31.9 34.5 42,7 59.2 41.3 34.5 2,141 0.407
0.65 29.8 32.3 41.1 57.4 38.9 36.7 2. 360 0. 393
0. 80 27.7 30.9 38.9 55.5 37.6 35.8 2.264 0.377
K1 1.742 2,035 2.566 3.496 2.301 2.040
K2 0. 290 0.339 0.428 0.383 0. 384 0. 340
R1 0.293
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A, BE R B F h M R 3K 63. 500, A RTRE
B, Y EHN/PH 5. 00 1.00~6,00 : 1. 00 Af,
KBEEEMEIWER. BEARRTELIH, Y
N/PFE 5.00 ¢ 1,00~6.00 = 1. 00 B, A I R R
WLRAK, &0 NP (B4 4 AKNO, 5.00 g/kg .
K, HPO , 0.65 g/kg(Bl N/P %} 5.86 : 1. 00) B , /&
MR BN 36. 7% . XATRERMTF N.P &t
B, ST {8 7 il R A T T R R I A SRR TR R = L AR
TFTHEHXAMEEY R, FA. EXTAamERT
BEYBER NP HRMERGEIRE T A W05 Y3
WHHEHE,F C/NUEE R .C/P (FEH K
N/P #EEHMAEVHTRE.

2.4.2 N.P¥MEX - IMEENER

TEBRAWEENRBAN TARNEYE
18, I 20V A T LA O 3R OE A v B A T TS
KT NP IR % 1 48 0 SRS MR i A 0 B AL
WMEELWERLE 7., R 7N, BT N =&
PHFEREMNPE, T ERAWEEHES TH
B, H NP R e X W0 A B S
P, 0] 0L NP @ hn 2 5w 3 I SR i e R
HE. ¥ N.PHAMEHS HKNO; 2.50 g/kg.
K,HPO, 0.35 g/kg &}, + R E W EHEAREME,
2,99 pl./g (LLH 3, FFHED,

MR 7 BRI, N RS AT R (R A
0.013)EEFETF P (R250.003), A, 54%E 5 ik
6 FEAT 14 i OB TS T 5 A T B AR R Y A S M AT
RENFERFECH 0. 97, HULTET WL, + 5 S B i M
BB T HURAE £ 38 A V5 4o AL W B R AR R A Tl
PR TR A IR S, T 3R AE A T PO R AR 1 B
2.5 RAELHEHEERELS

RENAMBERARFMHERLRERNE
8, &MisE,CK3 WATMMEMEENR 61.3%, LIEH SR
B PERL. 98 pl/g. B3R 8 AT, RIBR 244

ROEWMAMERMEN 4 M HBERE D, XA ME
RS BB SRS WA /MRR ISR pH>E
[LESHHNEMNESEE . SFRREN A HER
RETEREMEENE WEERE S, Bk
B F 4 438 IR UG 06 PR 52 2 0T DU R BR Z, 2-Bi A BE
fRPERE , RUIE A MM R, H BB SRS
e 55 1T LME N B A MG I+ B E B E 3
RNBERRIEIRZ—.

AMBERNREAEEREHAS N ABCD,,
BITHe 7 Je R B 4 3N 3. 396Ky 100 g R pH
E 85 RARHN 300 mL WHREMTKRE,F
ERMMFHEEN2.7X10° A/mL HEF 5.5 mL,
T 28 CPHATHEYER., RARMNREREYS
EHTRIEZE. WA A MERERS TERZR
R REEIRR(TL 7%, 0FE 8.5 76.5% .
2.6 ENAAMHNAMGEIN G HERAER

OWMEE T EEFIAREREMEREHA
PR AR E 4, HE 4 0.CK4 RS HE
AN, B 60 d MALHEG AR E A
FETE2. 8040, AR IBRRAL N 15. 7%, 7 1 B R
FEKERE TN EMEYEMENE. A
WMREMR ETIE . 24 60 d ML, LR A
HMEESEA LSNER . AMMEMEEN 45.8%, 1%
IR B SME Y R T 8 G R E s R
FERIMAE AR FEFF AR NP J5, Al G R0 &
BTHEHMA.ZiT 60 d . T AMERES
AL ONAER AMBESREN69.0%,

TEHE T BB B FE AR SR (RS AT L & NP
BEE T, LR AW E B AR TR, WM A
HMEBRTHRREZE, RAAER BHHFNERT. A
TR R BN IR E ., BAREFANAD
THRE WK, AW R RS S A
fbl s, R IN—E W HEE S, R FETE

R7 XFNPEMENIBRERBERYWNLEENARIRER

Table 7 Effect of N, P addition on dehydrogenase activity rL/g
e : KNO; #Emi /(g - kg™ P K Ro
0 0. 85 1.25 2.50 3.75 5.00
0 0. 96 1.42 1.97 2.61 1. 86 1.34 0.101 6 0.017 0 0. 003
0.20 1. 36 1.71 2.18 2.83 1. 89 1.41 0.113 8 0.019 0
K, HPO, -
T 0. 35 1.54 1. 89 2.34 2.99 1.96 1.51 0.122 3 0.020 0
/(g kg™ 0. 50 1.38 1.52 2.05 2.92 1.91 1.43 0.1121 0.019 0
0. 65 1. 19 1.39 1.95 2. 84 1. 90 1. 38 0.106 5 0.018 ¢
0. 80 1.07 1.32 1.91 2.47 1. 89 1,35 0.1001 0.917 0
K1 0.075 0 0.092 5 0.124 0 0.166 6 0.114 1 0.084 2
K2 0.0130 0.015 0 0.0210 0.028 0 0.019 0 0.014 0
R1 0.015

. 32 .



FAEHE AHMSLIHEEYEERZ 2 BHNABEESREIEHR

F8 LGHEXXBERSBRESMN

Table 8 The result orthogonal experiment and range analysis

%iE E = AR i%@ﬂﬁiﬁ&_ﬁl&
A B C D /% /Cul - g™h
1 1 1 ] 1 62.2 2.09
2 1 2 2 2 71.7 2. 46
3 1 3 3 3 69.6 2,27
1 2 1 2 3 65.9 2.19
5 2 2 3 1 70,2 2.31
6 2 3 1 2 65. 3 2.11
7 3 1 3 2 68. 5 2.24
8 3 2 1 3 67.9 2.22
9 3 3 2 1 9.8 1.99
k1 2.155 2. 086 2.074 2.042
k2 2,134 2,218 2.089 2.175
bl 3 E ] k3 2.082 2. 067 2,203 2,154
HERA Kl 0.718 0. 695 0. 691 0. 681
K2 0.711 0.739 0. 696 0.725
K3 0. 691 0. 689 0. 731 0.71%
R1 0.021 0, 050 0.043 0,044
k1 6.82 6. 52 6. 12 6.27
) 6.61 6. 99 6.52 6. 81
A B 4 Bl k3 8. 45 6.25 6. 82 6.68
T A I K K1 2.273 2,173 2.140 2. 090
K2 2,203 2.330 2.173 2,270
K3 2.150 2,083 2,273 2,227
R? 0.123 0.247 0,133 0. 180
o e MR A EON 1. 2% A R 63, 9%, 3
. R s bk Rl M MK TR R AR RO IR SN R AR M AT R ALY
30 Mk R(76.5%0) . X R H T EINARFHR
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Fig.4 Results of composting test
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