EA) B LA A T Jan. 2022
2022 1 8 Modern Chemical Industry <111 -

= AR ERES

R R FIE S E & E

P H FF UL B 32

w2 R WAk L% MR W
(1. % ITRKFIRIELSLFIRLR EH G5 710048,
2P E B HK KR BE >N AL LARRE, G 8§ % 710048)

ST N DI 122 M IX 10 23 B PO A 0 1 BR RS AT G AR B 78 e JLRE AT T2 B A LA B IS FE 43,
HEBRSE T MR O DI RO 0, 25 S0, S As 310 B RS EE Y4 bk 22 8 B Candida aquaetextoris ) |
S o X R 4% P 060 7 TR A5, 150 80 2 1 e WA A A < pHL K 7. 2 TR 30°C BRI Ny 6. 25% , TE A1 T, e
T Y4 BB AT IR IR AE 77 , 7E 5 TS S 2 T ELAT 1 K A B R

SR L ATIN KRR PR M 5 R T S0 DU 5% W T 43

HESFES:Q89 SCERERAEAD : A
DOI: 10.16606/].cnki.issn 0253-4320.2022.01.023

X EHS0253-4320(2022)01-0111-05

Screening and identification of high-efficient yeast for degrading petroleum

hydrocarbon and optimization of its degrading characteristics
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(1.School of Environmental and Chemical Engineering, Xi’an Polytechnic University, Xi’an 710048, China;

2.Changging Oil and Gas Technology Institute, PetroChina Changging Oilfield Company, Xi’an 710048, China)

Abstract : A high-efficient yeast strain for degrading petroleum hydrocarbon is screened out from the oil-bearing soil

in Ansai area of Changqing Oilfield. Its physiological characteristics, biochemical characteristics and ITS sequence are

analyzed ,and its degradation characteristics and its degradation performance against four components of crude oil are

studied.It is shown that the target yeast Y4 is Candida aquaetextoris. Through response surface optimization to the

degradation conditions, the optimal degradation conditions are obtained as follows;pH =7. 2, temperature is at 30°C and

inoculum amount is 6. 25%.Under these conditions,the yeast Y4 has a good ability to degrade petroleum hydrocarbons

and has great potential in the field of petroleum pollution remediation.
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response surface analysis

A R A E AR IR, 5 TS Y H A
WIGIEAR LS4k, R S AL A W5 Y B
IR ARG AY E T B Bk X e ) R
AT A 3 R G0 N S R T RS ) ) BE AR
PR MIABE AU R R, A B 5 B A
iE ORI e et NEAR BVE, O
JERE T E YR sl A DTS e aE

AIMTE R ERAR S R ERYREZ K
BB A e LA A7, A TR PR G 3l R A MR T
SN D s s RGN Gact 7/ B S R I P S
W98 E B TP PR AN B I H 2 L PR X A i K

o 22 N5 & 5 T I R 4 Bk i e i A2 31 T Mok K
FEU R B N R IR A, T AN, X SR
W) SRR A, BEARAZ = 15 Y B ey ELIN =38 35 1, 7T A
B S IS BB SR AR
T EE A7 YR 2 P 498 v 077 6 43 5 75 281 A foe 2 9 114 11
LIRS e IR A i e AR G R s R . X
AR R B A R B AT TR, R 15 d
XTTE R A AT 3K 63% , 28 AL I v 75 e iy 1 8
HAr B R 1 RRBENS R A i i R B, O H
iR A5 AR LA ONT JE 3 D 20 43 Y B8 A 1 DL HEA T RIS,
B B 7 IR 18 P 10 S PR g AR R

Yrfm B H3.2021-08-31; & HHA:2021-11-05

EHETE . E A M2 F H R LI N8R -5 78 T & SRR AR B 5T B I (2016E-1204 ) 54 BRIl M 24 & 5 000 J7 t FRLef = i AR

58 5 M H (1602-1)

EEE N TR (1996-) , &, WA, EZMNEAE TS Y4 P 502485 13 05T, 17729506790@ 163.com; PG (1973-) , 55, i+, ml L
B, FENEAE T YA SEBEUT mIREC R A, 511673600@ q.com,



- 112 - FAX AL L

1 RS

1.1 IR

JELSH SR [ K DS T HH 22 5 iy Xt SR 3 H: 3 s
th 5 757 I A K P I 2 2 M X SR i 3
B S e )

1.2 EHFE

T [G R 5% 45 KH,PO, 1 g, MgSO, - 7H,0
0.5 g FHEHMES g A 10 g 1% AT IMPr L0 K%
W 3.3 mL ZEME7K 1 000 mL ., [ 4R pH, K5 115
FIPINAFERE R 30 wg/ml,

Tk 572 4 (YPD) . BEREE M 10 o &R A R
20 g FHZIHE 20 g ZEMEK 1 L, AR pH, (FEAKE 3R
FTIA 15~20 g TEIEH) .

TeHLERREFR%E . K, HPO, 1 g KH,PO, 1 g MgSO, -
7H,0 0.5 g NH,NO, 1 g.CaCl, 0.02 g NaCl 5 g 7
WK 1 L.pH 7.0,

1.3 KA E
1.3.1 BEHH 5B FL AL

B 10.0 g &9l 5, A 100 mL K& 5 T[S
RFREP (% 30 pg/ml 88FE), BT 28C,
140 /min FER TG 2 d J5, 1 mL /W T
100 mL KE 5 T RIGFR I M) SRR gk 2 AR 45
F22 do SRJE BRI T o g alifh B o 25
(ERTR 43 HITE YPD MARIG TR b33 JF A HG o5
R I0 22 R R HE 39 422 3] JB 3 o £ 2 B0k
1% W TCHLER B 23 P 76 30°C 140 v/min /7%
fife SN, 7 d e A B R X A R Y R A R BE
H AR
1.3.2 HHER

A PR S BG . SRR R R R (R W 2 S 5 T
WY A4 AR ST 2 plE S G A B A b ST 0R
ik,

O3 F U8 OFF H PR R 2 BEPY TR R R AR
BHEABRA @47 1TS 43 F X5, 3 MEGA B
WERGEEBR .,

1.3.3 &G mEen e

KA EERIE , 2% BB A sk ik,
1.3.4 AKkdyLnz

PRIUEEFF #3100 mL AR YPD B33k
28°C 140 r/min #& K35, 24 0Dy, = 1.0 I, B
5 mL i FRMF] 100 mL & YPD 553R3 | 4ksLbn
PREGFE B3B8 2 h BUREI G 0D {8, AN N0 B 8 5 5
ok il N NS

FRBH1H

1.3.5 A GMAF R

BBL L AT A Y R A A B o 1) TR AR Ol E A A
PR R R R R A TS

(1) R

B E R IR pH R 7. 0 W 30°C F8 IR 55y
140 v/min B I 2 F 5h 3%, W46 pH (4.0,
5.0.6.0.7.0.8.0.9.0) ¥ ¥ (15°C . 20%C . 25C |
30°C \35°C ,40°C) 1R A Fh i (1% 3% 5% 7% .
9% 11%) XTHEFE 7 d BIFEARERPER 2

(2) ma Rz T fE Ak

7B R R A e B, % 3 AN R AR K
PR AT W 7 TR IR B o LA Y i 5 Sy i R
FH Design Expert 8. 0. 6 {4 4b 2 55 £ s, 44 24K
2 ARIRY BRAT H AR P AR I S PR A 2 1, HLAS )
RIS b 1 S - AL A VAT S b S
£ 1R,

F1 MEERBEZKER

H#
K- —
pH R/ C PP/ %
-1 6 25 3
0 7 30 5
1 8 35 7

1.3.6 &Gk o 6 it
B2 0T VO E AR E A TR W P 4H
EEYT R A

2 HR5IE

2.1 BEEFEER
A 5 il - S P R A W AT S O 1, 7 E)
Y1.Y2.,Y3 Y4 55 4 BRIEERER, 25 TS B e Y

REAR AR N2 2 R,
F2 AMBEEMNAHENMERIR
Btk Y1 Y2 Y3 Y4
FEfR/ % 40. 16 43.03 62.02 69. 84

IR 2 WA, 4 BRI BR TR 1 AT — 2 i R A
TMIERE ), Horp Y4 B REAR 3 5, 353 1 69. 84%
RO R, SR RSB DA R Y4 VR0 BARER A%
2.2 HHYdHETE
2.2.1 AHOTBEFHIE

Y4 7€ YPD 5555 L RVE R & F40 i 28
B 1R, HE 1(a) Pl LIE, WEESZEA A



2022 F 1 8B

@, BN RO, B0, W% 578, hIE 1(b)
AT LU A A B E PR, EAR2T 15 pum,

?
S
'Q
() BITE L2 (b) T2
M1 EhY4EERA
2.2.2 ARANLER
Y4 ARSI 3 R,
K3 B Y4EBBEUER
A
iker L HEM H M
. ‘ + .
Bl
WaME FUME RERE EHRM B RS
‘ + + + +
HiAly

Wk W sifeE JRE OB wR O

g% RE KB %R Wl ke m
- + + + + + + +

7 FRR B, - R B,

2.2.3 TEEER

Y4 1) ITS JF5 28 Blast FEXT, %55E Y4 MR 2R
BRI R, H 5K AR 22 W B ( Candida aquaetextoris )
FTRIIEPEIRF 99. 78% , 254 BRA AL i B0 25 2%, i
E Y4 NIKAAR 4B, ( Candida aquaetextoris) | FH
MEGA BAE E HAH SCFhJm 19 R Gt & B, aniE 2
NS

KJ183075.1 Candida sp. Y4
KP243194.1 Candida sp. JS3

7ULKJ651205.1 Candida aquae—textoris strain ATCC 201456
FJ652102.1 Candida sp. S27

K(C290944.1 Candida aquae—textoris isolate S527

Y4

41

52

JX129175.1 Candida sp. TH1

DQ249201.1 Candida viswanathii strain CBS 4024
KJ706734.1 Candida tropicalis strain DBMY517
MW 709487.1 Candida dubliniensis isolate ilial2

—_—

0.020
K2 X 16SIRNA FH MENE 4% Y4 24
KB

HFEF S CHRRFEESENMLEE RERBRFIEIIHR - 113 -

2.3 EEHE Y4 ERKEEHR

HERE IR Y4 HA i AR B i R, Hok K
KN 3 s,

2.0

1.5- /
10
o

05+

0.0

2 4 6 8 10 12 14 16 18 20
Al /h

B3 WAk Y4 WAk

HE 3 AT, Y4 XTI 2~ 12 h fR e
W12 12~ 18 h, JEIH AR S 00 b 52 09 TR B AR 3
Ll B PER e , WOk #1597 8] 8 ~ 10 h Ay T HEAT
2.4 HIMEY4EBEGERLER

XoF 5 W G A= ) o e T P I 2% A R A 7 1t
55, G5 R NE 4 PR,

100

70t
60 \{ ;
40F 5

FEfRE % 1%
3

100
80

70-
60_
S0
40f
I —i

30

R %

10F

15 20 25 30 35 40
RE/C
(b) WA

100
90}
80} i

70+ —

60F +—

sof

o0}

30}

20}

10}

]

R %

I 3 79

%ﬁfﬁl%
(o) HRtt
M4 FREEXNHE K Y4 RAZRNTH

pH AL 23 82 i 858 v A W) 5 SR ) o 11
AT SR A AP 2R % Al LR G 11



114 - A AL T

P, B 4(a) AT%0, 78 pH ol 4. 0~7. 0 B} A7 5%
W, pH K 7. 0 I, FEAR A 3 70% 2247 pH
T 7.0, BRI IR T B, Hlums EREAE pH 7. 0,

T 25 RO W e A A A, T R i AT RAIR
R S . R 4(b) AT, AR Y4 7E 30°C
I Xof A Y A R A AR B -, KRR 73, 45%

HE 4(c) ATAL, SR TE 5% ~ 9% B, K fif 2%
Mk 2P ge ka3 MR i N 5% 38 T2 9% i, [
AR TE T 3.63% , 5 & E A LA K ER AR T
i, AR R 5%
2.5 MEEIRIELER

M 1 TG Ak ey 58 S s R gk 4 Fow . A
BRAEXE 17 A~ SI2 56 A5 RIRH 0L 118 [ i 26 00 45 22 O [l )5
PIA 52 0 IR Ty 22 4y BT R e 5 iR,

®4 MEEXRFTRSER

F5  pH(A) RBE(B)/C  HEME(C)/% BERE/ %

1 -1 -1 0 64. 36
2 1 -1 0 66. 23
3 -1 1 0 57.78
4 1 1 0 60. 76
5 0 0 0 77.58
6 0 0 0 76.33
7 -1 0 1 78. 26
8 1 0 1 80. 33
9 0 -1 -1 58. 88
10 0 1 -1 40.79
11 0 -1 1 70.57
12 0 1 1 67.67
13 0 0 0 76.13
14 -1 0 -1 52.34
15 1 0 -1 57.3

16 0 0 0 75.49
17 0 0 0 76.51

RS5 ORARBFESTER
JIEKIR CFUTR AMEE ¥r o P P BEN
MR 1655.36 9 183.93  669.69 <0.0001 * x

A 10.35 1 10.35  37.69 0.0005 =
B 200.40 1 200.40 729.66 <0.0001 * x
C 679.70 1 679.70 2474.81 <0.0001 * =
AB 1. 11 1 1.11 4.05 0.0840 Rt
AC 2.77 1 2.77  10.09 0.0156 =
BC 12292 1 12.92  47.06  0.0002 = =

FNBH1H
A2 56.72 1 56.72  206.52 <0.0001 * =
B? 404. 81 1 404.81 1473.94 <0.0001 = =
c? 219. 81 1 219.81 800.33 <0.0001 = =
B2 .92 7 0.27
KA .42 3 0.47 3.77  0.1161 RE#
afiiR 2 0.50 4 0.13

BASSE 1657.28 16

T« KR ZERRE(P<0.05); = +» RRERWEE (P<
0.01),

X 4 I EE T Zon AR Lt A LA 15
FWRENE SRR

R =76.51 +1.14A - 5.01B + 9.22C + 0.53AB +

0.83AC + 1.8BC - 3.674> - 9.81B* - 7.23(C*

25 AT, P<0. 000 1, %A T 5 5 5
HiZHRIJAIR P=0.116 1>0. 05, 22 A 3%,
VEZ AR T AT, A B A® (B C* X I (14 i 1
<0.000 1,50 & 3, 28 HI AC , BC %0 & %,
22 G 1A 75 R 3OGT 7 11 7 i T TR 25 s 2 51 il
mE s B 6 7 FiR, X T AR, LA
ERFER A I L, DL P BRI W7 B AR 2 (8] 22 B
/NI 2 . BC>AC>AB.,

3 000 g
@@/g 2"-“25.06’6.00 650
(a) Wil o T %

FEAH 3 1%

3500+
33.00

2 31.00

R

% 29.00

o
27.00

25.00 <>\m\

6.00 6.50 7.00 7.50 8.00
A: pH

(b) Ll
5 pH iR & oy A0 B 1F R I AR 0 B

M EER R FAERT LIS, 3 R % £
SR B R W B WA MY A < pH >R B8 >4 Fh it . ARSI 43
BEAS 1 I B A 2k 4. pH SRy 7. 21 IR B Oy
29.04°C JEFPEHN 6.25% , LA FEA#%H 80. 00%




2022 F 1 8B

(a) M )3 T P&
BERR 1 %

(b) 5Lk
Fo6 pHmEMNENHELERNNEREEY R

7.00 % 35,
6.00 - s 31.0p-00
C. 5.00 - - 29_00 -00 o,
B s 400 5 0025 037.00 0. 2/
() M3 1] 5]

PSR 1 %

29.00 31.00 33.00 35.00

B: RE/C
(b) 5Lk

B 7 R AR WA AR X AR R

SRR DRl RN KL B TR S W a8/
SEBRERAE G B0 AT AT PR pH N 7.2 R E R
30°C HZAP ol 6.25% T ifAT0 0, RATHE] Y4
R ARl 81. 65% , 5 TN A1 AR — 2, Ui B
IR SEARHER G, UL, PR Y4 0 S A R 5
HipH R 7.2 IR N 30°C SEFHEN 6.25%,

2.6 FEHBMUADSH

AR B 2%, S sca e At =k
SHRFEREIE 5 BT Wi O AR 3 R R
1o (T 380> 50% ) 20 T3 DU 4 43 1 5 k43 4

3.00-+ T
25.00 27.00

HFEF S CHRRFEESENMLEE RERBRFIEIIHR - 115 -

B HT d AR AR BLANER 6 R
F6 FHNNASSITER

Hoy Bk F5E i Wi
SR % 76. 02 8.37 3.20 4.44
[& R/ % 83. 65 43.07 28.57 18. 64

H1¢ 6 T, Y4 X ot ke P i U R e i, 16 7 d
N, B R IA 3 83. 65% , X MERF A 1 58 e 5t i
T ARAT — 22 A B R RIR, , WA 200 500y 43..07%
28. 57%FN 18. 64% , U] £ T o i ek fidk 400 ot 119 e fit
BRI — A5 B SIS 1 )

3 it

(1) P22 ZE 3 FE A 315 G 48 vh i 6 S e e fr
TR e B B T Y4, 7 d X A TR Y I % Rl
69. 84% , 3 1t A= B AL ST DL K TTS [ 81 43 B, 46
FE Y4 RIKAAR 2B, ( Candida aquaetextoris)

(2) 38 5k PR PR 28 S 06 D S e 7 TR 56, 75 3 Y4
HIE AR R A R pH N 7.2 TR R 30°C 4R
4 6.25% , M BEAR R AT 3K 81.65%, H 3 FH &R
XA A R i S () s W U A < pH> YL >

(3) X} Y4 BEff G BRI T e ke J5 ke
Wi S 5 PO 20 43 o3 AT, 45 SR Y4 XHe Je e e ar
PR AR

(4) Y4 AR b7 i 17 e A 2 -+ 35 X3 Y5 G
S I O B PR B R RN B IR B AE 25 ~ 35C
Z A SRR IR IR S5 A8, 3 T R figk B L il IX 3y FH V75
A4y T HAA B S AL

S 3k

[1] Perera Madushika, Chinthaka S D M, Wijayarathna C D, et al.Re-
duction of lag in crude oil degradation by Aspergillus when it is in
synergy with Bacillus in biofilm mode [ J ]. Bioprocess and
Biosystems Engineering, 2021, https://doi. org/10. 1007/500449 -
021-02534-6.

[2] Mardans, Gitipours, Aliabdolim. Pollution control caused by high
levels of petroleum hydrocarbons in contaminated soils [ J].
Petroleum Science and Technology,2018,36(11) :1-7.

[3] Rabodonirinaa S, Rasolomampianinac B R, Krierd F, et al.Degrada-
tion of fluorene and phenanthrene in PAHs-contaminated soil using
Pseudomonas and Bacillus strains isolated from oil spill sites[ J].
Journal Environmental Management,2019,(232) :1-7.

[4] B R, M ST Y DR B Tk
[T 3424, 2020,60( 12) :2804-2815.

(TF#£5% 120 W)



- 120 - FAX AL L

(37 A B R KA DL B TS Y R AE A5 [ M. A5
B AL, 2015.

(4] JEZ4, TR, HREL KRB 55 2 MR M. b5t . = 55 4L
A H M, 2006.

[5] REH NGl 8 KA DL P i bl HoRBF R[]
FIFRBERE 2005, (4) :39-42.

[6] PIERHT, IR A T5 4 A 252 [ M ALat. Bl Hh it , 2001.

[7] HARWE.VOC IAHHARIHL CT55 14 JB R 2 R 5 IR 4
BRI 2016 4FIREIR B LRSS ,2016.

[8] TSR, FREE 2R 45 22 WM A\ T L4 00 Pl e R ) S 50

WFFE[T].A05E Tl k242446 ,2012,38(6) :916-921.

TR IR Tk e i 45 B T Mk A B T R SIS [ D 1L ki A

PRk A, 2007.

[10] %55 24 M, 55, 565 B 1A 52 N 2 1 ek K 35 fk oo ol U5
[E] A PCELL )] B T A AR R , 2004, (2) :64-68.

[11] Gennequin C,Siffert S, Cousin R, et al.Co-Mg-Al hydrotalcite pre-

[9

[

cursors for catalytic total oxidation of volatile organic compounds
[ J].Topics in Catalysis,2009,52(5) :482-491.

[12] B, T 62, W)L VOC REARRBEE A [ C .58 = Jm 42 T
M AEAE A SR AR 2218 3C5R , 2006.

[13] Dae-Chul, Kim, Son-Ki, et al. Application of spinel-type cobalt
chromite as a novel catalyst for combustion of chlorinated organic
pollutants[ J].Environmental Science & Technology,2001,35(1) :
222-226.

[14] Stoyanova M, Konova P, Nikolov P et al.Alumina-supported nickel
oxide for ozone decomposition and catalytic ozonation of CO and

VOCs[ J].Chemical Engineering Journal ,2006,122(1-2) :41-46.

(3% 115 1)

[5] Chigusa K, Hasegawa T, Yamamoto N et al.Treatment of wastewater
from oil manufacturing plant by yeasts[ J].Wat Sci Tech, 1996,34
(11):51-58.

[6] Singh C,Lin J.Isolation and characterization of diesel oil degrading
indigenous microorganisms in Kwazulu-Natal, South Africa[ J].Bio-
technology ,2008,7(12) :1927-1932.

[7

[

Acevedo F,Pizzul L, Castillo M P, et al. Degradation of polycyclic
aromatic hydrocarbons by the Chilean white-rot fungus Anthra-
cophyllum discolor[ J].Journal of Hazardous Materials,2011,185:
212-219.

[8] Aranda E.Promising approaches towards biotransformation of poly-
cyclic aromatic hydrocarbons with Ascomycota fungi [ J]. Curren
Opinion in Biotechnology,2016,38.1-8.

[9] Deshmukh R, Khardenavis A A, Purohit H J.Diverse metabolic ca-
pacities of fungi for bioremediation[ J].Indian Journal of Microbiol-
ogy,2016,56,247-264.

[10] Xia M Q, Fu D F, Chakraborty R, et al. Enhanced crude oil
depletion by constructed bacterial consortium comprising bioemulsi-
fier producer and petroleum hydrocarbon degraders| J].Bioresource
Technology,2019,282,456-463.

(10T AR08 , kU, 4300 O, S50 A e S ) T % o 10 2 M

BUsE [ ] B AR 5 T, 2011,11(15) :1671-1815.

FBEF1H

[15] IRORB VEBRTE, ik | 45 Al 5 e A AR R VBOA 28 % S Ak J2 oz A
FEHERLI]. R FET.,2017,46(12) :2451-2454.

[16] Yang H,Deng J,Liu Y, et al.Pt/Co;0,/3DOM Al, O, : Highly ef-
fective catalysts for toluene combustion[ J].Chinese Journal of Ca-
talysis,2016,37(6) :934-946.

[17] FEHAR, XUHG, B )W, 55 90K CeO, RYMEALTER KN HBF 5T
R[] EF L 54R,2014,32(3) :257-269.

[ 18] Raciulete M, Afanasiev P. Manganese-containing VOC oxidation
catalysts prepared in molten salts[ J].Applied Catalysis A General,
2009,368(1) :79-86.

[19] Sager S M, Kondarides D I, Verykios X E.Catalytic oxidation of tol-
uene over binary mixtures of copper, manganese and cerium oxides
supported on  gamma-Al,O; [ J ]. Applied Catalysis B
Environmental ,2011,103(3-4) ;:275-286.

[20] REZERE, iK% SO B AL IR R L) ] TR R

(ARBEIR) 2001, (2) :197-198.

TR O AR BE VOCs AT 8 S PEREDESE [ D] A K

JE AL R, 2016.

[22] BRAR, BRIOMR , SEL 45 A DL B S i b B T 2 F 5 ik
JELI] AL TR 2002, (2) . 75-80.

(23] ki 52 G 24 f R A A 00 ) s B LR B e A ST P R
MPEREIR IR E[ D] VG % VO R SR K2, 2013,

[24] Bl 35 R VA DL BIG A Bl f A S AL PERE IR BRI 2 [ D] .74
2 PR AR, 2011,

[25] LW, e, A , 55 fe ik Bk In) 437 0 £ 2 2L Ak AL 57
A DA AL AL TP R [ )] FRBERE %, 2013, 34 (6) ;2107 -
2115.1

[21

Ju—

[12] XM JEHRT, s M, 451 MREEREMR LR 1 HXY -5 (9 i 2L %
SE B R REMRAITIEL )] UE #2435, 2018,38( 1) :83-89.

[13] SREF, ZE0] ik A3 303, 55 LI AR AL B4 b A )
B A ) 22 B A 1 R TR R 2 A AR [ 0] BRI RL A 5T, 2021,
https : //doi.org/10.13198/j.issn.1001-6929.2021.04.13.

[14] & TR BRAELL, R 25 P bk 20 B0 5 Jae e Ak T 1) O 8 15 A
RsE ()] IR, 2015,17:86-89.

[15] ZEfla il IR i 52 6 TR RF nO R 2 K R i ) J1 2B 58 [ D). %
M : RS A, 2018.

(16 ZELL. T b A ke A ik A1 A 1o A s B R A e RE S [ D). 7
2 AT, 2020.

[17] E K BEVE 7. NB/SH/T 0509—2010 A7 i1 i 75 VU 21 43 W 2 2%
[s].dust.: PEA s R, 2010-10-01.

(18] Z=uN , /NI S M, 45— M IR B Lysinibacillus fusi-
formis 231 AT 16 %2 1 K ST IR e AR [ ] W VAR 22 41,
2018,30(7) :1229-1236.

[19] Z=0, BIREL Sk B OGS DA A EY TN ot se b ()],
BT S T, 2014,26(1) ¢ 1-5.

[20] Asemoloye M D, Jonathan S G, Jayeola A A et al.Mediational influ-
ence of spent mushroom compost on phytoremediation of black-oil
hydrocarbon polluted soil and response of Megathyrsus maximus
Jacq[ J].Journal of Environmental Management,2017,200; 253 -
262.1



