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1.1.1 4% HEIR R BTN R o [ Rl 2
B P ot SR AIE 5 BT Al A AR S B R 4 (0 ~
20 em) CHTEIAHTLI A B W B kHF (184 5
WkAEL) . £ERFE, T 2 mm JE i, = R A7
o HERALE AR A LT 36.3 g kg, A
2.25 g kg ', & #(P,0,) 0.75 g kg ™', &4 (K,0)
17.4 g kg ™' W# B Fe,0,16.25 g kg ', BB F35 ¥
21.6 cmol kg™' ,pH(H,0)7.8, I &L & 1Y CaCO,,
4 B[a]P &N 0.043 mg kg ™'
1.1.2 AR50 JE ( Phenanthrene , PHE ) 4fi &
>97% , 18 [ Fluka 2\ w77 & ; K JF [ a] # ( Benzo
[a]Pyrene,B[a]P) 4liJF =97% , Jy 35 [E Sigma 2\ A
77 it 5 &8 2R W 2 (Phthalic acid, 534746 .
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LW RE S R EEN RIS AR,
1.2 L&t
1.2.1 BEEHFR BB A 100 ml 28 121°C & i
KR TR AR B 32 5519 250 ml = £ i 20 1>,
Ao R D A R 4, 25°C TR IR
B B AR = MR R R B s & . S35k 8
R R AN 45 T ) 28 T 5 T IR A s R
1.2.2 SRS HEER B 20 4~ 500 ml
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SRIGHUR A T 16 A+ T = T K T B N 7E
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A, ~4 S =M AT EE,S ~8 5 =M
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AFETAS K 5 A4 b B G b B TR RE Jin A
[ o ) BC PR B SR . HLRSCI R LR 1,
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5 ml FAOEIE T, 76 40°C IR T F e f% 78 & 5% h g
e 2=, A E R I 2 ml BR O %8 VA TRV 1
i AL 7/ D

Fr1.0 g F 300°C FAbFHE 2 h 9 1 £E T /D
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PEREL IR 101 0E OB R A P B R A W Ve, %
FEAE S 1 ml PR S 5 AR R HE 2 ml BRI T
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BT 2 ml 2L A, 4 5 R B3 I
I ROROA €33 (HPLC ) 48 1 4 P+ 5 M 75 20K
A €5 % X (LC-10ATvp SHIMADZU) , 3 3 4% 1l 4%

(RF-10AXL), C18 % Jt iF B¢ & AH & 3% 4, A &
30°C, W sl #H b S BB/ K (R L) = 90/10, i
0.5 ml min ", JEAEE 20 wl, K I3 K 2290 nm
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Table 1 Designing of the experiment
LEFE GIPNIEN: U IES ALY LA P

No. Strains of fungi Co-substrates Inoculation rate( mg kg ™)
1 B Penicillium — —

2 T E W Penicillium 3E Phenanthrene 100

3 HEW Penicillium 4F Phenanthrene 200

4 A @ Penicillium 4% — H fig Phthalic acid 300

5 fh 7 Aspergillus niger — —

6 Wil 8 Aspergillus niger 4E Phenanthrene 100

7 ML BE Aspergillus niger 3F Phenanthrene 200

8 125 Aspergillus niger 42K — H1 iR Phthalic acid 300

9 [ )85 B White-rot fungus — —

10 [ )85 B White-rot fungus 3F Phenanthrene 100

11 )& BB White-rot fungus 3E Phenanthrene 200

12 18 B0 1% White-rot fungus 48K —H i phthalic acid 300

13 K 1 HE Sterilized soil — —

14 K # + 1 Sterilized soil 3E Phenanthrene 100

15 K 1338 Sterilized soil 3E Phenanthrene 200

16 K 13 Sterilized soil AR 2K — FH R Phthalic acid 300

17 R K B 45 Not sterilized soil — —

18 K 8 Not sterilized soil 3E Phenanthrene 100

19 AN K 1 1+ 18 Not sterilized soil JE Phenanthrene 200

20 KK + 1 Not sterilized soil A8 2% —F R Phthalic acid 300
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FREUS. 0 g 1 HEHE T 25 ml G R.OAE A
P 4 ) B[ a ] P DN BRI, (] I A7 A e == 1 i
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K[ 12 ] B9 77 k00
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(£2.92)% , BT AR TT k38 & Bla] P llSE B 20K

2.2 Bla]P ERRKE L5 PRI H R
TP AEAE R AAC T B S TR Bl 2 B B A= By, T
HAS R A W b 26 X6 A [ 9 30 58 2% 1 30 A7 6 A
RS RLRE Sy, %t T Z % Bla | P LAEX K
RIS By i Bk 3a i i AR Ak o 1T AT, A
RAEEORKA L) BlalP & TR, 5% #
FREAR , T REAT B0 0 I i BE T o S B A RS
IACH R By X IR B rh B[ a] P AR B
100% i 2 5% B R % 4] ) ik 47. 8% , J i AE 52 B0 Aip
14d}18.3% ,J521 d N K 29.5% ,XA[gEEH T
FAR TP e X Sk BLal P iy il 75 28—
Bemba] A9 ik, — S A=y xt BLa P By W ia i iz LA
A ZEABM LR PR Bla] P, [ AT L
A, 2 F AR G 3 BT v AE TR A W T M) B A
YRR AR, R Bl a ] P b BOpR, 5k B
PP AR, BE e DR . 35 d B IR E N
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TE:CK: 76 B[ a]P AR Y ; PHE-100 B[ a] P 3% i i 9 3F
WA 100 mg kg ™' PHE200: B[ a] P 3L A% 5 i 4 36 vk B2
200 mg kg’] ;s Phthalic acid:B[ a]P A W I AP — R,
FMH . Note: CK: no B[ a]P co-metabolic substrate; PHE-100:

Bla] P co-metabolic substrate is 100 mg kg~ phenanthrene;

PHE-200: B[a]P co-metabolic substrate is 200 mg kg ™' phenan-
threne; phthalic acid: B[ a] P co-metabolic substrate is phthalic
acid. The same below
BT Bla]P 7E R K 5 K FF A 30 e i) S AR 3 e i
Fig. 1 Co-metabolic degradation of B[ a]P in an

unsterilized paddy soil

2.3 BlalP EXRETEHRALNRBIFEMR

ME 2 Al b, H IS KE LG L E P B
Bl a|PJL-F-3A w0, /b & i 25 HoAIK T 9E K £
He(BE 1) o [RIEE, AR5 F i 2 305 IR dE AR R
TH@RXE LR BlalP R RO B EE
Wi (p >0.05) X JF— L UE B i B Y AE R % Bla P
HAT R B AE T . T, e 2 R R L K H A
15> A LTS Y R AE AR W AR R s
W, WA HE NS S N AR MR + 3 i Ak
2.4 BFBEEXLES Bla]lP LR BIER

ME3 TUEREERESKE LS BlalP A
WM e 1, 4002 35 d MR 4T 15.4% ) B[ a]P B
W fig o 1) RIEIASEME AW HOR YIRS, B[ a] P Y
Wi 22 S 4 75, F 35 d R E MR JE O 100 mg kg
1200 mg kg ™' (4 B[ a] P (AR5 50 55. 4% F
42.4% o X FIHACHIE AW 100 mg kg™,

TEARBOHT 21 d Bl a]P M FEAE N 39. 5% , 15 14 d
H13 15.9% o B, FELERT 21 d YRR R D3k
80% , R I S8 S5 01 R A e /b i JE W Al . S U
ST, HE WM 25 TIEM Blal P W f
PAHs fyREA%"7 (8 3 B2 R ) = 3R B 3E4F A K
LR 6 B a]P AR D (B S5, B E R
A0, DA B E BT i 5 7 W R R T R A B T
B[ alP iy W fi 4k, BT LA B[ a]P i ) JFH 22 58
ALV Y IE R B[ a] P AR 75 W) 1A B BE T &
e WA A 100 5 B A G T, 9F AT 3K B T R % B a] P
o fgt MRS T Bl al P A FRM R, X T
9E 200 mg kg~ AL F R B[ a] P i R A R AE A 5L
5 ) 24 B, 5 3E 100 mg kg AR R AT, R
TEAE 55 300 WA e s e ey B 5, 3 0 D R S 4 o
RFEIMH T EE AR, R 3 EATUFE N, S
X IR P A, AR H R (I AT B[ a ] P B i 5% 1)
AR/ UL AR — B R R KA P B[ a ] P (Y
A LA I R A RS B, T B R R T AR F 5 AR
R W R 5 75 (300 mg kg ) B LA M {H Bk
5B A 7 o — 2B BF 58 A RE 48 7% o
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Fig. 2 Co-metabolic degradation of B[ a]P in a sterilized paddy soil
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Fig. 3 Effect of Penicillium on B[ a]P degradation in a paddy soil
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2.5 BEHMEXLEF Bla]P pH A7

WA BlalP AR5 AR (F4),
HSEEEAR, %t 35 d iR 3R %, W i
JEYAF A X IR AL B B [a] P Y [ fif R Al 3k
73.4% . SR, 24+ e v A JE 40K R AE o 3k
IR Bl a]P A BEAR 52 50 T I . 435 d W
B35, 9F 100 mg kg ™' 3E 200 mg kg ' AR A TR
300 mg kg ' =AML FH B[ alP [ 3 0] B AR T
T AR RS W A A 1 X R Ab B A R R
KE,SEFHRE—F, B &N BlalP &R A Bt
Bid Al 21 d AR RIK 70% A 47, TG 14 d 4R
N 4% o MAEAERILLFEIR BT, B a] P Y [ iR A
1%, JEH 2 100 mg kg ™' K% 200 mg kg~ 'Hf B[a]P
(14 55 5 W 2R 50 0 R 31.9% \29. 4% , A 2K iR
VERIAZ AT Bl a] P B35 o B iR R 0 25. 5% , it
W14 P58 T A7 A e TR RS B JE RN AR 2R R B, JE i
B AR Z 20, Tk 55 3 b BlalP (Y
R fif
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Fig. 4 Effect of Aspergillus niger on B[ a]P degradation in a paddy soil

2.6 ABEENTEDR Bla]P LA BIFERR
HBEEEX Bla]P A FEMAE T (K 5), &t
35d iR 50, X AL EL N B[ al P Ay B AR R A
51.4% (BAERI R AT 14 d FEMEREEA 12.5% , %
W LR XS Bl a ] Py B Al 75 22— > 94k 3 07 By
B 43E S Bla] P abfrmy, 5B & n 5 oA, +
Herh Bl a] P MR R AR IEW B M A B K2R,
FEVR BE A 100 mg kg ™' - Bl a]P (i 2 B fif R
ik 61.2% 7 21 d WALy 22. 8% , Ut W] 1 i L 7T 7
Az KR 32 R R T HE AR A i U5 A RE R, TS 4 A
JH BLa]PAE R IR A $8 m E B B % BLa]P
%) % A 18 7 ) Bsf -, 50 B B 2 11 FL TR R f B a | P
oA R AW R e BB A & Wk E

(200 mg kg ™" ) FEAE M), e B[ a] P AR i R
AR T = A Ak BRI EL B ) A R O, X
T HE R T o R O 1 B T AR 1 R
F B MR 0 R AR AR B a P, Rk E
BRI T B[ alP BYREME. 4 300 mg kg ABZE —HI iR
5 Bla]P dhabmt, Bl alP i &K AR R K 37.9% ,
B 5 4t 5 T 3F 200 mg kg " Ab 3, (R 3 4 AR
X M £ Aok R R o B S (1 b B 408 2 — R R 2 1
J§ LR AE KRG L rh A BLa] P ad 5 4 36 4R 3
Y o

S

;%_ 120 ——CK —&— PHE-100

? 5@ —4&—PHE-200 —*— Phthalic acid

£ 4% 100
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2 m

g 20

2 . . . . :
0 7 14 21 28 35 42

il Time (d)
5 FEEE X KR L0 BLa] Py AR

Fig. 5 Effect of white-rot fungus on B[ a]P degradation in a paddy soil
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SR, FE KRS £ B [ i SR K B 74, 4% {0 1) 3o
MRS 2 A L E k40 2 R B R TR AR b
A T Bl alP 78 4 88 b i B A 25, 3 S Jon £ 20
A ML B 4> i PAHs [ 7 (4 3658 th 3 A7 5
i Yuan 2R 5T R W, PAHs JEAR IR A A 1L 32 )
2 . pH (PAHSs ¥ B 1 5% i), [ B AN [ 87 22 A B Ak
J5 FGE U5 4 g 52 ma T A= W X)L PAHSs 9 [ i 22
IS i I R AR L TN R PR IR DL % I B R X LR
il AN 7 A S TR T T Bk G ) G g R RN B R
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PAHs [ F# it % ;4> F 5 PAHs JE (07775 i 3% b
P B O LA R I [a ] PE R A o TR R B R
T AR 53 6] BT AL N 55 43 F- & PAHSs H B0
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QR . 45 5L I, X R BE DL AR AR o o — fi TR
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16, 2 4 R 1E o 2B 1, T Rl 8 35 8 A 205 O O

P ECBE 6 PAHs B A AR 5 B4 B i g o 0T
[f] I F 9 % IA K, 14 J65 280 1 7 % 5 4> T i PAHSs [
i B 4 T 5 PAHs fCH LR Y . A BFSE
FU,ABEE S KL D BlalP S5IE(WKEE R
100 mg kg ™" 2bHR) A B hr i HAR I E F

4 4 ik

R X 4K AE %k BLal P A A SRR BE
J1, B A SR e ) 2 SR R AR . R T
) PAHs JEREQEHE A S8 3 b Bl a] P B9REf# , 100
mg kg R AE b HE A ROR 200 mg kg A, 48
KRR AR PR Bl a] PR BA B
R

F =l OO0 L rp B[ a ] Py A I i A%
AT LLE G, =R AR T X BLa] P AR ) =7
AR R WX Bl a]P Y KA e 77 5, (R4
PRI A A R S BIL I A RE D R R e R
thaE xS Bl a]P oYK RE AR 5% , {5 5 2R 55 b 77 7E i
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LB BB B a ] P AT B0 09 19 il BE 77, (H X fi] A7
B AP A T 7 2 o A SR it B 2 e R T
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Abstract
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Simulated bioslurry remediation of PAHs contaminated soil was carried out. Three strains of fungi isolated

from petroleum-contaminated soils were inoculated into paddy soils different in application rate of phenanthrene and

phthalic acid, to investigate their effects of co-metabolic degradation of B[ a]P therein. Results show that in natural soils,

some native microorganisms were able to degrade B[ a]P and addition of low molecular weight PAHs-phenanthrene in-

creased, degradation rate of B[ a ] P in the soil. The effect was greater when the application rate of phenanthrene was
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100 mg kg ' than when it was 200 mg kg~ '. But the addition of phthalic acid did not show much effect. In sterilized
soils, degradation of B[ a]P in soils was hardly observed. However, inoculation of Penicillium stimulated degradation of
B[a]P in all the three treatments, i. e. phenanthrene at 100 mg kg ™', phenanthrene at 200 mg kg and phthalic acid, but
only in the treatment of phenanthrene at 100 mg kg ' the effect was significant. Inoculation of Aspergillus niger also showed
similar effect, which, however, was inhibited by the presence of phenanthrene and phthalic acid in the soil. White-rot
fungus could effectively degrade B[ a] P, but high concentration of phenanthrene inhibited its effect in the soils, and
phthalic acid was neither an optimal co-substrates of white-rot fungus in degrading B[ a]P in paddy soils.
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