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AT Y I RCAIRIE (TPH, total petroleum hydrocarbons ) k%K 84.07%, TE4 R RCREA; ZICE A
FESHEY A T B A5 G 38 LS il PR S B RIS 2 T RAS B A IO RCR , DR FA T 5 BA 2 Rl R R34
FIRES AL BRI 120 d TPH B ZBRRM010 91.58% 1 89.30%, BE 5 13k TPH & & H/NT 500 mg/ke; [l
I B I B2 R BB R AE 90 d RITAT 22k 89.32% 1 L1 TPH, AHLLE I SAE B8 vl A s e 2 i i
PP 8 TPH (9 5Pl EEAEH, HOTlikoR e & T 35 0ok W iR i sl 4 1) sk AT 498 TPH 5B
ITTIRR N 4.00% ~ 6.48%, HILAEH T2 KBS TG LR REREA A el S A B2 g
A5 g 10 120 d B AT SE R C10 ~ C12 B2 €22 ~ C40 AR da sy, 2% H 85.14% ~ 100.00%; 4K,
C13 ~ C21 ARG & BRI By BEME B B0 5 Bt HHEA AR iy RBRVEHISE, (I PE S s AT A 15
BAFE—E A L3 pH L B HHEAR )y, BA R TIRE B R )5 e hfg.
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PEREBLC AT T S R R, AmiEhis. JF
Ko HRAE  AEIESEERAY X X R i A AR B
TG Y B AR Z M. SRR, a5
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Yot (2014 4F 4 [ L TG YRR A AR ) B
7N, FEPA Y 13 RM X 494 A L3 S A, 8
PR ELIA 23.6%. XIS 2 %P pE, R 4
HErs Yo AR (A JR A A B, SR 21 100 m Y LN £
Herh &y 4a ok 2805 Tl FHE (500 mgkg ), BR
I 100 m 385 i i F (A AE 1037 ~ 2092 mgkg
Z 18], TR YR 5 miZdE AR R 6644 ~ 12762 mglke,
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W, e EASIEE LS R TR S
FREo TE 24 AT B LA S R T i M 2 4
AR, A5 RITA 3 o 4l A R AR ) v B A v
T TR R AT E S OENNAEZ —

T AR R 42 BRI [ N A TS e S M i i e
EYMEEHAR R HAINHE G EL . A28 A
ZRpEH, TR E Iz, iR
PAEE R /N . TR, 1 SRR
AT e IR IE R L AR S TS R,
165 1 I TE G - S5 el FH /MR A T A A B R ] 7 A g
UFIIEE AR, AN Napp 25 ) % FAR B0 . A=
RN A= W5 A, 3 FAS[R) 7 kA8 52 A v e 1 13 A%
R LB R, AMIERI G EE R 6703 me/ke
B AT T G A S0 A 5P P P B AT o A B A
P57 A R RS 2 60 d ) B 8 5 85%, I
T AH R ZAE S AN 0N A T 5 e v ) At
PIRMESE k. RIS, MYMEE & SHRUCEDEAE
BHOREBCH, i kY-S A i PRI
SRAL RS 1 S Y R RIS A
TEREAC b DA FH 2F AT R . (RS TRT . 1AT RI L
FFR AR NGRS 5 E TS . KA
A A A 52 A A AT Il 400 4 v 10000 me/kg 1)
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T, AR EERFTE 150 d B3k 3] 63.5% Fil
51.7%, 500 d i 43 51 35 %1 98.8% F1 92.7%. SR 1M,
i 2 28 U7 AR R A A TR A T O e i R )
R, MHHAAEYINEZ S, Sl
Y Z TS BUER, S EURAGE I S 5 e
il 43 WU R 25.22% F150.70%, BEMR T AT
I A SRR, BEACR TR, Bk, P
il B4 008 MR A T R A TR CRIE AR I SR AN
I B P ST

SR, H AT At X rp B ks e A
Yie 52 3 A T 25 A TR 2 o g e 7 S O - e
AR BT S 0 A B9 SCRRGERHEL b, SRR S MR AT Vi
R A DAL RE S5 A A 3 7 o FH e R P 4% 1 ) = 3 v
A i /& (TPH, total petroleum hydrocarbons ) E 5§
YER BT IGIT T IC /D W . SRR R T N T
Aot X P A S e R B R R, AR B S
I SR FH A% e A5 400 6 7 20 00 34 &/ U A 3o % e o
Gh, R TR R SRS B R

( Phyto—microbial remediation ) 772X} H B 7 5 4L
TR ERCR, fAEXT L3R TPH 1 C10 ~ C40
AR B ZBRBCR, IS B R E e XA
Xt TPH 2 BRAE IR STk, LRI AT 58 Ho £
e BT RACR AR T AN FH A A=
Pt 5236 B b A TS e SRR T AT HOR S H
A

1 #MR5FE

1.1 {41

WAE CHE A AT A A H AR R )
FHIOCEERAG SR AE, P B AT G 3R 5t by vh
B A TR A R A I A Al 4, RA
At e X N A AR X TR DAY
B3 32 BTG Y VR TS Yl i B A R 1Y S R A
oo HHERE o BIL HARIAT . BRae. R, 2o
(2mm) | IRSJEBEELAAE 4 COKFR T . IR
AR SEA AL MR K2 TPH SR IL3 1,

x1 ITEEREXBUERREAHESE

AR LT S L iz
. ol oH A1 Bt 2R R R
(mg/kg ) (g/ke) (g/ke) (mg/kg ) (mgrkg )
[ip it 8.11 19 4.27 0.35 13.45 90.20
rPRE IS Y it 8.09 3900 9.34 0.44 9.68 73.52

1.2 i 4 S5 )
W FAHFIE K3 - e R S5 i 2, AR
YMER MY, LREHEIESR . pH AW

R AR, T R (R AR A K
U2 A F T e N AR IR 2 s T BRIt ) A
NIy, HEEABAEIER L 2.

K2 HAMMERENER

winyy pH HHLET (g/kg) A (gkg) AR (mg/kg) B (mg/kg)
+ e 7.0 920.74 20.56 11274.40 19731.77

1.3 AN R A T A
1.3.1 R

PEUHMIE A IR ERE PDC-1, PDC-2, PDC-3,
PDC—4 1 48 R~ K T e i 2 26 BF 5 e 1oL FH A 9
BRGSO e i, M MILE 3, 4
B AN R LA ) ZF AT T R ( Bacillus ) 2L3K H &
( Rhodococcus ) . B MHEE ( Pseudomonas ) . i
K8 ( Nocardia ) . 555 )E ( Streptomyces ) . A
% )& (Trichoderma ) MZA AR HE M, iR HHELL
HATA R I3 A iR RE i D BE R T E 0 o BE s,
ARERE A AR )3 TG PR S i 1 o AR i 4 3 5

YA SE TR B Y, DR SRR )
ZIAI A EMRIVE R, 2 e 2Rk R A
PRI 358 P TS e B 2 BRAICR
1.3.2 BRI & T

HRBE AR : LB WRIAEEFR2E, 35°C . 180 v/min
FPEIRKG AR, LRI &K 1SRRG IR,
28°C.. 180 v/min #EIRIESR; FEREEFRARME: R EA
AP A ) 28°C . 180 vmin BEACESFE

K TFHE FIRIEFERA SRR 24 ~ 48 h 153
FR-FRRIRL, (A REAR R b BTTR A5 h  TR AS FA 51
28°C.. 180 v/min FEARIEIIEFF 14 h J5 I TIE20A5
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x 3 HHRINER R R MK
AR PDC-1 PDC-2 PDC-3 PDC-4
MR ZEAUAT A ( Bacillus subtilis ) TPH171-1 TPH129-6 TPH171-1, TPH129-6 TPH171-1, TPH129-6
FRZEAUATT ( Bacillus megaterium ) TPH29-3 TPH29-3 TPH29-3 TPH29-3
L EOLIERE ( Rhodococeus rhodochrous ) TPH32-1 — TPH32-1 TPH32-2
LIYRLTERIE ( Rhodococeus erythropolis ) — TPH21-1 TPH21-1 TPH21-3
HALHB AT ( Pseudomonas aeruginosa ) TPH431 TPH431 TPH431 TPH431
TSI ( Pseudomonas sp.) — — TPH164-3 —
WRIRE (Nocardia sp. ) TPH20-6 TPH20-6 TPH20-5. TPH20-6 TPH20-5. TPH20-6
HEBEEE ( Streptomyces albus ) TPH22-4 TPH22-4 TPH22-4 TPH22-4
FBRAE (Trichoderma reesei ) — — TPH97-2 TPH97-2

1.4 Rt
AWFFEVEE T 2 ARG D INIE A I At B

RET AL R SRR S B I, HAls

TFRWE 4, W THTG, BB DRET 3
AFATER .

F4 HEARET
BRI
e 5 sl
FREEAMTE T (o) HHEEPER (g)  BHKEEEE (10° cfu/g) PR
PEFSNE 1 CK 100 15 ¥ —
i S
. 2 PDC-1 100 L5 PDC-1 —
3 PDC-2 100 15 PDC-2 —
4 PDC-3 100 15 PDC-3 —
5 PDC-4 100 15 PDC-4 —
Live-Tpie 1 CK 3000 45 o ¥
ESYiELY) S
P, 2 PDC-NP 3000 45 PDC ¥
% 3 PDC- MW (PDC-LP ) 3000 45 PDC MR (30 KL/ %)
4 PDC- BAEETE (PDC-MS) 3000 45 PDC AR (30kL/ 45)

12 PDC 8 200 e A5 O BN I R s B (sl M B 22 7 (Lolium perenne 1..) FIRIEETE ( Medicago sativa 1..) , ¥ H T E AL F}

2L
- Plo

DS NI A o B2 A DR O vk

4 Ffr SR F1 T B AR BRRE 40 ) 4 IR 10° efu/g
AR E I 100 ¢ HBEAhTE Y B3R, A
Z IR R E AL FE A ) 1.5 g, WY i
R 20%, XBAEMERE (25£1) C Fi#fr,
BEPE 2 d BB A, B 25 1R OK LR R
e B, DAAH [R5 0 T o 2 B b R A A BEAE
L E (CK)o BN EE S TITER.
TEZ5 30, 60, 90, 120 d B HUREI & + 38 47 3 2
i,
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1.4.1

1.4.2 PR SHEYIR AR 7

BB TR A DL IS MR A T R A R A
T8 10° cfu/g BYFEFI BN A 3 ke o BE 47375 Y + 45
B, OIMAZ SR K R AL B R BRI 45 o, VY
THERE E 20%, sMRSEE TR W58
FEEIR (25 1) CiFfT, B0 2d Bsh 1%, &l
IE7G 70K LR R R . AR IR S5 F T R 4% Fh
PO 2 FHACBRAE i S8 (CK ). Bikid
AT 30 do

BB 30 dJE, RHEEFOLEGRBERAL L,
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% 1.5 em FEFEREE 0B B 5 5 R R 2 L (PDC-LP )
AL E TS (PDC-MS ), &M% 8 30 i / 7. ik
et (25+1) CH#AT, EWImEzE i@ K LLAR
Fr B . AR T AR 0 A AU AR
PH RS S AL B (PDC-NP ), RIEFL N H HE
H AR 0923 AR B4R SRS (CK ).

AR E 3D PATER, 7R 40, 50,
60, 70, 90. 120 d B HUAE I a8 4= 38 A v e & o,
JFAESS 120 d I HUREIN E AR AR M o
1.5 e S0 ik
1.5.1 AR B

SRR B AR A TSR BT I
1.5.2  HHEAE & e

T AR SRR A AR E [ S
CEHERTORY) AR (C10-C40 ) Ay & A 5
7% ) (HJ 1021-2019) 1,
153 Hl b5 50 Hr

250 B YR 1 Excel 2019 3#F 17 40 B8, fii
SPSS 19.0 # 1T One—way—ANOVA J3 7 F1 2% T VE 6
5% (LSD, P<0.05), >KH Origin 9.0 fEE.

2 HBRESH

2.1 N[AIAME A I A AR X T B TS e 1 4
TPH Z:BRACR 5

R 7 9 Y Y - HE 2 PDC-1., PDC-2. PDC-
3. PDC—4 AT 120 d J5 +33 TPH & 2 1 3900
mg/kg S AR 1391, 2129, 621, 1085 mglkg,
TPH 225550 64.34% ., 4540% ., 84.07% . 72.16%
(1), 1 CK 43 TPH & & [ 1% & 3660 mg/kg,
TPH 5 RAUHN 6.15%, ULHH 4 FiEREXT 3 TPH
() 2 B AR B FE 2R, 5% A v A 45.40% ~
84.07% ], Hrf PDC-3 FEREXT 138 TPH £ &%
i, I8F 84.07%. 45 H AR 11 TPH Z:BRACR
A 225 10 32 B R S AR A T A gt o A AR S B 1
A A S Z B s s 5o a . R L
PEIT . AMERMAEY S+ E R Z R RS2
PRI A2, DT 52 e A A AR V5 Y
B%ﬁzla: [10-13 ]o

A5 T 356 FH %) 4 o MR A S R fige TR TE 45
TR s B 1398 TPH 2BRR 3 # &r, 120 d B
- PHE TPH L BR%4500 % CK A BEAY 7.38 ~ 13.67
Fro AT B a5 b nl LU B, 45 AR A7 il F%
it AR (0] TPH 25 BR 2R 78 25 30 d B 25 59 3 AN Wl 35

1M F 2 60 d TR A K2 5, Horf PDC-3 1
B TPH KBR300 T HAD R HE (P<0.05) If7E
60 ~ 120 d AL B rh B R s, DB
ELAG PRI 5 X 35 4 98 A A o 3 o7 14 R TPHL B4 fi fig
TR X3 TPH LBRRMA LN, TPH
2B SRR Bt A B ) (B TR, BARARAE ST 120 d
TR I JE 159 P 4% Ak PR - 58 TPH 25 R 0K 35 B I
7€ 90 d J5 HIG s R A

100 —=- PDC-1
—e— PDC-2
-+ PDC-3
80 | v PDC—4 -
_ - CK _
&
3 60 *
& ~
b
= 40! )
s
g
20 +
0 30 60 90 120
HiE) (d)
B 1 ARMNERHEBREETTRELE
BRBEERENLLE
22 RSEHE S EEA X B A s G
SRR 5 )

22.1 BRABEITPSHGYHE TPH LBRR AR
T R 18 A S NIRRT RE PDC-3
HEYEABERE T, MiEREE (PDC-LP) .
EACHETE (PDC-MS) . KFHAEY) (PDC-NP) Fil
A I A 1 H 2R A9 2 4 4L (CK) 4 AS [ Ak
FEAE 55 120 d 1)+ 35 TPH & & 43 W1 % A% 2 328,
417, 560, 3573 mgkg, TPH £ & % 43 5 4 91.58% .
89.30%. 85.65% F1839% (K 2), HrpEBABE T
Y TPH EBRFRIT 5 TR A ik, A AR
¥ 1) PDC-NP 2, PDC-LP Fll PDC-MS 41 i) TPH 25 %
RAYHIEE T 6.92% Fl 426%, G E R
554 R TIE k8 TPH 5, X S5i4EL 50
WS IRE A4E R X — BRG]
AEALFEHIIAS B0t IR S e — e R . R4
e SRR, [RIBTAAAR 28 53 WA B R o R il 2 1
YER R S e R AR, T fEat
TEA AR, Pt P TS e B B A T

P, SRS LSS e R A
— 213 —



rRE SRR 2023 (3)

100 ¢

= CK .
1 PDC-NP b b a
[ PDC-LP cED =
80 + = PDC-MS dgy d [
e
I
> 60 _% &
&
H
X4 40 r
=
i fff
]
20 f
g
h g £ .
0
0 40 50 60 70 120
i) (d)

B2 ABEHSEMRKSEERENSEIENEEHR
T AR NGFREFORA BRI 22 B3 (P<0.05), T,

AEFR O ~ 60 d BB, PLSAGRE SHEYEA &
BRFE O REAR L, X5 4% 11 TPH 19
LBEH LR F 25 (P>0.05); A 70 d TR,
TPt + 5 TPH LBRMEFF R EIE, 70 ~ 120
d iF Bt #r, PDC-LP il PDC-MS 4 H PDC-NP 2
WA 4 TPH 5 RACR . XA B E Y,
PDC-LP 4 # 90 d W] 2 % 89.32% 19 + 4 TPH, Lt
[6] 3] PDC-MS [ TPH ZBRFHE 5 4.64%, {HE] 120
d I}, PDC-LP 5 PDC-MS ZbFEZL R L B & £ 7
(P>0.05), ULEHOLSARHE S G182 (28
ZR S E T Rk B m I ARRE, XA
F T4 e 52 et 3
222 LGRS MY ERCS 1B oG e 4 5
TPH 2B 19 DT #k 5 52 )

DLASAh B 4398 TPH BN JLRl, >R H 220
PGB AR R 20 -4 TPH 2L BRI A9 R R STk
R, ERE 3, B 4 s RS Y E
GG A B, DU 4% TPH 23 fR
(Y DTHR AR I I g T 2 A W R SRR A 1Y) DTk
ELPCHATR R Y 2 AR DT AR 4G 5 I (] Y 1G4
BB AP+ HE TPH /9 2 BRAE HIFE 60 d i A B
B, TEARER 70 d J5 HAE A 30 E 5Tk R R 8]
W, SRR e R E S
HARKSRBEUIAG, Y XA mTs Je 45
BEEHMNEEIE ~fabnz —, AHIERE A A
KRB I A BB 5 RO BT, B i
YD B NHZVE AR &, X — 25 R 5455
M S BOBFTE AR ARBE 120 d I, IRRERE. T
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TR B O TPH R BRI TRk R 2
Hh 84.36% . 9.16% . 6.48%; RHEHRE. LEME
YIBIRE . S48 BT H 4% TPH L BR B9 Sk R 231
86.51%. 9.40%. 4.09%, UL 0L, FEA ST
o, DREERERT M TPH A5t F B, Y
X 45 TPH LBRAEH B TTRRRI N 4.09% ~ 6.48%,
HIEAEH R RAFEE R E .

100 - o FHREYIREE

AR
[ e _ .
g 80 | . =
5%
Hég, 60 -+
&
vy
% 40 L
&
3
20
. ?LJZL]L:L
0 40 50 60 70 90 120

i) (d)
B3 ABEHSEZEXNERFLEIESRHEN
AL

100 - w20 E 1R
k3R B
=T =

o0
(=]
]

Hi

HBAMREERTRE (%)
IS
S

S}
(=]
T

owomm m BLELE

50
i) (d)

B4 MBEHSEREENERSRIESRBERN
BRI R

23 BEABEITRBEE 120 d X5 YL A
S b il

AR SIS 1R 120d J5, HHEC10 ~
C40 A AR m AL (B5) Wos, M
2w AR & s L (10), PDC-LP,
PDC-MS. PDC-NP ¥ % 155 4315 11 €22 ~ CA0 £33
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EHA B R, Hrb 22 ~ C4 ke s
2530 mg/kg 43 HIFEAR R 207, 276, 304 mgkg, FHBRHR
43 9l 24 91.81% ., 89.09% . 88.00%; C35 ~ C40 1 Hi
N 1326 mg/kg S HIFRIE S 73, 93, 197 mg/ke,
B8R W M 94.49% . 92.99% . 85.14%. i CK ZH
X €22 ~ €34 1 C35 ~ CA0 A7 224353 31)
A 22.83% #124.33%, PDC-LP. PDC-MS, PDC-NP
SHESTH C10 ~ C12 A2 4R Y0 100%,
X C13 ~ C16 £ i1 k& 25 B R 43 B K 44.44%
42.22%. 8.89%, i C17 ~ C21 £l & & AR
Th, S AEBERTEY 22 mekg B9 E 40, 39, 45 mgkg,
R4y 9N 81.82% ., 7727% . 104.55%. 5 [,
CK 4 C13 ~ C16 1 C17 ~ C21 A7 s i 34
FHAMFRETIY 15, 22 mghkg 43l 2 152, 465 me/kg.

73 t0

a

m CK _/{:

2 F Z%

200 1 PDC-NP /
= PDC-LP

2000 W PDC-MS

—_
wn
(=3
(=]

{1
1000

AlE S (me/kg)

500 ¢

C10~C12 Cl13~Cl6 Cl17~C21 622~C34 C35~C40
C10~C40 £ i 5y
B 5 MBEEBHSHEYEBESES 120d 3158 EH
C10 ~ C40 AR RENSEH

L3 B S A R S 18 52 120 d s e Al
RS S RANEY: T ERHTEWRE
TE A HT 75 2 0 B D A 0 e A 4 M K5 IR
T KR EE Y SRR BE AR 1 bt ke B PR T ke
W oy WA AR, iR TR KRR L

PR B 1 1 ot e % 22 B D R A A AR e i A 4
FEO2L ARG O A R R e A A
FES ST C13 ~ C16 Al i@ M i R 8 4K, (A
C17 ~ C21 AR EREARE T, Bl TRUEDXT
AR R rh R A A TR 4R A i %
VR A it T 1o AR 0 s/ B L R R
gy, B, w0 RS T A IR T — A R i
R T B B BRI K P2 R e TR
o FEAME R B AR B R, A ARk
YR, ILEARRER T C13 ~ C16 AilEER
FUZRVHE C17 ~ C21 AIMIESS, X4 R H
PRRE Bl S A B 2 120 d B 9ok ik 2]
BEN-EW, MEBE kST TR
IR Y I FF S A, 38 TPH & BA Bk — 2
FEAR
24 BRABEIEBE 120 d G Y e R
) R

AR 5S4 120 d 5, PDC-LP,
PDC-MS, PDC-NP 4k # + 3 pH i 477 1R 8.09 [ {I%
2751 ~7.62(%5); MILCKAHE, PDC-LP,
PDC-MS. PDC-NP 4 #LJ5 7 5t 43 51 B AL 33.04%
31.47% . 19.85%. A17M75 Y4 6 + e P &
B, B0 B AT Yl SRR,
AHUFE A PR SRR, (HX S SRR
YA BE R A R 43 LA - 338 v g A= iR
P s R e PR S R TR
H o A 40 T R 0 ot - 38 B H S 0 I ) A L T
W, el B AR KA X - A BT A T RE BT 3
. HeAN, PDC-NP 5 CK MHEL, A& SR
13.27%, ®RMEHH T ELEEZES (P>0.05);
FRAE AT 4 1) PDC=LP. PDC—MS b 3 AH L. o F A A7
I PDC-NP., 4%, A3 . SR & &6 B
FEAo AL aT UL, DRSS PERELEAE &G e - it 72
H, BRATEBR A A TS e s, RS AL

x5 RNBEBSEVBAEE 120d 3 TEEREBLERZM

e " AL 2R A AL
(gkg) (gkg) (mg/kg) (mgkg)

CK 8.06 + 0.02a 20.40 £ 0.32a 0.70 £ 0.02a 169.83 + 8.02b 355.01 = 12.00a
PDC-NP 7.57+0.12b 16.35 +0.75b 0.67 £ 0.04a 192.37 +9.27a 372.88 + 18.12a
PDC-LP 7.62 +0.17b 13.66 + 0.40c 0.51 +0.10b 158.42 + 6.59¢ 282.75 + 10.64c¢
PDC-MS 7.51 +0.09b 13.98 £ 0.81¢ 0.60 + 0.05b 170.75 + 3.96b 318.94+9.91b

TE: RPBMCNPIE + bRk, RIS AR/ NG FREZOR AR B 22 5 B3 (P<0.05),
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3 M pH, AR TS Gl T A W A K B A A
M, AR TIRE LRI R a4
SN O] AR, IRl e e T+
A R S i, MR IR A —E R B
A, YK B RIS —E AR, B
B IR LA, % AR 5 A
W SRR RIE R, R T R R B

3 #ig

AR ST, W2 AT LA DT 2

(1) PLFHMIE A I B A DR O o8 1 0 45 R 3k
B, PDC-3 TR B 7E 4 F A3 S0 U5 A7 7 [ i i 7
Bt I i, AT R B AR i 22 X 45
A PR X H B A il s Y 4 p TPH, AZbPE 120 d
TPH [R5k 84.07%.

(2) RHEH SR R SR HEREGBRE
HRE AT IS G SR AT Lb Sl R A R A R AR
AP, AR S B e SRy
a6 B &2 120 d, TPH £ BR R4 50 91.58% F
89.30%, A Lb R At FH L S4B HE TPH 25 5% 2 70 il
P 6.92% 1 4.26%, 1B5 515 TPH &/ T
500 mgrkg, FFA € 4 TG OR B PE M B AR B
5E ) (H% [2008 1395 ) EHEAMIE B mbrifE,
UEAh, e R AR IR AE A, 90 d B Al 2:
Ik 89.32% HYy -3 TPH, Ll AL & 15 18 2 &R
$Eim 4.64%, AR TAERE IR 45%

(3) IEHHEBESHY B A BRI
PR 2B 1= 498 TPH A o3 ke = T = & R P i
FEulkEY), 120 d B HBTRRCR R 84.36% ~ 86.51%,
XT3 TPH (1) 22 Bk R 24 . A4 xF 4 TPH
LRI TTERE N 4.09% ~ 6.48%, HIHAEMFE K
a3 Ruy oL =R N

(4) AR S SEYKEBE T
A5 G £ 4 120 d S AT A R IR A T R
C10 ~ CI2 AR S o i €22 ~ C40 AR
Iy, EBFEN 85.14% ~ 100.00%., 1EEEtTh,
T R a IR AR s E T, o
i C13 ~ C21 AR iR Be AR Ralis,
F1C17 ~ C21 AR S BB AR, MEBE
kst A IR T IR AL A R RS R
135 TPH & A ik — D REIR

(5) MRS YA B R X b A
W T A B R, PR R AR
— 216 —

ferkp, =7 EHEIL T, AT )R HIRIIREN
WAL, VEAERIA TF IR SR AT .

SE Wk
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Effects of exogenous petroleum degrading microbial consortium and phyto-microbial remediation on medium level
petroleum contaminated soil from North China

SUN Jing', CAI Dian-xiong" >, JIANG Guang-yong', REN Hui-zhan', WU Hui-jun’ (1. Research Center for Applied
Biological Technology and Equipment, Tianjin Research Institute for Advanced Equipment, Tsinghua University, Tianjin
300300; 2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing
100081 )

Abstract: The remediation effects of petroleum degrading microbial consortium on medium level petroleum contaminated

soil from North China was studied through exogenous petroleum degrading microbial consortiums screening and laboratory
simulation of phyto-microbial remediation. The results indicated: TPH degrading efficiency of PDC-3 microbial consortium
was 84.07%, which was the highest among the four microbial consortiums screened. In the laboratory remediation simulation,
after 120 d, PDC-3 phyto-microbial treatments achieved better remediation effects than that of PDC-3 treatment alone.
The TPH degrading efficiencies of PDC-3 with Lolium perenne L. planting and PDC-3 with Medicago sativa L.planting were
91.58% and 89.30% respectively, and the soil TPH were both reduced to lower than 500 mg/kg. Moreover, PDC-3 with
L. perenne planting reached up to 89.32% TPH degrading efficiency in 90 d, and required shorter remediation period than
that of PDC-3 with M. sativa planting. Furthermore, PDC-3 was the major factor in soil TPH degrading process, its TPH
degrading contribution rate was much higher than that of endogenous microbial consortiums or plants; Plants contributed up to
4.09% ~ 6.48% of the soil TPH degraded, and it functioned mostly in the late stage of the remediation process. Meanwhile,
PDC-3 microbial consortium effectively removed 85.14% ~ 100.00% C10 ~ C12 and C22 ~ C40 petroleum hydrocarbons in
120 d when used alone as well as in phyto-microbial remediation. However, the C13 ~ C21 petroleum hydrocarbons showed
a temporary accumulation effect. At last, soil pH and fertility were improved during phyto-microbial remediation using PDC-
3, which would be important for soil function restoration.

Key words: North China; exogenous petroleum degrading microbial consortium; phyto-microbial remediation; medium level

petroleum contaminated soil ; remediation effects
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