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TR E IR 2 RE . SR eI S I R R 2R T5 P R & — BN B )2, IO 30y 514 0.012,
0.094 1 0.050 d™, EIEWIZ 00 6,79+ 7.37 K1 13.86 do H&/NHEJE L FE A0 TR ISTS Yl V-4 B AR 26 43 33l 112,08 230.05
1 887.93 mg/(kg-d). 3 AMACILIFLPIIBEAELE (average well color development) FIIHFIFHZH ([R5 F I EGH
) BEHERRE R B W, EMEE . RIIA IR, T3 AEEERT T1. T2 4B, ZERWISAEICRZ
HEREAR R IR . ER TR 3 ANME BN 2 e B (BREE 9 RN, &4 e M - 22 28
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=1 HERMRIERELIER

Table 1 Physical and chemical properties of raw materials for
composting
A y :
HERR frbLik Total i o
. Organic . Total P,Os/  Total K,O/
Raw materials A nitrogen/ ) B
carbon/(g'kg”) e (gke) (gke)
(gkg)
fi.%% 6.95 0.42 3.10 19.37
Soil
AR 452.18 21.36 15.74 28.53
Bran
JE RS 2
Mature 485.90 19.11 17.62 2125
chicken

manure

1.2 AHTETIENHE

A Y B Bl de b B CRE 22 T 5 3 DO R B
TeA MRS G G AR 3 (0~20em) , LBRAEYIGE
e, KT 2 mm Jf 85 o g R A i T A
ik, FEARBUREECA 1:10 CBURCT 3R 1 EL
SR ats, Brimnat 4 B, AR e SR,
i RSA TS g g
1.3 AHEBREFIRGE

%A e 2R AR T ) B A A TR IR e DR A e AR
B e, TRIE R IARE W, R P E R
(pseudomonas sp.) , (94.14%) 4L, A1 =K & 10g/L,
30°C 180 r/min ¥55% 15 d, WX A0 TS L) 1 Bt
KN 18%~20%. HIFGHE AN, HE-80°C VA IRIRAT 1 AT
BB IEEER T 50 mL 2R RE B AR IR (R RS
3 g/L, EAM 10 g/L, NaCl 5 g/L, pH {4 7.2~7.4) ,
30°C 180 t/min IR IEFRIAG — BT, Lh S%IMHERD
N — PR TR R 2R R B AR SR
30°C 180 r/min A EEFRIRAT WM, H% 101 AR
wIG CCAERR AT T (10 LB = gkl 5 K
R IRAI5), 30°CHrIEREFE 24 h, SRAGA41 I B AR B
1.4 REHZE

N AT YT G IR A Yol AR AR TR R R A R D AR e g
FrELl GEJRE) N 10:1:0.5 MHEIRAHA], 3 &K
B 20% AT I CE 3 ML HEEAVIREE (BAX
FEHEFET) A 5000 mg/kg (T1ARFE) | 10 000 mg/kg
(T2 Ab38) F150 000 mg/kg (T3 AbF) , LIBHUA R E
Ay G IR ME A IE 5 o B HERLREN R B x5y
420 emx12 emx13 cm, BEJE 2 em (MR &, 28°CIEL
Ri3e, 45 2 RAMIKSY 100 mL FFHEAT B HE LURAIEHEAA K
SYRERA T . (EHENE IR e B HE A IR, 4°C
TRAE, T A S S0 & e YRR a5 AT
1.5 REHEREENERZE
1.5.1 1 5HRE4s%

g A R I R SR TR AN e e B R,
PRI T 5.0 g KB s T EERE NN 10 mL A7 ¥
fik, 25°C 300 W 27 10 min, §#JiEd%% 5 min, 6 000 r/min
B0 Smin, REFEIS K, GIF BIEW, ToKER RN
K, THA MK SE 20548 225 nm Kbk, 3 ER, it
THEEA MRS E.

1.5.2 MAMBZKLEMN

FREUH T 5.0 ¢ WF SR BT EE L3, IASEE
45mL LHEAEFIEK (0.85%NaCl) =i, K
(200 r/min) #23%% 30 min, FFE G EER, R
KRS 107, A Biolog ECO &Mt (&1L
150 L) , BT 25°CIEEG IR, ELLRGFR 240 h, B 24h
75 ELISA Wi P Hse4a% | 590 nm Abise% 1 kM, 3
AL S AR A R T Th e 2 R MR A

FLP¥Ei e A8k % (average well-color development,
AWCD)
AWCD:ffC;R)
i G & R NALLE 590 nm & IWEAE : R ) ECO R
XTHEAL A1 75 590 nm AEFIOGAE: m ALEL. C—R /DT
0 4L, THHEmBHEHR 0, BI: C~R=0.

HEY% Shannon £ & I8 (H)

H}H:iEMB

i=1

e POl i FUATDR RO AR AT B AR W G (LI AT
mtt, Bl: P=(C,-R /i(CI.—R)o

% Simpson LA FEEL (D)
2 on(n, -1
D_;N(Nq)
AH: n N FUHXNIESSE (C-R) , N AR AE
M, Simpson 5 208 ] 1/D (HE R
TEVE Mclntosh 22— & 8% (U)

U= /i n,.2
i=1

Kb g A FLAXTOGE (CG-R)
1.5.3 #rF & 454K (seed germination index, SGI)
TR AARRLE 1:10 W LLEREEFE S QR BTE) 52810
KIS A], JEW 3 000 r/min 2.0 10 min, B S mL i
WTERA UEAEIY 9 em FEFRIL, JRCE 30 R BEEEH R
DAZETRAK A I, 3 KRS, 30°CHESE 48 h Ja AR K,
TR 2F4E% (seed germination index, SGI) M,
1.6 HuE4E
H 4% R M SPSS(18.0) # ik 47 48 ik 4 B
Excel(V2010) K Fik1T4:

2 FER5HMh

2.1 RAMTHETIEEEHEEIEPRBELETEY
MERENNFE

A G G R R A AE SR AR AR E T R AT I
AR NVIERE, MWK 1a, b, ¢ ATLAEH, 3 MbFERHERS
WIS 7 7 — BUE NI, a9 e s R
NG, 3 b EE () - S5 i B I TR £ K 1
1%, A 2ys Y i R AR A HE IS TR, /T 21 K
R B Ry ) 0 B PR AR 91.08% . 88.37% A1
74.67%, VLU T ARG A0 B, AR R
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FERRENS . HENS IS IR T3 AbFT, Hogx 2 ANAbER A3l AN 73.97%, 196 1340 R 2 R AR B K (P

SRR T . MRS 3 AN B A R 4y
B Wk (314.584210.57) . (614.06+95.08) i
(9373.96+290.48)mg/kg, PFEAEZ70 91.45% 91.83%

e AT 5
5000 T Petroleum concentration 100
—o— [#fi 3 Degradation rate

4000
3000
2000
1000

A R
Petroleum concentration/
(mgkg")
&
[=]
[#f# 2 Degradation rate/%

I i i i i i 1 1 O
1 3 6 9 12 15 18 21 24 27 30
I A Time/d
a. Tl
5 S0000p | rimmEA M 1% =
% Petroleum concentration 2
’@E,\ 40000_' 460 ‘é
R8T . g
i £2 30000 g
B ) 40

=g e i 2 =3
E 220000 F =2 Degradation A
2 C 20 %
L 10 000 &
¥

09 0
1 3 6 9 1215 18 21 24 27 30
I ") Time/d

c.T3

<0.05) o MHMESEIERER) Bt AR, 3 AN b B i
BRI, AT MG, RS R R T 2 e A
HAY K 112.08. 230.05 A1 887.93 mg/(kg-d).

—m— AT H
Petrolelun concentration
—O—[i#i# 2 Degradation rate

A R

Petroleum concentration/
S~
(=]

[4fi# %8 Degradation rate/%

Ty
I 3 6 9 12 15 18 21 24 27 30
I8 A Time/d
b. T2
12r AT] ET2 #T3

- » & g 4

,_
S =
T

(mgkg")
i AN N 00 O
T
[ |
L > ¥
|
{
L [} A
o n
- [ ]

R

%

VEF!::)) )
Petroleum concentration/
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I [ Time/d
d. B ERHE

d. Kinetics characteristic

W T, T2 A1 T3 SEIUA AT 20205124 5000, 10 000 F1 50 000 mgkg™ (5 3 AMLEE, R,
Note: T1, T2 and T3 were three treatments of different petroleum initial concentration, which were 5 000, 10 000 1 50 000 mg-kg™ respectively, the same as below.
A1 RERES TR IHOEEAN L2 0 )RR T RNEMFAsh ) S5 iE
Fig.1 Petroleum biodegradation and kinetics characteristic during bioremediation of petroleum hydrocarbon -contaminated soil with
different concentration by composting

AN S T RS A ﬁ&ﬁmﬁmm
Peter O Abioye VR AT HLIE sE My s A A8 S LTS S

B, BRI R INL AR B AR R A — %ﬁﬁWKJJjJ%,
AT (1) IR

Inc=—kt+a QD)
c NIKPIIREE, k AN, ¢ o V]
=0 B, a=Incy, X oo AWM TIEAM SR N
Kl 1d f13k 2 nfLUE Y, 3 AN ARE Y 34 T & HARKY
0 (Ine) 55 HEJBT I 1) 228 PEAR DG, HALE 0 = (P<0.01).
N0 T AN IRD R B v g R R s AR,
TR (1) A

fCEP

c=cyet! 2
M) t,,=In(2)/k. T3 AHFIA-= 00 13.86 d, 7
SIEE T1. T2 4bFE K 7.07 #1 6.49 d, IXBiH] T =k )En
G g IR I RS

R2 ARRERMBSRIIRERFLEEIRAGHEILSEY
M NFE IR
Table 2 Kinetic equations of petroleum biodegradation during
bioremediation of petroleum hydrocarbon -contaminated soil with
different concentration by composting

pisE I EITRE 2 . -2
L . R Sig.
Treatment Kinetic equations tp/d
T1 Inc =—0.102¢ + 8.657 0.965 <0.01 6.79
T2 Inc =—0.094¢ + 9.378 0.950 <0.01 7.37
T3 Inc =—0.0507 +10.778 0.892 <0.01 13.86

e ¢ RIRMIRIL, ¢ g NI,

Note: ¢ is the content of substrate, # is time of reaction.

2.2 AHMSHEIIREFBUEEIERPHEDNRESEW
REINGEZ
221 LR ¥ mE R
development, AWCD )
AWCD JETAEYIRE R FH iR RE ) I E 2R bR, R
WA A R (R AATERED . NE 2 WTLUE Y, e
TR AR S ST R, 3 ANRERR AWCD HE |
Fhla,  HETH KR S g

201
18F OTlI @T2 @aT3 a a

161

L 4 % ( average well-color

LTEE R

Average well-color development
=

F5F 1) Time/d

T PERERORERZE (n=3), AFTREORZEFIEREKT (P<0.05), T,
Note: The error bars are the standard deviation (n = 3), and different letters in the
graph indicate significant at 0.05 level, the same below.

B2 RRIREA &G R DR EMASTAE 144 h LR E T LE
Fig.2 Values of average well-color development during
bioremediation of petroleum hydrocarbon -contaminated soil with
different concentration by composting

T1. T3 AHLEHER S 18 RisFH K, AWCD HS
BN 1.49+0.05 F1 1.7140.02, 2 J5 Rt AR AR LA R 3 AR
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A%, BENEAN 5.05%F1 0.75%. T2 AEFf) AWCD 765 18
RIEH) 1.53+0.05 JGMA T, (B2 27 RixFlHA, H
HEMRAR 1.39%. TEHEB LS S A AR 1, 3 ANk
HSE S TR AP AR I 25 . HERESE 1 K T1 AbFE
) AWCD {8 (0.72+0.03) & # &1 T2 f1 T3 Ab#
(P<0.05) , 735t 17.29%H1 23.38%. 4 18 KF1 27
K T3 AbEE) AWCD fiif i, nltt Tl T2 Ab¥e
14.59%. 11.75%F1 19.78%. 9.39%, 7= ik /K
(P<0.05)
2.2.2 IRAMEEEERRARS

T 08 B0 PR R PR 290 1T LA S ARk A4 0 e 1) e
ARG Ty BEIE AR PRS2 P )8 R AR B 3442 1T LUK Biolog
ECO 4= 4#R (marix technologies corporation, USA) L[]
31 FPE—RUE 534 6 KK, BRI 10 P RERE 7 Fh.

RIS 6 P WIS 4 Fh. RS 2 AT EME
Y2k 2 PO, SRR 9% 144 h (WO AE M AN [A) AL B A 2R
PIREEXT 6 KBRIR IR (R 3) , ZiREWSE 1K,
T1 X 5 F RSP RERF e, 0l bk T2 T3
AEFT 37.66%- 82.35%H11 41.33%. 97.87%, ZEis®| i
FIKF (P<0.05) , T2. T3 AbFEXE 2 B8 T d
[t T1 AbFEE 8.14%F1 13.95%, 3 AMALHAIG &%
(P>0.05) o 559 K 3 MACEEXTHESSAI B, T3 Ab3 4y
S T1. T2 b3 4.58%F1 15.94%, 3 ANAb3 ] i %
FE5E (P>0.05) o 55 18 KA1 27 K, 3 ML £ Bk
FOBESSA B, 3 MACHE 2 R YRR B3 2 5
(P>0.05) , XPRESAIT T3 AR HILL T1. T2 AbF
36.42%- 23.35%F1 25.45%. 14.36%, 3 MAbHR|A) 2 ik
FIEFEACE (P<0.05)

F3 FRREAHSHRIFEFUEEIRMEMEEEX ¢ XiFEIFIA
Table 3  Using of six groups of carbon sources by microbial community during bioremediation of petroleum hydrocarbon-contaminated soil
with different concentration by composting

HE Jg 1)

Componing I IR k- T 7= R RS
time/d Treatments Carbohydrates Amino acids Carboxylic acids Polymers Amines Aromatic compounds

Tl 0.93+0.08a 0.53+0.08a 0.50+0.09ab 0.86+0.15a 0.45+0.28a 1.06+0.21a

1 T2 0.51+0.09b 0.60+0.12a 0.59+0.09a 0.93+0.07a 0.51+0.15a 0.77+0.04b
T3 0.47+0.04b 0.70+0.09a 0.39+0.02b 0.98+0.11a 0.58+0.05a 0.75+0.08b

Tl 1.53+0.01a 1.49+0.27a 1.0440.16a 1.3240.55a 1.1740.13a 0.56+0.08a

9 T2 1.38+0.05a 1.30+0.30a 0.88+0.01ab 1.05+0.09a 0.74+0.14b 0.74+0.60a
T3 1.60+0.20a 1.22+0.19a 0.79+0.08b 1.00+0.10a 1.19+0.16a 1.18+0.36a

Tl 1.51£0.08¢c 1.55+0.17a 1.25+0.08b 2.24+0.15a 1.41+0.12a 0.74+0.10a

18 T2 1.67+0.04b 1.57+0.11a 1.29+0.03b 1.98+0.19a 1.43+0.03a 0.79+0.09a
T3 2.06+0.03a 1.69+0.04a 1.43+0.08a 2.14+0.07a 1.44+0.12a 0.47+0.11b

Tl 1.65+0.05¢ 1.39+0.04b 1.16+0.05¢ 1.89+0.11a 1.11+0.06b 0.59+0.15a

27 T2 1.81+0.05b 1.50+0.01ab 1.40+0.04b 1.95+0.05a 1.15+0.09b 0.59+0.17a
T3 2.07+0.06a 1.56+0.09a 1.57+0.02a 1.98+0.07a 1.41+0.17a 0.44+0.02a

e CPBIEEbREZE (n=3) , [FSVEER AR PR R Z R B (P<0.05) , R,

Notes: The means+standard deviation (#=3), different letters in the same column indicate significant at 0.05 level, the same below.

HERMHAE ) A B AR BV S5 oK, HEJR P10
LA N 5 5 SR RN 2 YA, T AR
WONRER M Z LR AU HE, J5 I LA 2 SRR AR
WA, . BRUEE VIR R A B 59 4h, HE
& a8 BRI R 07 B A S AR
2.2.3 fhAMBEFENRA E RS0

N TR T AR A ISR Vs G IR
BRI R AEIRE IR 58, X Biolog ECO A2 I 77
144 h WG AE AT E Bisr 43 4t Cprincipal component
analysis, PCA) , 43 AIHICAT LS AL o — i A0 (1 4
PaAr s CRBUGZTTERE) N 57.04%. 49.85%-. 59.03%
1 66.55%11F RS PCL AT PC2 (LK 3) , 45 EWILE
HERE IR 3 ANAEIRAE B oy AR bR R P 2E SR . X
ZERAEE 1 KA 18 REZAILAE PC1 |, 2851 R Tl
ALERAT T2, T3 ALFEAR AL T PC1 ) ot AT E g, HiL TR0 AR
HEREE (P<0.05) . %9 K3 MEHaEE %%
5 (P>0.05) . 55 18 K T1. T2 Fl T3 L&bFE 2 %47 T PC1
() G A E sy, JLRAR R 22 S R (P<<0.01) o 2

27 K T3 &FALT PC1 1 PC2 [#)1F %, T2 4BEAL T PCI
1 PC2 (s, T1 ARFEL T PC1 G Al PC2 [ 1E 3 ,
J7 2 TR 3 ANLBRAE PC1 (P<0.01) F1 PC2 (P<0.01)
b R B KT . ST AR S ) B R
HEIS 2R 27 R 3 AN EH R ik, ULHIBEEHE
JEAAE SRR S AR IR B TR E .

X PCA w1 31 FiRBISAE 32 o) Al b 1 PR - 48 A (e
MEmED) BT (WE 4, ATLLEHSE 1 KX PCI
DUHRR (=0.05) IR h 2 AR K (38.46%) MIZERY)
7 (23.08%) Py LEBER, 55 18 KA PC1 vk K
JEHESS (50.00%) , HUCGERIRIS (25.00%) o 527 K
X PC1. PC2 DifRECK I 2R 2R (PC1, 47.37%; PC2,
25.00%) + @RI (PC1, 21.05%; PC2, 25.00%) Al
B2 (PCL, 21.05%; PC2, 25.00%) . ] WLHEEH]],
%} PCLE M, S8 3 MbHE 2 B B8R 7
AP Z R YR IG ], BERAR RIS
JXF PCl. PC2 B4 AR, 3303 AMbs =il e #
(REEE:S- A1 1175 N
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Fig.3 Principal component analysis of microbial community metabolism during bioremediation of petroleum-contaminated soil with
different concentration by composting

F 4 X PC1FAPC2 TI#kBI4FIEEIE (=0.05) RYBRIREEL

Table 4 Numbers of carbon sources with loading =0.05 grouped

T 1d 9d 18d 27d

Carbon sources PC1 PC2 PCl1 PC2 PCl PC2 PCl PC2
B2 Carbohydrates 0o 4 3 3 8 3 9 2
FIEIRIE Amino acids 5 0 4 2 2 2 4 2
Z &3 Amines 2 0 0 1 0 2 1 1
ZEWH Polymers 303 2 1 10 1 1
FRIRFE Carboxylic acids 2 2 3 2 4 2 4 2
Arorﬁﬁ Ecoﬁn:ﬁunds ! 0 0 ! ! 0 0 0
41t Total 139 12 10 16 9 19 8

2.2.4 PRAEMBEE S IR AT

A YIRETS 2 FEVETE RS Shannon 5 BETEEL (HD
Simpson fL#E$54L (1/D) Fl Mclntosh 4—EF5% (U)
W TP AR A DIREZAEERY . B T
FEAINFE SR, UD W T EYIREE 55 W
Bl U EIETREEDR 2 42 n)_ LR S Z Rerkfa s, 2
BRI — PR, AR 5 TR, 7ERANHEE
WAEE ISR H A U B8 s rias. MR 1 R, 28
9 K T1 ALFRY) H B, A& T2, T3 AEER 1.02 £5~1.04
To 5 27 K T2. T3 A3 1) H AR W35 =T T1 AR #E(P<<0.05),
T2. T3 LR EZER (P>0.05) . HEIELE 1 K T1 4
) U HZE T T2, T3 4FE (P<<0.05) , 409lkk T2, T3
AP 10.18%F1 10.83%. 55 18 K. 5527 K T3 &bH U

fitperms, 3 AIbE T1. T2 AbFRE 14.84%. 12.49%F1 17.64%.
9.02%, ZFIERBEAKT (P<0.05) o 1/D HAREAHEES
R 25 ERE T RERER, 75 9 K 3 MR 1/D
ISR ER, T1 ARHE 1/D H 53 LG T2, T3 AbFER 2.12%
F19.44%, 3 AMGEENZE A EE (P>0.05) o 518 K.
5527 K T1. T2 &#2%) UD H B3 5T T3 4038 (P<<0.05),
I3 HIEE T3 AbFE R 16.93%. 15.61%K11 14.37%. 8.59%, TI.
T2 b EC 2R (P>0.05) .
£S5 TERERHBHTERIIEHEELES SRR
MEMBE S MBS
Table 5 Diversity indices of microbial community during

bioremediation of petroleum hydrocarbon-contaminated soil with
different concentration by composting

Compostmg /5 EEEE m
time/d Treatment B8 H ¥ 1/D fBH U
Tl 2.89+0.21a 56.24+20.04a  5.63+0.17a
1 T2 2.83+0.03a 50.03+4.40a 5.11£0.15b
T3 2.77+0.01a 41.65+5.05a 5.08+0.13b
Tl 3.29+0.03a 67.45+5.01a 8.00+£0.67a
9 T2 3.23+0.01b 66.05+4.93a 7.29+0.34a
T3 3.24+0.01b 61.63+9.47a 7.77+0.74a
Tl 3.31£0.00a 57.61+2.10a 9.10+0.30b
18 T2 3.32+0.00a 56.96+1.94a 9.29+0.27b
T3 3.31£0.01a 49.27+1.76b 10.45+0.15a
Tl 3.30+0.01b 58.98+3.18a 8.73+0.31¢c
27 T2 3.3240.01a 56.00+1.57a 9.42+0.17b
T3 3.32+0.00a 51.57+1.00b 10.27+0.24a
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2.3 AMSHEITIEHFHESENMFAFRENZMN
7R AEFRE (SGD JEPFM A IG5 G I fid e
IR RS, KB 4 a LA L, HEESE 1R, T2
AT SGI sk (0.68+0.10) , 43Ik T1. T3 kb3
22.30%F1 38.94%. 55 30 K 3 MALEER) SGI {E 55l EL 2 1
RALE T 18.26%- 20.42%F1 36.41%, Horb T2 AR SGI
R (0.82+0.10) , 737tk T1. T3 AbFE R 24.54%F1
22.65%, {H 3 MNMEIRRIEEE Z R (P>0.05) .
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Fig.4 Effect of bioremediation of petroleum
hydrocarbon-contaminated soil with different concentration by
composting on germination index
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B R H AR B B MR IR s g IR 2y
P, FESzpr N TP ERAS T AR, (HR S e
VIR R ZA AR 285 Y LIE R MBI 2. Grace
Liu Z5PY0F 50 T HE AR RAIUG 775 Lu Bl ANIRTR A M 2
T PR R0 A T I ST e B v i, &l SRR B 45 Ak
B A IR 2 G B T SR AR AEHE B T (B 1~35
KD RN )%, RIVIEREECN 0.012~
0.042 d™'. 5K 75 S5 ISR 23 W A5 G SR HE IS A &R s
AJE S FEEAE PR, 24 d 5 AR E 2 EON 18.77%
FRARZE 8.87%, A1ty s el it 3= B A= HE B iy
W1, FEANHE R R — RN B )%, RN TR A
h0.035d" o ARWFITEE R BN, ARG 4 G G
T IR HE A AS SRR TR AT — BOE N, WA A
TR PSR v I Y G, I N S A R A e
S ¥ G P A At 2 L R A A M S e (1 i A
W, EADGR TR S A T S 2T Y B A R I, HERE
Ja WA RS R TR e . XTI REA =7 T
JRPR: —. EMEEAE SRR, S AR (ke
NG F R T T IR A I e R, IS IS A )
MIMPEL Sy TS TR Ew Rt — LSRR, &
BT HER G A R AR S . BEAE MRS s SRR
(IR, HER AR R A I E DR VR 2 W N A S, 3 i
A i BE DU, HENE I B TR B B AR
WIFIHE R AR ISR S, 0 T E I RITE R, e T
BT AR = MBS R, ARG
1 9T G T VR R - o R B P PR R T LA HE R
B, T AR T A i i AR m R R A A
SR P R G — B 1% RN, HTAA A A B B

P E R 0K, Tahseen!  (IHIF9Y HAIFSE T 5 &4
V5 G [0) A ) 5 g o 23 B ) e AR S 1 T T s

A G b M FE A B S R A B R AR A TR AR
WS s, FaaER A HyO A CO, 8588 Ak W st i
o EIX—IIREH, TAEYIRE S A BT 5, X
e R R R 0B, HAREE PRI BUAH AWCD fEK
R RIS, BTG 4h SRR WA R v Y S I A s
e JE A AWCD fEfR R, UiIAHERS . S AR
YRR AR YR, 455 A BRI AR A, v AHERR HE
J& J A T B AR O 08 A b T B A AR S A Lk
Mo FEREANHESAAE IS RE T, TG A0 ok B 8
AWCD fE#E, EFRdE, X 54 bR E A b
EIE. AWCD fEACGR K2 il A i v IR AR AR 1
MACEYINT 6 SRR EIAI F T DL sk A= e v T A it
DIReRTE . AWEIUE KR, A HE R A8 5 3R 1 4
W, WA ETRCE, BYERYIRE )y RN
R FRACUTEZE I A8 h 2 FE SR RARI R, 1 B
WA AR BB Ry, X P AR TS PE 98 . Grace Liu
GRS R WA A s e R A s LR, R
IR 1) A2 A A I AR B D A DIAH oG o X U WA
AWFFHERE Rgerh, AR FEA R AL 2R
WIRARE A IR AR . N E 5438 (PCAD
SR, HEIR e B I R MRV A A7 AT i
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B, FEAIEFT A DR 2SR = B IR IR 3k A= W) B0 0 A 3
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Shannon F & FE¥§ 5 (H) . Simpson L EFa 50 (1/D)
F1 Mclntosh ¥J—FE4a40 (UD MASIR I s B 1 4= 3580k
BRI IIRE 2 FENE . AFU S R oR, B A s
P T IRHE G A T AR RO HEE, TR YRR R A
B — R, GRHEE AL B AR R AR T e
YRR E & DR Z ek RSB TREOE b iz v
WIE B KM, e T, A m THERYIH, $
RGO A H 0 i =, DA EHE R AL I
T AR T E IR VR SR, A A T R
B R TOLA R B A, (BARAE fe SO B v 2%
S, [FII PCA 45 R0 W7 70 MEJ b Sl A WD e AR R
AP ERARZE, UG IR BN A YR
DL BRI /N

Bl R 25 Fa B0 e+ 384 Btk O i UK R FR 15
Wang % PUF 5T 2 WA R 1 R ZEHR 0 B ik B 2 E
Lo AW E R, MRS B A ity Gy LI Fh+
REFFRECE E R A, ORI R A P s R A R A
G G LT DU A R BRI
4 5 it

1) AL 255 5000 (T1) 10 000
(T2) 150 000 mg/kg (T3) (¥ I FEARTT & — ] N B))
J1%, RINVHEY RN 0.012, 0.094 1 0.050 d7, 2f-%E]
SR 6.79 7.37 F113.86 do Ry IR FEWIUA A7 il i SE 22 HE
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JEAE SR o HEJS 4 AR, 3 AN Kb R R AR R 43 51 A
91.45%-. 91.83%F1 73.97%, A1t 134 FAAf T8 R 43 il 4
112.08. 230.05 FI 887.93 mg/(kg-d). A1 liBFfEH L)
B T FE S T m

2) 3 MNMEEFLT B AR FRIE R R (B
FEREMEDIN T, Hoh T3 dbFikim o, HERE
L RA R R, T3 A E T T1. T2 4b#. Bl
HEJE A ERE R HERE, 3 AN ALK 22 YRR A R
WO AR AR, AR S TR . R T
RW] 3 ANBLIAEIRE, 22 e B (BRES 9 R4
JEE o A FH IR T B B R FR IR

3) TR T & PR EORS — P Fa B bt o Fos Ak
FRIHERE W = HAEHE R IS A BIRR, 55 T1 ARSI L,
T2. T3 MCFEEE R B BEHRE R T 0.61%-
7.90%F1 0.61% 17.64%; Tl -EWIREE AT TR EAE TR )
B, T AL T2 T3 AbH ST 2.12%F1 9.44%.

4) HERELERI, 3 ANACERR TR DR o LM
JEVIHRE T 18.26%. 20.42%. 36.41%, T T2 [fh
TR RS, 22 BIEE T1. T3 AE P ) 24.54%H01 22.65%.
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Kinetics of petroleum hydrocarbon degradation in soil and diversity of
microbial community during composting
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Abstract: In order to investigate the mechanism of bioremediation of petroleum hydrocarbon-contaminated soil by
composting, an experiment was conducted with bacteria agent and mature chicken manure as amendment. We studied the
kinetics of petroleum hydrocarbon degradation and the diversity of microbial community during the bioremediation of
petroleum hydrocarbon-contaminated soil by composting with different concentrations. The concentrations included
5000 mg/kg (T1), 10 000 mg/kg (T2) and 50 000 mg/kg (T3). The results showed that biodegradation of petroleum
hydrocarbon followed the first-order model during composting. The constants of biodegradation rate in 3 treatments
respectively were 0.012, 0.094 and 0.050/d. The half-life period was 6.79 d in T1 treatment, 7.37 d in T2 treatment and 13.86 d
in T3 treatment. The average degradation rate was 112.08 mg/(kg-d) in T1 treatment, 230.05 mg/(kg-d) in T2 treatment and
887.93 mg/(kg-d) in T3 treatment during composting. This indicated that the average degradation rate increased with the
increase in the petroleum hydrocarbon concentration. The average well-color development (AWCD) and use of carbon sources
(except aromatic compounds) increased during the composting process, and reached the peak at the end of composting. There
was a sharp rise in AWCD at the beginning of composting. This phenomenon could be easily explained by the fact that the
total activity of soil microbial community increased significantly in the early of the process, while the use of carbon sources
rose. The value of AWCD and the use of carbon sources in T3 were significantly higher than that in T2 and T3 at the end of
composting. This demonstrated that there were dominant microbial consortia in the treatment with higher petroleum
hydrocarbon concentration, and the dominant microbial consortia raised the total activity of soil microbial community and the
use of carbon source. The dominant microbial consortia were metabolism communities of polymers and carbohydrates in
composting process. The principal component analysis results revealed that there was a significant difference in soil microbial
community structure among 3 treatments and the difference was mostly related to the use of carbohydrates and carboxylic
acids. The microbial community diversity, as indicated by Shannon and MclIntosh, increased during the composting process,
and reached the peak at the end of stage. The values of Shannon and Mclntosh in T3 were 0.21% and 17.64% higher than those
in T1 respectively, and the differences were significant at 0.05 level (P<0.05). Simpson reached the maximum in middle stage.
The value of Simpson in T1 was 2.12% and 9.44% higher than that in T2 and T3 respectively (P>0.05). This phenomenon was
likely due to the stimulating effect of lower concentration of petroleum hydrocarbon on the growth of the dominant microbial
consortia. However, the structure of soil microbial community in 3 treatments had no significant difference. The seed
germination index (SGI) reached the maximum at the end of composting. Compared with the first stage of composting, the SGI
in 3 treatments increased respectively by 18.26%, 20.42% and 36.41%. This suggested that bioremediation of petroleum
hydrocarbon-contaminated soil by composting had a high effect for improving soil health. The results can provide a reference
and theoretical basis for the application of bioremediation in petroleum hydrocarbon-contaminated soil in the Loess Plateau by
composting with different concentrations.

Key words: pollution; soils; composting; petroleum hydrocarbon-contaminated soil; bioremediation; degradation kinetics;
microbial community structure



