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Pollutant components and microbial community structure of oil-polluted soils after converted
from paddy field to upland. REN Rui-xia'?, ZHANG Ying', LI Hui', WANG Rong', XU Hui',
CHEN Guan-xiong'( 'Key Laboratory of Terrestrial Ecological Process, Institute of Applied Ecology ,
Chinese Academy of Sciences, Shenyang 110016, China; *Graduate University of Chinese Academy of
Sciences, Beijing 100049, China ). -Chin. J. Appl. Ecol. ,2007 J18(5): 1107-1112.

Abstract: With the oil-polluted soils after converted from paddy field to upland field for different
years in the Shenfu wastewater irrigation area of Shenyang as test materials, the concentrations of
their oil pollutants were determined, and the microbial community structure was investigated by de-
naturing gradient gel electrophoresis ( DGGE ) and phospholipids fatty acid ( PLFA ) methods. The
results showed that the proportions of total polynuclear aromatic hydrocarbons ( PAHs ) in total petro-
leum hydrocarbons ( TPHs ) and of high molecular weight PAHs in total PAHs increased with the in-
creasing years of field conversion. Total phospholipid fatty acids ( PLFAs ) had a significant positive
correlation with total TPHs, but no correlation with total PAHs. Both DGGE and PLFA analyses indi-
cated that the community structure of soil microbes was mainly correlated with geographical location,

and changed obviously when the concentrations of oil pollutants in soil increased to a definite level.

Key words: wastewater irrigation; microbial diversity; phospholipid fatty acid ( PLFA ); denatu-
ring gradient gel electrophoresis ( DGGE ); total petroleum hydrocarbon ( TPH ); polynuclear aro-
matic hydrocarbon ( PAH ).
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20 fH22 80 AFAX, FfE AT I35 7K 8 Ik 1 3 Y
N TS RE X B A I T 5K HERE , THAG 1K
TEWR AR 5 HBHE L2k 175 Y i i, (i 2R 2
INREAF B —E MK . IR P B A il 28 5 Qe i 2
R LA WAt by 32, B S8R ) I e i 2 2 L
P TG 2 KRB 2 A5 R B4 5
bk, U HRE & 4y 1 8 2 35 R U S b DL b
D5 ) TE PR 8 i B 5 Y i K P AL e RRE
PE A G e, 0 S A Wy ) 2 R S T
PE AR AR SO PR DX S e K 2k
B A [ A BR S A A Tl 15 Qe ik B2 S R Gy1 2 3005
KL oy FEAT T 23 M, OF R 22 VR B R 5 I H YK
( genaturing gradient gel elctrophoresis, DGGE ) Fl
A& g W B2 73 #7 ( phospholipid fatty-acid analysis, PL-
FADER 43 1 7K o 5 H A [8) 41 BR S5 75 e 4= 58 0
W Z R 2.

2 MB5FE

2.1 SRR SR AR B B T A3 BT

A R T 2003 4F 7 AR IR IRIEX T
Wb R XK R 380 ~ 20 em ), 3t
SRAE 10 AMFEHBC 3£ 1), L RSB vk BE R A2 25
FFE TS T PH - HELYAT A 252 00 1) 5 - 38
TH I R A AR SRR ML R 5 A SRR A
TRS)IPHE, —20 CIATE .
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Tab.1 Information of soil samples

FERSS  RFEHLAT (271 IKUCRARRR
Sample Sampling site Crop Years after
converting
paddy field
into upland
(a
1 —El N 30
Sanbaotun Mhallots
2 =gl R 30
Sanbaotun Celery
3 BEH PN 30
Sanbaotun Soybean
4 Wi s 3R 15
Sifangtai Leaf mustard
5 [ly7hs} L) 15
Sifangtai Rabish
6 23 K& 10~15
Kanghong Soybean
7 FE% PN 1~3
Kanghon Soybean
8 IR PNz 6~7
Xingnong Village of Shenjingzi Town  Soybean
9 IR PN 10
Xingnong Village of Shenjingzi Town  Soybean
10 BHTHORN B S 10
Xingnong Village of Shenjingzi town Maize
11 DePH A2 Xk -
Shenyang Ecological Station Maize

2.2 IR

+IEAHUFE S8 K, Cr,0, ZEIENE; 13
SR YU E Z LN ; 328 H A BT L @ik
M7 5 308 FH Olsen 1200 22 5 + 338 28 HIAA 5%
P T KN BT IR RO T
2.3 EAIhEECTPH )MZ 3558 PAHs ) Fl &

s g 38, KT (1 mm ), A 20 ml 1EC
F.20 ml =S 5 20 ml G T R U R R R
20 min,3 000 r * min "' B0 10 min, 5 3 K Ei%
T, L TOKBRBRANAE T, 25K AR TR, B T EL R
AT EE R N HASRT, E Rkl S a
TH42( total petroleum hydrocarbons, TPH V& E. 2]
7% %& ( polycyclic aromatic hydrocarbons, PAHs )
HPLC ) He il 5 1 85 00 1 2 3R 95 0%
AEEIIT 1,2,3-cd JEE AT g, h,i JEE . TR R
IR R k]9 2RI b IR B R ORI a
R EE RN, BN 3 IRE
2.4 DNA #Ht

Bo.5 g 76 -20 CIRAEM RS, 5 1 ml
DNA $2HZE o A1 10wl 25 A K10 mg » ml ™)
BRI, BT 37 CREBT IR 1 h IR 5 R
mE T -65 C ~65 C, A URfl 3 YK, A 100 wl
20% SDS W, AT, LA 65 CoK¥H, I 2 h,
TR 15 ~ 20 min BREFE S 1 W, 8 40 i 70 53 24 iR
6 000 r * min ' B0 10 min, Y FVE W, &R AR
WA - 24:1,V/V ), 18%1,6 000 r * min~'
B0 10 min. TBOKAR, IIA 0. 6 5 IARFE S EE,
BRERIRA], SEIRTE 2 h, 12 000 © + min "' .0 20
min, WHEDTHE DNA, ] 70% 098 L BEvE %, SR T
FE. FH 50 wl TE 22 pPii i, 1531 DNA FHEZUE. DNA
LW TaKaRa agarose gel DNA ¢ i [T, it 551
&aife BT -20 C, & H.
2.5 PCR-DGGE

P HUAH B m 51 Hod, 81-GC Sy 5
CGCCCGCCGLGCLCCGCGCCCGCTCCCGCCGLCCCC-
GCCCGAGAGTTTGATCCTGGCTCAG-3"5519r g 5'-
GTATTACCGCGGCTGCTGG-3", 1 A= ¥ T. 72 ( Kk
A RA TG P RNARZR N 50 wl, 3452 wl
DNA #i4%, 10 x PCR )W 22 i 5 l,2. 5 mmol -
L' ANTP JRARW 4 1,20 pmol « L' 54— 1 pl,
20 pmol * L™'5[# "1 pl,Taq (5 U - wl™') 0.25
wl, KB 281K 36,75 pl. SO 451F 0 94 ¢, Filag
P 5 min;94 °C 2814 1 min,60 °C B K 1 min,72 °C
FEAH 3 min,30 MEIR, i J5 HAE 72 °C ZEfH 8 min.
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PCR RN B P=8) I 1. 5% Bl bl e s FEL UK , EB e (2 ®2 TEEFSHEBELMER
K. DGGE & F D-Code system ( Bio-Rad Laborato- ’l“al:.Z Physical aniCh?Tlc:l prol?ertl‘eAsh OF soils —

. o . tF b AHUR &R EMA SR RN &M R
ries Inc. , Hercules, CA, USA ), ;H\é W\i ‘}:f% % Eﬁ‘ {ZQ g jwj Sample Organic NT(ntal ﬁ\iallable ;l’otal P ?\fulable T(otal K Q\Eallable
6% S HE BRI H 45% ~75% ( 100% 75 K 4 F 7 B ) ™ W ) W

W
mol + L™ PRI 409% 225 1 M ), PCR ¥ :

o o 1 2909 2.2 130.4 1200.0 16.06 4.4  94.10
HE20 pl, 7E60 C .1 x TAE 80 V A&{F FHLJK 16 h, 2 21.8 2.8 840 21819 48.44 4.0  93.41
VKB - FH Genefinder™ Z¢BH 1: 10 000 B8 )Y 1 x 3 3.8 29 768 9428 21.65 4.5 6584
TAE ZE W P60, 20 min. FHEER % Z 55 Gel Doc 4 36.1 3.2 1152 2565.6 16.55 4.1  97.80

. ) o _ _ 5 2.2 3.0 960 2037.8 15.91 3.4 8416
2000 Chemi Doc™* Gel Documentation Systems, Bio- 6 36 35 1650 4269 4298 A0 8.2
Rad MlZREERE 7 UG , I HIKIE BT 84 Quantity 7 2.3 2.6 108.0 9619 18.46 3.6 207.48
One 4. 2. 3, Bio-Rad )X EEHE S HEAT 40T 8 140 2.8 959 9040 18.78 3.7  85.88

9 1.5 L4 2538 360.0 11.35 4.5 122.85
2.6 PLFA J3HT 10 13.6 2.2 103.7 900.5 20.98 3.9  84.88
F Bligh 25215 4R BURIE , F Frostegard 2670 ) 2.1 22 107.6 15432 5258 4.5  70.59

U 5 SR R AR AR R , 28 R AL i+ Juke i
fig( 19: 0 Me. Nonadecanoate )Ji5 , ¥ FHAE A N5,
A5 HE 5 A Bacterial Acid Methyl Esters CP Mix
( BAME 24 ,47080-U ; Supelco ), x& s AR HE S A Supel-
co 37 Component FAME Mix ( FAME 37,47885-U;Su-
pelco ), Fl Agilent 6890 + ( 34 : HP 5 ) AH {44
A , FHRFR Yy« HERE REE 250 °C, #FHE 6 1
pl, Z EE 100 152 3R FETR 140 °C, P 45F 3 min; DA 4
°C + min "B ETHEZE 230 C 437 2 min; F-LL 2
C + min "B EFTHEE 250 °C 4345 2 min; Fx)5 LA
10 °C + min " A BETHE 2 300 °C 44 FF 10 min.
GC-MS HP 5890 II-TRACE MS & 1 4 F fig
81820 21] g ARE b R4 3 Y
2.7 Gitort

SEIRHR ] SPSS 12. 0 for Windows 4t -4 1432
A7 A R VEKG 55 . 32 843 43 #7 ( principal component

£33 KUMEBARERTEHS TPH.PAHs 1 PLFA €=

analysis, PCA ) F1 77 22 43 T ( analysis of variance,
ANOVA ).

3 BRE5HM

3.1 LR PERT

R SRR R WL 2. R 2 T LA,
U X A ML E R R, PR AL S B
% B SE 2 T AR % P U 2 R
Wl A AR A R O LA, TTRE S M
B AR A K.

3.2 1% TPH PAHs &

- HERESY TPH  PAHs % 12 UL 3% 3. A e 40 H7
ZEREI, J5 Y + b TPH ., & £ 38 55 12 ( Total-
PAHs )5 364 ML & 50 1835 A M TPH , Total -
PAHs 5 ol AR B 46 G i 35 A 5GHE ;1 Total-PAHs/

Tab.3 Concentration of TPH, total PAHs and total PLFAs in soils

FE B JSE 2S5 MEAFRAEL SoTEENARE SRR RV 12
Sample TPH Total-PAHs * Aol SEZIHIT R L) Total PLFAs
(mg-kg™!) (mg-kg™!) Total-PAHs /TPH HMW-PAHs/ (nmol - g™!)
Total-PAHs
1 448.1+124.3 3.24 +0.23 0. 67 0.72 26.5+0.3
2 414.8 £52.4 2.90 +0. 88 0. 70 0.70 25.6=1.5
3 311.2 £172. 8 2.99 +0. 84 0.82 0.96 10.9£0.3
4 604.4 £90. 6 2.36 +0. 00 0.65 0.39 10.2 +0. 1
5 1015.7 £103.7 1.64 +1.08 0.72 0.16 13.9+0. 1
6 2489.9 +142.3 4.50 £0.37 0.73 0.18 46.8 +0.7
7 645.5 +188.0 1.09 +0. 09 0.36 0.17 21.9+0.1
8 686.9 £56. 1 1. 16 +0. 09 0.58 0.17 17.6 0.6
9 486.0 +101. 2 0. 60 +0. 00 0.61 0.12 25.2+0.1
10 479.0 +165. 6 0.69 £0.03 0.61 0.14 15.3+0.3
11 255.3+74.0 0.90 +0. 06 0. 67 0.72 19.5+0.5

x Total-PAHs J48 16 Fpi WA ZH G5 1R SN, 46 EJF 1,2,3-C. D JEE JE JEM B 1, 2- 261 B AR b 198 260 k J9¢ 80 5%
[ g,h,i ]t I a 6 JE 1,2,5,6- K FF B 8B .25 .25 3F . EE Total-PAHs include 16 PAHs ( indeno( 1,2,3-C. D ) pyrene, acenaphthene, aec-
naphthylene, anthracene, 1,2-benzanthracene, benzo( b )fluorantene, benzo( k )luorantene, benzo( g,h,i )pyrene, benzo( a )pyrene, chrysene, 1,2,5,

6-dibenzanthracene, fluoranhene, fluorene, naphthalene, phenantherne, pyrene.
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TPH .HMW-PAHs( & 73 Z #5548 High molecu-
lar weight PAHs )/Total-PAHs {8 5 ot 524F BR K 58
I A OC, Hi Total-PAHs/TPH 5 {052 HAEFR 2
IEAT S, ML R r =0.918( P <0.01 ). HIW-
PAHs/Total-PAHs 5t AR IEAH G, r =0. 704
(P <0.05), B Ahi5 Y Ae H ol 52 H A4 RR
13 PAHs 7E TPH B 7 (% Lb 2 8 K, HMW-
PAHs 7£ Total-PAHs H It (5 (1) L 8 8 K. 7K il 5
{23 T TPH Hele ML 70+ 5 PAHs 1A%, 7K 2
5, BB TSR, R A e, A
AR T T3 I 2 7 e W) 1 ) B Ak~ R i 5 7K e
PG EREA A T A M A A K IR
WM IR A Wy 78 03 R ¥ LA P g AT I b A X 2
Gy BEFR I B I AU A F i 2 05 IR E A R R B A5
1) T R fi.

3.3 TEEREYEAEE

3.3.1 JH PLFA 530 LB RAE 2 M6 E AT
M E M ZRE R T VR, B R G G 15 5 4
AR e R PR BE b 3% 55 25 A A W0 AR LAAL 41 Bi-
olog 4341 .PLFA Z3 T Fl1 43 F A= W) 2 BR S5 07 vk, W]
PATH L 52 B 5 B2, Biolog 201 0 vk 2 —
T 55 T 0 R R B U5 e 0 R R 7T 1) 2B AR
AYMT TR BT D | AT R A 4 05, (A Biolog
RGPS R R R A, He R WOIRLEAE Bi-
olog T i & A FL v B % A K 1 1A W 1) ) AR R
PE2 L PLFA W W TR ST 2 2 A W B K 1 £
FEVE B IE A 4508 22 R M R0 A ) 2 4 S 1 mTAE o 3L
AR AR IEY, FT TR Y B VR A
iyt o722 PLFA BB AT SR 5 R R
Fr R A T e — R AT A HL T
() oA TSR M VR 25 R 0 5 v, P SRR B i
SR A AR W R T (LR AN AT R SR AR
Y1) {0 PLFA A4 A i 27 + 38 A o A K 440
FA: BRSO AR T T e ) i
FHTF A 5 R i v B U ) 2R L 3207 T T
TAEGE I E YIS 35 0 B AT, L KR S b Al L
Jr & A WY . DNA, 88 J5 Rl T 16S rDNA (PCR .
RAPD,DGGE #l RFLP 5§ Z F 73 £ W) 7 b 58 T+
BE X B RERBUAY B DNA BEAT 00T, TR T A
(1) DNA FhAN & &, DA ZERE S P b i) 52 bR
B AFEA T EE SR ) AR 7 A WA AE PCR i
a3 bias ) JEEAR HRLIK M BEIR R AE I 2 AR

PCR-DGGE 1 PLFA PiFh 73 BT8R, X 383 2B )
ZREEAT T 50 HT.

- SRR S AR AT B AR AR TR 48 GC L GC-MS
WE , BFARE SB[ 19 3 25 ~ 30 F i 17 R 4 18 33
K HA i AR H0 2 0, B PLFAs 5 TPH & 1 3%
IEA r=0.737,P <0.05 ), 5 Total-PAHs JC i &
FHOCE. A s G R 2 A b ) Al A 148
E AR AT R IR FIRE IR, X252 17 1R
PEAT 525 it S5 R, TPH 5 4 IR FR( 48
NG ) R AR TR HER G AiliE )R
BEIEAHC, 5 10Mel8: 0 F8/R LT ) FI 18: 2w6,
o( F8/RELBE ) JCAH G , i PAHs 54528 R 34
TG E A S Lk v AN LT 4 g I R L AR S5
TPH JC W E A M IR A R AL R 5 HEAS
55 TPH B fif, R 3 W A I i R ( 10Me18:0 Fil 18
2w6,9 ) SR TR | EL TR A W) YOG 2R A B Y 4
T, 3 55 40 AR ]

X HTAE B R B G R 4L 2 R AT Y 3 4 4 A
( PCA)ZESRULIE 1. & 1 Al A7 F R Pl 3 i
= FEHERY 3 MR 1.2.3 %5 )TPH PAHs & ik
VT, e SRR R AR, B PCA R 20 B i+ 38 A
YIFIHEE 25 K0 $2 305 5 0 T Ui Y DU 7 6 0 A A R
(4.5%), k2 4ERMIFE, PAHs \TPH 22 5% K, H
BT Y R B S5 A HE30 57 .8 5 S A
A, MURAEFRASTA] , TPH . PAHs AHIT, Tl A4 ¥ 1 7%
SERIT 5 15 Yo i T I B X R A 6 5 ) U E W RETS
SERANTR) T B AR A5 T BH A 2 52 56 3l X BERE
(11 SRR HEANRIT, AR Btk
AIUL A TS G b ) S E W TS S R B S
AT M B A O, (H 275 Ye ik B — @ FLE T, 4%

432 Component 2
(=]

0.3

80.97 0.96

1
3

0.95 pest

Compl)nem 7 0.94

5o
coﬂ?"
B>

BEl1 PLFAs £ H1
Fig.1 Principal component analysis of PLFAs.
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TR PRI 2540 25 R A B b ol AB . il n 9 SR
mn, BRELIEAT T UL 10 4F B9 5 HABHE , B R FEAT
HI5 4 TPH PAHs & & A 2R &, H2 KA
BER S S A EMITH 8 5 .10 SREM A R K22
SRS 4 5 5 SHEMTEER 6 517 S HE 5 L
PN B HIG R A A R E R X
AIRE SR V5 K SR A [A] 1Y 2k ik, 6 5 XL H: TPH ., &
PAHs & 3 T HEHE o, R YRV 45 i
Wi 5 B R A [A].

25 B RTIR , SRHRHE X A s Yo 7E 0 b IX 2 3K
AR, LK BT B 5 v R A A TS e
Rt A1y N BEAR D 2 38 05 ) J0 L2 5 4y F it 2 3805
JR ) AR R A, 5T A L, T X -
A I REVE SR A TR TR R B ) AR
3.3.2 PCR-DGGE Al EM 2 e >R HI 4 14 8
HI5 1) 8£-GC #1 5191 ), ¥4 16S tDNA F Bt, 3K 7%
DGGE 58U RIS [ 2), Xt B 2R T R 2840 M [
3). B5REY], =5 3 MER(1.2.3 %5 )DGGE 5
SR AR R — K2, Ho i Qe AR A A 1
TIN5 2 3SR, TR AN S
B TR R T S R4 55 )5 T
Ui 9 ‘S HE s 1 DGGE e 8tElik4in , o —2 T
7.8 F1 10 SFE S B DGGE 8 80 KIFEEIT , B Jy—
KA b I5 Y E R B3R 6 55 ) A —2;
A P A 25 S 6 v it v kot R A 39 5 e ARG B A
RN — KK BAIHEE RS PLFA M ah 3%
AR, X PP 7 v AT A ELEDIE.

B2 I DCGE fREA
Fig.2 DGGE fingerprints of soil samples.
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Fig.3 Hierarchical cluster dendrogram of DGGE profile of soil
samples.
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1)IRPCHE XK B B A5 g 3, 56
MUF & 85 158 PAHs F1 TPH JC 2 A0 G 1.

2 )R X K B0 A 5 G 38 h, PAHS
FUTPH M5 i 5 U AF IR A 0. & PAHs 7£ TPH
JIF o5 B H 91 F HMW-PAHSs 76 & PAHs I (5 (1 1
511408 A - P A B ) 185 T 3 K

3)AMTG Y R, B PLFAs .G 40 .G~ 40
P B 18 TPH &5t 0938 KIS K, i 5 PAHs AH G
NTES

4 ) PLFA fil PCR-DGGE PiFhJ5 43 # 386
AEVIRE S50 AF RN EE R — 2 A5 G 3 Y
TR AT Sl i 32 B 5 AR X b R 8 A OG5 275
YUy (e B A B — 8 AR B B, IR IR
25 A B B i el s

2% 30k
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