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FEE . Pt XA TS Y R T A e E AT, B A 635 - BT RS I H B R (gas chromatography-mass spectrometry
GC-MS) il 22 + 3 rh be e Fn 22 B8 05 J i) 2 78 Ak, R Vel 5 5 BOR B SR IAE 8 S i LI A W i I 22 R s
YR AR S R S AT Vol G5RERU], &5 18 MM, b be iR A ikl IR B 925 987. 8
mg-kg ™' FEMEHM12788. 6 mg-kg ™', I IT T EHPIIAITAYS5 322.9 mg-kg ™' BRI A2 917. 2mg-keg ™', il il P45 SR,
Lot iU E YME B AL PN LSRR MR IR B A0 R A T B R R Ak, — S T R SR 215 1) AR AN JELBE TR ] ( Firmicutes ) | UFF IR T
( Bacterodetes ) | 11 7% [CH & ( Dietzia) . ANHFTFHE (Acinetobacter) B 5 EFEERG N, 2B L AP T3P BA . AA S EEM%
ks SR S e AT R B S B 55 WA RIS BIFE 45 SRR, Gl 48 S Ak BT 2 ok 38 v 19 KR 4
Bl M Z A5, Bele A 22 PR 05 J (M AR O 55 03 v i 280 2 B RV AR BT o =R AT OC.

KR AMITY I MUEMEE ; GC-MS; MiSeq sl it il 7 ; REIEAR
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Impacts of Bioremediation on Microbial Communities and Different Forms of

Nitrogen in Petroleum Contaminated Soil

YE Xi-qiong, WU Man-li *, CHEN Kai-li, LI Wei, YUAN Jing

(School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
Abstract: A laboratory study was conducted to investigate the impacts of bioremediation on microbial communities and various nitrogen
shifts in petroleum contaminated soil by using GC-MS and [llumia MiSeq technique. Results showed the concentrations of alkane
reduced from 25 987. 8 mg-kg ™' to 12 788. 6 mg-kg ™", and the concentrations of polycyclic aromatic hydrocarbons (PAHs) decreased
from 5322.9 mg-kg™' t0 2917.2 mg-kg™'. Ilumia MiSeq results showed that soil microbial communities shifted significantly after
remediation, and the relative abundance of some phylum of hydrocarbon degraders ( Firmicutes, Bacterodetes), and some genus of
degraders ( Dieizia, Acinetobacter) increased. Besides, the contents of total nitrogen and ammonia nitrogen increased firstly and then
decreased during remediation. However, the contents of nitrate nitrogen decreased at the early stage, and then kept stable in the later
stage of remediation. It can be concluded that bioremediation effectively promoted petroleum hydrocarbon degradation, and the different
fractional hydrocarbon degradation was related to the relative abundance of hydrocarbon degraders and available nitrogen contents.

Key words : petroleum contaminated soil ; bioremediation; GC-MS; Illumia MiSeq; different forms of nitrogen
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H, FH] MiSeq iy 18 2 0 77 7 5 4 £ SR A Y i
A AL AT T IEANWT ST R e S AR
TIEARIE SR G BT TIHRNE. B
SR T E LR P ARESAR
(e AL R, AR W 1 v 28 AR A B A B

BT S, LU A 3l s G R A W48 52 4
At — 2 1Y BELiR A

1 #RERFE

1.1+

AT G A R 3 H A PCBH S b A L
RE . FIRLRERL, BRZY . 20 (0. 85 mm) | i
5], BEMEAETERHES A ] R 1 S 4 e
A S 0

F1 5 HEEAMER

Table 1  Basic physical and chemical properties of oil-polluted soil
A e W R AR HfH Pl L e R AR Bufl
pH 8.2 RS/ mg kg ™! 31610
FIKRES % 3.5 Y A/ CRU-g ™! 2.23 x 107
A2/ mg kg ™! 60 000 FI G REAR B/ CFU - ! 1.4 x10°
MA(TN)/mg-kg ™! 800 Bk A TR B/ CFU - ¢ ! 2.4 x10°
FABE(TP) /mg-kg ™! 650 LI TR AR AL/ CFU - g ! 1.8 x10*

FHHLR/ mg-kg ™! 35700

1.2 R R

JIT I 12 ok o St el 2 i B0 7F 9 o DACH A PR B
(GQ) ., BrAbF1 (SZ) FBEALIET (SQ) A yhis e
ey B ARSI AFE 5 PRIBLAM B RN 7 RRATRE
1.3 SRR

B 12 BREHS D AE} 0.5 (600 nm 20T E ()
ARSI Y. LR Rk 2 PR, R
BEPLSL A T8 E AR ST, FREL 9 3 it ik £ 5 4% 900
g, T 9 M. Hob 3 7E BRSO E

Ve PRI 28 (CK) 3 A A0 3 e 55 &Kk RN
20% MOSMETT, Ah e AW IR WA 45 C/N/P L
S 100/10/1 , FF[R1EH 4% 0 12 AR TR A R At v 2 I ok
TTUEMIE R (BA + BS) 3 HAx 3 4 15858 i e ]
1] 4 I ACK B K R 3 57K %R 20% (water
hold capacity, WHC) . 5256 HAK 28 W3k 2.

A N K s LR T S s ST,
iR 7 d BU— YK SRR S BT XU R X B T
g FHF I A i B AN [ 40 47

R2 AMBSRIBENEELEFTR

Table 2 Experiment design for bioremediation of oil-polluted soil

% (CLES
CK 0.9 kg AMMIGY e LHEEKE3%)
BA 4 BS 0.9 kg ATMIGYE 43 +9 mL GS2 TR (Dggy py =0-5) ") + FHEE TR (13 C:N: P =100:10: 1)2 + K4k
(PREF ISR 20% )
WHC 0.9 kg ATMTG YL 48 + K AK (FRIF S KR 20% )

1) Degonn =0. 5 AT 5 x 107CFU-mL ™" 5 2) il L3 il AJRZE CO(NH, ), HI KH,PO, ¥4 £-3 C: N: P 2100: 10: 1

TR FH R 7 0 A O SR B - S b i B e
SR EPA 3611B'" ik B HEEUAY A IR F
JENTIE ST B AN R 55, R GC-MS I 5E AN [F] 41 53
T

GC-MS MFELIZ U, ki, HP-5 B4
F£(30 m x0.32 mm x0.25 pm) ; FFEEE: 1 pL; A
R, AR (AR) E: 1 mL'min_]; BERE
MEE . 300°C ; FHEFR)T . WIRIR A 65C 1 %F 5
min, A 10 °C +min ' FTF 2 300°C , f-EFE 5 min;
B (B B FIRAE R . 70 eV, BT IR,

230°C ; PUZATIRE . 150°C; W HIAER ; 5 min; &
PEET W0 (SIM) #550 RHE B Ay L (m/2) 57
85.

GC-MS MIE Z 5 I8 5% F. ikte. HP-5 &
A (30 m x0.32 mm x0.25 pm); FEAER, 1
pL; A2 #F A R (A R) & 1.2
mL-min "y PEFEIEEE . 300°C ; FHERF . #WILRIE
FEH 50°C £ 45 1 min, PL 15 °C »min ' (3R T 5
170°C , f£4F 2 min, S8 J5 LA 8 °C -min ' )3 R Tt 5
210°C , FeJ LA 3 °C -min ™ A HCR T2 300°C , PRA4F S



730 AN 5%

B 38 %

min; HLFE&id (ED) B FIRAERE: 70 eV; & THIE
FE . 230°C 5 PUZLAFIREE ; 150°C ; ¥ HIAEIR ; 5 min;
REE A (R, AR T LS mLemin ™' 2ER
7 WA ( MRM ) A2

1.4 iy o b

FIH Nlumina MiSeq -5 XHME & 18 JE AR 4b
PR TS G 1 AT i i A AT U AR
BEgh i 22 5. HARIE LIRS .

HFIH OMEGA 7] &5 ( Life, USA ) $H 1311 B
DNA , Fl| FH B IS H EE I FEL VKR 36 DNA [ 52 38 k.

FIFH Qubit 2. 0 DNA #:i3{7] & ( Life, USA ) X
L4 DNA K B2 i, DL E PCR SO N A Ay
DNA . FIH 341F/805R 5|#1iE 17 PCR #1341 F
2] ¥, 5'-CCCTACACGACGCTCTTCCGATCTG- 3
805R 5. 5'-GACTGGAGTTCCTTGGCACCCGAGA
ATTCCA-3'.

PCR ¥ B FUNT ¢ 94°C HAZ M 3 min,94°C 2%
£ 30 5,45°C B 'k 20 s,65°C FEMH 30 s, FE 5 MF
R, 94°CAENE 20 s, 55CIB K 20 s, 72°C #EfH 30 s,
#4520 MIEFR; FIA Mumina #2 PCR A5,
95°C FiAE 4 30 5,95°C 28 15 5,55°CiE kK 15 s,
T2°CIEA 30 s, A 5 ANMEIA. FIH B BRI i
KA, BEH 0. 6 f5HEERAL IR, ik [T Ir 75 19 PCR
FEY).

FIH Qubit 2. 0 DNA Al 377 &% [ Y DNA
KR &, TS mIR A, B FE &b DNA i B 10
ng, 2 EHLIT &0 20 pmol.

1.5 HEEAFRTESRMNE

T VAN [l A 21 A= 358, XU AR EE AL 2 mm
Jo  ERRAREL 1 g 3. R E Rk 1 v
RN R, RS IR 58 AP B I+

(a) bda & ke 4k

27000 F

24000

21000

—b—CK
—A— BA+BS

A fitimg kg™

18000 —0— WHC
15000 |

12000 -

1 1 1 1 1 1 1 1 1 1 1 1 1

01 2 3 4 5 & 9 10 11 1214 16 18

A AR & 5 AL BIR 4R-HE W K L 0k
D5E - 3P & A i TEULSCHR[ 14 ],
L6 Bt

A Origin 9. 0 BAF X B HATHETT 73 AT
BB A Prinseq AP e i w0 7y 25 SR 304 T T 45
il , FIIFH Usearch HX{4 4% 1E J5 51 3065 B A7 BHEA )7 )
TP 5 18] (0 R B R A7 32 AR e 47 =2 1] # AH A
P P 51 3 1 AS T] 19 452 4 9 28 B JT ( operational
taxonomic unit, OTU) , #5732 H1 Alpha 2+ 5 Hr
45 RDP classifier A1 Mothur Z4-3E17.

2 ZR5iTie

2.1 RI[RIHL G 0 R i

AFEE A e ks . 20570 & B AR
R 1 s, B5R 18 J1, Zad A Wi = A B
T4 (BA + BS) B ke % 1 1125 987. 8 mg-kg ™' %
k%12 788. 6 mg-kg ™', Lk i LBEF N 50. 8% ; £
WI5 IR & AR I 5 322.9 mg-kg ' BEIKE
2917.2 mg-kg ', BNEBRAN 45.2% . FELRFE LA
MBIE R 20% 54 T ALFRA 3R (WHC) | bidd &
25 987. 8 mg-kg ' FE{IKE21 661.3 mg-kg ', B
JR A EBREN 16. 7% , Z 35 K H5 322.9 mg-kg ™'
FEfik 24342.8 mg-kg™', ZHFREEZHERAN
18.4% . ¥l 52 %% (CK) ke k& & &2 1 25 987. 8
mg-kg " FEAKE23 267. 5 mg-kg ', BEE R LR N
10. 5% ; ZHFENS5 322.9 mg-kg ™' FEIEZE4 952. 3
mg kg™, EAFTREEBERT.0%. SR
CK Ab3EAH b, S E s A A R b b R
AT e RN 2 R T . AR 35 KR Ry 20% 1Y
WHC ZbFEXF 3 b e ke | 23R 05 18 1 25 PRk R
FEANEA .

(b) BERFF IR AL

5500 |
5000
4500

4000

LR A M/mgke!

3500

3000

2500 -

L 1 1 L L
01 234567 8 9101112141618
SR/

E1 AELEIENREMSHRERIETHME

Fig. 1

Concentrations of alkanes and polycyclic aromatic hydrocarbons in soil with different treatments
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ZHOE TN Ry A B R 5 e R 18 A
(BRI E FEARRFE R R N 20% B,
X TR AL 53T e 1) 2 bR A B B AR A E D, 28
BAERTI T AR A T AU B e 45 1. T
JE i PG X R AR AR A 2 i £
A IS N T oK BRBE  ELR R A 1 T il —
ST,

2.2 EVIREE Z R BT
2.2.1 EREFILAG T KBRS
FIH PCR £ AR Y 401 16S tDNA JLH | 3 3

A7 s . X B AT PR, A5 R A 3
JER A BRI 2 Y 3 A AR A 51 R A 7E
43 00045 LA b S T 5 A SR 4 A T A ] SE
FIFH Usearch S5 540 X sk 41 51 ) i 2 B it &
T XG94 T LSk | R BT YIS Ab B 3
At HERE 5 A BT B 5 S R 42996 43 347
44 233 %, P HIAL R HE 89% LA L, L AR UK ¥
AL 25 B A B 3 FhOR ) Ab B G £ HERE 5
I 7 35 R KT 99% , Bt B A YR MiSeq I 1 18
JE .

x3 MUFIIGEIRNFRETH

Table 3 Sequence statistics and quality estimation of 3 soil samples

ENELas (AT BES G |2 LR 45 5/ g [iSENL=1eE! Ak HRE AR Y51 A, % B A/ %
CK 43 555 3 556 42996 98.7 99.5
BA +BS 46 306 0 2959 43347 93.6 99.7
WHC 49519 0 5286 44233 89.3 99.8

2.2.2 BHIEZHEMES BT
LR EUE TIP3 Y & R
KIS LR A HE 4R, ACE #8501 Chaol $5 %K
FHRAPAN + I Y 1 8 B, ACE 8 40F1 Chaol
ERUE AR, TR IR Y W B K. Shannon
1 Simpson 48 0 Sk VF 0y 1 58 3 A= 9 10 38 50
Shannon $84X{E # K, Simpson 3§ ZU(E /)N, R Bl +
BetdA s Rk T ARSI 4 WL 2 is R
REFEAY 4 ERE 5 (BA + BS) , H ACE 84U Chaol
FEBUE N1 031, 1771 648. 64 KT A 4 kb B 1Y

T HEFE B CK P P FE 0 51 1 148, 91 Al
871.91) , R4 188 1) 1-3% Shannon $EEUE KT
HAR S B A 18, U6 R A 18 S A I mT
A miE I UE YR & B 55, IR
AR 150 B 22 i 1 2 A AT P

FbAs CK AbFEAN WHC Ab H1 )+ S8 i W i vk
ZREMEFE BT, WHC ZbBRAY ACE . Chaol $5 %041
*F CK A%, {HH: Shannon 8 ZU(E 34 I, 1d A 2 i3 +
e KR —E AR L RS e MR R 38
SRE B IR WAV B T B A G .

R4 TRLETENREMBEE S HMEREY

Table 4  Diversity indices of bacterial communities of soils with different treatments

NG Shannon $5%% ACE $8%k Chaol 5%k Simpson R
CK 2.93 1 148.91 871.91 0.19
BA +BS 3.31 1031.17 648. 64 0.07
WHC 3.17 566. 22 556. 14 0.11

2.2.3  TIERIRCEYIRE R AT

(1) TIRPRUEPIREE S5AE o3 b

3 P[] b BRI AR G b AR Y R T
334N, A 12 AT 3 AP A BEAE & T AT 43 )
AR 28 W 1T ( Actinobacteria ) . X B B[]
( Proteobacteria ) . B & " JiE€ /& |'] ( Candidatus
Saccharibacteria) | FAFTH T ( Bacterodetes ) . JEEBE
["T( Firmicutes) , 2§75 [ ] ( Chloroflexi) . TFE£H I]
(Planctomycetes ) . BR T 14 '] ( Acidobacteria ) . P&l
17 ( Verrucomicrobia ) . i #ER # [ ] ( Deinococcus-
Thermus) . 2F U F 1] ( Gemmatimonadetes ) UL M —
AR ] (unclassified ) .

XA R b B A SFEHT 10 o 0 35 T 1] B AR = 3
KIHEAT 15007, A 45 R K 2 s, i B 52 b 3
(BA + BS) M A Wi s 5 M TR 1K B2 43 A |
KA TR, REBE AP 15 (CK) 1 i
PR 22 R T ] ( Actinobacteria ) F1AR B T
["] ( Proteobacteria ) , I i e 15 43 5 f 64. 4% Fi
29.6% . ZiUAEYIIBE AL+ (BA + BS) i,
)i 5 T ( Actinobacteria ) 1 A8 B B ]
( Proteobacteria ) A3 R J& £ 3 v i Be A B i B, (H 2
LT o5 )53 I ARy 48. 5% F1 15.4% . 53 5, 12,
JWEMR 1] ( Candidatus Saccharibacteria) . AT B 1]
( Bacterodetes ) . JEBE T[] ( Firmicutes) . 425 [



732 2N 5%

B 38 %

(Chloroflexi) fit (5 = B 76 5 A= Wy 18 52 4k 38 1Y - 3¢
(BA +BS) i F .

LR ALTE Z A4 b I BT 247
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