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Study of survival conditions and growth of petroleum hydrocarbon-degrading bacteria in petroleum-—
contaminated soil

WANG Di, MA Chuang, GAO Huan, LIU Heng, XU Hui—-ning, WU Man-1i"

(Shaanxi Key Laboratory of Environmental Engineering, Key Laboratory of Northwest Water Resources, Environment and Ecology, School
of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Bioremediation of petroleum—contaminated soil by inoculating hydrocarbon—degrading microorganisms is widely applied
presently. However, there are few studies on the growth and survival of hydrocarbon-degrading microorganisms and their effects on
petroleum hydrocarbon degradation. In this study, the proliferation and survival conditions of inoculating strains, as well as their effects on
petroleum degradation, were determined by laboratory simulation of remediation. The results showed that the compositions of petroleum—
degrading bacterial flora mainly included the Proteobacteria phylum (99.75% ), Gamma—proteobacteria class (99.49% ), Pseudomonadales
order (99.36% ), Moraxellaceae family (87.33%) Acinetobacter sp.(87.32%), and Pseudomonadaceae family (12.04%) Pseudomonas sp.
(12.00%). When the soil moisture content and the inoculation amount of degrading strains were 5.4% and 10° cfu - g”' respectively, the

removal efficiency of total petroleum hydrocarbons was 10.61%; the removal efficiency increased to 18.67% when the soil moisture content
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and the bacteria inoculation amount were 15.0% and 10 cfu - g™', respectively. After 7 days of inoculation, the relative abundance of the

Proteobacteria phylum increased from 28.22% to 57.98%~66.35%; Acinetobacter genus increased from 0.04% to 25.86%~30.25%; and

Pseudomonas genus increased from 0.26% to 5.03%~30.87%. The results indicated that the strains proliferated rapidly after 7 days of
inoculation under various soil moisture contents. Inoculation of exogenous bacteria changed the soil bacterial community structures and
reduced the alpha diversity significantly. The removal of the contaminants not only depends on the specific function of some dominant
bacteria but also requires the synergetic metabolism of soil flora.

Keywords: hydrocarbon—degrading bacteria; petroleum—contaminated soil; bioaugmentation; community structure; inoculation amount;

moisture content
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X A A 2 BRSO B 5 R AL AT TR A Y BIE ST 4R
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Table 1 Experiment design for bioremediation of petroleum—polluted soil
H1 R b i TATHE MC et 2 iR TR MC 4Rt
Group 1 Sample ID  Inoculation amounts of flora MC/(cfu-g' 1) Group 2 Sample ID  Inoculation amounts of flora MC/(cfu-g™' 1)
5.4% CK 0 15.0% CK’ 0
N A 10° N A 10°
(BARME)
B 10 B’ 10*
C 10° c’ 10°
107 D’ 107
E 10° E’ 10°

A5 1) I it T B TR MLC 52 32 1 15 IR R i 0 B b T
A5 g 3 CK AT CK SR AN HEA 7422 b b B g 42
g o BRI AL FRBEE 3N FAT .

JITAT AR b TR AR S D, BB 3~4 d FHKER
IR B0 2 1 1 DU IR 8 U, TR S 7.15.30,
45 .60 d B BUREIN 2 - 498 P S Tl IR B i
1.3 AilENE A E

SR FH R 75 0 A B R B 38 v 8 R S 9 I
PR DA TN ER FEANAE TR A - vER AR BUX T 1
F£3.000 g & TEGLE T IMAECKERM —AH P11
TR A AR 15.0 mL, F) 8 75 4 e il 2 (SONICS,
JY92- 11, 58 ) #H 75 A5 B 10 min (25 B ) Kk 170
W), 4 °C .8 000 r-min™ Z5F T B0 15 min, | 22 &
TEARIT B SRBOR T E AR R A FR I, AR A3
W o KPR R T 38 KUK, (o rp A SR BRI 45 4, 7%
56 A R A S AR U
1.4 SBENF S

TEB S T d FIES 60 d i, ARl 4 10° cfu -
¢ H AR EE ) B (BR-528 E7 . E60) FI4EFl g Ry 107
cfu-g' MEEEN 15.0% 19 L3 (45D’ 7.D°60) , LA
KeA& 52 60 d s} 14 4 il 21 + 358 (i 5 b CK60 ., CK’ 60)
[ 45 3T SRR A b S A T R I 2 SR S 0 1Y)
2AEATRE S 3% BIAE T (https ://www.sangon.com/)
HEAT g i I AT

{5 FH Prinseq 204X v 18 03 45 SRR A T 5
il , K B 00 51 5 RDP 3 B 2817 5 40 LX) fil
Usearch 214 25 ik 6 J5 VA 28 0 [A] FpaT 24 43 28 8050
(OTU) , F I Mothur 23 2038 2 B 45 %5, FI ] RDP
classifier X] I 7 25 S HEA TR 43252 AR T T7KSF-Fil
J& AF B AR = B s A (1)

/\=%x100% (1)

A RPN T A (g 7K ) AR E B 5 S,

R RN TR R oK) B9 A RO 51088 S i
TAE PRI B R INE
1.5 #iiRabiE

{ FH SPSS 19.0 Hi £ XF B A7 e 25 B R BEAT
One-way—ANOVA J5 225341 , i & K P HL0.05, %
JH Origin 9.0 FAHEA

R I PR A5 R R S AR B 2 P AT
05 45 R A B S PR, D AL B 1A it g
TELE R TG LT

2 #ER5WE

2.1 AiREEBEAEN

GIGICE Sy Rr YN Sl R R RO L
06 HB DAAT Yt A Sy P — s 05 R R T A K 1 B RE MC
25 (e 30 1 DU AN MC H AR AR A 80 9180k 94 919,
OTUs % H 29 278 4>, 18 T 19411 B T i 3=
%l A8 1 1] ( Proteobacteria , 99.75% ) 2H i , Ho 4 1Y
JUFR TR 17760 15 i 6 8 1] (Actinobacteria) | J52BE B[]
(Firmicutes) . &2 #F % ] (Acidobacteria) . % Bl 74 [ ]
(Gemmatimonadetes) I 8L F AN E, M 0.25%. [ fi#
RERI DL & A ST & (Acinetobacter ,87.32%)
FIBCE L T & (Pseudomonas ,12.00% ) (1) .

AN ST T Ja R P T o SRR T Y WA
T B A B A DR AE W B R b, A
Bush—hass 1557 J B Ab A i 75 G A 38 v i 16 13 i B
fitf TR RS SRy M B TR TR R RS S AT R TR Y, il B X
PR R T i It DX Ay it 75 % - 398 vh 3t 3l A7 7R 1 AT
Rkt T Y R o
2.2 EFBEHBEX TIERAHEEBRIREF M

H AR (5.4%, 181 2) 26 T 852 60 d, A \B.C.
D E - SR 5 S R S R 4 M 15 233 mg - kg
F#A 2 14 767 .15 167,14 867 .14 683 mg-kg' [ 13 617
mg kg™, AR KBRS0 3.06% .0.44% . 2.41%
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Moraxellac eae Acinetobacter
Pseudomonadales 87.33% 87.32%
Cammanroteohacteria 99.36% Pseudomonadaceae Pseudomonas
12.04% 12.00%
99.49% Xanthomonadales  Xanthomonadaceae Stenotrophomonas
Proteobacteria 0.11% 0.10% 0.10%
99.75% Rhodospirillales Acetobacteraceae Komagataeibacter
Alphaproteobacteria 0.19% 0.19% 0.19%
0.22% Sphingomonadales ~ Sphingomonadaceae Sphingomonas
’ 0.01% 0.01% 0.01%
Nocardioidaceae Nocardioides
0.01% 0.01%
Actinomycetales Mycobacteriaceae Mycobacterium
0.06% 0.01% 0.01%
Actinobacteria Actinobacteria_class Nocardiaceae Nocardia
0.09% 0.09% 0.02% 0.01%
Gaiellales Gaiellaceae Gaiella
— 0.01% 0.01% 0.01%
Acidimicrobiales Tamiaceae lamia
0.01% 0.01% 0.01%
Bacilli Lactobacillus Lactobacillaceae Lactobacillales
Firmi 0.01% 0.01% 0.01% 0.01%
mrmicutes .
0.04% . o o ) Pseudofl avonifractor
Clostridia Clostridiales Ruminococcaceae 0.01%
0.03% 0.03% 0.02% Faecalibacterium
0.01%
Acidobacteria_Gp6 Acidobacteria_G p6_unclassified Acidobacteria_Gp6_unclassified_family Gp6
Acidobacteria 0.01% 0.01% 0.01% 0.01%
0.04% Acidobacteria_Gp4 Acidobacteria_Gp4_unclassified Acidobacteria_Gp4_unclassified_family Gp4
0.01% 0.01% 0.01% 0.01%
Gemmatimonadetes Gemmatimonadetes_class Gemmatimonadeles Gemmatimonadaceae Gemmatimonas

0.01% 0.01%

0.01%

0.01% 0.01%

| AiREEBEEEMCAR

Figure 1 The compositions of petroleum—degrading flora MC
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T - 3 o b R B — o 1) R BRAVE . R AR
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Figure 2 The effects of MC inoculation amount on petroleum

hydrocarbon removal under 5.4% natural moisture

A & 15 233 mg - kg 4 BRI & 12 867 .
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LR CK e SR o R IRZE 13 833 mg-
ke, MR B R 9.19% (K 3) . It 244545 1
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it 60 d A5 Ak, -5 b BTl R AR B R LT
CK’ . R A 10° cfu-g ' B A A7 IR 22 B R B A,
A RE S R UL R oA A R AR — e AR,
A AR N BE , 1 FLILE 9 A il T+
RS R TS, DR (A A i 2 PR 3R e I

X AN [ 058 4 48 e A e A ) S BR AR 2R 1 7 H A
AT UL 40 3T B SR 15.0% B XA i 1Y 2B
SR ER F AT B SRR EE T BB SR Ab B

T R R M A W A RN P A, K
33k i B AR AT A S A T T AR, — 2k
WFFE 245 R0, +HEE A 129%~20% I, 334 i 1
SR, AR T A R A R o W sl R
AR 22 S R R T A AR T RERY . AR S
PIBFIE S5 R, 5 A SR T AR L, ZE PR B 1
W R 15% A4 T T A X HIERUAE Y 2
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Figure 3 The effects of MC inoculation amount on petroleum

hydrocarbon removal under 15.0% moisture
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Figure 4 TPH degradation efficiency under different humidity
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FEPE B2 M /0N, A I Y 23 BR A X A i o AL
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FK A R T A MR R

ASHIF L 7 18 5 MG B3 At TR A 72 7K AR HpOx Jit ity B
ARG AR RRVERE , SRS 30 b, 280 30 d B AR
figk , MC TR FRE S KA H A7 e 25 BR A< 15 51 89.28% , 1%
GERRTEASCP IR 2GS e L3 rh R MC
W AEIEA T3 AL 1B S AR PR, b Ay it e 5 R
H 18.67%

TE VAT A RIS b 1) 2 - 398 rb e A A o3 e o
152 8 i, il ke 22 BR AL B 589" He B — A ik
[ 18 Acinetobacter SZ—1 strain KF45395516 5 10 &,
X - S AT IR B 25 BR AR 3490 X SE A5 R
AWy AAE B B A e L BRACR T REZ B 2 Fh TR
BYSEIR , 1 5 T 5 1 25 D) RE R i 71 =2 1] AT RE A7 e LA

FEIR P A2 HAE
23 BRBRBEAREMEGFTHEKEN L ER
BRI MR1E A

B A T d RIS 60 d, K 48 W Fi i B 4510 F
XA TR R BRI BT 1 3R S (ERT D) FX) R
2 (CK A CK™ 4 ) - HAE iy, A 7l 1200 ) 43 A,
G RER FPE AR E N TR BE 45 10 T 1 A A T 15 O B B
Xof - 48 - 2 R A A AR
2.3.1 R alpha ZHEPE

Ace fll Chaol 8 80EME HIEUAEYN F E B, H
{EB R, HIEFEY I E EB K, Shannon 45 £l
Simpson 840 FRAE -3 B HEAI IS FE , Shannon $5 5U{H
B K, Simpson 8 0/, A 358 GCAE W B ¥4 5 R R
_"%‘[31*32]

2 2 J AN [ A B - 48 () i A ) 22 R T 0 S
M AR E7 . E60.D’ 7 D' 60,CK60 S CK' 60 H1ill]
TR BUT SRS TR 76 434 .67 486,68 120,72 392,
64923.73 632, H SRR EE S5 T ] LB bR R A 1
WU B 7 d(E7) 160 d(E60) A, £33 (%) Shannon 4§
M 3.66 F13.09, Simpson $5 504 0.13 #10.19, ACE 45
BN 9 653.19 F1 7 842.22, Chaol $5 %4}y 7 187.33 FlI
5597.03. Shannon 8% .Chaol $§ %0 ACE +8 £ £ I
I - SE R R 8 f /)N, Simpson F8 8RR, UL TE A 4R
TR A5 T X Y - A T R A& S A B, T
TR W TR 2RI SRR AR

5 CK'60 A, D’7 F1 D’ 60 4 e Af i 9 Shannon
TR ECF ACE 15 80H P K (B R ARRE BE /N T F AR
JE SR T R A B

AHIFGE Y, B RN A R A 7 2R s A 2 A 1
UM I 5 BN BRI, SRR ATAT AN 5
PREE R IAR — S, AR EE R R fE e g
MR 251 T AT AME SR, T DU B A W A
2.3.2 IERA YRR A L
2.3.2.1 FEMRRAE B A KAF SLAT R K
TR e 2L

P15 S MC B R T - 338 v 12 e 3 2 787 1T A9 R X6
FHE AR AR 32 G JF h Others, +FF CK60 .
E7.E60.CK’60.D’7.D’ 60 H (1 4 i | ] 543 91 M
28.28.23.28.26.26., CK60 4% FEALAEE T A
ASFE 1 ] (Proteobacteria, 28.22%) it Z& # | ] (Actino-
bacteria, 21.97%) & ¥ 1% '] (Acidobacteria, 14.88%) .
1% 8% 1 [] (Planctomycetes, 10.09%) . E7 1 E60 1 1
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Table 2 Biodiversity index of petroleum—degrading microbial flora(MC) and soils with different treatments

G’ RG] OTU % H Shannon 5 %1 ACEF5%k Chaol $5 % Simpson 54
Sample ID Effective sequences OTU numbers Shannon index ACE index Chaol index Simpson index
MC 94919 278 0.45 1683.29 830.78 0.78
CK60 64 923 6 730 7.29 11 841.83 10 075.98 0.002 2
E7 76 434 4117 3.66 9 653.19 7187.33 0.13
E60 67 486 3056 3.09 7842.22 5597.03 0.19
CK’60 73 632 6227 6.62 12 059.35 9713.64 0.01
D’7 68 120 5403 5.31 11285.36 9059.38 0.10
D’60 72392 5502 5.77 11234.11 8810.58 0.05
B Others B Planctomycetes B Others B Rhodococcus
B Candidatus sacharibacteria Bacteroidetes W Leifsonia B Gaiella
B Candidate division WPS-1 Acidobacteria B Streptomyces B Gp6
B Chloroflexi B Firmicutes B Bordetella B Achromobacter
B Gemmatimonadetes Actinobacteria B Gemmatimonas B Sphingomonas
B Unclassified B Proteobacteria I Streptomyces Nocardioides
M Verrucomicrobia B Microbacterium Unclassified
B Mycobacterium Nocardia
100 W Subadivision3_genera_incertae_sedis Pseudomonas
W Gpi6 Acinetobacter

801
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