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Abstract Oil-polluted bilge water is difficult to treat, especially in large scale, due to its high salinity,
complicated composition and toxicity. To improve the efficacy of ballast bilge water treatment, an artificial
bacterial consortium including nine petroleum degrading strains previously screened from petroleum-
polluted ocean waters was applied as bioaugmentation agent. A trial run was firstly completed in a 500 L tank,
following which a second run was carried out in a specially designed 600 L bioreactor. The total petroleum

hydrocarbons were analyzed to evaluate the efficacy of treatment. Moreover, potential changes in the structure
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of bacterial consortia during treatment were monitored with denaturing gradient gel electrophoresis and

Illumina HiSeq 2000 sequencing. In the first trial run, the oil-removal efficiency was approximately 70%,

while in the second run performed in specially designed bioreactor, the efficiency of oil degradation was

increased to over 90%. In both runs, the artificial bacterial consortium was reconstituted during the acclimation

process immediately before the treatment, and then stabilized and predominated by three strains, Marinobacter

hydrocarbonoclasticus, Acinetobacter venetianus, and Alcanivorax dieselolei, throughout the following several

months of treatment. Overall, this work suggests that bioaugmentation with the artificial bacterial consortium

composed of hydrocarbon-degrading strains could provide a promising solution to the treatment of oil-polluted

ballast bilge water in large scale.
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(M2 #5375 (H T 3% Btk HD1. HDS.
HD9): 5.0 g F&E24H (CH,COONa), 0.5 g ik
FR, 0.5 g BEREREE), 0.5 g W&, 0.5 g i
B, 0.05 g FriEERMN, 0.05 ¢ SERER, 1.0 g M
iR # (NH,NO,) , 0.2 g & i (NH,CD), 0.5 g %
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Table 1 The bacterial strains applied to oil sewage treatment in this study

ETRe B MCCC {255 [EEil Feist

HDI B5 1A08177 Alcanivorax dieselolei (&I &5 D KFEE ChEZED
HD2 S13-9 1A08173 Alcanivorax jadensis (FEEKEED KFGFE CREZED
HD3 $19-9 1A00001 Alcanivorax dieselolei (5B D L

HD4 S19-12 1A08174 Alcanivorax venustensis (HEHEEBE# ) KPGEE ChESED
HD5 DLFJ3-6 1A03971 Alcanivorax borkumensis G Sy £t ) Ca

HD6 AS-3 1A00102 Pseudomonas pachastrellae G-3RI ) e

HD7 Wp02421 1A00294 Acinetobacter venetianus (e W AREIF 2D AP CRE D
HDS S13-6 1A08617 Alteromonas macleodii (3% [KAZ ¥ LI KFGEE CREZED
HD9 DLEJ7-4 1A03982 Marinobacter hydrocarbonoclasticus (G JEHEFF D G
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RALER (KBr), 0.03 g iR (H,BO,) , 5.0 mg fimfE
FRAN LKA (Na,Si0,-9H,0) , 0.04 g N/KER
fL4E (SrCl,-6H,0) , 3.0 mg FAb4H (NaF) , 2.0 mg
NH,NO;, 1.0 mg —/KE#ERE (FePO, 2H,0) ,
1000 mL & F7K, pH A 7.8,
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B4, KM PowerSoil it &A% %L (DNA)
FEHGA T & (MOBIO, 3 [H) X5 Je FF i 19 £ A
‘4 DNA #EATHEHL, FELL NN, XT4HTE 16S
rRNA (M) 2R V3 X794 . 519
A 338F (5-CCT ACG GGA GGC AGC AG-3') #ll
518R (5-ATT ACC GCG GCT GCT GG-3), i f
— B GC %% (GC338F, 5'-CGC CCG GGG CGC
GCC CCG GGG CGG GGC GGG GGC GCG GGG
GG CCT ACG GGA GGC AGC AG-3) . )5, X
FH B R 4 102 o 0 2R 5 il % 2 S )87 (Polymerase
Chain Reaction, PCR) =%y, £ H AR 446 B i ke
Fiyk (Denaturing Gradient Gel Electrophoresis,
DGGE) 73 #fr PCR SLlE/™4), #lRmES XK
YA, Hod, HUKIREEN 60°C, EIAHIEAN
30 V, 30 min 5, V%N 100V, HIKER. &
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2.2.3 WHFLE R b

YR TS KRR R A 0.22 pnme (1R BAL i At
g€, SR T UK R AR BRI A B RE L, IR
T EERE S . I 10% + R AR ER 8l (SDS) -
STE (SDS-STE) & il j5 W /K i ab 3 . it &
BRAN . CEEUTVE MMy AT VeSS OB S, 3R
HU DNA g . HHARIEFR A Hlumina W17 4%
(HiSeq 2000, Illumina) 31T sl s KI5 {6
F% A MOTHUR v.1.33.3 #4744 4015 B 20 M.
AT R A EEXT I, K UCECEE Z @751, BE 99%
DA E B e AT UE B 17 21 64T T HERR,
KRBT PR IR A T AT HERR S, KA
BAEAE 97% LA BT HIREN — DR E T,
FF—Nor poniEd s O I 16S tRNA

£ SILVA v.102, LAHIIYE=80% JyKE ity Ny
ESRTL ME, —8E KT EE H I
BN TS G 7y F e gl i bR . A
MOTHUR #£/7 W E 1) “summary” 5 “single”
TR T AR S LR H. ZAEMERL
RFFEER. Hd, B8 e domid i H
#% (Simpson) 2 L H LK E; SR
FARIBE AR (Shannon) FEEOTHEAS H; F
JEE 1 Chao FJEFEBOH IR . ASCh
32/ Nlumina 551 452 256 [ E 2 AP R
5 B L (NCBI) iy i & I Fp ot 22 b Ok Ae,
154 SRP093444.
2.2.4 J LA 5 KA S K 52 A 7

JKHE il )46 % 75 402 (Chemical Oxygen
Demand, COD) i f1i# k& (Total Petroleum
Hydrocarbons, TPH) 14> #r 2 FEAH O [E S br ifE
(GB8978-1996) #i47. i, COD K7 # R
RO AT/ A v i R PRV U 5, 1% 7V AT LA A
TR REFRE TR B S 7E iR A
WA AR EE 30 min, Bk B ) AR R AR U] FH A5
PRI B A TR, AR SNz FR T 8 -7 U R B A
PR AN VA VBT 70 G o A VI PRI 2 0 e FH 414
SIS, ME WA B 2 930 em ™!
(—CH,— 3% C—H ). 2 960 cm ' (—CH,
BHIh ) C—H #)F1 3 030 cm ' CFFEHH
C—H#) .

3 SLIGEER

3.1 AEAISKEMCIETSLIE

TS KL E W 1 (a) fis . YIME ek
&, BURESr AT T KRR COD M TPH & 8. 45
RE7R, s, fmimKH RS amE s
F 480.4 mg/L (A% 147.3 mg/L, A1 ili&FmR
29 70%, 5 AT HRAR TG KRR S A 1 A B
#(40%) AHLLA T REF RS . Rk, X EJE
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TR 2 Ak F KR it R 4 B A R 2 AT T SR
FHXFIEIZ 16S rRNA 51 V3 X HEATH 18 A1AR
YRR BB UK AT, A5 SR E 1(b) .« (c) B
TNo o, HRZE KRN b I R ) R R A A
1(b) HIkIE 5 F1 6 Fiam. FHHEXTHR CR B prdefh
AT 2855 7)) 3 HIAEVKIE 1~4 F1 7~11 .
REHE Pseudomonas pachastrellae (HD6) «
Marinobacter hydrocarbonoclasticus (HD9) .
Acinetobacter venetianus (HD7) fl Alcanivorax
dieselolei (HD1) ff] 4 AMFAVEXTIE & 3. 7. 8. 9,
FHRLIK] PCR P8k i tREAETKIE 5 A1 6 HLLxf1
o YIRS R 2 AN, AT R KFE 5
I B

BB AR T RRER 0T, S R B RAERF S0
HI2 N, HEKEE R AR YRR AR
32 FEEREYIR MRS REARISKESY
IR
BT ik 2350 S A ) I N7 A AT AR
B, WA T — GESRAEY RN, W E R
FH BV A0 i A e B AT v kA vl i 7K ) Ak
Ho %N A IS5 SR B AR AN B 2 (a) TR
Y FFLE 2 B, BEHLEURE SO 2N ZKFIHE H
K RSN 3 AH. B 20) B, dkbk
ff) COD & &AE 1 800~3 000 mg/L J%3h, i HiK
H) COD & U P4 S 508~112 mg/L. 1h4h,

|

(b) KA B L J2 58 BT v A T 200 B T T 0

15k

(i (PN

(o) A=WsEAL AL IR IS 2 JE Y B TSR 2 A

1(b) HF¥KIE 1 ~ 11 43 9. 1. Alcanivorax venustensis (L HET BE B )5 2. Alcanivorax jadensis ( WA (i ) ; 3. Pseudomonas pachastrellae ( 45
EHLHLET )« 4. Fabibacter halotolerans (it # GAT B )« 5. *FZKHE PGB HE: 6. LJZ AP H B R#E: 7. Marinobacter hydrocarbonoclasticus ( Bk J& T
W ); 8. Acinetobacter venetianus ( JBJEM AT ); 9. Alcanivorax dieselolei BS ( &3l %i 14 ) ; 10. Polaribacter dokdonensis ( #g3A & ) s 11. Alcanivorax
borkumensis (JAPER T ) s B 1 () S Gl H7 Sk SAH ST HR A A 0 BT 1 (b) Aokl ROvKE i) 2

1 500 L &P iS5k SIR0 K B R A B R 574

Fig. 1 Analysis of the wastewater and the microbial consortium during wastewater bioaugmentation in a 500 L tank
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Fig. 2 Analysis of the effluent during wastewater bioaugmentation in the 600 L continuous-flow bioreactor

COD S RAFEREM 2 MR, BIKT 95% /&
Fio B 2(c)TRLEH, #KHH TPH & &N
5839~9.52 mg/L, &AL, TPH &I 4IL,
HKH ) TPH &K T 2.0 mg/L, KT AH
H 7 HEBR R A R B B HUE (8.0 mg/L) .
T2 LA A i A 1) B i 2R R 90%
3.3 EREMOH

I EE e, o EARE SIS, ik
JEE 1. 5. 8+ 164 89 Hl 123 K S i a4 v (1Y) Tl
SERIEAT T VAT, AR E 3 Fin. RN A
FH D B T ARE 22 1 I o T ) PR HE RS S P A
RE A8 Far U 21 (1) 7 KR e B ANER 1 K1 682 [
IKZE 16 KW 286, FHTEMEEJL/NH NBEIEE
186. ZZE KRR, EVMEMILEN, RRB#H
A TELE R AR B T E N,  HLEE I R 4
¥, JEEE N T B A e B &R TR

o2 B A A B R, AR R 4 S
34 ANIEBNEEST

¥ 8 B2 o B B 45 19 7 81 (Read)
5N T Al B A 4 8 16S TRNA 2
Rl G Fe H BEAT 1 Be X, UGS 0 5 471 BL 491
Kl 4 From. 78 4 MHBISER Y, Alcanivorax
venustensis. Alcanivorax jadensis. Marinobacter
hydrocarbonoclasticus Acinetobacter venetianus-
Alcanivorax Dieselolei ¢ Alcanivorax Borkumensis
GRATAE T I N 38 h B ELBE T T i, R WX
VS 00 EK) T R B A0 S N S N ) AR A A O AR
GEEM. Hh, fERAEHRET, 5 Marinobacter
hydrocarbonoclasticus 1 Alcanivorax dieselolei 1)
16S rRNA FEF ILACZIE 100% FJ Read bl Fz 2%
Tro 19.8%. 12.8%, 2 WYX 19 b 4 T 75 4 >
PR R o T A
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Fig.3 Dynamic microbial community during wastewater augmentation in the 600 L continuous-flow bioreactor
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Fig. 4 Abundance of high-throughput sequencing reads closely related to the artificially supplied hydrocarbon-degrading

bacterial strains during wastewater augmentation in the 600 L continuous-flow bioreactor
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