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Biodegradation of Polyaromatic Hydrocarbons by Denitrifying Bacteria
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Abstract

Denitrifying bacteria were screened from 26 marine sediments collected from Sichang Island,
Chonburi province. The anaerobic bacteria that grown on 200 ppm PAHs (Napthalene, Phenanthrene,
Pyrene and Benzo[a]pyrene) supplemented media were selected for further genomic identification. The
genetical identification of bacteria was performed by using 16S rRNA gene sequence comparison then
using BLASTn to search the bacterial database and identifying the species that closely matches their
sequence. In this study, 8 of 63 bacterial isolates screened from marine sediments in station 2, 7, 9, 12, 15
could be identified as species of Enterococcus faecalis, Paenibacillus macerans, Bacillus subtilis, Bacillus
tequilensis, Proteus mirabilis and Enterobacter asburiae. All of them are denitrifying bacteria. The PAH
degrading anaerobe isolations were identified closed to GenBank database above 96%. Furthermore, the
degradation efficiency was determined for 4 PAHs (Napthalene, Phenanthrene, Pyrene and
Benzo[a]pyrene) by HPLC technique. All 8 bacterial isolates showed different ability in degrading
different PAH compounds, at initial concentration of 200 ppm, after incubation for 16 days. Napthalene,
the smallest PAHs, was found to be degraded more than 60% by all denitrifying bacteria under studied.
Pyrene was degraded in the range of 50-60% by some of the denitrifying bacteria which were
Enterococcus faecalis, Paenibacillus macerans, Bacillus tequilensis and Bacillus subtilis. Denitrifying
bacteria in the species of Proteus mirabilis and Paenibacillus macerans could degrade benzo[a]pyrene at
the efficiency of 50% and 60%, respectively. Phenanthrene was decomposed by Proteus mirabilis at the
degradation ability of 50% while the others denitrifying bacteria had lower than 50% degradation

efficiency.
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A. Phototrophic bacteria

1. Rhodopseudomonas sphaeroides

B. Gliding bacteria
2. Cytophaga johnsonae

3. Lysobacter antibioticus

4. Simonsiella muelleri

C. Budding bacteria

5. Hypomicrobium spp.

D. Spiral and curved bacteria

6. Aquaspirillum itersonii

7. Aquaspirillum psychrophilum

8. Aquaspirillum dispar

9. Azospirillum lipoferum

10. Campylobacter sputorum
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E. Gram-negative bacteria

11. Pseudomonas aeruginosa

12. Pseudomonas fluorescens

13. Pseudomonas chlororaphis

14. Pseudomonas aureofaciens

15. Pseudomonas stutzeri

16. Pseudomonas mendocina

17. Pseudomonas mallei

18. Pseudomonas pseudomallei
19. Pseudomonas caryyophylli
20. Pseudomonas lemoignei

21. Pseudomonas solanacearum

22. Pseudomonas pickettii

23. Pseudomonas pseudoflava

24. Pseudomonas denitrificans

25. Pseudomonas perfectomarinus

26. Pseudomonas nautica

27. Pseudomonas spp.

28. Alcaligenes faecalis

29. Alcaligenes eutrophus

30. Agrobacterium tumefaciens

31. Agrobacterium radiobacter
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F. Gram-negative facultatively anaerobic bacteria
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G. Gram-negative cocci and coccobacilli
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47. Thiobacillus denitrificans

48. Thiomicrospira denitrificans

49. Thermothrix thioparus

I. Gram-positive spore-forming bacteria

50. Bacillus licheniformis

51. Bacillus cereus

52. Bacillus polymyxa

53. Bacillus macerans

54. Bacillus stearothermophilus
55. Bacillus laterosporus

56. Bacillus pasteurii

57. Bacillus pantothenticus

58. Bacillus pulvifaciens

59. Bacillus nitrollens

60. Bacillus azotoformans

J. Gram-positive non-spore-forming bacteria

61. Corynebacterium nephridii

62. Propionibacterium acidi-propionici

K. Others

63. Halobacterium sp.

H. Gram-negative chemolithotropophic sulfur bacteria
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4 Aa o a < @ ]
ﬂ1§1\‘i‘ﬁ 4.5 Wﬂﬂ‘ﬂ”NQ?J?”@'@]%"U@Qﬁﬂ”Iﬁ!ﬂll@n@fﬂ\i

aol azAga a93AYA ANNENN (1N3)
1 13°1126.05"N 100°54'53.68"E 6.0
2 13°1127.59"N 100°52'56.44"E 10.0
3 13°1124.54"N 100°51'32.75"E 15.4
4 13°1127.59"N 100°50'10.41"E 18.6
5 13°1120.03"N 100°48'42.87"E 24.6
6 13°10'1.07"N 100°48'44.40"E 8.0
7 13°9'20.10"N 100°50'10.42"E 30.5
8 13°10'4.26"N 100°50'10.42"E 31.6
9 13°10'4.26"N 100°51'36.32"E 16.8
10 13°10'4.26"N 100°52'56.44"E 10.0
11 13°10'12.50"N 100°54'53.41"E 6.7
12 13°9'20.7"N 100°55'33.72"E 45
13 13° 8'42.00"N 100°54'1.00"E 7.9
14 13° 8'1.50"N 100°53'47.00"E 8.4
15 13° 8'1.50"N 100°52'56.44"E 19.5
16 13° 8'42.00"N 100°52'56.44"E 18.3
17 13° 8'42.00"N 100°51'36.32"E 26.5
18 13° 8'42.00"N 100°50'10.42"E 17.4
19 13° 8'42.00"N 100°49'10.00"E 5.7
20 13° 7'21.00"N 100°49'10.00"E 17.4
21 13° 7'21.00"N 100°50'10.42"E 28.2
22 13° 7'21.00"N 100°51'36.32"E 25.9
23 13° 7'21.00"N 100°52'56.44"E 14.5
24 13° 7'21.00"N 100°53'39.00"E 6.2
25 13°1028.00"N 100°48'33.91"E 3.0
26 13° 8'16.65"N 100°49'15.09"E 2.5
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4.3.2 msInnzvigaEeuiAmenennrsessnszneumaniivesiiedany nouay
= o a0 I 1 A [ ~
Tuindnyuzd manuilunsaan Psmadsdszoonlulasmulugduuvdieginylu
Y ' 9
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1 Y
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4.3.3 MINAUENTHAYBIPAUNIIINAZNOUAY

[
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Y
aegaznouaulsuna 1 05y laaalue1winsmnziaes PDB + 2% Yeast Extract NUN15

a J ) oA a = I @ v A o T A
mumiﬂi:ﬂau“laimmﬁmu uﬂﬂqumwﬂm 30 o9 IsaLFed 1HUa1 15 7 AAEeNA9819NY

U

a o ds' 1 = [ d’l A a 14 o
MIsyuinsziaens 11090 45 Tu luems@esdlinmsauasdsznon lalasasuou 1
a aJd A < Y 3 A A A ] dy a a A A a
paunsduUaauueIsuas au Iditlula latifer e rinvesgaunsdnamsonsyludaniw
da
nueslsznev PAHs
4.3.4 m3nasanda lun3 ldsnuaiBafiinnuanselumswigly PAHs
[ = a Qy ==} o ] a 9 a o A
Aauend luns IaauaiizendledaaenoUAUABINAYNANIT Pour plate 1A81i1N5190
@ ] a 9 (] =1 9 [ Aa aa
INAIDINALNDUAUAIY 0.85% NaCl wgnilural 15 win udrgaaiulalsunieg 1 Nadans aslu
9111394 (Nitrate  Agar) 101300 37 esrusadoaluanin1oondiau (n18lu Anaerobic
s Y 4 2 a o I H ° y
Chamber) 1Hlunan 5 Ju snuaiiGelinsniaau Iaseimsuenlhilule Tsaamed naziilides
. . [ 9 1 o ] I Y
luemamad lumsa (Nitrate Broth) F9iivaoaanund (Durham tube) V55904 11 1Jumilunar 7 7u
Tuann'l3eendau (Beishir, 1996)
A .. . .. . Y ad
‘I/lﬂﬁE)‘UﬂTI?Jﬁ”liJ”liﬂGluﬂTi'iﬂDG]fGluﬂiZ“]nuﬂ”lﬁ Nitrification/Denitrification ﬂ?ﬂ%‘ﬁllﬂﬁﬂi—

= L

UUNTaa13 Y (alpha- naphthylamine method) (Theerachat et al., 2010) 1{1a lun3 IWaauaiizenaauen

A

9 v ad a g dy a Aa
Ulﬂ 1]']ﬁﬂﬂﬂlf)‘Ll!@l,Lﬁgﬂlﬂ31$1’iﬂﬂcﬁ%uﬂﬂl@\1ﬂﬁu‘ﬂiﬂ@]ﬂllﬂ

4.3.5 MIMUNTUAVAUNIHN1E116S rRNA

Q

a A

) A A A o Y = a = A a

u11ﬂ1ﬁulﬂﬂ’)ﬂl@ﬁll'ﬂﬂﬂl EW]ﬂﬂﬂifl\‘lhlﬂlﬂﬁﬂﬂ‘ﬂIHNﬂﬁﬂl@ul@ LLﬁ%LWlI“]J‘iiﬂﬂl 16S
. . o Qy 1 < a qd .
ribosomal RNA fragment @133TUDI Virunanon (2008) Tﬂawﬂﬁﬁvumuﬁwmamgﬂ‘ﬁffha Genomics

4 ) A <3 /A o 1 o 1
DNA PurificationKit (Omega) #9111 1HindSunaddue Tasly InswesAsumzaed e 275

=

° Aaaa ' a A o A g { a ~ =
1ag 1492R ﬂWﬂ{]ﬂiﬂW@ﬂI%IWﬁlN@ﬁﬁ (WE®19) Iﬂﬂ!ﬁuﬂum@mﬁﬂuu 94DIAULALBYTUIU 5 UIN
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9 v
NNUUNGUHYI 94 DIFUYATHA U1 1 UIN 55 DIAUFAIHEE UIU 1 UIN LALT2 DIAUTATYT U
~ 9 A ' = A o 30 ° kS 9 a ad
2 winagluseugamamunaiae 118n 10 wiil guilusou 30 seunniulfmaiinmasianlas

a A ay a d A o A Yy 9
TS TaNoaT T UFUADULNUYUIA 1600 bp MUUANNANUENTIUYDIOEN ST 0.8 % U
S g’/ o v H
misaza1e 1X TAE uazldnszua 100 Trad tlumai 45 wid mnduiiidaedian ldan
== 4 ] 9 a ad a o Y a a( 9
nzUIUMIRFoITHAZRIUNMTATIITOUA N AtAadianTas WG Ta T IduSgns Taeld
. . v LY 1 a do o A Ao an o
Viogene’s Gel Extraction System Aauaadleed lUinseianuuanussm wdasvn led Useme'lne
4 ) o w { [} . 4 a 4
ethdeyadauan e lUnFeuifisunuaisisdoyaves NCBI (Shi and Lee, 2006) 1o a1zl

=

A d ~ A o Y
FAUDILUANLTYIN ﬂﬂiﬂﬁllﬂ

4.3.6 MInaaaUANNAINIID UM sHesa15U52noU PAHS

o AA Ao 9 d” . . . A

umm‘nLiwﬂmwﬂ"lﬂmmmam“lummi enrichment L1@% Mineral Salt Medium NUNIT
o a 4 I 1 a 4 I
aautlaalaadu Tuaadey lumsae 1t uuvasve s lumsa uaziduasilszneu PAHs tive 191ilu

v 4 9 A = g’; | <3 4 o a

LHAIATITUDU Iﬂﬁlﬁlﬂfﬁ'l'iﬂigﬂﬁ]ll PAHs NUINUUBUANUN 2 - 5 ﬁﬂlﬂuﬂﬁﬂﬂigﬂﬂﬂ 1UIU 4 FUA
1aun Naphthalene (2 39) Phenanthrene (3 39) Pyrene (4 39) Ltag Benzo[a]pyrene (5 39) ANV UTY

o VoA a a o I o v
200 ppm uﬂﬂunﬂqmwgn 37 asenyarsed moldaning13eandnu msnudiediaasnaasy

YSuaasiseney PAHs Nwideo giﬁl SHIGELR High-Performance Liquid Chromatography (HPLC)

4.3.7 mﬁmﬁwﬁﬂ%mmﬁmmém High-Performance Liquid Chromatography (HPLC)
1002IBoAYDIRT 0 HPLC TIfai: 19A0au1] Inertsil ODS-P HP (Shimadzu) column w419
4.6 x 150 mm Iﬂﬂi%@z@jg}llullﬁiﬁ(Acetronitrile; CH,CN) uazﬁuﬂu mobile phase EREGREEHTRY,
CH,CN:H,0 = 40:60 v/v 1agn512¥920 UV-VIS detector QuuniveInoauii 40 serusaidod

a 4 (% 1 a
’Jl,ﬂi"lgﬁWm‘ﬁEJ‘]Jﬂllﬂiﬁ/\llﬂ@]iﬂﬂ!ﬂlﬂﬂﬁ"ﬁﬂizﬂ’ﬂﬂ PAHs AT BUA

4.4. HANITIVY
a d wAa d [y a
4.41 MIINNTRAMENTAMINEMNHIe0snsznoUIMaATive e Inz NoUAY

% ] a A ) = A o A o v Y 1 Y 2K o 2’; dy <

08 19nznouALMIINANYY Tanvazidunaldaltsanlaiadienaany 19 laena la
ALNOUALTANHULOYNIAVBIAUIAY (clay) WINNIINTIY (sand) ALNOUNTINIOOU VNAIDHNNNAY

< ()] [ 1 o 1 a A

MUUV0INE T 1aadI0e19 lulinau

ANHAULNNMININUYDIAIDINASNOUALIINLTNUNSTFI Uonn lFmsdunadnyusd

v v Y o ) ] A - -

YDINZNBUALANAD IATINITATIVIA pH AI81AT04 pH Meter HazasIvaovlsuauen Tuile
(NH, -N) uag lumsa (NO,-N) Tasldyaninngeuauain Inssmanannismsau-ijo wazdunadoun

a a a @ ’ & @
ﬂ1ﬂ’3‘]ﬂﬂj§ﬁ3ﬂﬁﬂ AUTINHAT UH1INYIAUINHATAITAT G?\iﬂaéll@\‘]ﬂ1i@li'm'3ﬂ pH s uon Tantlow
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Y v
(NH, -N) uaz lumsa (NO,-N) Hosduaanansluaiinei 4.6 Tagnuinlsuauey lufionluagnou

a A ;A A A ] U 2 g 1A Yy 9
ﬂunﬂimmqmamuﬂ 1,5 uazll(ﬂluﬂmﬂ 6-15 ppm)muﬂimm"lummuuwmmmmwmu

Y A [ A g o ] [ [} g’; dy Y 9 ll Y] 11 1
GlﬂalﬂﬂiﬂuiunﬂﬁﬂWHlﬂUﬁ’mﬂN Iﬂﬂﬂgiuﬂﬂﬁ 1-10 ppm RUANVAUNVUUDI LUINTAYY LUGININIU

a [ 1 o (] dy 1 = tﬂy =) %l
INADUATIYADFTUNINUDINY Y l,muwmmimmiﬂugﬂaumawmmﬂum

M131399 4.6 AUAVTANTNMENINAIDENALNOUAUYDUMEFFIIUVTIAAT 1- 12

Physical Character Color pH NH4+—N NO,N
Area (1:5) (ppm) (ppm)
Station 1 UAGLYY 8.57 6-15 1-10
Station 2 NAGLYY 8.63 1-10 1-10
Station 3 UAGLYY 8.64 1-10 1-10
Station 4 UAGLYY 8.56 1-10 1-10
Station 5 UAGLYY 8.54 6-15 1-10
Station 6 UAGLYY 8.61 1-10 1-10
Station 7 NAGLYY 8.56 1-10 1-10
Station 8 UAGLYY 8.64 1-10 1-10
Station 9 Imeeu 8.62 1-10 1-10
Station 10 UAGLYY 8.57 1-10 1-10
Station 11 NAGLYY 8.63 6-15 1-10
Station 12 NAGLYY 8.64 1-10 1-10

4.4.2 wamsmsaauenyHavesgaunsdanaznouay
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mziaeae 1190 45 T4 lues@eanimaauaisszneulalasasusuriiauunnan i
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4 o ' A Ao P A A
ﬂTINﬁ 4.4 G]’JQEJ'NL"BE]Tlﬂﬂllﬂﬂllﬁ}i]'lﬂﬁﬂ'lu@nﬂc]: (1-1) INTADIUN 1, (2-1, 2-2) INTADIUN 2, (3-2) 1N
A01UN 3, (7-1, 7-2) 1NADINN 7, (9-1, 9-2) 11EDIUN 9, (10-1, 10-2) 31FI TN 10, tag (11-1, 11-2)
NNADUN 11

9191 4.7 $u'le Teaan 1danazneuauluugaz aniil

amil uaulelasan amil uaulelasan
1 3 13 2
2 6 14 4
3 2 15 3
4 1 16 1
5 2 17 2
6 3 18 3
7 2 19 5
8 4 20 1
9 2 21 2
10 3 22 2
1 2 23 6
12 2 SuManua 63
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Clostridium  beijerinckii, Clostridium diolis, Clostridium acidosoli, Clostridium acidotolerans,

Y
Clostridium drakei uaxg% Bacillus subtilis

4-29



1.5kbL 1 2 3 4 5 6 7 8 9

. 15006p  150ng

= 1000p 100ng
Gllg  Blng

Gllkg  Glng
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Isolation Sampling Depth Species Acc.Number
code area (m) identificated (GenBank)
B3/1 station 15 19.5 Enterococcus faecalis JX975422.1
B3/2 station 15 19.5 Paenibacillus macerans AM406669.1
A2/2 station 2 10.0 Bacillus subtilis KC441812.1
A2/3 station 2 10.0 Bacillus tequilensis JN999833.1
A1 station 7 30.5 Bacillus subtilis JQ398853.1
AT/2 station 7 30.5 Bacillus subtilis JQ398853.1
A9/1 station 9 16.8 Proteus mirabilis KC456557.1

A12/2 station 12 4.5 Enterobacter asburiae JQ659607.1
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a o [ 1 1 I [
azria vasnmMsuylue1m1sny PAHs 200 ppm 1 37 eesusaiomiluna 16 U

PAHc Amaonth of PAHc
Isnlation Samnling Species degradation elimination (nnm) within
code area ability 16 days in 5% inoculation

B3/1 station 15 E. faecalis napthalene 122
phenanthrene 77

pyrene 119

benzo[a]pyrene 17

B3/2 station 15 P. macerans napthalene 125
phenanthrene 86

pyrene 122

benzo[a]pyrene 126

A2/2 station 2 B. subtilis napthalene 124
phenanthrene 62

pyrene 89
benzo[a]pyrene 62

A2/3 station 2 B. tequilensis napthalene 122
phenanthrene 88

pyrene 114
benzo[a]pyrene 88

A71 station 7 B. subtilis napthalene 120
phenanthrene 84

pyrene 114
benzo[a]pyrene 88

A2 station 7 B. subtilis napthalene 127
phenanthrene 68
pyrene 67
benzo[a]pyrene 94
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M15197 4.14 (AD)

PAHc Amanth of PAHc
Isr;l;;lon Sa::;:ng Species degradation elimination (nnm) within
ability 16 days in 5% inoculation
A9/1 station 9 P. mirabilis napthalene 127
phenanthrene 102
pyrene 99
benzo[a]pyrene 102
A12/2 station 12 E. asburiae napthalene 120
phenanthrene 79
pyrene 74
benzo[a]pyrene 27

M1 4.15 511 PAHs idesgiienaiiull 16 7 voanaiiied luns TidhdauenIden

a 9 d’ dy d‘
aznouaulanzia LiJf)LﬁfNiu@WTﬂi’g@i MSM N
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AURFY + damﬁ'mmummgm (ppm)

Naphthalene pyrene benzo[a]pyrene

Control 180.67 +2.49" 222.00 + 6.24" 237.00 + 4.58°
B3/1 78.00 +1.00" 173.67+6.51" 183.33 +4.04°
B3/2 7533 +£1.53" 135.00 + 1.00" 130.00 + 48.54°
A2/2 75.67+1.15° 140.67 +3.06" 138.33 £5.69"
A2/3 77.67 +£2.08" 154.00 +£2.65° 112.33 £ 14.15°
A7/1 80.33 +1.53" 164.67 +5.86" 116.33 +48.13*
A7/2 73.00 +2.65" 166.00 +1.00" 106.33 + 61.86™"
A9/1 73.00 + 6.08" 167.33 +2.31" 97.67 +59.65"
Al12/2 80.00 +1.00" 191.00 +3.61° 172.67 £12.01°

3 a3 7 . o o 2 ;
*AUNAY + TITIAVULIATIIU INNITNAADI 3 1 A20N¥IENNANNUTULUIAIAAIHANITNAADINT

ANuuANANNuediisdAyneatanszAuANMFoNU 95% (P <0.05)
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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are organic compounds which considered of two or
more benzene rings which are potentially to be hazardous substances. They are common pollutants
that effect human health by its characteristics of toxicity. mutagenicity and carcinogenicity. PAHs
usually contaminated in the environment from human activities. They are usually found in fossil fuel.
crude oil. coal. used motor oil. soot smoke from incomplete combustion. oil drilling rig capsizes. or
even wastewater from factories and in various complex mixtures of hazardous chemicals. PAHs can
persist in the environment for very long periods of time due to their stability. high affinity to the
sediment. high melting and boiling point. low volatility and low aqueous solubility. Contamination of
PAHs in marine sediment effect ecosystem especially benthic organism. include decreased benthic
invertebrate abundance. diversity. growth. physiological and behavioural changes. This research was
proposed to screen for PAHs degrading bacteria from Sichang marine sediment. From 11 sampling
areas an anaerobic Naphthalene degraded bacteria was isolated in 200 ppm PAHs modified media.
Identification of bacteria was performed by using 16S rRNA gene sequence comparison then using
BLASTn to search the bacterial database and identifying the species that closely matches their
sequence. The PAH degrading anaerobe isolated was identified to be Closfridium bartiertii. Finally.
determination of PAHs degradation was performed by 2-rings (WNaphthalene) using HPLC test which
shown that 48.98 ppm of Naphthalene can be eliminated after incubated C. bartiersii with initial
171.79 ppm naphthalene for 8 days.

Keywords: anaerobic bacteria. PAHs degradation. 1658 rfRNA gene analysis. marine sediment

Introduction and Objective

Polycyclic aromatic hydrocarbons are
usually known as PAHs. These compounds
consist of two or more benzene rings (Figure
1.) with potential to be hazardous substances.
Many of the constituents of PAHs are not only
carcinogenic and mutagenic compounds. but
they are also potentially to be inununotoxicant.
There have even been reports of their impacts
on critical habitats such as the benthic
ecosystems. which may ultimately get into the
marine food chain and finally effects human
health. The results depend on  the

P-II-04
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concentration of PAHs and the type and extent
of exposure (Vincent. 2009). The distribution
of PAHSs in the enviromment is extensive and
varied in structure. PAHs can be found in
soil/dust. air. water. food or household
products which are produced during the
industrial process. petroleum spills, and
incomplete combustion (SA Health. 2009).
PAHs can persist in the environment for long
time due to their properties such as high
melting and boiling point. low volatility. low
solubility and high affinity to the sediment.
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Nowadays, PAHs contamination is increasing
which leads to environmental concern. PAHs
may be treated using warious methods and
applications via physical treatment such as
thermal or chemical process (Piskonen and
Ttdvaara, 2004). Application of
microorganisms for bioremediation of PAH-
contaminated environment seems to be an
attractive technology because they are more
specific, effective, economic and more
environmental friendly. The purpose of this
study was to isolate potentially PAH-
degrading bacteria from the marine sediment.
This may be useful for preliminary studies and
understanding in PAHs degrading by
environmental microorganisms.

Naphthalene Phenantrene

C1oHsg Ci4Hio
Anthracene Pentacene
Ci14Hio CxnHiy
Pyrene Benzo[a]pyrene
CieHg CaoHy2

Ovalene
CagHyn CaHyy

Figure 1. PAHs representatives and their
chemical
structures

Materials and Methods

2.1 Sediment Sample Collections

Sediment sample were collected from
marine sediment around Koh Sichang,
Chonburi province, Thailand. Eleven sediment

samples were obtained from  Aquatic
Resources Research  Institute (ARRI),
P-II-04
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Chulalongkorn University. All samples were
stored at 4°C until use.

2.2 Bacterial Isolation

To select PAHs-degrading bacteria,
the PAHs-tolerant bacteria were isolated from
marine sediment by inoculated 1 g of sample
into PAHs modified media (Potato Dextrose
Media plus 2% vyeast extract with 0.2%
Naphthalene) by spread plate method. The
plates were incubated at 30 °C under anaerobic
condition (or limited oxygen) in the anaerobic
chamber (Bactron, Sheldon). Bacteria were
isolated from the agar plates and prepared to
be single colony by using streak plate method.

2.3 Species identification by 16S
rRNA gene amplification and sequencing

Bacterial DNA extraction was
performed and the extracted DNA was used in
PCR experiments. About 1.6 kb fragments of
168 ribosomal RNA gene were amplified by
PCR technique with Taq polymerase and
primers Eubac 27F (5°-
AGAGTTTGATCCTGGCTCAG-37) and
1492R (5'-GGTTACCTTGTTACGACTT-3").

PCR. amplification was incubated for 3
min at 94 °C and then subjected to 25 cycles
consisting of denaturation at 94 °C for 1 min,
annealing at 55 °C for 1 min, and primer
extension at 72 °C for 2 min. The tubes were
then incubated for 10 min at 72 °C. PCR
products were separated on 0.8% agarose gel
electrophoresis. PCR products were purified
by DNA purification kit (omega, USA) before
16S rRNA gene sequencing by an automated
sequencer (Pacific Science Co., Ltd..
Thailand). Sequence were compared to
sequence in the RDP using BLASTn
(Virunanon ef al.. 2008).

2.4 Naphthalene degradation test

PAHSs degradation test were performed
by using cultures in serum bottles under
anaerobic conditions. PAHs modified media
with no Naphthalene solution was prepare then
N> gas was always added into the bottles of
media and capped the bottles with 20 mm
butyl rubber stoppers. After autoclaved,
steriled media were supplemented with a filter-
sterilized  0.2% (wt/vol) solution  of
Naphthalene. Inoculation, the bottles were
incubated at 37 °C for 7 days with control
without microorganism inoculation. The test
bottles were sampled periodically with a
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syringe for determination of PAHs. Samples
were analyzed by Scientific and Technological
Research Equipment Centre by using HPLC.
Samples were transferred to an HPLC wial
insert for analysis on an HPLC fitted with
Inertsil ODS-P HP (Shimadzu) column size
4.8 x 150 mm and FL detector. The mobile
phase was CH3;CN : H,O = 40:60 v/v.

Results

PAHs degradeing bacteria can be
isolated from marine sediment under anaerobic

“Renewable Energy and Global Care”

condition. TIsolates Napl and WNap9 were
identified by partial sequencing of the PCR
amplified 16S rRNA gene. The obtained
sequences were compared to known
sequences.

Bacteria identification was performed by
using 16S rRNA gene sequence analysis and
BLAST to find relatively similar nucleotide
sequences in GenBank database. Results by
BLASTn revealed that both isolates are 96%
similar to Clostridium barlettii as
showed in Tablel.

Table 1. Similarity percentage of 165 vrRNA gene sequences for the selected isolates compared to those obtained

from database

Isolates Acc. Num. .. Blac‘reria
Similarity percentage
Napl
\_"p TQ782200 Clostridium barlettii | 96%
Nap9

200 ppm Naphthalene (200 mg/L) was
supplemented in medium to test PAHs
degradation by bacterial isolates. Initially. the
naphthalene concentration was detected at
about 171.79 ppm on day 0 by HPLC. Some of
naphthalene were lost because some part of
naphthalene can be adhered to the inside walls
of the serum bottles or the stoppers. The

results of the control experiments without
inoculation of microorganism indicated that no
significant loss of naphthalene occurred due to
the process within 8 days. After incubation.
Naphthalene can be eliminated for 48.98 ppm
by C. bartlettii with initial 171.79 ppm
Naphthalene for 8 days (Figure 2).

Naphthalene remaining

| = Naphthalene |

=
7
(e
5
= 4
2 3
T
= =2
=
1

(4] 50

LOO 150 200

Naphthaleneraainins (ppin}

Figure 2. Naphthalene remaining on various times

Discussions

PAHs are very stable compounds so they
can remain in the environment for a long time.
They can cause envirommental pollution as
they accumulated in the surrounding sediment.

P-I1-04
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Various physical and chemical applications are
currently employed to remediate the problems
caused by PAHs pollution. Microbial
degradation of PAHs is challenged idea with
more specificity and strongly influenced. In
addition, only a few microorganisms reported



The 24™ Annual Meeting of the Thai Society for Biotechnology

ability to degrade PAHs especially higher ring
contain PAHs. In this research. the isolates of
Napl and Nap9 were related to C. bartlettii.
This results agreed with report of Yuan et al.
(2007) that some Clostridium spp. found in
mangrove soil has capability to degrade PAHs.

In this research. degradation of
naphthalene can be detected within §-10 days.
This may related to the structure of napthalene
that contain 2 benzene rings which is not as
complicate as 3 or 4 rings hydrocarbon
compound. The degradation of PAHs with
higher number of rings are slower than those
with lower number of rings (Lors ef al.. 2010).
Most of bioremediation of PAHs are based on
enhancing microbial activity such as addition
of nutrients and use PAHs as a sole carbon
source in media. Rate of biodegradation
depends on bacteria strains that were selected
from PAHs contaminated sites and quantities
of PAHs observed in contaminated sites.

Acknowledgment

This research granted by The National
Research Council of Thailand (NRCT).
Marine sediment samples were gifted from
the Agquatic Resources Research Institute
(ARRI). Chulalongkorn University.

References

1. Department of Health, Government of
South Awustralia. 2009. Awailable at:
http://www.health.sa.gov.au/pehs/PDF-
files/ph-tfactsheet-PAHs-health.pdf
[September 10. 2012].

Lors C. Ryngaert A. Perie F. Diels L.

Damidot D. Evolution of bacterial

community during bioremediation of

PAHs in a coal tar contaminated soil.

Chemosphere. 2010: 81: 1263-1271.

3. Piskonen R. Itivaara M. Ewvaluation of
chemical pretreatment of contaminated
soil for improved PAH bioremediation.
Appl Microbiol Biotechnol. 2004
65(5):627-34.

4. Vincent M. Microbial bioremediation of
polveyelic aromatic hydrocarbons (PAHSs)
i oily sludge wastes. Towa State. CE 521.
2009.

1

P-TI-04

4-51

“Renewable Energy and Global Care™

Virunanon €.  Chantaroopamai S.
Denduangbaripant. J. Chulalaksananukul
W. Solventogenic-cellulolytic clostridia
from 4-step-screening process in
agricultural waste and cow intestinal tract.
Anaerobe. 2008; 14(2): 109-117.

Yuan SY. Chang BYV. Anaerobic
degradation of five polycyclic aromatic
hydrocarbons from river sediment in
Taiwan. J Environ. Sci Health B. 2007:
42: 63-69.



]
A

2. IFUBNANIUG uyy poster 1304 The screening of denitrifying bacteria from marine sediment
for polycyclic aromatic hydrocarbon degradation Tunisds 3‘];1!3‘]51ﬂ1’i FEAUUIUINIA The

First Asian Marine Biology Symposium in Phuket, Thailand, December 13 -17, 2012.

The screening of denitrifying bacteria from
marine sediment for polycyclic aromatic
hydrocarbon degradation

Jiraporn Puangkaew 1), Gallaya Wattayakorn 2,3), Chompunuch Virunanon 4), and * Suphang Chulalaksananukul 5)

1) Program of Bietechnology, Foculty of Science, Chulalongkesn University, Path , Bangkok, 10330, Thoiland: 2| Depariment of Marine Science, Facully of Science, Chul . Path,
Bongkak, 10330, Thailand; 3} Aquatic e h fnstitute (ARRI), Chulalongk: v, Bangkok, 10330, Thailand ; 4) Department of Botany, Focully of Science, Chulaiongkorn University,
Bangkok, 10330, Thailend: 5) Department af Chemical Engineering, Foculty of Engineering, Mahidol University, Nokornpathom, 73170, Thailand.

Abstract

This research presented the ability of denitrifying bacteria, collected from marine sediments around Sichang Island, Chonburi province, for
degradation of polycyciic aromatic hydrocarbons. The result found that 8 isolations of denitrifying bacteria were obtained from total of 40
bacterial isolations screened from 23 of marine sediments. Thase isolations were identified by 16 s RNA and indicated that one of them was
Baciilus subtilis species. This isolation was performed under the anoxic condition to degrade of 200 ppm of naphthalene in liquid media. The
result was successfully degradation of PAH by denitrification process.

Introduction Materials and Methods

Polycyclic aromatic hydrocarbons are usually known as PAHs.
They are generated from the incomplete combustion of fossil
fuel. These compounds consist of two or more benzene rings as
shown in Figure 1. PAHs have been classified as potential
carcinogenic substances by USEPA.

[ ST PAHs may be treated using
- various methods via physical

Sediment collection
| =

. #
Microbial isolation |—

|

e R s @ treatment, chemical
Eriteaocar Coo Pestacne F‘I'DI:ESAS, im:luding a.f Denitrifying bacteria | s
N biological remediation.
Bemmmee | GRS mmmm o GO Biodegradation of PAH by l
s oy | G r_\;i'. applying microorganisms has
— _. | beenan attractive technology Identification with 165 RNA
Cleyueen D Commibane because it is more

specific, economic than the
other two methods, as well

Figure 1. PAHs and their chemical as it plays an advantage for
representative structures environmental performance.

|

<— PAHs degradation i C

Trighnmeien Crvmlsen

Result and Discussion

Microbial isolation 0 PAHs degradation
Total bacterial isolations including of denitrifying bacteria were E 250 .
addressed in Tablel. 200 The degradation
of PAHs (4R and
gttty i = 5R) was
Table 1 Number of bacterial isolations achievement . o
completed within
Sediment Number of bacterial isolations s0 45 days of
sample Total isolates Gas Denitrifying T T e Tap Ti= a2 3 = a0 s Incubation as
generation bacteria days showed in figure
23 63 16 8 B Eyrane @ BerzcizipyrEne L

|Figure 2 Benzo(a)pyrene and Pyrene degradation by B. subtilis

Molecular identification

Bacteria identification performed by 165 rRNA gene sequence
analysis and BLAST the nucleotide sequences to GenBank database
for its relative similarity. The result was revealed the 96% similarity
to Bacillus subtilis as showed in Figure3.
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Abstract: This research presented the ability of denitrifying bacteria for
degradation of polycyclic aromatic hydrocarbons. The experiments were started
from the collection of marine sediments from Sichang Island, Chonburi province
and screened for the existing of denitrifying bacteria. After that, they were applied
for remediation ofpolycyclic aromatic hydrocarbons (PAHs) contamination. The
result found that 8 isolations of denitrifying bacteria wereobtained from total of 40
bacterial isolations screened from 23 of marine sediments. These isolations were
identified by 16 s RNA and indicated that one of them was Bacillus subtilis species.
This isolation was further incubated under the anoxic condition to degrade of 200
ppm of naphthalene in liquid media. The result showed the successfully
biodegradation of PAH by denitrification process.
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ABSTRACT

This research presented the successfully ability of denitrifying bacteria for degradation of
benzo(a)pyrene . a five fused ring of polyeyclic aromatic hydrocarbons. The experiments
were started from the collection of marine sediments from Chonburi province. Thailand.
Then, these sediments were screened for the existing of denitrifving bacteria by nitrate
reduction ability to alpha-naphthylamine. The result found that 8 isolations of denitrifying
bacteria were achieved from total of 40 bacterial isolations sereened from 23 of marine
sediments. These selected denitrifying bacteria were further applied to degrade of 200 ppm of
mitially concentration of benzo(a)pyrene contamination in liquid media. The remediation
process was incubated under the anoxic condition for more than 50 days. The result showed
the complete biodegradation of benzo(a)pyrene by denitrification process within 45 days.
Finally. the obtained denitrifying bacteria isolations were genetically identified by 16 s RNA
and result was indicated that one of them was Bacillus subtilis specie.

Keywords: Alpha-naphthylamine. Benzo(a)pyrene. Denitrifying bacteria. Marine sediment,
Polyeyelie aromatic hydrocarbomn.

1. INTRODUCTION

Envirommental pollution with polyeyelie aromatic hydrocarbons (PAHs) has attracted much
attention in last decades because of their genotoxic and carcinogenic potential for mammals
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[1]. Benzo(a)pyrene (BaP) is one of the high molecular weight. 5 ring-PAHs which 1s listed as
one of the priority pollutants classified as a carcinogen by the US Environmental Protection
Agency and an Agency for Toxic Substances and Disease Registry and BaP is ranked at the
number 9 from 275 substances priority list [2]. The toxicity of BaP is highly concemed
because of its ability to accumulate in animal tissues, to cause cancer and hormone disruption
as well as its potential to affect the reproduction. Moreover. BaP was found to depress
immune function [3. 4].

The principle natural sources of BaP are forest fires. volcanic eruption. pest fires and burning
of crude o1l. While anthropogenic sources include the incomplete combustion of coal. oil. gas,
wood, rubbish and other organic substances, incinerator, vehicle exhausts and cigarette [1, 5].
BaP has been reported to derive from gasoline automobile accounted for 98%. [6].

PAHs may be treated using various methods and applications via physical treatment such as
thermal or chemical process [7]. The recalcitrant natures of PAHs, attributed in part to the
strong absorption of PAHs molecule to soil organic matter and in part to their low solubility.
make them less amenable to microbial degradation [5. 8]. However, compared to other
processes whereby these compounds are removed from the environment, the microbial
degradation plays a major role in the remediation of contaminated sites [1. 5. 9]. The natural
presence of PAHs in the environment allows many microorganisms to adapt to exploit this
naturally-occurring as the potential growth substrate. Thus. many bacterial. fungal. and algal
strains have been shown to utilize wide varieties of PAHs contaimning from three to five
aromatic rings [1. 9. 10]. The application of microorganisms for bioremediation of PAH-
contaminated environment seems to be an attractive technology because they are more
specific, effective, economic and more environmental friendly. Biodegradation in marine
environment was also described attractively [11. 12].

In 1988, Heitkamp and Cerniglia published the first study on the isolation of bacteria capable
of extensive degradation of PAHs containing four aromatic rings [13]. Muller er al. (1989)
demonstrated for the first time that the utilization of a PAH containing four or more aromatic
rings as a sole source of carbon and energy by bacteria was possible [14]. Biodegradation of
BaP by some interesting bacteria was disclosed [15. 16]. Bioremediation of BaP in soil is
reported to have half- lives of 50 days to about 8.2 years [17].

Denitrification process is a process that involves a stepwise reduction of nitrogen oxides as
nitrate and producing nitric oxide (NO). nitrous oxide (N20). and finally to primanly
molecular nitrogen gas (N2). With seriously. for any of nitrous oxide and nitric oxide
releasing could contribute to global warming and to the destruction of stratospheric ozone
[18]. Demfrification 1s a major mmportance process that demitrifying bacteria responses to
environmental conditions by the cycling of nitrogen gas back to the atmosphere. These
denitrifying bacteria utilize nitrate (NO3'). nitrite (NO; '), nitric oxide (NO). and nitrous oxide
(N,0) as terminal electron acceptors in anaerobic respiration [19, 20].

In this study. denitrifying bacteria from marine sediments exposed to petroleum
contamination were isolated and then screened for nitrate reduction of alpha-naphthylamine.
After that, the ability of these bacteria to degrade benzo(a)pyrene were performed under
anacrobic condition for about 50 days. The selected isolation was further genetically
identification of their species by 16 sRNA for the application to environmental performance.
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2. MATERIAL AND METHODS

2.1 Collection of marine sediments

Marine sediments were collected from the stations located between Sichang Island and the
territorial site of Chonburi provinee, Thailand. Koh Sichang is an island located 12 km. Away
from the western shore of Siracha distriet, Chonbun province. These area are usually
contaminated with anthropogenic activities, including from the petroleum trans-shipment
activity occurred within the gulf of Thailand. The stations was located between the latitudes
of 13°11°27.59”"N to 13°7°21.00” N and with the longitudes of 100° 48" 42.87"E to 100°
54°56.44" E as shown in Fig. 1.

All samples were well stored at 4°C until use.

Figurel. The sampling stations around Sichang Island, Chonburi province, Thailand.

2.2 Bacterial isolation and screening for potent BaP degrader

Bacteria were isolated from marine sediments exposed to petroleum contamination. The
toleration to BaP of bacterial isolations were selected on solid media wusing spread plate
method by inoculated 1 g of marine sediment into PAHs modified media (Potato Dextrose
Media supplemented with 2% of yeast extract and added of 0.2% of Benzo(a)pyrene). All
plates were incubated at 30 °C under anaerobic condition (or limited oxygen) in the anaerobic
chamber (Bactron., Sheldon). The potential BaP-degrader(s) was selected depending on their
growths compared to that of the control. Then, the selected strain(s) was sub-cultured using
streak plate method and test for BaP degradation [21].

2.3 Screening for Denitrifying Bacteria

All potential BaP-degraders were further tested for denitrifying bacteria by transferring to
nitrate broth with durham tube. These tubes were incubated at 30°C for 14 days to test for
denitrification. One millilitre of each culture was transferred into a micro-centrifuge tube and
analyzed for their denifrification potential using the alpha-naphthylamine method described
by Wistreich and Lechtman in 1988 [22]. Denitrifying bacteria was selected and cultivated
anaerobically in nutrient broth (Difco) at 30° C and stored in 15% glyeerol at - 80°C. The
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identification of denitrifving bacteria was performed by API kit (BioMerieux)
2.4 Ability to reduce nitrate and nitrite

Denitrifying bacteria were cultivated in nutrient broth at 30°C for 18-24 hours. One ml of cell
suspension were transferred to 250 ml. Erlenmeyer flask containing 150 ml nitrate broth and
then on rotary shaker at 30°C for 14 days. Nitrate and nitrite were measured at 0. 3. 7, 10, 14
days by nitrate-nitrogen and nitrite-nitrogen test kit (HACH. USA). respectively.

2.5 Biodegradation of benzo(a) pyrene

The selected strain{s) was tested for their abilities and their degradation of BaP when grown
on liquid media in serum bottles under anaerobic conditions. The experiments were carried
out from the prepared pure PAHs modified media solution. After that, filled media into the
serum bottles and purged with Ny gas. The bottles were immediately capped with 20 mm
butyl rubber stoppers. After autoclaved. these sterilization media were added with a 0.2 %
(w/v) of sterilized solution of benzo(a)pyrene and 5% of inoculums. The bottles were
incubated at 37 °C for 7 days compared with the control that without adding any inoculation.
The bottled media were sampled periodically with a syringe for determination of the reduction
of BaP using HPLC. The control was performed in order to compensate for the photo-
oxidation, if any.

2.0Analysis of benzo(a)pyrene

The extracted benzo(a)pyrene was analyzed using reverse phase HPLC (Shimadzu) equipped
with a fluorescence detector and C18 column (Inertsil ODS-P HP column, 150mm x 4.8mm)
using acetronitrile: water at a ratio of 40:60 (v/v) as the mobile phase at a flow rate of
Iml/min. All measurements are the means of six replicates.

2.7 Species identification by 168 ¥rRNA gene sequencing

Bacterial DNA extraction was performed using the PCR experiments. About 1.6 kb fragments
of 16S ribosomal RNA gene were amplified by PCR technique with Tag DNA polymerase
and primers Eubac 27F (5-AGAGTTTGATCCTGGCTCAG-3") and 1492R (5'-
GGTTACCTTGTTACGACTT-37).

PCR amplification was incubated, in thermal cycles, for 3 min at 94 °C and followed by 25
cyeles consisting of denaturation at 94 °C for 1 min, annealing at 55 °C for 1 min. and primer
extension at 72 °C for 2 min. The tubes were then incubated for 10 min at 72 °C. PCR
products were separated on 0.8% agarose gel electrophoresis. PCR products were purified by
DNA purification kit (omega, USA) before 165 rENA gene was sequenced by an automated
sequencer (Pacific Science Co.. Ltd.. Thailand). Sequencing was compared to sequence in the
RDP using BLASTn [23, 24].

3. RESULTS AND DISCUSSION

3.1 Isolation and ability te reduce nitrate and nitrite of denitrifying bacteria

Total sixty three isolates were obtained from twenty three of marine sediments. All these
isolations were analysis for denitrification process. Thirty eight isolates were found to reduce
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the colour of alpha-naphthylamine. while sixteen isolates were found to produce gas in
Durham tube. Among of these two groups of bacteria. there are only eight isolates that
produced gas in Durham tube, as well as. gave colourless solution in the same time.
According to the method described by Wistreich and Lechtman (1988) confirmed that they
are denitrifying bacteria as summarized in table 1. Eight denitrifiers were further identified by
biochemical testing with APT test kit. The results illustrated eight isolates of denitrifiers was
Bacillus subtilis as the dominant denitrifier specie [22].

Table 1 The obtained bacterial isolations from marine sediments and classified into four different types

Marine Bacterial isolations
sediment Total Nitrate reduction  Gas generation Denitrifying
samples isolations bacteria bacteria bacteria
23 63 38 16 g8

The classification of bacterial isolations for their ability to reduece nitrate using nitrate broth as
substrate was summarized in Table 2. The results showed that 30 isolates could reduce nitrate
in nitrate broth called nitrate reducing bacteria. Eight isolations generated gas but could not
reduce nitrate. These bacteria were probably either sulphate reducing bacteria which reduced
sulphate to be hydrogen sulphide gas or they were methane formation bacteria which digested
carbon source (PAHs) to be a methane gas. For the eight denitrifyving bacteria or denitrifier
isolations, four isolations were found to reduce nitrate rapidly and did not show any
accumulation of nitrite. The other four isolates were found to have the accumulation of nitrite
and also to reduee nitrate slowly. All nitrate and nitrite were reduced to be nitrogen gas [24].

Table 2 The bacterial abality to reduce nitrate in demtrification process

Number of bacterial Ability to Nitrite Gas
isolations reduce nitrate accumulation generation

30 Yes Yes No

8 No - Yes

4 High No Yes

4 Low No Yes

3.3 Biodegradation of benzofa)pyrene

The substrate depletion kineties revealed in this study are similar to the classical pattern of
benzo(a)pyrene degradation. The results revealed in Figure 2 that the degradation was not
occurred at the first five days of meubation. The degradation was represented the slowly rate
at the early stages of incubation. The rapidly increased in degradation rate was observed after
10 days passed and the same rate was continued until 45 days of incubation. The completed
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degradation of benzo(a)pyrene was achieved with the noticeably concentration of
benzo(a)pyrene in liquid media was undetectable. The disappeared of benzo(a)pyrene in the
solution was also observed (The image was not presented).
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=
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Figure 2 The remaining concentration and biodegradation of benzo(a)pyrene under denitrification process of
Bacillus subtilis specie.

The impact of demitrification on remediation coupled with bio-treatment of PAHs was
obviously reported. In this study. even of the biodegradation of benzo(a)pyrene was clearly
observed after 45 days of incubation under denitrification condition, the biomass was not
significantly inereased. This phenomenon was previously noted that degradation of PAHs of
four or more rings generally did not result in a remarkable increase in the biomass yield of the
microbial consortia used, suggesting that these compounds were not preferentially used as a
biosynthetic carbon source. but mostly as an energy source [19].

3.4 Molecular identification

PAHs degradeing bacteria isolated from marine sediment under anaerobic condition was
further performed to know the species. Bacteria identification performed by 16S rRNA gene
sequence analysis and BLASTS the nucleotide sequences to GenBank database for its relative
similarity. The result was revealed that both bacterial isolations in this study related to 96%
similarity to Bacillus subtilis. Gel electrophoresis of PCR amplification of DNA fragment at
1.6 kb was observed as showed in Figure3.
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Figure 3 PCR amplification of DNA fragment of 1.6 kb of 16 s rtDNA identification. Lane 1 and lane 3 was the
amplified DNA of bacterial isolations of this research.

3.5 Bacillus subtilis and Benzo(a)pyrene degradation

In this study, the bacterial obtained for degradation of benzo(a)pyrene was Bacillus subtilis
species. Correspondingly to the results above. the tolerance and a marked ability of Bacillus
subtilis sp. to degrade high concentrations of benzo(a)pyrene up to 200 ppm (0.8mM) of
benzo(a)pyrene in an anaerobic condition was investigated over 50 days at ambient
temperature (approximately 30 C in a PAHs modified medium). It was shown that Baeillus
subtilis could survive at higher concentrations of benzo(a)pyrene. The degradation rate of
benzo(a)pyrene was not occurred in the first 10 days of incubation as the concentration of
benzo(a)pyrene was not decreased. But after that the degradation rate was rapidly increased as
the concentration of benzo(a)pyrene was continunously decreased (Fig.2). Until 45 days of
incubation, the biodegradation of benzo(a)pyrene was completed as shown on the
undetectable amount of benzo(a)pyrene in the solution.

Benzo(a)pyrene degradation by Bacillus subtilis was previously reported. Hunter er al. (2005)
reported the first time of Bacillus subtilis as bacterial strain to degrade 33 ug/ ml of pyrene
and/ or benzo(a)pyrene at 30° C for 4 days of incubation and Bacillus subtilis could transform
40% of pyrene and 50% of benzo(a)pyrene [25]. Lily er al.. (2009) studied with the new
species of Bacillus subtilis to degrade of 50 ug/ ml of benzo(a)pyrene in BSM medium and it
showed ability to survive up to 40 days and peak growth was on 7 days of incubation. The
degradation was started from 24 hours and the maximum achievement of degradation was
84.66% within 28 days [26]. Even at a higher concentration of benzo(a)pyrene (500 mg/L in
mineral salts medium). it was observed that Bacillus subtilis could utilize benzo(a)pyrene as
the sole source of carbon and finally reach 58.98 % degradation of the initial amount of
benzo(a)pyrene after 35 days of incubation [27]. This indicates a good benzo(a)pyrene
degradation ability of Bacillus subtilis when compared with other benzo(a)pyrene-degrading
bacteria. For instance, benzo(a)pyrene degradation studies using bacterial consortium of
Ochrobactrum sp. Stenotrophomonas maltophilia and Pseudomonas fliorescens were
generally carried out at a lower range of benzo(a)pyrene concentrations (10 mg/1) [28]

In the other hand, the report of degradation of benzo(a)pyrene under thermophilic condition

by Bacillus subtilis (Strain BUM) was also examined by Zhao and Wong. (2010) that the
degradation of 250 mg/l of benzo(a)pyrene was occurred within 30 days of incubation
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regarding of phenanthrene was existed. The percentage of degradation was corresponding to
the concentration of phenanthrene. The degradation rate was constant with a value of 12.3
mg/l/day in aqueous solution at a maximum 63.6% degrading [29].

At the evidence of absence of oxygen (anaerobic condition). Bacillus subtilis was able to
oxidising complex organic carbon as PAHs by using nitrate as electron accepter. This is an
effective low cost treatment on biodegradation of PAHs. As there has been an illustrative
report of many bacterial consortium in soil bioremediation of PAHs [30. 31, 32], the results of
this study demonstrating a relatively high benzo(a)pvrene biodegrability and tolerance of
suggested a potential use of Bacillus subtilis in bioremediation of soil contaminated with
benzo(a)pyrene.

4. CONCLUSION

Denitrifying bacteria achievement isolated from marine sediment was Bacillus subtilis in
majority. A Bacillus subtilis had the ability to degrade benzo(a)pyrene with a complete
degradation efficiency of the initial amount of 200 mg/l supplied over 45 days of incubation at
30° C. Bacillus subtilis was successfully biodegradation of benzo(a)pyrene but failed to
increased biomass production. Nonetheless, due to the significant ability of Bacillus subtilis to
degrade benzo(a)pyrene up to 0.8 mM. the potential use of this isolated bacterial in soil
remediation has been suggested. The studies on its biodegradation mechanisms as well as
benzo(a)pyrene biodegradation were also crucial to find out.

This research gives not only the valuable data of the potential application of denitrifying
bacteria to remove PAHs. but also can be able to apply for excess nitrogen in waste water
treatment. as well. Further comprehensive study of the relationships among qualitative and
quantitative microbial community will help in the design of advanced abatement and
management for qualify environmental performance.
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