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Abstract

The project “Knowledge Management for Marine Pollution Abatement and Biodiversity
Conservation around Sichang Islands (2nd Year)” consists of two parts. The first part involves the sources
and distribution of polycyclic aromatic hydrocarbons (PAHs) in coastal sediments of Koh Sichang and
Siracha in Chonburi Province, while the second part deals with the ability of lipolytic yeast and denitrifying
bacteria in biodegrading these PAHs compounds.

The characteristic distribution and source identification of polycyclic aromatic hydrocarbons
(PAHSs) in surface sediment samples from Koh Sichang and Siracha coastal marine area was carried out by
GC-FID. The results showed that the total concentrations of 16 PAHs ranged from 65.2 to 18,970 ng/g dry
weight, with median concentration of 282ng/g. The PAHs profiles were dominated by four- to six-ring
compounds which accounted for 87% of total PAHs. Source identification using diagnostic PAH ratios
indicated that composition of PAHs in most sediment samples were characterized by pyrogenic PAH
compositions. The presence of almost all human carcinogenic PAHs in the study area indicated that these
sediments can impose serious threat to coastal and marine ecosystems, as well as to human health.

Biodegradability of laccase; produced by lipolytic yeast, Aureobasidium pullulans var.
melanogenum from Sichang Island, on naphthalene, anthracene, pyrene and benzo[a]pyrene was determined
using High Performance Liquid Chromatography (HPLC). The results revealed that the laccase produced
from A. pullulans was able to degrade benzo[a]pyrene, anthracene, pyrene and naphthalene by 45.33, 38.16,
25.38 and 24.35 percent respectively, after the 48-h incubation period. For contaminated soils, degradation
of naphthalene and anthracene by laccase were 51.34 and 85.06 percent respectively, after incubation for 9
days.

Denitrifying bacteria were screened from marine sediments collected from Sichang Island,
Chonburi province. In this study, 8 bacterial isolates screened from marine sediments could be identified as
species of Enterococcus faecalis, Paenibacillus macerans, Bacillus subtilis, Bacillus tequilensis, Proteus
mirabilis and Enterobacter asburiae. Biodegradation efficiencies depended on types of the denitrifiers.

The obtained information from this study will be helpful in developing mitigation plan for
eliminating, reducing to acceptable levels and adoption of best practice environmental management

technique in order to reduce the negative impacts on coastal ecosystems of Koh Sichang and Siracha.

Key words: polycyclic aromatic hydrocarbons, PAHs, lipolytic yeast, laccase, denitrifying bacteria,

biodegradation
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Abstract

The objectives of this study were to determine the concentration and types, characteristic
distribution and source identification of polycyclic aromatic hydrocarbons (PAHs) in surface sediments
collected from Ko Sichang and Siracha coastal marine area, as measured by GC-FID. The results showed
that the total concentrations of 16 PAHs US EPA priority pollutants ranged from 65.2 to 18,970 ng/g dry
weight (median concentration was 282 ng/g), which indicated that the level of total PAHs concentrations
were at moderate level compared to those observed in other regions. The PAHs profiles were dominated
by four- to six-ring compounds which accounted for 87% of total PAHs. Dibenz[a,h]anthracene,
benzo[b]fluoranthene, benzo[ghilperylene, benzolalpyrene and fluoranthene represented the highest
fractions in most surface sediment samples. Source identification using diagnostic PAH ratios indicated
that composition of PAHs in most sediment samples were characterized by pyrogenic PAH compositions.
However, surface sediments from some stations exhibited a mixed petrogenic and pyrogenic sources. The
presence of almost all human carcinogenic PAHs in the analyzed areas indicate that these sediments can
be considered polluted, suggesting that future monitoring programs together with an effective coastal
management program must be implemented in order to reduce the negative impact on valuable coastal

ecosystems as well as to human health.

Keywords: polycyclic aromatic hydrocarbons, PAHs, source, pyrogenic, petrogenic
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Agilent 6890 GC with FID
Column type HP5 5% Phenyl Methyl Siloxane
Length 30 m
Internal diameter (ID) 0.32 mm
Film thickness 0.25 Um

Injection Splitless, 1 AL
Injector temp. 250°C

Carrier gas Helium (UHP Grade)
He flow 1.0 ml min”

He Flow (make-up gas) 30 ml/min

H, flow 30 ml min"

Air 300 ml min"'

Make up gas Nitrogen

FID Temperature 300°C
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ya Yy 9 A P o Y . v ~
Tlianududunlnaal LOD Winmsnadou 7-10 41 AudraamdudouuuNIATgIu (SD)

1Y ' = A I A a o [ dy
Iﬂﬂhlllma\iw’]ﬂ']!ﬂaﬂ luﬁ]\jfl]']ﬂlﬂuﬁ’lﬁjJ'lﬁji']uﬂlﬁiJthlﬂ HazAIUIU LOD AU

LOD =3SD

: Centroid

: 10 microamps
: 0 mmu/100 u
: 1 count

: 1.00 second
140 m/z

1650 m/z
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IS o w v A
2.2 yatna lumsinaadsua
a2 o w v A .. . . A = Y Y o
A 1na U3 BT uar (Limit of Quantitation, LOQ) A9 YT auaNudutdumgaun
~ =< =y Y A 1 ~ I ~ o o
815 PAHs nnageudeaiuisamidsuia'ld laghlianuusiutazanuieaduneeusy Tagyialy

wiouq M LOD Tae LOQ Tif1/szanm 3 1m1vee LOD 1ie 10SD dioyanisasivdoufedni

2.3 MIATINAOUMAUNGY (% Recovery)
1 A [ o A axy A Y a L4 a 1 9y
MMM % AURUNINEATIaoUITMIN 1 I 1erdSua PAHsluauazneunlvinag
a 4 a
Tumsasz lagndewnnileeaiioals Tasnmsmuasazatonnsgiuves 9,10-la'laTasueunsidn
(Internal Standard, IS) NNFIVANMIMIUALUNOU (10 Pg/mL) a4 11 Tudee19AUATABY (Spiked
9 o a J 1A an [ 1 [ [ @ 1 a ~ [} Y a
sample) 118211 13w 1gilSumandsnisainan arug nvarededuaznoui lu'laiay
Y
dsazateniasgiuad il uazihmannigesauanmuInIm % Aunay laoaums
% Recovery = [(C, — C,)/C,] x 100
Tagf  C, = AU uUeIAI08 19 NANETUIATIIU (Spiked sample)
Yy 9 Y 1 A nm Yy a .
C, = Anudutuvenod1e lu lAmua15uas 11 (Unspiked sample)

) { a @ 1
C3 = mmwmummmiazawwmigmﬁmﬂumamq

2.4 HANSIAY

2.4.1 aENiANINEMNIEzInivesAHANOUNUNIA

o ' a ¥ a X I a J o A A

A20819ALNBUAUNUNZIAVTNU AN VNINATIZTHIIUIU 26 aD11 UNITNTLIVDY

[ ~ g‘.: dy a dy AR =\ 1 [N~ a I
aumﬂmmmﬂaumuamiumwm 2.5 °nqumnmwu‘ﬂﬁﬂymwmﬂmmmﬂaumuiwmgﬂuma‘n
= = = { o = ~
(silt) UAUNAY 48% maumﬂmw(sandﬁﬂﬂmﬁﬂ 27% uazmaa(clayﬂﬂﬂmaﬂ 25% (M11919N 2.6)
a A d Y ~ A = a A o 4 o v '
vinaniunseldunaaiiin 1,6,12 uagl9 umsazauvesounsgnisvouainig (luxie 0.36-
9 9

' a A g Y 1 = v A a Y AN Yo a a
0.90%) mumnmmﬂuiﬂauﬂumw%Lmﬁmu 7,13,15,17 tlag23 mumnm%wﬂm”lmuamwa
3

o A A

% =) 9 A A A d v < = = 1 %
Yo UTBNNIUTOUNTONINTTNNYBININUITIU InaaIdalinauriy valedn1tina19ge9iin
1 ~ A o 1 =1 R oA A 1 Y ] o v g I
FTMINATINVASINIZ TN ¥ uantl 2.3,4,5 uazls (@aUGEevuorguilaivdilzvaudiavseaily
) ~ A a 1 1 a L] o A A <
UIUWIN) wazaaIti 7 uaz 8 (Winavuaeo iy lunz@) wuilulaauralminaumuu
A = a S J a VA a 1 a 9 Y, o
(193N UMIALANVDRUNTIANI TUAUAZNOUG MAIHBIINNINTTUvU B Ul szanuilaiy
R o A Y Y A = Idy 3 Idy Y A o Y
Tunzia Faindduuilsfanszanesousonazimsanasgnuii tazanasgiuioanzialunga M
a @ a J a2 (% J 1 . a 1 Aa
NANTHUNHUNVOIFITOUNIE VT IUADIUAINEGTI LAZWUAT Redox potential (Eh) ¥93aUTIAIAA
= Yy I = Aa Y A Y a =1 A
auNIN (55 D9-187 mV) naaldmudegnmaznourmini 1ieondnu s1eazideanuanlianig
MeanaziaiveInlodanznauau luugazaotiuaaaluaisan 0.2 (MANUIN N.) A15197 2.6

uaasnIndotazidovosguantianiimenniaznlivesiiod uaznouan Tuusnudne
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M13131 2.6 AL N TV AVTANIINBNNIAZIANYDIAIDENAZNDUAL

ANNdaLaTNde % sand % silt % clay Texture
Mean + s.d. 26.9£19.7 47.7%17.1 254457
Silty clay
Range 4.3 -80.8 1.9-65.5 15.5-39.2
O AT L %water %OC pH Eh (mV)
Mean + s.d. 48.4+ 132 1.5+0.6 75402 79 + 55
Range 21.7-65.3 0.4-2.5 7.2-8.0 55-(-187)

2.4.2 msduilouvesas PAHs ludeeganznouR M
HANTANEIVAIINAIUAITATIVNY (LOD) azamvasinalunsiamatsuna (LOQ) ¥oans
AnTzffSanaans PAHs #201n3089 GC-FID 1510a00asans1ei .3 (MARUIA n) A1 LOD oY
119579 6.0-28.0 pg/L AURABMINY 13.425.2 pg/L Taon llanshlinnulage (high sensitivity) 923in
LOD @ dyuenshiinauladi(low sensitivity) 923A1 LODGY A1 LOQ ¥84m531AT1ZH PAHs Tu
=) 1 1 SO‘ L% 1 d' 1 % SO} % o Qv
AzNoUALDY 1LY 0.08-0.98 ng/g MINUNT TasAunAeMINY 0.30£0.24 ng/g Wniinuie d sy
S I = o =~ @ 1 a 1
nosidudnaunduvesas 9,10-1alalasuouns1@u(nternal Standard, 1S)udr0819azNBUALDY
Tu91979-105%  TasaudesiFudaundumasminy 85+ 8.2% lumsssnuanududuyesas
o 1 M Yo 1 =] A [ o F)
PAHs Tudeganznou i ldhauesiFudaunduumuiadie
A5UATIZHENT PAHs  1UA1981902n0UAIMIININUTNUANBITINIY 26 T8 WUAS
dy @ [ ~ 1 A A Y Y
Yuidouvesas PAHs Tunndiedna Tagmmizans PAHs Noglusiemsmsiundeslianuanls
Flufiieyued US EPA 511U 16 ¥1ia Ao Naphthalene(Nap), Acenapthylene(Acy), Acenapthene(Acn),
Fluorene(Flu), Phenanthrene(Phe), Anthracene(Ant), Fluoranthene(Flt), Pyrene(Pyr),
Benzo[a]anthracene(BaA), Chrysene(Chr), Benzo[b]fluoranthene(BbF), Benzo[k]fluoranthene(BkF),
Benzo[a]pyrene(BaP), Indeno[123,cd]pyrene(InP), Dibenz[a,h]anthracene(DBA) (t81& Benzo[ghi]perylene
(BgP) Tagnun13n3£9189031301015909049 PAHs 16 617 (SPAH,) A4 2.6 Usnannulsuw
SPAH, gengaldunaniilii 26 (UTnaUMUNIY Wiema1gveumzdde nlietwvnuas

04 ' A 1

A 1 ' X A ¥ v -~ =
301szua90A0gH UMY UBNIINUGINGFONITORIUUAIAIY) WUTH18 TPAH,, §4D4 18,970 ng/g
3 o Y A A < v o A A A 2 A s
UIMUNUNA (M50 18.97 pg/g) taza1dnwy TPAH,, guiuduauaedne ao1iiin 7 (Usnanmsvuy
1 1 a a (B} < 4 o 1 1
fenuiuMnGeusInnaumvmalvggiseanguuadn odudsagurasldan assamuns
j’ Y 1 a < 1 Y [ A g Y = Y o 1 1
Yuidouvesnoumuivvinadnlzilusgluaredaznouitnuniaie 3¢ldiimsseuazneuniu
AzunTIAAUAdnaUioIEn AU IUALRENNDUINALNBUALNIIATIEH LARIAIIE S Tinu
1 a < dy ] % ] = g @ Y A [
aunuvnaanludlouedlualee19) Wy SPAH,, UA1 1794.7 ng/g MINUNUNG (W30 1.79 ug/g) aIu
A = 2 o A a = A A N ) oA
vsnuiny  Jsua ZPAH, dingaluninafnuifednIin 16 Taslauniny 65.2 ng/lg  AURAY
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(median concentration) U941US1u19 PAHs 524 uaLnoUAUUTNUNZI@MgHUN FTU@LATINHINA
v % 1 1 H (% o % y
282 ng/g Wmtinuis Fegennmimelinisseaunuandmsvazneurmedinziavesszmalne lu
~ Vo ' ) A ~ o A ~
9AN (Wattayakorn, 2012) uadedluszauiunarulenfseumeunuisua PAHs Miagsisarulu

=Y y 1 d‘ -d'
UiL’JﬂW]%Lﬁ‘HTﬂIﬁQLMﬁQ@H“}Ell'ﬂﬂiaﬂ (®1519N 2.5)

18970
3000 - 2 16PAHSs .
2500
=
E ) =
;. oo0 i .
=11}
T 1500
5
3
S 1000
4]
500 - ﬂ J
caflllall Jﬂﬂ]ﬂﬂJaﬂ ﬂﬂ 14
1 2 3 4 5 6 7 % 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Sampling sites

MNA 2.6 MINTzevaIlsuaes PAHs 3 ludgeaznouauRvIn

1303910909813 PAHSs 16 wiialudeganzneuduiimiing 26 aailuaadlunimi 2.7
wuhiednazneudn naiesiseneuvesasPAHsATvIA Tuanalng (high molecular weight
PAHs (HMWPAH) w30a15PAHsT lmanadsznoudisramimuudy 4-c0ilundn  18un
Fluoranthene(FIt), Pyrene(Pyr), Benzo[a]anthracene(BaA), Chrysene(Chr), Benzo[b]fluoranthene(BbF),
Benzo[k]fluoranthene(BkF), Benzo[a]pyrene(BaP), Indeno[123,cd]pyrene(InP), Dibenz[a,h]anthracene
(DBA) 1ia¢ Benzo[ghi]perylene(BgP) Tagwuauy "’lﬁl}umaﬂ(median concentration, ng/g DW) ¥93813
PAH ugazdan sl DBA(45.5) > BbF(33.3) > BgP(30.9) > BaP(28.8) > Flt(28.0) > InP(21.2) >
Pyr(19.6) > Chr(16.9) > BKF(13.0) > BaA(9.9) 61151 PAHs ﬁﬁimaqammmﬁﬂ(low molecular weight
PAHs (LMWPAH) %3013 PAHs ﬁimaQaﬂizﬂauﬁlammmumu%u 2-329) laun
Naphthalene(Nap), Acenapthylene(Acy), Acenapthene(Acn), Fluorene(Flu), Phenanthrene(Phe) Lia
Anthracene(Ant) Wolua3anaudin13nn (A A 2.8) enduanilii 1 W Phe Tuilsuage (54.0 ng/g)
wazdnilii 26 WU Acy Tualsuagann (9767.0 ng/g) Sui e eaznenanilii 1 uay 26 3

[ 1

dadauiouaz e 2-3rings-PAHs A04-6rings-PAHs (SPAH, . : ZPAH, .. ) giniialed1eonlu

2-3Rings 4-6Rings
¥

A A= A a ~ o A A a
WUNANHIAD 53% (F913 1) 1ag 60% (913 26) (AIIUMINN 2.9) A15199 2.7 waalFuIusINVD

g < = ]
PAHsNMUA (ZPAHI16) UYTn1a159u999PAHsYUNALAN(EPAH ) U5 ueaPAHs VA lHg

2-3Rings

(SPAH, ) Uaziosazvesdadiu PAHs vinaTvg IUPAHs 590 (%ZPAH, .. ) FINUTIAURGY

4-6Rings
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Percentage fraction

Relative abundance of each PAH compound

FluPhe Ap¢
Acy Ace 1% 2% 30,

Nap 2%
1% %

M 2.8 nfSeumsuaunasdadiunInTLa18u0d PAHs 16 ¥ialunsnadnsn

2

[}
=
I

=
=]
]

.
=1
1

b
=1
1

#2-3 Rings = 4-6 Rings

123 435 67 8 01011121314151617181020212223242526

Sampling sites

MNA 2.9 9931813088209 PAHs 2-3 24 11ag PAHs 4-6 19 1Uud198 190 nouLaazanil

A15199 2.7 AndeLas A sUeeLS M INUIPAHSs dadiua1eg luazneuysnadn

Aundeuazids | ZPAH,  ZPAHpsping  ZPAH, %EIPAH,
Medianzs.d. 2823660 28+2232 2531451 8713
Range 65-18970 7-11413 58-7557 40-96
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H Y H H
AT 2.10 LAAIMINTZNUTINUNVDI PAHs MNugaga 6 dmunsnlunSnudnuy udaqld

I =2 a Aa A = A a A ' ' a A '
HUDIUSHUNUMsUwieouPAHs g (hot spot) ﬁmfummﬂamnm‘wumimumamuﬁummiaﬁlwﬂg

A <3 A o 1 1 o 1 9 a A 9y 1 a
’5;(!,3’f)ﬁ"lﬂﬂﬁﬂll!?ﬂLﬁﬂLW’f)HWﬁﬁﬁﬂllﬂEJ\‘]LL“H‘ﬁ\ﬂ“D’ (UTNIUADIUN 7140 8 GlﬂaLﬂWGlHiJGlWﬂJu) LHagyILIU

= = Yo 1A A 9 ' a2 o = ' d A [ ' v A
aD1U 26 “]Nﬁ],ﬂﬁﬂ‘U“VHmEJ‘UL‘if)‘ll']NV‘ITﬂi%ﬁ’JNLﬂW&ﬁ%QLLﬁ%ﬁﬁ31%1(1/11&1/]’)’)\115]1{?361/]1'@1\‘]) le,mamuu

A A o Y, Y v 1 ~ o A 2 a 2o g A
Lﬁ@'N3‘U-ﬁ\iE!IﬂfJﬁ']i(G]ﬂ'J‘U']uuaglllﬂ‘ﬂ@\uﬂﬂ?) IUATHAYINYI u@ﬂﬂ’]ﬂLlUﬁnﬂlufJ\uﬂu‘ﬂ']lﬂfJU

A A o v Aa A o ' A A a ¥ o oA a Y
Liﬂﬂﬁgﬂqm@\uﬂ’lgﬁﬂm LAZIINNINTINNYINUNITEDNLI® ua3ﬁﬂ1umiJumuL’iﬁlcluU’iL’nglﬂmﬂﬂﬂ

9 = a 1 ~ 1 a o I 1 1 Ao W
Y "I)'Qﬂ"l]ﬂiﬁllﬁﬁ“’]VlﬂaTJllﬂuiJil’Jﬂ! hot spot negeuiluunasianlassnadis PAHs mmﬂqﬂu

= =< ¥y AL A a o [ Y O 9 o 1 U a v A
°]Jﬂﬁmﬁﬂ‘]elTV]\‘1'V]G]\1gl“’l]‘Vi5E]ﬂ1ﬂﬂﬂ’QU@]L‘Hﬁ]VHiﬁNunJui'Jllﬁa AIRITUNTUUDYDIUHUNUNUNITUN

Y
vauvouAymIuRuLazHIfuauiuanszesou o luszrninmsvuniennasludSuauin

Y 1 Y] 9 [ ) ] a oA A 9 o Aa A
‘L!@EJLLG]ﬂG]Nﬂullﬂllﬂjl,!ﬁﬂ'ﬂﬂiﬁillﬂig'Ni‘L!ﬂﬁﬂg]UGNTLJ‘VTiﬂﬁﬂ1wauw1®1ﬂ1ﬁ1uﬂ]m$ﬂ'll,uuﬂi]ﬂiill

aana

1

13.18-

13.16-

13.14-

13.12+

/

Ko Sichang

\ggr\\\/—\

fuo

O

Dibenzo[a,h|anthracene

Siracha |

T
100.8 100 82

T
1 00.84 100.86

T T T
100.88 100.9 100.92
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13.16-

13.14-

Benzo[b]fluoranthene

Ve

~/ Siracha

T T
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T T T
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13.18+

1
Benzo[ghi]perylene

13.18+

13.16

13.14-
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Benzo[a]pyrene
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v T
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|

Fluoranthene

.
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T T
100.8 100.82
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2.4.3 U¥asNinveIas PAHs lunznou

unaeiinnves PAHs amsnszy Idansandiunnuduius szning PAHs unazguians of
i38n71 “Diagnostic ratios” ( Yunker et al., 2002) 219819151 0A518IUPAHs fitadesnmiiesniide
PAHs fifia@esnimuinni1 diusuunasiinonmswn'nedi ldauysenuiisnsiaau Phe/an
MW 178) o1 10 luvazfitwiudy nuhidasidau Phe/an 110031 10 dmSusasidu
anuduiussende PAHs goulumsswunssinnmsen'ngd gy Flvpyr (w 202) 19lums
Swunnisien lndwaadusiillasdenoenainnisw ludduntdarsszinnsy vonainiidad
ANUFIUT 51319 PAHS gone i 1siNeduduanuduiusveamsen luduasszyanuuandiaves
UHEaTINUBIPAHs (13197 2.8) T190188AVB Diagnostic ratios 1BIZYUHETNIVE PAHs 11
aznoufmininumeaTuasdiamnuaaluman nd idumaoiazidovesdandiundazgas

uaaaluaisnah 2.8

a T w AAQ Ya oA @ ' A v
M1 1N9N 2.8 mﬂ"]fuﬂsl"]f‘wmimumaﬁmﬂﬂlﬂﬂﬁﬁ PAHs GLuWJ@EJN@I%ﬂ@uN’mu1

(au1lag91n: Yunker et al., 2002)

msAnu
Diagnostic ratios Petrogenic source  Pyrogenic source
Mean =+ sd Range
Ant/(Ant+Phe) <0.1 >0.1 0.51+0.19 0.03 -0.82
Phe/Ant >15 <10 2.27+£5.47 0.22 —28.52
Flt/Pyr <1.0 >1.0 1.91+1.61 0.28 — 8.86
F1t/(F1t+Pyr) <0.4 >0.4 0.6+0.15 0.22-0.90
BaA/Chr <0.4 >0.9 0.60+0.31 0.04 - 1.55
BaA/(BaA+Chr) <0.2(0.2-0.35) >0.35 0.35+0.12 0.04 - 0.61
InP/(InP+BgP) <0.2 >0.2 0.43%0.15 0.17-0.77

4 a 4 a a S v =
WeNaT1e9nlseneuves PAHs (PAHs profile) ¥89AZNOUAUUTIMUNE TFI-ATI1%1
WUNMsazay PAHs  Tuazneududininusnamedse-aisen aaulvyiigduuuuvasim
9 =K o A Aa A 91::' a ds! 1 Qld' 1 J I [ Y
adeaanu Aelisnswannmswn lud Aneaduszniemsw i luauyseiuvan Taouaasli
[~ [ 1 = [ 1 =
HUAIBTATIINYBY Ant/Ant+Phe>0.1(8n3uanil 1) 8a5183UV04 FIY(FIt+-Pyr) >0.4 (8A3UEN1]
1,18, 26) 893183UU89 InP/(InP+BgP)>0.2 (sAtiuaniil 1,3,5,12) 95183189 Phe/Ant<10 (8nt3u
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i‘ ?1‘1 Y ] 4 a A J ﬂ a a <

Pudlounsninmawn ludunu luauysaivesdunsdmsuazisormaaodda naza1nn1sid lvaves
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*737: Yunker et al (2002)
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aoi azAgn 299330 AMAD (3.)
1 13°11'26.05"N 100°54'53.68"E 6.0
2 13°1127.59"N 100°52'56.44"E 10.0
3 13°11'24.54"N 100°51'32.75"E 15.4
4 13°11'27.59"N 100°50'10.41"E 18.6
5 13°11'20.03"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°920.7"N 100°55'33.72"E 4.5
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° 721.00"N 100°49'10.00"E 17.4
21 13° 721.00"N 100°50'10.42"E 28.2
22 13° 721.00"N 100°51'36.32"E 25.9
23 13° 721.00"N 100°52'56.44"E 14.5
24 13° 721.00"N 100°53'39.00"E 6.2
25 13°10'28.00"N 100°48'33.91"E 3.0
26 13°8'16.65"N 100°49'15.09"E 2.5

2-37



M5197 1.2 LAAIRUAVLANINMENNIDZIATIVOIRI0I19AZNOUALRININ

a VHIAATNDOU 2 Eh
o % sand % silt % clay Hor %0C i (mV)
1 65.0 17.6 17.5 21.7 0.57 7.71 -25
2 7.1 65.5 27.4 56.0 2.10 7.87 -132
3 20.6 55.2 24.2 56.8 1.96 7.61 -118
4 29.3 47.5 23.2 56.4 1.91 7.74 -107
5 24.4 51.1 24.5 59.4 2.10 7.64 -131
6 68.4 11.9 19.7 22.6 0.36 7.85 -65
7 11.2 64.0 24.8 57.9 2.24 7.44 -135
8 16.1 59.5 24.4 57.9 2.02 8.01 -187
9 14.1 63.1 22.8 49.0 1.57 7.51 -57
10 13.7 64.2 22.1 48.1 1.60 7.87 -118
11 22.1 559 22.0 47.7 1.31 7.27 -100
12 41.6 42.9 15.5 42.5 0.90 7.28 -64
13 7.9 64.9 27.2 41.5 0.86 7.36 -99
14 11.6 54.5 33.9 60.5 1.58 7.46 -59
15 8.6 63.2 28.3 61.2 1.57 7.55 -80
16 21.2 51.3 27.5 59.8 1.65 7.52 55
17 9.1 62.6 28.3 56.7 1.52 7.53 -20
18 32.9 30.1 37.0 60.9 1.92 7.4 34
19 80.8 1.9 17.4 34,7 0.78 7.43 -76
20 33.9 38.6 27.5 25.8 0.52 7.33 -62
21 32.8 37.0 30.2 44.5 1.00 7.38 -100
22 17.5 54.1 28.4 58.1 1.56 7.3 -35
23 43 56.5 39.2 51.8 1.56 7.42 -131
24 32.1 47.8 20.1 65.3 1.75 7.21 -87
25 38.5 353 26.2 30.3 2.30 - -
26 33.9 45.0 21.1 31.0 2.50 - -
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1351990 0.3 Limit of Detection (LOD) a1y Limit of Quantitation (LOQ) ¥4 PAHs (n=10)

o Natme Retention Time (min) LOD LOQ
Mean SD (Mg/L) (ng/g dw)
1 Nap 9.88 0.04 11.0 0.25
2 Acy 15.36 0.01 7.0 0.27
3 Ace 16.06 0.02 16.0 0.24
4 Flu 17.93 0.02 9.0 0.10
5 Phe 21.48 0.02 14.0 0.11
6 Ant 21.65 0.02 10.0 0.08
7 Fla 26.00 0.02 6.0 0.11
8 Pyr 26.80 0.02 13.0 0.31
9 BaA 31.45 0.02 14.0 0.13
10 Chr 31.60 0.03 14.0 0.15
11 BbF 35.34 0.03 9.0 0.11
12 BKkF 35.47 0.07 16.0 0.59
13 BaP 36.37 0.03 19.0 0.47
14 IcdP 40.50 0.05 28.0 0.35
15 DahA 40.67 0.05 14.0 0.55
16 BghiP 41.59 0.07 14.0 0.98
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MI19N n.4 ’09]51E‘T’J‘L!ﬂ’J”Illﬁ?JWU‘ﬁS%ﬁ’JNll’E)T%LN’E)i“U’EN PAHs (Source diagnostic ratios) Tuded1anznou

Station  Ant/(Ant+Phe)  Flt/(Flt+Pyr) BaA/Chr BaA/(BaA+Chr) InP/(InP+BgP)  Phe/Ant Flt/Pyr

1 0.03 0.32 0.37 0.27 - 28.52 0.47
2 0.60 0.77 0.38 0.27 0.26 0.66 3.42
3 0.40 0.72 - - - 1.51 2.59
4 0.73 0.68 0.68 0.40 0.66 0.37 2.13
5 0.63 0.64 0.04 0.04 - 0.60 1.75
6 0.16 0.61 0.59 0.37 0.44 5.38 1.58
7 0.53 0.56 0.69 0.41 0.28 0.87 1.26
8 0.67 0.68 0.40 0.28 0.40 0.49 2.17
9 0.52 0.67 1.55 0.61 0.47 0.93 1.99
10 0.49 0.63 0.19 0.16 0.40 1.02 1.73
11 0.39 0.78 0.38 0.27 0.31 1.59 3.47
12 0.71 0.90 0.82 0.45 0.17 0.40 8.86
13 0.53 0.60 0.69 0.41 0.53 0.88 1.53
14 0.82 0.48 0.65 0.39 0.56 0.22 0.94
15 0.64 0.64 0.69 0.41 0.30 0.57 1.75
16 0.73 0.68 - 0.00 0.30 0.37 2.14
17 0.51 0.57 0.52 0.34 0.27 0.97 1.32
18 0.32 0.22 0.62 0.38 0.57 2.08 0.28
19 0.67 0.59 0.50 0.33 0.57 0.50 1.42
20 0.27 0.63 0.59 0.37 0.64 2.76 1.68
21 0.51 0.57 0.76 0.43 0.43 0.96 1.34
22 0.49 0.60 0.26 0.21 0.47 1.06 1.49
23 0.57 0.59 0.43 0.30 0.32 0.75 1.43
24 0.27 0.61 0.76 0.43 0.77 2.74 1.57
25 0.67 0.46 0.66 0.40 0.27 0.49 0.85
26 0.31 0.33 1.22 0.55 0.47 2.20 0.49
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Abstract

Sediment accumulation rates were studied in sediment cores from Koh Sichang anchorage area by using *%pp
method. Total of 4 sediment cores (50-80 cm long) were collected in August 2011 from the north, the east, the south, and
the middle of the anchorage area. For every 5 cm interval depth of sediments, *’Pb were analyzed via the measurement of
*Po and the internal tracer " Po by Alpha spectrometry. Sediment accumulation rates were estimated from excess *%pp
profiles by applying two models: Constant Initial Concentration model (CIC model) and Constant Rate of Supply model
(CRS model). Based on the CIC model, sediment accumulation rate was highest at the north of the anchorage area with
the value of 0.403 g/cmz/y whereas the east and the south areas has similar sediment accumulation rate with the values of
0.212 and 0.243 g/cmz/y, respectively. Sediment accumulation rate at the middle anchorage area cannot be estimated
because the ZIOPbEX values were nearly constant at all sediment depths. The constant 210PbEX profile possibly results from
the sediment disturbance in the middle anchorage area. Based on the CRS model, the ranges of sediment accumulation
rates were overlapped between the three calculated sediment cores, showing no significant difference. The higherr
sediment accumulation rate in the north of anchorage area could be explained by the major source of sediment from
Bangpakong River, which is located in the north of Koh Sichang anchorage area.

Keywords: sediment accumulation rate, Koh Sichang, *'ph
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Accumulation of Polycyelic Aromatic Hydrocarbons in Sediment
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Abstract

The objectives of thiz smdy were to dstermine the concentration and types, characterictic distribobon and source
identification of palycyclic aromatic bydrocarbons (PAH:) in surface sedimenes collected from Kob Sichang anchorage area,
Chonburi province, as measuned by GC-FID. The results showed that the toil concentations of 16 FAH priarity polivant listed
by US EFA varied from 652 to 1,704.1 ng/p dry weight (average concentration was 403.7 ng/g), which indicated that the total
FAH: concentrations were relativehy high compared o other coastal areas of Thailand. The FAH: profiles wene dominoted. by
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Introduction

Ko Sichang 1z a small 1zland located along the
eastern coast of the mner Gulf of Thailand,
twelve kilometres offshore from the town of
Siracha, Chonburi Province. Due fo ifs
proximity to shipping lane the manne area
between Ko Sichang and Siracha has made a
convenient anchorage spot for barges, which
transship their cargoes fo lighter boats for the
trip up the Chacphraya River to the Bangkok
Port Coal tramsshipment as well as other
human activities along Siracha coast are seen

; . as possible point sources of PAHz in the atea.
Figure 1. The study area i

Results

The total concentrations of 16 PAHs ranged from 65.2 o 18.970 ngfg dry wt
(Fig. 3), with a median concentration of 282 ng/g dry wt The highest
concentration was observed at site 26, which is close to a ferry terminal and
ship repairing facilities. The second highest concentration was at site 7, which
is the coal transshipment area. The level of total PAHs concentrations were at
moderate level compared to those observed i other international sites.

T16PAHs

Cone (ng'g DW)

3500
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o

123 45678 91010 121314151617 18192021 22 1324 15 26
Sampling sites

Figure 3. Concentration of 3'16PAHs in sediment samples collected from
different locations between Ko Sichang and Siracha in February 2011

Low molecular weight (LMW) PAHs and their alkyl derivatives are mostly of
petrogenic origin, while high molecular weight (HMW) PAHs are produced
due to pyrolytic activities. Thus the LMW/HMW PAH ratio is normally used
to determine the petrogenic source and pyrolytic source. In this study, the
relative contribution of LMW PAHs with 2~3 rmgs was lower, while HMW
PAHs with 4-6 rings were dominant (except sites 1 and 26), suggesting that
most stations appeared to be contaminated by pyrolytic PAHs.

2-3Rings W 4-6 Rings

123 4% €7 8 5 1011121314 1516171819 2021 22 23 24 25 26

Sampling sites

Figure 4. Composition of PAH components in the study area

In this study, levels and distribution of EPA’s 16
priority pollutant PAHs, a group of widespread
environmentally toxic and pessistent chemicals,
were determined in surface sediments of Ko
Sichang and Smacha coastal manne area wsmg
gas . | chromatography with flame-ionization
detection (GC/FID). Recovery of infemal spikes
added prior to extraction ranged from 80-105%.
Concentrations' of PAH compounds were not
corrected for smrogate recoveries. The ratio of ‘
diagnostic PAH congeners was applied to assess

potential sources of PAHs in this coastal area. Figure 2. 16 pax | PAHs

prioritized by the USEPA

: Discussion ! §

Ratios of specific PAH compounds (Table 1) were also used fo differentiate PAHs
from pyrogenic and petrogenic origins. Diagnosti, PAH source rafios ndicated that
pyrolytic sources (ie. derived from'combustion eof pefroleum and other organic.
materials) were the primary sources of sedimentary PAHS in the sindv area |
Table 1. The diagnostic BAH source ratio guidelines® *auq those oblhmd fnr
sediments in the study area. *Modified from Yunker et al. 2002)
Thiz stndy
Mean = sd Range
0.51:0.19

227+547

Diagnestic ratios  Pedrogenic source Pyrolytic source

Ant/(Ant=Phe) =01 =01

Phe/Ant =15 <10
FitPyr <10 1911161

Fli(Fit<Pyr) <04 06:0.15
BaA/Chr <04 0! 0.60+031
035:0.12

043015

BaAiBaA+Chr)  <0.2(02-035)
InPi(InP+BeP) =02
Bmary cross plots between the matios of Fltj(Fl\‘-P)'rJ ¥s. Ant/{AnttPhe), ap
InP/(InP+BgF) vs. BaA/(BaA+Chr) were applied fo firther identify the poté:b@]
sources of PAHs contammation in the'stody area (Fig: 3). The cross plo!s indicated,
that most sediment samples have mized combustion sources (ie. ungu!nted 'fmnt
grassiwood combustion as well as petroleum combustion).

G
mbnnn

16PN P P

-l -

T esnet  Paniom
peinimm b

B e U RS W e

AstsAntF)

Figure 5. PAH cross plots for the rahos of Flt/(Flt+Pyr) vs. Ant/(Ant+Phe) and
InP/(InP+BgF) vs. BaA/(BaA+Chr) in Tnis of the study area. -
A *
.

Conclusions

Analysis of 26 surface sediment samples from Ko Sichang Siracha marine area has provided very useful information for the evaluation of PAH contamination and probable
sources. The PAH distribution profiles indicated potential source dependence, as the levels were generally higher in the vicinity of known inputs such as coal transshipment
area, ferry terminals and ports. The results of diagnostic ratios showed that pyrogenic sources were the major source of PAHs in Ko Sichang-Siracha surface sediments. These
could derived from combustion of petrolenm, ship/boat emissions and other combustion processes. The presence of almost all lnman carcinogenic PAHs in the study area
sugpesting that fiuture monitoring programs together with an effective coastal management program must be implemented to protect environmental and human health
Ackmowledgements: This work was fnancially supported by the National Research Council of Thailand, via the project “Enowledze Manazement for Marine Pollution Abatement and Biodiversity Conservation around Sichang and
Siracha, Chmburi Province”. The authors wish to fhank the research assistants and field personnel of the Fnstifute of Aquatic Resources, Chulalon gkor Usiversity for their help in sampling the sediments.
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ABSTRACT

The levels and distribution of polycyclic aromatic hydrocarbons (PAHs) were investigated in
surface sediments of Ko Sichang and Siracha coastal marine area, Thailand using gas
chromatography with flame-ionization detection (GC/FID). The total concentrations of 16
PAHs US EPA priority pollutants ranged from 65.2 to 18,970 ng/g dry weight (median
concentration was 282.5 ng/g), which indicated that the level of total PAHs concentrations
were at moderate level compared to those observed in other regions. PAH compositional
signatures among Ko Sichang-Siracha coastal marine sediments are remarkably similar, with
a prevalence of high-molecular weight PAHs (>3rings) comprising about 87 per cent of total
PAH concentrations. Dibenzo[ah]anthracene, benzo[b]fluoranthene, benzo[g,h.i]perylene,
benzo[a]pyrene, fluoranthene, indeno(1,2,3-cd)pyrene, and pyrene represented the highest
fractions in most surface sediment samples. Source identification using diagnostic PAH ratios
indicated that composition of PAHs in most sediment samples originated mainly from
incomplete combustion of organic matter (pyrolytic origin), with a mixture of pyrolytic and
petrogenic PAHs were observed in some of the study sites. The presence of almost all human
carcinogenic PAHs in the analysed area indicate that these sediments can be considered
contaminated sites, suggesting that future monitoring programs together with an effective
coastal management program must be implemented to ensure health and safety for all.

Keywords: Polycyclic aromatic hydrocarbons (PAHs); Petrogenic; Pyrolytic; Sichang-
Siracha; Source apportionment; Thailand.

1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are a diverse class of persistent organic chemicals
that are widespread in marine, river and lake sediments and tend to be elevated in areas of
human settlement. PAHs enter the environment by a variety of pathways. These compounds
are present in unburned petroleum (petrogenic PAHs) and can be released directly to the
environment both by human activities (oil spill) and natural processes (oil seepage).
Diagenetic processes are also suspected to generate certain PAHs (e.g. perylene) from
biogenic precursors. In general, biosynthesis is considered a localized source, with little
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impact on global concentrations. The most prominent and ubiquitous source of PAHs to the
environment is the incomplete combustion of modern (wood) and fossil (petroleum and coal)
biomass [1, 2]. High-molecular-weight PAHs from anthropogenic sources can reach toxic
concentrations that are detrimental to the environment and human health. Several PAHs are
known to be carcinogens and/or mutagens or precursors to carcinogenic daughter compounds
[3, 4]. Accordingly, they had been included in the USEPA and the EU priority monitoring
pollutants list. PAH compounds persist in the environment and, due to their hydrophobicity,
become associated with particulate matter, such as clay, silt and detritus, and preferentially
concentrate on sediment or soil particles. Owing to their aromatic structure, PAHs are
inherently stable in the environment, particularly under reducing conditions, such as
encountered in sediments [5]. Even under favourable conditions, the sorbed PAHs will be
released to the water as an extended source to threaten the aquatic ecosystem through
bioaccumulation in food chains [6]. Thus, understanding the contributions of the various
sources is essential and important for appropriately managing PAHs levels in the
environment.

The presence of PAHs in the marine environment has attracted the attention of the scientific
community as these compounds are frequently detected in sediments at increasing levels and
many of these compounds are potential or proven carcinogens, hence finding the sources of
PAH contamination are commonly of environmental concerns. The major sources of PAHs
may be either natural or anthropogenic. There are two anthropogenic PAHs sources: pyrolytic
hydrocarbons from combustion sources and petrogenic hydrocarbons from petroleum sources.
Pyrolytic PAHs, characterized by a predominance of parent compounds with four or more
aromatic rings, can be emitted from the incomplete combustion of modern biomass (such as
wood) and fossil fuels (petroleum and coal) [1, 2, 7]. Combustion sources of PAHs in the
industrialized countries include power plants, refineries, and automobiles (via gasoline and
diesel vehicle exhaust [8]. Petrogenic PAHs, compounds with two to three aromatic rings, are
produced by the slow maturation of organic matter under geochemical gradient conditions,
such as oil spills and the leakage of refined products (e.g., gasoline, diesel fuel and fuel oil
vehicle traffics or gas stations) [9.10]. In this respect, the molecular indices based on the ratio
of selected PAHs concentrations in sediments can be used to elucidate the possible sources.
The ratios between low and high molecular weight PAHs [9] and those of specific
compounds, such as FIt/(Flt+Pyr), BaA/{(BaA+Chr), Flt/Pyr and BaA/Chr have been proposed
as valuable source indicators [10]. In addition, diagnostic ratios of BaA/Chr, BbF/BkF,
BaP/BeP and InP/BgP have been applied to identify specific types of combustion, such as
vehicle exhaust, coal/coke combustion, forest fires, and smelters [11, 12, 13].

Ko Sichang is a small island located along the eastern coast of the inner Gulf of Thailand,
twelve kilometres offshore from the town of Siracha, Chonburi Province (Figure 1). Due to its
proximity to shipping lane, the marine area between Ko Sichang and Siracha has made a
convenient anchorage spot for dozens of barges which tranship their cargoes to lighter boats
for the trip up the Chaophraya River to the Bangkok Port. The transhipment activities of coal
in the area has resulted in an increase of fine coal dust and particles which will eventually
settle down and act as a likely source of PAHs into the ambient environment. In addition,
human activity along Siracha coast has resulted in a number of possible point sources of
contamination; including a variety of industry activities, an oil refinery, ports, ferry terminals
and fishing piers, being discharged into the receiving environment. Accordingly, data from a
previous study [14] demonstrated elevated levels of organic matter and petroleum
hydrocarbons in surface sediments of this area; hence it is essential to investigate the pollution
sources and their environmental impacts on this coastal marine environment.

The objective of the present work was to quantify and determine the distribution of the 16 US
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EPA priority pollutant PAHs in sediments from Ko Sichang and Siracha coastal marine area.
In addition, the possible sources of PAH contamination were studied using diagnostic PAH
ratios. This study provides valuable information to be referenced by engineers, planners and
officials for future management strategies on PAHs in this area.

Inner Gulf of Thailand

Figure 1. Study area showing sediment sample collection sites (1-26) between Ko Sichang and Siracha
miarine area.

2. MATERIALS AND METHODS

2.1. Sample collection and pre-treatment

The sediment samples were collected by a modified Van Veen grab sampler in February
2012; from 26 sites distributed along four transect lines in the marine area of about 100 square
kilometres between Ko Sichang and Siracha (Figure 1). The top 0-3 cm of sediment samples
were scooped from two replicate grabs and homogenized in a bucket to provide a single
composite sample for each site. Homogenized samples were placed in pre-cleaned aluminium
boxes and immediately stored in a cooler (4°C) on site, avoiding exposure to light, and then
rapidly transported to the laboratory, where they were divided for physico-chemical
assessment and for further PAHs evaluation. The considered physico-chemical parameters
included the analysis of percentage water content, percentage organic carbon, and sediment
characterization. Sediments for PAHs analysis were kept frozen until further processing.
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Before extraction sediments were thawed at room temperature and mixed thoroughly, freeze
dried and then sieved through the 250 um screen to remove gravel and detritus.

2.2. Soxhlet extraction and fractionation of the extracts

Samples were analysed using the procedure of [AEA/IOC/UNEP [15], with slight
modification. About 50g of the dried sediment sample was carefully transferred into the
extraction thimble and placed in the extraction chamber of the Soxhlet extraction unit. An
internal standard (9,10 dihydroanthracene) was added, and the sample was Soxhlet extracted
with methylenechloride for 12h. The extract was reduced in volume, cleaned up and
fractionated on a silica gel-alumina column [16], reduced in volume again with a gentle
stream of ultra-pure nitrogen until 0.5mL, and finally the extract was analysed by using
capillary gas chromatography.

2.3. Gas chromatographic analysis and quality control

PAHs were analyzed by a Hewlett Packed 6890 gas chromatograph (GC), coupled with flame
ionization detector (FID) system equipped with a fused silica capillary column coated with
HP-5 5% Phenyl methyl siloxane (30 m length and 0.32 mm ID 0.25 um film thickness). A
1.0uLL aliquot of the extract was injected while the injector port was held at 250°C and
operated in splitless mode. The oven temperature program started at 70°C covered a range
from 70°C to 290°C at 6°C/min with 15 min hold. Helium was used as carrier gas with flow
rate at 1.0mL/min constant flow and detector temperature was 300°C. Hydrogen and air ratios
were optimized and their values were chosen as 30mL-min™" and 300mL-min™" respectively.

The following 16 PAHs (with three letter abbreviations) were quantified: naphthalene (Nap),
acenaphthylene (Acy), acenaphthene (Acn), fluorene (Flu), phenanthrene (Phe), anthracene
(Ant), fluoranthene (FIt), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene (Chr),
benzo[b]fluoranthene  (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP),
indeno[1,2,3-cd]pyrene (InP), dibenzo[a,h]anthracene (DBA), and benzo[gh,i]perylene
{BgP). Total PAHs (3 PAHs) was the sum of the 16 target PAHs. Compound concentrations
below detection limits were assumed to be zero for the summation of > PAHs in each sample.
The identification of PAHs was based on comparison of the retention times of the peaks with
those obtained from standard mixture of PAHs (Supelco Lid.) and from spiked samples
analysed under the same conditions. Quantification was based on external calibrations curves
prepared from the standard solution of each of the PAHs. The coefficients of determination
(r*) for the PAH standard calibration plots were Nap (0.994), Acy (0.997), Acn (0.993), Flu
(0.994), Phe (0.996), Ant (0.996), Flt (0.992), Pyr (0.998), BaA (0.992),Chr (0.995), BbF
(0.991), BKF (0.990), BaP (0.990), InP (0.991), DBA (0.994), and BgP (0.991). All the
analysis was carried out in three times. The relative standard deviations ranged from 0.07 to
0.45%.

Analysis of procedural blanks and spiked samples with each set of analysed samples was used
to assess quality control measurements. Four deuterated PAH surrogates (ds-napthalene, d;o-
fluorene, d;g-fluoranthene, di2-perylene) were added to the samples and matrix blank prior to
extraction. Recoveries of surrogates generally ranged from 80% to 105% of the spike
concentration, with the overall mean of recovery 8548.2%. Concentrations of PAH
compounds were not corrected for surrogate recoveries.

3. RESULTS AND DISCUSSION
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3.1. Sediments characteristics

The results of sediment characteristics are presented in Table 1. The grain size was utilized to
analyse the types of sediments. Sieve analysis and fine grain analysis show the majority of the
sediments consisted of a silt mixture. The average mean grain size of surface sediments for
most of the studied sites was silty clay. The organic carbon (OC) content ranged from 0.4% to
2.5%, with the average value of 1.5 + 0.6%. Site 7, 8, 25 and 26 had the highest OC contents,
which is expected since these sites are either close to the coal transhipment area (7 and 8) or
located near the ferry terminals (25 and 26). Site 1 and 6, had the lowest OC contents due to
more sand-sized material (>65%) in the sediments.

Table 1. Mean(#sd) and range of the measured physico-chemical parameters of sediments of Ko Sichang-
Siracha area.

% sand % silt % clay Tex ture
Mean+s.d. 26.9+19.7 47.7+17.1 254457
_ silty clay
Range 4.3-80.8 1.9-65.5 15.5-39.2
Oowater %0C pH Eh (mV)
Meants.d. 48.4+13.2 1.540.6 7.540.2 -719455
Range 21.7-65.3 0.4-2.5 7.2-8.0 55— (-187)

3.2, Concentration and distribution of PAHs

The >PAHs concentrations in sediment ranged from 65.2 ng/g to 18,970 ng/g, with a median
concentration of 282.5 ng/g dry wt. The highest concentration was observed at site 26, which
is close to a ferry terminal and ship repairing facilities. The second highest concentration was
at site 7, which is the coal transhipment area. The ¥ PAHs concentration detected in sediment
sample of site 26 is around 290 times higher than the levels detected at site 16 (Figure 2).
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Caone. (ng'g dey wt.)
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Figure 2. Concentration and comparison of ¥ PAH in sediment samples collected from different locations
between Ko Sichang and Siracha coastal marine area.
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The distribution characteristics of 16 PAHs all through the study area were similar in such a
way that the relative contribution of low molecular weight (LMW) components with 2~3
rings was lower (from 4% to 19%), while components with high molecular weight (HMW)
with 4~6 rings were dominant (from 81% to 96%), except that of site 1 and 26 (Figure 3).
Many of the PAH compounds were present at low concentration range. The individual PAH
median concentrations were in the order: DBA(45.5) > BbF(33.3) > BgP(30.9) > BaP(28.8) >
Flt(28.0) > InP(21.2) > Pyr(19.6) > Chr(16.9) > BkF(13.0) > BaA(9.9) > Ant(7.8) >Phe(6.7)
>Acn(4.7) > Nap(2.5) > Flu(1.4) > Acy(l.1). Four to six ring PAHs are primary bound to
particles like soot and engine exhaust and substituted PAHs are of minor significance. LMW
compounds originate from petroleum products, burning activities at low to moderate
temperature, while HMW PAHs are mainly formed by incomplete combustion processes of
organic materials. Therefore pyrolytic and petrogenic sources contribute PAHs to the surface
sediments of Ko Sichang-Siracha marine area, however the pyrolytic processes could be the
main sources [1, 2].

£23 Rings m4-6 Rings

Percentage fraction

123 4567 3 09 1011121314151617181920212223242526

Sampling sites

Figure 3. Composition of PAH components in surface sediments from Ko Sichang-Siracha coastal area.

3.3. Diagnostic ratios

The source of PAHs detected in a sample can further be determined by molecular ratios of
some PAHs. PAHs of equal mass tend to behave similarly during transport and deposition
and the ratios are preserved, hence these ratios are useful indicators of PAH sources, and have
been widely used to infer the source of PAHs found in sediments [10-13, 17]. As such,
several PAH isomer ratios ie. Ant/(Ant+Phe), Flt/(Flt+Pyr), BaA/Chr, BaA/(BaA+Chr),
InP/(InP+BgP), Phe/Ant and Flt/Pyr were calculated for the sediment samples in order to
determine probable PAH sources (Table 2). The Ant/Ant+Phe ratio reveals that ratios <0.1
indicate PAHs source to be of petroleum origin while ratios >0.1 indicate PAHs source to be
from pyrolytic activities [17]. When the FIU/Flt+Pyr ratio of sediment is higher than 0.5,
combustion of grass, wood, and coal causes an increase of PAHs in the sediment. However, if
the Flt/Flt+Pyr ratio is between 0.4 and 0.5, PAHs are mainly from combustion of petroleum;
a ratio <0.4 indicates that typical petroleum contamination is usually the cause of PAHs in
sediments. BaA/BaA+Chr reveals that ratios <0.2 are of petroleum origin, ratios in the range
>0.2 and =0.35 as mixed sources and >0.35 as combustion sources. InP/InP+BgP presumes
that PAHs ratios <0.2 indicate petroleum sources, ratios in the range >0.2 and =0.5 as
petroleum combustion sources and >0.5 as grass, wood and coal combustion sources [17-22].
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The Phe/Ant lower than 10 or FIt/Pyr ratio higher than 1 are characteristic of a pyrolytic
origin whereas Flt/Pyr value lower than 1 or Phe/Ant higher than 15 are typical of a
petrogenic origin. Cross plots of some ratios and their cut-off values for the various predicted
sources are shown in Figure 4.

Table 2. The diagnostic PAH source ratio guidelines* and those obtained for sediments in the studied sites.

. : . . . This study
Diagnostic ratios  Petrogenic source  Pyrolytic source Mean = sd Range
Ant/(Ant+Phe) <0.1 =0.1 0.51+0.19 0.03 -0.82
Flt/(Flt+Pyr) <0.4 >0.4 0.6+0.15 0.22 -0.90
BaA/Chr <0.4 =09 0.60+0.31 0.04 — 1.55
BaA/(BaA+Chr) <0.2(0.2-0.35) >0.35 0.35+0.12 0.04 - 0.61
InP/(InP+BgP) <0.2 =>0.2 0.4340.15 0.17-0.77
Phe/Ant >15 <10 2.2745.47 0.22 —28.52
FIt/Pyr <1.0 =>1.0 1.91+1.61 0.28 — 8.86
*Modified from Yunker ef al. [12, 23]
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Figure 4. PAH cross plots for the ratios of FIY(Flt+Pyr) vs. Ant/(Ant+Phe) and InP/{InP+BgP) vs.
BaA/(BaA+Chr) in sediments of Ko Sichang-Siracha marine area.

At most of the sites investigated in this study, the Ant/(Ant+Phe) ratios were generally >0.1,
ratios of FI/(Flt+Pyr) were >0.4, ratios of InP/(InP+BgP) >0.2, ratios of Phe/Ant >10, ratios
of FIt/Pyr >1.0. These indicate that pyrolytic sources were the primary sources of
sedimentary PAHs in the study area. However, the BaA/Chr and BaA/(BaA+Chr) ratios
indicated the mixed petrogenic and pyrolytic sources of the sedimentary PAHs. Figure 4
shows the cross plots for the ratios of FIV/(Flt+Pyr) vs. Ant/(Ant+Phe) and InP/(InP+BgP) vs.
BaA/(BaA+Chr) in sediments, which indicated that most sediment samples have mixed
combustion sources. Several of the Ko Sichang-Siracha sediment samples have
InP/(InP+BgP) ratios indicate that the main sources of PAHs were combustion of petroleum,
while several sediment samples have InP/(InP+BgP) ratios indicated that of grass or wood
combustion source.
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4. CONCLUSION

This study provides important data set on PAH levels in surface sediments of Ko Sichang-
Siracha marine area. The PAH concentration levels of 16 PAH priority pollutants ranged from
65.2 to 18,970 ng/g dry weight with a median concentration was 282.5 ng/g. The overall
levels of PAHs were moderate compared to coastal areas in other regions. The PAH
distribution profile indicated potential source dependence, as the levels were generally higher
in the vicinity of known inputs such as coal transhipment area, ferry terminals and ports.
PAH diagnostic ratios indicated that PAHs in surface sediments mainly from pyrolytic
sources (i.e. derived from combustion of petroleum and other organic materials) and very
similar to PAH signatures of many coastal marine sediments elsewhere. The pyrolytic part of
the pattern could arise from atmospheric transported coal derived particles from coal
transhipment area, ship/boat emissions and other combustion processes. At most of the sites
investigated in this study, the sedimentary PAH concentrations were dominated by BbF, BaP,
DBA, BgP and InP, which are [ARC probable and possible human carcinogens [3]. Hence,
high contaminated sediment samples in the study area are expected to have a high toxic
potential. A detailed assessment of ecological and human health risks associated with these
compounds should be carried out as a matter of priority.
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Abstract

Ko Sichang-Swacha area at the Gulf of Thailand has been recogmzed as a polluted coastal area since it 15 one of the © sy industnes. In this study, we selected two
conng sites in Ko Sichang-Siracha area to determine the recent sediment accumulation rates by using 219Pb method, and the historical record of total c.arbun content in this region. 21%Pb were
analyzed via the measurement of 2%Po and the internal tracer 2P0 by Alpha v. Sediment lation rates ware esti d from excess 29Pb profiles by applying constant mitial

ion (cic) model Seds lation rates were found to be 0.21 and 0.18 gacmz-fyrﬁm' the Eo Sichang (core 7) and Siracha (core 10) station, respectively. The percentage total
carbon content of the two sediment cores slightly differs. Total carbon content of core 7 15 umform with depth. with an averaze carbon value of 3.39+0.07 percent; whereas that of core 10 15
umform from the surface to 40 cm depth, with an average carbon value of 2. 98=0.18 percent. The greater percentage of total carbon of core 7 reflects the more intense shipping activifies around
Eo Sichang than Siracha area 30

Introduction Results & Discussion
Ko Sichang-Siracha area at the northeastern comer of the Gulf of Thailand has been | |Sediment accumulation rate of Core 7 and Core 10 are 0.21 gicm®yr and 0.18 glem¥fyr,
recognized as a polluted coastal area since it is one of the important shipping | |respectively. The slightly greater accumulation rate near Ko Sichans than Siacha may result
transportation industries. We studied sediment accumulation rate by 2°Pb method and | | from the current transport of sediment from the Bangpakong River from the north.
history of total carbon content from two sediment cores. In addition, spatial distribution P bacns Activity (Bg kgh)
bl E E]

of total carbon content was investigated to see human activity impact in this area. g0 i 1 0.11%0.05 glemlyr
Sediment accummlation rate by *Pb method is one of the classical dating methods. ? y v : g“ QL“\'\- el
Principle of !Pb dating method is based on the pathway of ‘b (Fig. 2). where 2Pb " I i Pt
separates into supported and unsupported 21°Fb. g » i e
n 5 10
Total carbon content ncludes morganic (e.g. CaCO; i shell) and organic (e.g. carbon é,s . . 3 care 7
from organic matter) parts. Coal fragments from the shipping activity in this area are an — 2 L R P W
considered to be one of the components in the total carbon content component here. T v 10 o n b 1w C i "
Es L=y .18 = 001 glom®iyr
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Figure 3. Profiles of excess *'"Pb activity from core 7 and core 10 (left columon). Sediment
core depth 15 expressed as cwmmlative dry mass (z em™) to account for the sediment
compaction. Filled symbols indicate data points used to caleulate accunmlation rate. Open
| symbols at the top sediment core indicate the mixed laver depth and the open symbols at
the bottom indicate the depth of supparted *“Fb activity. Natural loganthm of #"Fb_ asa
function of cunmlative dry mass from core 7 and 10 (night column); the fillad symbols
the left column were the data points used to fit the slopes and calculate the sediment
accumulation rate in g/em?/yy unit.
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Materials and methodology s /
ae
Sediment accumulation rate by 2*Ph ; b
Sediment core 7 and core 10 were collected from the Ko Sich Siracha area m August. 2011 i a
by using gravity corer. Core 7 (74cm long) and core 10 (90cm long) were sub-sectioned into lem ae - e
mterval and analyzed for 21Pb for every 5 cm interval depth for the top 20 cm and every 10 cm 5 mﬂt:m i R R .
g

mterval depth for the 20-50 cm of sediment cores. The selected lem sediment layers were oven
dried in the oven at 60 °C to obtzin water content for the porosity caleulation. Diry sediments
were grinded using the ball mill grinder and sieved through 125 um size. %P analysis was

Figure 4. Total carbon content (%) Figure 5. Comtour plot of total carbon content (%swt) from
from sadiment core 7 and core 10. 26 marface sediment stations.

performed indirectly via the measurement of 1P the internal tracer 2¥Po by alpha spectrometry. | [+ Average carbon content of core 7 (3.39=0.07 %%) is greater than core 10 (2.93=0.18 %)
Sedi ace lation rates were esti d from excess 2P profiles by appl\"mg cic. model| [+ total carbon content spatial distribution is greater on Ko Sichang side than Siracha
(Eq.1}, which that stant initial ion equals to stant tion rate. ¥ carbon content data reflacts more intense shipping activities on Ko Sichang side
C(2) = C (z=0) e 0= Eal Sm——

The concentrations of excess 2“Fb (C,_, (z)) are constant iniftally and decay exponentially with D ASTONS
depth z. A = decay constant of 2%Pb (yr!) and 5 = sediment accumnulation rate (z/em?7) Study on sediment accumulation rate by 2%Pb method provides useful history
Vit information on human activity impact at Ko Sichang-Siracha area. Records of total
S:rdimmr % m"w"{e s s land st : S 6 siadi carbon content from the sediment cores and the spatial distribution of recently

L ey o iieve Ao g aee sediments from 2 St‘“}‘m WeI® | | deposited surface sediment have shown in this study as evidence of human activity
mg]}'zed o r.a.rbon cgntent Fuithe (fms'o Elemental analyzer, using 1.5 - 2.5 mg of impact on the environment. especially from the shipping industmes at Ko Sichang-
dried and homogenized sediment samples in tin capsules. Siracha region.
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ABSTRACT

Ko Sichang-Siracha area at the northeastern corner of the Gulf of Thailand has been
recognized as a polluted coastal area since it is one of the important shipping transportation
industries on the east coast of Thailand. Oil spill accidents, tapioca flour and coal spills
during barge transport, as well as ballast water discharges by ships have been occurring in Ko
Sichang Anchorage area. In this study, we selected two coring sites in Ko Sichang-Siracha
area to determine the recent sediment accumulation rates by using *'°Pb method, and the
historical record of total carbon content in this region. For every 5 cm interval depth of the
sediment cores, 2'’Pb were analyzed via the measurement of *'°Po and the internal tracer
*po by Alpha spectrometry. Sediment accumulation rates were estimated from excess *'’Pb
profiles by applying Constant Initial Concentration (CIC) model. Based on the CIC model,
sediment accumulation rates were found to be 0.21 and 0.18 g/cm*/yr for the Ko Sichang
(core 7) and Siracha (core 10) station, respectively (Fig. 1). The percentage total carbon
content of the two sediment cores slightly differs. Total carbon content of core 7 is uniform
with depth, with an average carbon value of 3.394+0.07 percent; whereas that of core 10 is
uniform from the surface to 40 cm depth, with an average carbon value of 2.98+0.18 percent.
The greater percentage of total carbon of core 7 reflects the more intense shipping activities
around Ko Sichang than Siracha area. Further investigation on sedimentary organic matter in
sediment core samples such as C/N ratio might reveal contaminant record from shipping
activities at Ko Sichang-Siracha area.

210
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Figure. 1 Profiles of excess *'°Pb activity from Sichang (core 7) and Siracha (core 10).
Sediment core depth is expressed as cumulative dry mass (g cm™) to account for the sediment
compaction. Filled symbols indicate data points used to calculate accumulation rate. Open
symbols at the top sediment core indicate the mixed layer depth and the open symbols at the
bottom indicate the depth of supported *'°Pb activity. Natural logarithm of *'°Pb., as a
function of cumulative dry mass from core 7 and 10 (right column); the filled symbols in the
left column were the data points used to fit the slopes and calculate the sediment
accumulation rate (in g/cm?/yr unit).
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Abstract

One of the major environmental problems today is petroleum hydrocarbon contamination
resulting from the activities related to oil spills as well as the petrochemical industry. Microbial
degradation is the major and ultimate natural mechanism which one can clean up the petroleum
hydrocarbon pollutants from the environment. The objective of this research was to study the
polyaromatic hydrocarbons biodegradability by laccase produced by lipolytic yeast, Aureobasidium
pullulans var. melanogenum, screened from Sichang Island. The experiments were firstly performed by
study the optimal condition for growing the A. pullulans and its laccase production. Laccase can be
produced from 4. pullulans by induction with 2 mM guaiacol in growth medium. Laccase was lyophilized
and stored in capsule. Biodegradability of laccase on naphthalene, anthracene, pyrene and benzo[a]pyrene
was then determined using High Performance Liquid Chromatography (HPLC). The results revealed that
the laccase activity of one capsule (0.16 g) lyophilized laccase was 711.11 U/ml and can degrade
benzo[a]pyrene, anthracene, pyrene and naphthalene by 45.33, 38.16, 25.38 and 24.35 percent after 48
hours incubation respectively. The results of that laccase produced by A. pullulans can degrade

naphthalene and anthracene in soil by 51.34 and 85.06 percent respectively, after incubation for 9 days.

Key words: lipolytic yeast, laccase, polyaromatic hydrocarbons
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Ay v ¥ . a 3 Yo o Y !
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BUNY (Potin et al., 2004)
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dy 1 1 . . [ ~ a 4 Y
193 1VNQN 1FU White rot fungi @1150800aa10815 Indoz 1sunan lalasmsveu 1a lag
9 d o Y ] a a ] . . . 2 4 JAq Y1 ,i’ 9 =)
IoulasidmSudesaarsaniiy 1¥u Lignin peroxidase Faiduten lsinlddosaareiiolss uail
° o =R 1 a a 7 A~ ) Y a a Yy .
ANVUIIINZEgesaateas Inaoy Isuan lalasmsueu Nl Iaseadwadieaniiuladne (Baldrian

et al., 2000)

3.2.2 wanipg

I o J a A o . o
uafAe (Laccase; EC 1.10.3.2) uJumu‘lwGl,uﬂqmm@aﬂcﬂmﬂﬂma (Oxidoreductase) N

Y A

1 aan A 9 a A ad
wihilumsiselgaseinsinaeudieezaoulalasinn, eondnu visdanasou 1naslsznou
wildldeansdsznevdu TlUsauiludilsznoundnuaziiTanzasinles (cu™) 4 ozaouaglu
TassafreTuanadae Tavzaeinles lulassadausesndlu 3 siia 18U type-1 (T1) Tnotlnlef 1

92A0Y, type-2 (T2) notulod 1 oxaou uay type-3 (T3 uag T3°) inodules 2 oxnou (Zheng, ef dl.,

Y
= I

] aan v v a 4 A
2008; Solomon, et al., 1992) NT2UIUMIITUHNoTFANTUYDIBONFRUV U0 Iiuannd FUAIUT
o ' = g o ' . . A v W 9 a A A o o s A
AWMU T1 F9) UL active site NUMIVUAVATIIMINE thalnsetsanduvesneilinles y
° ] 1 1 a g Y] o 1 a a aan =Y I %}
Auniie T1 wazdsrusanasou 11U dumnis T2/13 nazeendnunalfnsetsandu laiiluin
J g o 1 aaa
(Solomon, et al, 1992) 1o lwiuamaazian lhiludnsalul§asemazinnuansolunsly
duamasnldnanvateviia wu polyphenol, aromatic, benzinethiols, anthraquinone, syringalazine, 2,6
o o { g

dimethoxyphenol, veratryl alcohol, 2,5 xylidiene, ferulic acid wazd il duaaInndunin non-phenolic

] < = 4
compounds 1% HAA, HPI, VLA a2 ABTS 11JUAY (Bourbonnais et al., 1990) Fo@auean13 laton lus]

<3| o 1A A 1w 1 aaa a A Yy 1 ° .. o
vannailuaussimtionnansalfseretiunsd 1aun aAnusuw1z91299 (Selectivity) 1azoAT1
a Aaan [~ a =\ Bo} o g e A aaa
manad§nserge hidluiy Januawisalunisazateni aunsoiigi(Repeatability) 14 Ugnsen
mnaldnmeldaniignisnaass wu Mevvosarsazate gungil taganuau luguuse tazamso
o k) =

aa1e67 1an19T0M

a

a
VIIUN

W W W

UnUaUanInvaduaning (Substrate binding sites of laccase)
Taseadwanvowannd liuaasdnyuzmmizyosdumiaiis s en (Active site) tall
Aa Jo 1 adg @ 14 ] ~ = ~
mysasdumasnuazaeeudianasou lldaneililes T1 (Type-1-copper) ogluTamuh 3 vSwn
v o o I a Aa o 9y Aa J
Jnuduamsnveanmaiuusnantvinalugedlndausnaneiiles T1 (Type-1-copper) N3ADY
a 1 [ I a 4 a
T Tuaulvaiilu Histidine (His) taziludnnuvesasilios T1 (Type-1-copper) AoNTOUAIINTADL
Tuninerveanumstuvesduaasnaaq 3 ltuanmalanifanudumzmnzsssuduaasnld
a 1 a y 1 %’ < a a 1 [ a { %’
nannateria aauusnai luveuiiniunsaesd Tusiia Phe 819WUIINNUNTADLH TUAFOUUN

v Y
1¥U Asp, Lys, Tyr 1482 Prolines @A 1LHUINT Pro ANNHAINKHA10UDIFHANTADL A IUNE 100 T LY



1&8afnBAINA1TIAIF (Redox potential) YoaTuananeiilos T 1 (Type-1-copper) (> 700 mV ) &4

Lﬂ%mﬁw”lﬁ’h"mmﬂmﬁﬁwﬂu Trametes versicolor

vinailFnumelulassanawanveaanna (Active sites of laccase)
a { v I'4 a { g’; 1 1
1. vinunldauvesnguaeiilod T1 (Mononuclear site) D3N IFuasasnnueglng
[ I a A o [ @ A 3 a A Jd [I~1 L=
nuAameuen luanauazuuinunsunuduamasninduaisdunid arulnytunguiuea
U o 4 a a3 1 a g 1
(Phenols) 130NquEAa1lUA (Arylamines) 1200nF ladoianasouudllassdanasoull Taor1u
1 4 J Ao o . 2 < U A J
nquAdliles T1 (Type-1-copper) AIUNTUA His 1Az Cys NInua 1Wudinve Tamwui 3 tazazds
W1'11)§915 199 Trinuclear (T2/T3) (Solomon et al., 2001)
a { 1 I'4
2. vinaildauvesnguasililes T2/T3 (Trinuclear site)
{ a g [ a ad [ ] '
WoBaNATOUYNAUdIUIVTIM Trinuclear (T2/T3) BIANATOUITYNDIGTOUNTUTOING 2
1 adg
%aqmqmﬂﬂmqa‘%ﬁﬂmaqammuamﬂa (Intramolecular) (Morgunova et al., 2006) B1aNATOUILYN
1 [ a A . Y] 4 Y] a ~ 9 a ~
a8 TouruUTNUNT Cys tazHis 2 #2vesnaditlos T1 (Type-1-copper) 1Udausnanldnuusnun
= a . a dy [ S A 4 a 9 Bo} a dy é a
2 19 V51 Trinuclear (T2/T3) ViNaUIzIULAZIAIG INanavesoonFau lauiunedu Fausna
. 9 J J [
Trinuclear 931/3znouA28 1 Tutanaveanguaaiios T2 (Type-2-copper) Haz 2 Tuanavoinguaoll
J @ T [ = 1 1 ~ [ = v W .
1Jo3 T3 (Type-3-copper) 3n0gluanvazjlammasuogsznnglamun 1 1Y Tamui 3 9UNY His 8
@ 3 ' ' J A o 3 a . . v v .
auag 2 Tuanavei daunquastiles T2 Tanvuziilulas Inoodud (Tricoordinated) 3UNY His
@ 2 ' J < =) Ao o . .
2 gavaz 1 Twanavedi 2 Tuanavednguaoliled T3(a) HuusunIuAUa1s Hisl 11, His399
1 I a lo o yo/ Y
ae His449 @31 T3(b) \WuUSHaNIunUeas His66, His109 tag Hisd51 Uana1nugalnsIuny
Eo' ] LY 1 14
Tuanaveuiwu luduuas (Asymmetrically) 11 2 Turanavesnguaotilod T3 (T3 (a) 5z03N19
Y
298 A war T3 (b) Uszezmaminy 223 A) fuAIvesaviazated 2 ¥eanalunisareleon
ag Y . : '
oranasou v 1Udausna Trinuclear (T2/73) aelulassaieluanavesuannd FI¥oan19usn
I 1 4 9 = 1 1 dy v o
i 2 Tuanavesnguaeiilos T3 (Type-3-copper) AMUNLIVDINGN T2/T3 FoINWHIZIONTUND
a 1 [ { I 1 4 a 4
Turanaveeendy dureIn1an 2 Wuluanavesnguaeiies T2 (Type-2-copper) 9£5A7°%

a 9}%’ a dg@} %’ <3 A a ) 1
TmaQammaaﬂcmu"lﬂmmmuuazu"mmaﬂum"lﬂWﬁuﬂummazmﬂm‘lﬂ

ﬂﬁﬁ%mmmuaﬂma (Reaction of laccase)
o aan a o v W v ad o a
Llaﬂlﬂﬁﬂ$°I/]T]J§]ﬂiﬂ?f]ﬁ)ﬂ“]ﬂﬂ%’lﬁ'ﬂﬂ“]fuﬂ“]Jﬁ)!,ﬂﬂﬁiﬂumﬂﬁﬁﬂﬁlﬁiﬂﬂi!’)m Mononuclear
Y ad < 1 1 . . = | a .
(Type-1-copper) ummaﬂmauﬂgﬂmﬂi@umu His-Cys-His i UVUI1Ial Trinuclear (Type-2-
a dy o 9 JR N 4 a ﬁ}g a d%l 1
copper/Type-3-copper)  U3NaUiIMTNIA% Inanaveteandgau lauunaluuaz d999nn10Un
[ ad 1 ] ] o @ 1 ad [ 1 = J
G]’E')hl‘]J Iﬂﬂ’é)!ﬁﬂﬁi’é]u%%gﬂﬂNJI’E)’L!NTL!“]YENTINﬁ?ﬂiUﬂTiﬂWEJI’E)uflmﬂﬁifluﬂq 2 ¥OINN G]NL‘]JH

9
U318 Trinuclear (T2/T3) Foan1ausmiluTuanavesneiinlof T3 (Type-3-copper) FoaN19HILTUNY
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a U ] ~ I 14 v dy o
Turanaveeondu aausean1an 2 Huluenavesnsililod T2 (Type-2-copper) ¥091911N13
Aa o a ¥ a dy = A ~ v o o 1
5a29 luanaveseendu latunaiu uazihnmaoun lnaunudiazateae 11

Ao = [ ~ a 4 ~
AUITYUBY Yucheng et al. (2007) AnbIMTEesaatsvedIndes Isuianlalasmiveun
3 a ¥ { a ] ¥ 4

HuiloulududlraFesinnanuanmna a¥Wang et al., (2011) NUINYODAR Aureobasidium pullulans
a 9 A~ . I v W o [ g’/ = = Y
gnsananuanna lailell guaiacol iHuAIFNIN dariudelianuanlalumsAnuuannaniansm

[ &l @ 1
uazuanna N ANNY0TAA dureobasidium pullulans WNAADVANNANNTO IUNITERIAAET I

aozlsinanlalasmivou

3.2.3. Aureobasidium pulllulans
I P Aa Aa 1 a
A. pulllulans Whidaantianyauisolumsnaaeu ol ldnaiesiia w5 o luae Ti5a
& d I 1 o
e Tawe wraguad louama Hudu (Chi et al, 2009) Jadludaaniianuiiaulalunsiiilyls
o 1 o 1 [ o
UszTemilugadivnssuaise dagiunmsAnyunedrnulamanin 4. pulllulans §a3iganyiosun
Liu et al,, (2008) lasimsanunlaman 4. pullulans HN2.3 wunangimmnzauausonan la
a 1T A aa aa o [ 4
a8 8.02+0.24 glinAoladans SUFS INAMIUA (2553) AWNTOAAUONTD A, pulllulans var,
Y ~ dal %l Y a A o [ @ ~ = 1 dal dyd
melanogenum 1810 TrluAdudlouihiniu USnaungd@Fe sandarays anmsanyInu wolldl
1 aan a [ Y a 1 a aa = I 14
anwasolumasalgnierlalas ladaniny 2.3040.104 glinaoiiadans Hiesidudanis
= I a [ 4 aaa a ay o aay o [
nlasuwiunaasunveslgnsenemmeslinduuasns1weamas ATUNINY 17.84+0.79 1ay
P-4 Y A ' a a VoA
25.27+1.311e51%ud awdey Weodnyimaaneimuzauaansnan lasmanndad wya e
aas a [ a 1 a aa 4 o G Y !
ueniad lalas laFagagaminy 4.85:0.15 gliaasladaasnnuuii lamaulszgnaldlunisis
aan o 4 4 = a 4 1 901 o Jd aa  Jg g‘/ Y A
Ugnsemsdanszrgmsurauedawamoinuiniaanin Inauaznsathduiianiuaisadun
A = P-4 =~ < A o o s 3 o !
muzaunga TastlosiFuanisas il urnandummiIny 5.95+0.96 1103 1FUA HAZAIUITOII
aaa o s a Y = 72 A qud o ¢ S
Ufnsemsduanziuiaeamod lagans 88.92 Wesidua eldihiuihavmazmwmveailueas

Yy <

Y A 9 dy tdyd 1 aan a o 4
asdu szmulan laman Idnndeliianuaunsolumssalgnserlalas lagauazmsdansizd
= ] o I Y ] = a 4 a 1 Y
vainziiniszgnaldlumsgesaats Tndez Isuan lalasmsueurianien Iaa

3.3. sziigdsmMsantuNuIdY

= U a a a =Y = t‘ﬂ” = d

3.3.1. msAnmeanimsiandnla danssuvedlamwa sazUSunaldsauaimyetian
. 7. d‘ o ] = =S

Aureobasidium pullulans W13 ¥ 1unszVINM SHRBTAIIMITIMNAI5INA0L]S
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1. MSINZIAEIaUNIE
2 A a < v ~ A X )
MIAUFDIAA 1UB111TUUS (Yeast Malt Agar; YMA) 1910w TaTatl@eruuaiiumiside uan
~ A X & 3 1 ' A
@ TaTatimernnonismeurondsliifesneluemismargasnugiu (Yeast Malt Broth; YMB)

a =

4 o o &' 1 L4 [ H <

Tunasanaaouieriniuinie tu@eswuvwefiguigi 30 ossiwaBod a18AUI5I50U 200

' < < 4 A A o < & ' o
souaoun Wunar 48 ¥ Tue e ldiremusiurvuuaziirt I 1filund e lunmsnaaosns lwds

Z A P,
nnUuMeFe 1 1edidFud 1IN0 IM15IMa) YMB adlue1m15imaigas (Lipase Production Medium;
LPM) dmsumswan lamdlSuias 50 dadaas Faussgegluviagilsunvuia 250 dadans niou
g’/ a g o 1 o S 3 s A o o Y a P 9 9 @ 1 I [ Y
nuauiuayar 1 edidud iwedmihldwdaou laindosnisla diumanuilunsa-anlid

1T @ o 1 dﬁl Y dﬁl o YA A A 9 A [

N 5.3 11M130181%9910NA 1D Taad1ua 1HUAIgANAULEAUTNAUN 600 U1 TUINAT 1NN 0.2

a

S o ' A N < 1 <
mﬂuuuﬂﬂummmmmﬁqmwﬂn 30 DAL aLsYT %ﬂﬂﬂ’ﬂiﬂi’)i@’ﬂ 200 ‘i@ﬂ@lﬂu1ﬁ L’]J’LJL’Ja1 120

U

o ° X { J 3 ' 3 A a
#2 Tuarh Tl dumdssfisadanaz neudlsanuisisen 10,000 seuaewiiiluna 15 uinigungi

]

9
o Y

[ 1 H r'd
4 eeyaFed touen lUsauntiiminidssnii 10 dlaaaduoen 1 a2 1d lamadiulanusans

Q

P
Yuegmmuu uaziih liasnasunnssuveslamanaz S Tisau
VY a a a A d
2. ﬂ]i?ﬂf’)ﬂﬁ'lﬂ]’i!ﬂ'ﬁﬂljﬂﬂiﬂﬂlﬂﬁﬁauﬂiﬂ
o ' dy A A I a A <
IANTNNUYUVDAFDNANUYIINAY 600 H"ITL!L‘JJ@]ﬁ muwam%ﬂmﬂuizﬂznm 120 GI)"JI‘JN
Y o ¥ a a ¥ ¥ @ oo 1 Ayy @ ! a4 A <
LLﬁ'JuﬂJ”Iﬁﬁ”NﬂiWV‘IfﬂﬁLﬂiiymuI@Wiﬁm‘ﬂ\‘]Lﬂ‘]Jﬁ’J’E)fJT\TVIllﬂiJHLEJﬂL“]J'ﬁaIﬂEJﬂ"Ii‘]jULﬁ'JENVIﬂ'JTJJLi'J
1 A A = < a g ' A s J a Y
10,000 359UADUIN N4 DIAUBALYYT Lﬂunm 15 UM !ﬂﬂﬁjuﬁlﬁﬂﬁﬂl@uvl“]fllﬂﬂﬁ@llﬂﬁ@ulﬂll‘iJ

TaszrdsnaTlsduaznnssuved lamaas 11

a d :’J
3. maanzridSinaldsAunaran (Total protein)
) v ] ~ 9 [ =Y = gl.l Aax
asazaiediegan1a v1ialSuaveslilsaunaualagds Bradford’s method (Bradford,
k) ax = 1 A A [ A Y =1 =
1976) A28ITMIANEIAINITGANAUIAIN 595 W1 TUwAT Jaainsganauuanalfssumeulsua
=) gl.l % [} Y 9 4= YY) a
TilsAunanualuaisazaediodns nnnslinasgiudaldasazasunasgiuTu Inissusayiv

(Bovine serum albumin; BSA) 111/3uaiT1lsau 0-25 luTasnsuneiiaaans

a da
4. MIAATILHININT TNV JaIe (Total activity)
) P 1Y L= g}/ A,
hasazaroeu lsiinldauitaninenssuved lamanivualasldsanln Tas Td Tawuns
Y
9 a Jd a
(Maia et al., 2001) Tasldarsazareasdu Ao wis-Tulasiiia 1aulen (p-nitrophenyl palmitate)
o A = . =2 g a o 4
as19deU TagmsiamsganauudIvesnisi- luTasiuea (p-nitrophenol) Fuiluaisazarondnnmai

naehlgnienlalas lagalasdan 410 1 Tuwwasaraniosianinisaanauuds udulSeuwion
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Psuamia-lulasilueaifevululfazernnnsuiasgiuildmsazatenis-lulasiluoa
Y
ANumutTuaaua 0-10 luInsnsunolanaag
[ Y 1 o . aag =W [ =) o’d’
fvuald 1 wioeulsd (Uni veaennidveueu lsiiaumnudsuaveseu Ty
ansodasuns-lulasiiathauiimnud 1 19m5-1ulasWuea Ysua 1 lulas Tuageuin
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NN 37 3ALs ALY Wuan 30 U

= a aAa 1 = a d a v
3.3.2. Anmanuansasazlszanimmmsdesamalndezlsmninlalasmiveuriianigg
a Jd [y a wa
vodlalfladndan luszaurios fiiams
X Pl
1. nAge AN UEPEaA 1 Naphthalene AT 0L Aureobasidium pullulans
dy é‘ a A o L [ Y3 A A
MIAYAFOYAUNTITAA 1UD 1MUY (Yeast MaltAgar:-YMA) Tt uTaTati@oruuaiumie
A 9 4 o d 2 A au 2 2
o udndelnTatlmernnemsmeusouda linesnsluemsaIgaswug1u(Yeast MaltBroth;
A o < o 4” 1 dy VA Aa = k) 3
YMB) Turiaoanaaoauneyiniuyinie Un@eauue Nguvgil 30 o saied A1enINEI301
J I ] 4 y A o o I g 1
200 soUAUN Huna 48 %1 Tua wis Iaiusvunazii I 19lund e lumsnaassas 1
o 2 ¥ s d @
naanntiumere 1lodidud 91n11151Mad YMB aalue1m1511aigas (Lipase Production Medium;
LPM) dmsumanaalama 151185 50 Tadans Faussgegluviagilsuyuua 250 Haaans wiew
gl.l a %l @ 1 o ¢ I s A Y] o 9y a S 9 9 @ 1 < [ 9
nuaniiuaydr 1 wedidud iodmihlinaaeu laindosns 18 dSumanuiunsa-arali
Y ° [ dy 9 dij o Y A A Y A 1T W
MIAY 5.3 MinsaeweInnaure lasiiuia liimiganauudasudun 600 W1 Tumas 1A 0.2
2 o ' oA A ~ 9 < ' P
nintduh ldusnuowerngungil 30 essimaded a2eAUI32501U 200 50UARUIH 1Al 120
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One of the major blems today is hyd bon ination resulting from the activities related to oil spills as well as the petrochemical industry.
Microbial degradation is the ma]or and uinmate natural mechamsm which one can clean up the I hydrocarbon 1l fro the 1t. The objective of this
research was to study the p Iltybylmsepmducedbyhporvbcveastmm b ! screened from Sichang
Island. The experiments were ﬁrsﬂy petformed by study ﬂ'le optlrnal condition for growing the A.pullulans and its laccase producuon Laccase can be produced from A.pullulans
by induction with 2 mM guaiacol in growth med| Bi bility of anthracene, pyrene and benzo-[a]-pyrene by laccase was then determined. The results
revealed that laccase produced by A. pullulans can degrade benzo-[a]- pyrene, anth pyrene and hthalene by 45 33, 38.16, 25.38 and 24.35 percent respectively.

Keywords: lipolytic yeast, laccase, napthalene, biodegradation

8

Polyaromatic Hydrocarbons (PAHs) are a class of persistent organic pollutants
which mainly come from incomplete combustion or pyrolysis of fossil fuels or other Figure 1.
organic matter (Gao D. et al., 2010). This study focused on four type of PAHs as PAH Degradation

by Laccase at 24
hour

Degradation rate (%)

---L

Naghtnalene Benzo-{a}-pyrene
wpsnwnu

Figure 2. 01

Laccase (benzenediol: oxygen oxidoreductase, 0.08
EC 1.10.3.2) is enzyme that has a potential in toxic Remaining
material degradation. Laccase can be produced by naphthalene 0.06

A. pullulans yeast strain (Rich O. J., et al,, 2011). = =
In this study, A. pullulans was screened from —#—Naphthalene
Srichang Island.

ectives of this study is to test PAHs degradation
abllltv and eﬁ'icuentcy of laccase from lipolytic yeast
in Laboratory environment and in Sichang island’s soil

Remaining
anthracene

Remaining pyrene
concentration at
different time

-
I I ' Figure 5.

g ' Remaining
A. pullulans “pof;‘fg :;:"s; Lyophilizer benzo-[a]-pyrene
J

concentration
+ .

at different time
Soil sample 1-3 1 capsule
from Sichang Island of laccase
|

One capsule of laccase (0.16 g) has enzyme activity equal to 711 U/ml
and PAHs degradation abilty as below:

1. Naphthalene (10 mg/ml) was decreased by 24.35%

2. Anthracene (0.908 mg/ml) was decreased by 38.16%

3. Pyrene (0.000135 mg/ml) was decreased by 25.38%

4. Benzo-[a]-pyrene (0.00019 mg/ml) was decreased by 45.33%

However, when testing PAHs degradtion ability of laccase from lipolytic
yeast by using soil from Sichang island. The result was showed that

Water bath shaker Incubator shaker T S ——| :he laccase frp;n lrijpolytic yeast can not degraded PAHs in the soil
e Ay o Chromatography (HPLC) rom sichang island.

References: Acknowledgments
1. Gao D, Liang H, Du L, Chen J. Biodegradation of polycyclic aromatic hydrocarbons (PAHs)  This research is part of the project entitled "Knowledge Management for Marine
by white rot-fungus Pseudotrametes gibosa isolated from the boreal forest in Notheast Pollution Abatement and Biodiversity Conservation of Sichang and Sriracha,

China. African Journal of Biotechnology. 2010, 9: 6888-6893. Chonburi Province on Thailand Coastal Areas” funded by The National Research
2. Rich O J, Manitchotpisit P, Peterson W S, Leathers D T. Laccase production by diverse  Council of Thailand (NRCT). Soil samples were gifted from the Aquatic Resources
phylogenetic clades of Aureobasidium pullulans. RJAS, 2011, 1: 41-47, Research Institute (ARRI), Sichang island, Chulalongkorn University.

3-37



g @ ;wy// // \e

2 3 MMM

2 m . | ,,/..,/_M% // /////%/W m
| il




P6-9 Biodegradation of polyaromatic hydrocarbons by
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Abstract: One of the major environmental problems today is petroleum
hydrocarbon contamination resulting from the activities related to oil spills as well
as the petrochemical industry. Microbial degradation is the major and ultimate
natural mechanism which one can clean up the petroleum hydrocarbon pollutants
from the environment. The objective of this research was to study the polyaromatic
hydrocarbons biodegradability by laccase produced by lipolytic yeast,
Aureobasidium pullulans var. melanogenum, screened from Sichang Island. The
experiments were firstly performed by study the optimal condition for growing the
A. pullulans and its laccase production. Laccase can be produced from A. pullulans
by induction with 2 mM guaiacol in growth medium. Biodegradibility of naphthalene
by laccase from A. pullulans was then determined. The results revealed that laccase
from A. pullulanscan degrade naphthalene about 30 percent in 24 h.

Keywords: biodegradation, laccase, lipolytic yeast, napthalene,

3-39



iduonad1un13x s lugduunTaines 1509 Biodegradation  of  Poly-aromatic
Hydrocarbons by Aureobasidium pullulans var. melanogenum Tumsils ¢y International
Conference on Environmental Science and Technology, ICOEST’2013 — CAPPADOCIA Urgup,

Turkey, June 18-21, 2013

%
. y ICOEST d
A A

Cappadocia 2013

INTERNATIONAL CONFERENCE ON

ENVIRONMENTAL SCIENCE AND TECHNOLOGY

Conference Programme

3-40


http://www.google.co.th/url?sa=t&rct=j&q=icoest&source=web&cd=1&cad=rja&ved=0CEEQFjAA&url=http%3A%2F%2Fwww.icoest.org%2F&ei=bsQlUbqEOMvwrQeW0oEw&usg=AFQjCNF-alqmK0KKELOKI2qJyL88N8hlxA&bvm=bv.42661473,d.bmk�
http://www.google.co.th/url?sa=t&rct=j&q=icoest&source=web&cd=1&cad=rja&ved=0CEEQFjAA&url=http%3A%2F%2Fwww.icoest.org%2F&ei=bsQlUbqEOMvwrQeW0oEw&usg=AFQjCNF-alqmK0KKELOKI2qJyL88N8hlxA&bvm=bv.42661473,d.bmk�

ENVIRONMENTAL SCIENCE AND TECHNOLOGY (o 201+
18 — 21 June 2013, Urgup. Nevsehir, TURKEY

THE INTERNATIONAL CONFERENCE ON b”

Biodegradation of poly-aromatic hydrocarbons
by Aureobasidium pullulans var. melanogenum

Wannisa Leelaruji’, Phawadee Buathong', Paicharaporn Kanngan?, Rungtiwa Piamiongkam’,
Suphang Chulalaksananukul’,  Gullaya Wattayakorn* and Warawut Chulalaksananukul®**

1 Program in Biotechnology, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand.
? Inter-Department of Biotechnology, Graduate School, Chulalongkorn U i Btmgkok 10330, Thailand.
3 Department of Chemical Engineering, Faculty of Engineering, Mahidol U 2 Nakernpathom, 73170, Thailand. | «
4 Department of Marine Science, Faculiy of Science, Cku.’afougkam [
3 Biofuels by Biocatalysts Research U
§ Department of Botany, Faculty of . Scrence, C ."mt'a!ongkom U = Brmgkak 10.\30 Thailand.
(* Corresponding author E-mail: warawut. quldmfa ac.th)

Introduction 4
Poly-aromatic hydrocarbons (PAHE) are This isolate was obtained from oil-contaminated soil The residual levels of PAHs were follo b_v HPL&
environmental pollutants in the soil, water and air and so was expected top have PAH degradative amalysis. 4
They and their derivatives are widespread products ability —Laccase enzyme production from
of incomplete combustion of organic materials; both A pullulans was induced and applied for degradation
from natural combustion, such as forest fires and the mixture of benzo[alpyrene, pyrene, anthracene,

volcanic eruptions, and also from anthropogenic and naphthalene as model PAHS on varying size and -..\
activities. These compounds are a class of hazardons ’ S - @ m
organic chemicals consisting of two or more fused

benzene mmgs i linear, angular and cluster - Naphthalene Anthracene
armrangements.

Biodegradation of PAHs has been performed by
fungi, various enzymes from fungi and white rot
basidiomycetes. This sindy was performed in order
to nvestigate the degradation of PAHs using laccase
from Aureobasidium pullulans var melanogenum
(Figure 1).
by
Biodegradation of PAHs by laccase was performed with 1 capsule of lyophlized After mcubation with the laccase for 48 h, the concentration of na.ghﬂnlm
laccase (0.16 g) with an activity of 711 U/mL. This laccase was added to a mixed anthracene, pyrene and benzo[a]pyrene were all decreased as the mcubation time
solution of naphthalene, anthracene, pyrene and benzo[alpyreme at imitial increased to a mimmum -from 24 h |pyrene) or 36 h (pyrene and
concentrations of 90, 7.5, 99 and 37 pg/ml., respectively, and mcubated at 30°C naphthalene) onwards, excépt for anthracese which not reached completion
with shaking at 150 rpm for 48 h. The degradation curves are shown for each by the end of the 48 h assay period. At 48 h.the remaiming concentrations of the
respective PAH in Figure 3 - 6. four PAHs were 68, 4.7, 72 and 20 ug/ml. for paphthalene, amh':ene ene ,
and benzo[alpyrene, respectively. Thus, benzo[a]pyrene yas the most degra ble
PAHs, followed by, anfhra pyrene and naphthalene mﬂ:‘hvmdatmn
efficiencies (relative to the inifial concentration) of 45.9%, 3 gy and
24.4%., respectively (Figure 7).
]
In comparison to the commercial laccase preparation,
of PAH: obtained with the crude laccase preparation|from A. pullulons war »
melanogenum was mostly higher. especix]ljfnr benz.o[a] ene d'eglidmcn_

N :

Figure 3. Biodegradation of Figure 4. Biodegradation of
Naphthalene by laccase Anthracene by laccase

M”ZLLLl

Nephthalme AW (IR SERR

Figure 7. Percentage biodegradation of four poly-aromatic
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Laccase was induced by 2 mM of guaiacol and 0.5 mM CuS04 in YM media from A. pullulans var. melanogemm. Its activity of 1 capsule (0.16 g) of lyophilized laccase
was 711 U/mL. The biodegradation of a mixture of four different PAHs (90 pg/mL naphthalene, 7.5 pg/ml. anthracene, 99 pg/ml. pyrene and 37 pa/ml benzo[alpyrene) by
lau.‘ase in liquid media occnrred within 48 h of incubation without ABTS or HBT with a degradation efficiency for benzo[alpyrene, pyrene, anthracene and naphthalene of
i Even though the crude laccase preparation from A. pullulans could not completely degrade the four tested PAHs undef these
ry potentially be a suitable and promising green method, which may have the potential for environmental performance.
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ABSTRACT

Poly-aromatic hydrocarbons (PAHs) are a group of persistent organic pollutants that are
resistant to degradation and can remain in the environment for a long time. PAHs contain
two or more fused benzene rings and are mainly produced as byproducts of incomplete
combustion, such as from fossil fuel burning, forest fires, coal fires or vehicle emissions.
Currently, PAHsincreasingly cause major environmental problems because of continuing
industrial development. Biodegradation by microbes is the major natural mechanism for
PAH removal from the environment. The main objective of this research was to study the
biodegradation of four types of PAHs (naphthalene, anthracene, pyrene and
benzo[a]pyrene)by laccase produced from the lipolytic yeast, Aureobasidiumpullulans var.
melanogenum, screened from Sichang Island (Thailand). The optimal condition for
growing A. pullulans var. melanogenum and its laccase production was first evaluated,
and revealed thatlaccaseproduction was induced with 2 mMguaiacoland 0.5 M CuSOysin
the yeast malt (YM)growth medium. Laccase was then lyophilized and stored in capsule
form. The subsequent ability to degrade naphthalene, anthracene, pyrene and
benzo[a]pyrenewas determinedusing high performance liquid chromatography. The results
revealed that the laccase activity of one capsule (0.16 g) of lyophilized laccase was 711
U/mL(4.4 U/mg) and could degrade a mixture of benzo[a]pyrene (37pg/mL), anthracene
(7.5ug/mL), pyrene (99 pg/mL) and naphthalene (90 pg/mL) by 45.9, 37.3, 27.3and
24.4% respectively.

Keywords:Biodegradation; Laccase; Lipolytic yeast; Poly-aromatic hydrocarbons
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L. INTRODUCTION

Poly-aromatic hydrocarbons (PAHs) are environmental pollutantsin the soil, water and air.
They and their derivatives are widespread products of incomplete combustion of organic
materials; both from natural combustion, such as forest fires and volcanic eruptions, and also
from anthropogenic activities [1,2]. These compounds are a class of hazardous organic
chemicals consisting of two or more fused benzene rings in linear, angular and cluster
arrangements [3.4]. For example,naphthalene is the simplest with two rings and is the most
soluble of the PAHs[1]. On the other hand,benzo[a]pyrene, a typical high molecular weight
PAHs with five rings, is one of the most recalcitrant and toxic PAHs [5,6]. Recently,
benzo[a]pyrene was included as one of 12 target compounds or groups in a new strategy for
controlling persistent, bio-accumulative and toxic pollutants [3].

Biodegradation of PAHshas been performed by fungi, various enzymes from fungi
and white rot basidiomycetes [7]. Fusariwm sp. E033, one species of fungi,was shown to be
able to degrade 0.4 mM (100mg/L) benzo[a]pyrenedirectly [8], whilst fungal laccases from
Trametesversicolor and Myceliophthorathermophilahave been shown to be able tooxidize the
12 target aromatic hydrocarbons [3].Laccase (benzenediol:oxygenoxidoreductases,
EC1.10.3.2), in the family of blue multi-copper oxidases [9],is a polyphenol oxidase
containing four copper atoms in its active site [10] and is capable of oxidizing a wide range of
aromatic compounds, with the concomitant reduction of molecular oxygen to water [9]. In
addition, laccases can be used in a great variety of process, mainly relatedto bioremediation,
such as pulp delignification, de-colorization and detoxification of textile dyes,as well as for
bioremediation ofxenobiotic compoundsand treatment of wastewater [11].

Aureobasidiumpullulansisaubiquitous, polymorphic and oligotrophic black yeast-
likemicrofungus[12]. It is particularly well known for its biotechnological significance as a
producer of the biodegradable extracellular polysaccharide (EPS) pullulan (poly-o-1,6-
maltotriose) [13]. This vyeast also produces numerous degradative enzymes;
includingfructofuranosidase, glucoamylase and xylanase. However, laccase production by A.
pullulansis poorly known[9]. This study was performed in order to investigate the degradation
of PAHsusing laccase from A. pullulansvar. melanogenum since this isolate was obtained
from oil-contaminated soil and so was expected top have PAH degradative ability. Laccase
enzyme production from A. pullulans was induced and applied for degradation the mixture of
benzo[a]pyrene, pyrene, anthracene, and naphthalene as model PAHS on varying size and
complexity.Theresidual levels of PAHs were followed by HPLC analysis.

2. MATERIALS AND METHODS
2.1. Microorganism and chemicals

Aureobasidiumpullulans was obtained from the Biofuels by Biocatalysts Research Unit,
Chulalongkorn University, Thailand. Benzo[a]pyrene, naphthalene, guaiacoland 2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulfonate) (ABTS) were purchased fromFluka. Anthracene
andpyrene were purchased from Sigma-Aldrich.

2.2. Culture conditions and enzyme production

The inoculum was grown in yeast malt (YM) broth (3% (w/w) yeast extract. 3% (w/v) malt
extract, 5% (w/v) peptone, 10% (w/v) glucose) at 30 °C for 48 h with shaking at200 rpm. This
culture was then inoculated at 1%(v/v) into laccaseproduction medium (2 mM of guaiacol and
0.5 mM CuSOy4 in YM) as described previously [14]. Growth of A. pullulans was measured
over 120 h of culture in terms of the culture turbidity using the absorption at a wavelength of
600 nmand Colony forming units (CFUs/mL) was determined by spread plate technique and
dilutes it to count the number of cell between 30-300 colonies. The culture wascentrifuged at
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10,000 rpm, 4 °C for 15 min, and the supernatant harvested as a crude laccase preparation,
lyophilized and stored in capsules.

2.3. Biodegradation of PAHs

One capsule of laccase (1.6g), found to contain 71lunit (UymL of enzyme activity, enzyme
activity was determined by enzyme activity assays[15]. Capsule of laccase was added toa
mixture of benzo[a]pyrene, pyrene, anthracene, and naphthaleneatan initial concentration of
37,99, 7.5 and 90 ug/mL, respectively. Then, 5% (v/v) of Tween 80 and 100 mM acetate
buffer (pH 4.5) were added and the mixture was incubated at 30 °C for 48 h with shaking
at150 rpm. Samples were collected every 12 h and extracted with 2 volumes of hexane. After
that,0.75 volumesof 15% (v/v) triton X 100 was added to the solution and shaken for 6 h at
200 rpm before analysisas previously described [6].

2.4. Analysis of PAHs

Residual PAH levels in the extracts were analyzed by HPLCusing a modelShimadzu LC-20A
series connected to an Inertsil ODS-P HP column (0.46 mm in diameter and 250 mm in
length) and equipped with UV detector. The mobile phase was an 80:20 (v/v) ratio
acetonitrile:water mixture,run at aflow rate of 1.5 mL/ min.

3. RESULTS AND DISCUSSION
3.1.Growth of A. pullulans var. melanogenum

Growth of A. pullulansvar. melanogenumwas measured over 120 h when incubated in YM
medium at 30 °C with shaking at 200 rpm. Under these conditions, the growth of A. pullulans
rapidly increased afterl0 h of incubation and reached stationary phase withind8-72 h of
incubation. The maximum cell density was obtained at 48 h and so thisculture cell timewas
selected for further cultivation in YM medium supplemented with 2 mMguaiacoland0.5
mMCuSOjgto inducelaccase production. After that, the crude extracellular enzyme preparation
was evaluated for the abilityto degradea mixture of four differentPAHs.
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Figure 1.Growth (as colony forming units (CFU)YmL) of A. pullulans in YM medium, incubatedat 30 °C, 200
rpm for 120 h. Data are shown as the mean 1 5D, derived from 3 independent trials.
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3.2.Biodegradation of PAHsusingthe crude laccase preparation from A. pullulans

Biodegradation of PAHs by laccase was performed with 1 capsule of lyophilized laccase(0.16
g) with an activity of 711U/mL. This laccase wasadded toa mixed solution of naphthalene,
anthracene, pyrene and benzo|a]pyreneat initial concentrationsof 90, 7.5,99 and37ug/mL,
respectively, and incubated at 30 °C with shakingat150 rpm for 48 h. The degradation curves
are shown for each respective PAH in Figure 2.

After incubation with the laccase for 48 h, the concentration of naphthalene,
anthracene, pyrene and benzo|a]pyrene were all decreased as the incubationtime increased to
a minimum from 24 h (benzo[a]pyrene) or 36 h (pyrene and naphthalene) onwards, except for
anthracene which may not reached completion by the end of the 48 h assay period. At 48 h,
the remaining concentrations of the four PAHs were 68, 4.7, 72 and 20 ug/mL for
naphthalene, anthracene, pyrene and benzo[a]pyrene,respectively.Thus, benzo[a]pyrenewas
the most degradable PAHs, followed by anthracene, pyrene and naphthalene with degradation
efficiencies (relative to the initial concentration) of45.9%, 37.3%, 27.3% and 24.4%,
respectively.
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Figure 2.Biodegradation of poly-aromatic hydrocarbons (PAHs) by laccaseshowing the residual concentration
over time of:(a) naphthalene, (b) anthracene, (c)pyrene, and (d) benzo[a]pyrene. Data are shown as the mean + |
SD, derived from 3 independent trials.

In comparison to the commercial laccasepreparation, the degradation efficiency of PAHs
obtained with the crude laccase preparation from A. pullulansvar. melanogenumwas mostly
higher, especially for benzo[a]pyrenedegradation.
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Figure 3.Percentage biodegradation of four poly-aromatic hydrocarbons (PAHs) using the crude

laccasepre paration from A. pullulans (Laccase) compared to control using commercial laccase(Control). Data are
shown as the mean +1 SD, derived from 3 independent trials. Means within each pair with a different lowercase
letter are significantly different (P < 0.05; Mann-Whitney U test)

This result was similar to that previously reported [5], wherelaccasewas shown to efficiently
remove(degrade) aged anthracene, benzo[a]pyreneand benzo[a]anthracene from contaminated
soil. The specificity of laccase catalysis was proposed to be related to the ionization potentials
(IPs) of the substrates[5]. Moreover, the laccasecatalysed oxidation processwas enhanced
when adding certain low molecular weight compounds as mediators, such as ABTS. Asuitable
mediator would form an intermediate with high activity thatcould transfer electrons from
oxygen molecules to the substrate and so enhance the substrate degradation[ 16]. Previously, it
was reported thatdegradation of phenanthrenewith purified laccasefrom T. versicolor 951022
did not occur, but did when ABTS or HBT was added into the reactionmixture [17]. In the
presence of 5 mM ABTS orHBT, laccaseat 5 U/mlLcould oxidize 40% and 30%of a 20
mg/Lphenanthrene solution in 2 h, respectively. In contrast, otherPAHs, such asanthracene,
fluorene, benzo[a]pyrene and perylene, were almost completely removed by thelaccasefrom
T. versicolor after the addition of HBT [17].

4. CONCLUSION

Laccase was induced by 2 mM of guaiacol and 0.5 mM CuSOy in YM media from A.
pullulansvar. melanogenum. Its activity of 1 capsule (0.16 g) of lyophilized laccase was
711 U/mL. The biodegradation of a mixture of four different PAHs (90 pg/mL
naphthalene, 7.5 pg/mL anthracene, 99 pg/mL pyrene and 37 ug/mL benzo[a]pyrene)by
laccase in liquid media occurred within 48 h of incubationwithout ABTS or HBT with
adegradation efficiency forbenzo[a]pyrene, pyrene,anthraceneand naphthaleneof 45.9,
27.3, 37.3 and 24.4%, respectively.

Even though the crude laccasepreparationfromA. pullulans could not completely
degrade the four tested PAHs under these conditions with a single dose over 48 h, it may
potentially be a suitable and promising greenmethod, which may have the potential for
environmental performance.
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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.

Keywords: denitrifying bacteria, polyaromatic hydrocarbons, biodegradation
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M99 4.4 nuanEenanusonlifinanszuiumsa lunsMindu (Delwiche, 1981)

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

aw ~ <3 nm y a
32. Chromobacterium violaceum Taginansnueudiula lu'ldnanain
d A
Tu'lnsanselumsa
ac { [~ ] a
33. Chromobacterium lividum Tagnanasnueariula lu'ldnanain
d A
Tu'lnsdvse lumse
. o ] aa N ¥
34. Flavobacterium spp. VNEONUF Bia1503a9

G. Gram-negative cocci and coccobacilli

A A Il 4 1 ] A A o
35. Neisseria sicca 303 A I Insdua lueunsosand
Tumsa
. . aS A Il 4 1 [ ==Y 4
36. Neisseria subflava 1113503025 1 Ingaua lianunsosais
Tumsa
. . A A Il o 1 [ aAa 4
37. Neisseria flavescens 113503025 1 Ingaua lanunsosas
Tumsa
aS A Il 4 1 1 aAa 4
38. Neisseria mucosa 13503075 1 Ingaua lienunsosans
Tumsa
Aa P 2 Vo o &
39. Neisseria animalis m‘iimm”lummﬁuuagnumﬂ‘wu‘g
. . . Aaa & ] Vo o @
40. Neisseria cavie miiﬂ’,lclfhlumiﬂsuuﬂQﬂ‘]Jﬁ’TfJW‘Llﬁ
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41. Neisseria denitrificans a1nsa3as b Insdua ldaunsosand
Tumse
. A A d 49! [ v J
42. Branhammella catarrhalis mismm”lumsmuagﬂumﬂwu‘g

pranaanse lunaamaiuouinld
43. Acinetobacter spp.
45. Paracoccus denitrificans Tunfaoenloduaz lulasnunanan
Tumse duuradami @ lua Tsnson
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46. Paracoccus halodenitrificans Tunsaeon leduas lulasnunanain lumse
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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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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

4-17




4.3.2 msInnzvigaEeuiAmenennrsessnszneumaniivesiiedany nouay
= o a0 I 1 A [ ~
Tuindnyuzd manuilunsaan Psmadsdszoonlulasmulugduuvdieginylu
Y ' 9
aznoudu astiae Ui luTasnuiwunavua (%Total nitrogen) USuad15Usznou NH, (mg/kg)

1 Y
Pnmensilszneu NO, (mg/ke) Taerhmedaznouaunnaniniainldudalunsy mimiuiimn

valiaz@eaudnilanaandsnovua TaesinaaznoulavanaraanlulSanmvua wazld

%‘ o 4 Aa aa ] Y o Aaan v = ?1’/

eanaed 1 aglddsum 20 Haaaas wa ldvigasenwiunat 5 il mindunsesdisazale
a Y 9 o ~ o A 1 =

AZNOUAUAIINITZAINNTOI AN uraInnIodla lvimsnaaeuiemaiey Tudlenuas lu

nIa

a ~ d

4.3.3 MINAUENTHAYBIPAUNIIINAZNOUAY

[
=\

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

Q

4-18



a

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

4-19



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
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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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9191 4.14 anvenugo lums1FIna leadnue 15inan lalasasveuueed luns dwuanE ous

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

A

U

Nl 37 e aised ﬂ’J']iJL%’J 160

FOUADUIN
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

4-50

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
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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.
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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
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|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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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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