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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, benzola]pyrene 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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a d A = o 1 a
1. mydmnzrgaaniamamamwiazniivelszmsvedietenznouay
o w ] a a 4 g a am a 4 1
idleteauazaeu lddnsinuileAnu(Texture) Tne35 laTasimes (Caver, 1971) 1114
1 v @ 50‘ ' o
aznouaIunilalszina 3 a5y TumSinenihdedsmseulumeuh 103 esrademilunal 24
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1 1u9 i iiduluegiames Fahminazneuureaunsd wazutsdudnaunileldvirlduia
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o a 4 =Y a 4 4 @ [] a .
wazi 15z uasunsdasueuludiededuasnonns3s Walkley Black (Loring and
Rantala, 1990)
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UNEP/IOC/IAEA (1992) Taganadieg19a1ematia Soxhlet extraction tazdns1znisuadllasdey
4 @ 1 a 9 d’ (%)) .
lalasmsvouludiedisnznoududlansesuna Insun1ans vl Agilent Hewlett Packard (HP) 6890
o a a Jd a 1 o
Tagld@2m329%1ia Flame Tonization Detector (GC-FID) M35 A51zHwiauesd1slungy PAHs 114
TasmafFouMeuan Retention time AU IATUN INUNTUVOIANTNIATEIU tazAUInUTuau09 PAHSs
] a tﬂ' = t&l tﬂ‘d U =
uaazsianasnu laemsfsouMeuNunN AN UNAYIA1TUIATYIUPAHS (Supelco PAH Standard,
o w (] a d
4743U LB57094) %1ﬂﬂ‘i”l‘l/\hJW]ijyu(calibration standard curve) 11d1981310% 1135121 neane
MAlA Gas Chromatography/Mass Spectrometry (GC/MS) Lﬁ@ﬁué’ummgﬂﬁaﬂumﬁﬁmuﬂ%ﬁmm
Y A g’/ a 4 = a a 14
f13PAHs @28 GC-FID AN 2.4 HaAvUAdUMITIATIZH a3 Ina leaanes Isuan lalasasueu
luaedanznouan
A0 NATNDUAY
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1@13 Internal Standard (9.10-1a'laTasuounsi@u)
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ANNMZUBUATEY GC/FID N1F1UnIns 1247813 PAHs

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

TulsunsugangiveansewnalasunInnsmnlFlumsimsed

gl uAY

70 9PN ALTEE

a

BN 1VDIMIINUUNYL

CY

6 DIANBALTOE/UIN

gangigane

290 DA UsAHEH (hold 15 WIT)

#11229041A389 Gas Chromato graph/Mass Spectrometer (GC/MS)

GC/MS: Saturn 2000 Varian

Mass Data type
Emission Current
Mass Defect

Count Thershold
Scan time

Segment Low mass

Segment High mass

2.1 mammaating lumsasiany
=~ o @ . . . = =y Yy 9
VaNAluNTATIINY (Limit of Detection; LOD) %aneddunaanududu
Mgana1w150as293a 14 i laonaaeu spiked sample blank 1AoMIANAITUIATIIU PAHS
Yt Yy 9 dq 91 o 3 o " =
Talianududunlndal LOD inmsnadou 7-10 41 MuramdudewuunIaggu (SD)

] 1 H 4 < { A ° o 9
Tagludeeamaunae iesnniluasunasguiauas i wagduan LOD Asil

LOD =3SD

: Centroid

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

: 1.00 second
140 m/z

1650 m/z
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2.2 Ellﬂmﬂﬂ?lflﬂ?i?ﬁ!?fﬂlﬁiﬂm
= o W v A .. . . A = Yy 9 o
ﬂlﬂﬂ1ﬂﬂ1ﬂﬂ1§3ﬂl%ﬂﬂ%ﬂ1ﬂ! (Limit of Quantitation, LOQ) A® ']Jilﬂil!ﬂ?"lilﬁlﬂﬂlﬂﬁW@'ﬂﬂlﬂﬂ
~ =< =y )2 A [l ~ I ~ [ o
@15 PAHs ‘Vl‘l/lﬂﬁ@ﬂ“ﬁﬂﬁ"lll"liﬂ‘ﬂ"lﬂiu"lmllﬂiﬂEJT]?Jﬂ’JWiJLLﬂJHLLﬁ%ﬂ’JnlmENLTJ“L!‘V]EJ’E]llﬁJ Iﬂﬂ‘]mulﬂ

wiouq M LOD Tae LOQ Tis1lszana 3 11wee LOD 13 10SD l4ioyanisasivdeumedni

2.3 MIATINAOUMAUNGY (% Recovery)
1 A [ o A ax A X a o a 1 Y
ASHIAT % AUABUTINEATINEOUITNTN I U AT 1zl5ua PAHsTuauaznaun lving
a o a
Tumsansz lagndesnnileeiiols Tasmsmuasazatsuasgiuves 9,10-la'lsTasuounsidu
(Internal Standard, IS) NNFIVANMIUIUALUUOU (10 Yg/mL) ad 11 Tudee19AuAzABU (Spiked
9 o a J 1a an [ 1 1 (% @ ] a A [} Y Aa
sample) 1182111 11z lSuamndsnisainan aaug ldudredauaznoud lulaidy
Y
d1saza1ennsg el tagiimnnNIgesaIUIMUINNIAT % AUNAY Tasauns
% Recovery = [(C, — C,)/C,] x 100
Tagf  C, = AU uUeIdI98 19 NANEI5UIATIIU (Spiked sample)
Yy 9 Y ] A nm Yy a .
C, = ANudutuveiod1e lu lAnua15u1as 11 (Unspiked sample)

) { a @ ’
C3 = ﬂ’JHJLGIJllGU‘LHJ’E]\‘Iﬁ'ﬁﬁgtﬂEJ?JW]?:@WUﬁLG]?JSlHWJE]EJN
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Tunzia Fainiduuilailanszaeseuisonazinsanasgnui taganadgiuneanzalunga v
a @ a J a2 (% J ! . a 1 Aa
NANSHANHUNVBIAITOUNTI INUTIUADINAINEGTI LAZWUAT Redox potential (Eh) ¥93aUTIAIAA
= Y I =K a Y A 9 a =1 A
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M15131 2.6 ALY N TV AVTANIINBNNIAZIANYDIAIDE AL NDUAL

O PAT T3 % 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 PAT T 3 %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 msduidouvuaias PAHs lusiedanznaui vt
HANSANEIYAIINAIUAITATIVNY (LOD) azmvasinalunsiamat/suna (LOQ) ¥oans
AnTIEHUS AT PAHs @201A309 GC-FID 1i310a199a69015190 1.3 (MAKWIN 1) A1LOD oy
11279 6.0-28.0 pg/L ARABMINY 13.425.2 pg/L Taen larshiinnulige (high sensitivity) 923in
LOD 1 aaua1sntinmladi(low sensitivity) 923iA1 LODgY A1LOQ ¥0IMINATIZH PAHs Tu

1 1 %7} -7 1 d‘ 1 % g -7 o L%
AzNOUALDE11Y19 0.08-0.98 ng/g 1MINURY TasAURASMINY 0.30£0.24 ng/g Wniinuny dmsu
I = ] =\ @ [ a 1
nosidudnunduuesas 9,10-Ia'lalasuouns1Hu(internal Standard, 1S)IuAr0819zNBUANDY
U9 79-105%  TasanlesiFuaaunaumasminy 85+ 8.2% lumsseiuanuiudueans
o 1 M Y o 1 ] A 1Y o Y

PAHs ludsdgazneu lildihanlesiFudaundumuiade

MIVATIEHAT PAHs  IUAI06190ENDURINTINNUTNIUANEITIUIU 26 4013 WU
dal % ] ~ [} A A 9 Y

YJutlouvedans PAHs Tunndiedne Tasimnizais PAHs Neglusiemsmsiynasalinaiuanle
A uiieryued US EPA 31491 16 %1 An 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) Tagnun13nsz18v03Sunasinued PAHs 16 @19 (SPAH,) A0 # 2.6 Usnaiinuilsum
SPAH, gengaldunaniili 26 (UTnaUMUNIY Wiema1veumzdds nliFedwinuay

04 ' A 1

A ] ' dy A ¥ v = =
(501szu990A0gHUINY UBNIINUGINGFONITORIUUAIAIY) NULTU1a TPAH,, §4D4 18,970 ng/g
3 o Y = A A <3| v o A A 2 A
UIMUNUNA (M50 18.97 pg/g) aza@ 1 iwy TPAH,, guiluduauaedne a01ii 7 (Usnaninsvy
1 1 a a (B < 4 o [ 1
oetuiuInGeusInnaudvalvggiseanguuadn edudsagurasldan asremums
&’ Y 1 a < 1 @ [l A g Y =2 Y o 1 [
Yuilouvesnsumuivvinadnilzilusgludrediaznouinumais 3aldmmssouaznouning
AzunTIEMUAAnaUDIEN AU U UDENNDUINAZNBUALINIATIEH LARIAIIIEdaTinu
1 a < dy [ % [ = g @ Y A [
aunuvnaanuloued1ua29e19) Wi ZPAH,, UA1 1794.7 ng/g MINUNUNA (W30 1.79 pg/g) aIu
A = 2 o A a = A A N ) oA
vsnuiny  JSua ZPAH, dingaluninafnyifnednIin 16 Taslaunin 65.2 ng/lg  ANRAY
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(median concentration) U941US1u18 PAHs 524 uaznouauuInanz@igduns arauasasssia
v % 1 1 H (% o % y

282 ng/g Wmiinuis Fagennmimelinsseaunuand ez neurmedinziavesszimalne lu

9An (Wattayakorn, 2012) uageegluszaviunaradienfSeueunuisua PAHs fnesioaiulu

= y 1 d’ -d'
umm‘nzm%wﬂmwammmaﬂaﬂ (®M919N 2.5)

18070
3000 - 2 16PAHSs .
2500
=
B
L:a_-. ooo i =+
-1}
T 1500
R
<
S 1000
J
500 - J'I J
calllaldl Jﬂﬂ]ﬂﬂJaﬂ ﬂﬂ 14
1 2 3 4 5 6 7 % 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Sampling sites

MU 2.6 MInszaeveIlsunaes PAHs 3 luddeaznouauRIviiin

A13N3210U09A13 PAHSs 16 wiialudiesanzneuduimiing 26 aailuaaslunind 2.7
nuhednazneudiunaiesszneuvesensPAHsATva Tuanalng (high molecular weight
PAHs (HMWPAH) w3oa13PAHsH Tuanatssnoudrersuviiuudu 4-c0flundn  1dun
Fluoranthene(Flt), Pyrene(Pyr), Benzo[alanthracene(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) 1ai¢ Benzo[ghi]perylene(BgP) Ia EJW‘]JﬂﬂiJLSﬁJiJ“lsIIuméﬂ(median concentration, ng/g DW) U93819
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) A1151 PAHs ‘ﬁmmaqammmﬁﬂ(low molecular weight
PAHs (LMWPAH) #3013 PAHs ‘ﬁimaQaﬂizﬂauﬁ'ammmumu@u 2-329) laun
Naphthalene(Nap), Acenapthylene(Acy), Acenapthene(Acn), Fluorene(Flu), Phenanthrene(Phe) Liae
Anthracene(Ant) Wi lua3anaidin3nn (i 2.8) enduanilii 1 W Phe Tuilsuag (54.0 ng/g)
wazdaiiii 26 WU Acy Tualsuagann (9767.0 ng/g) Sui¥eegeazneudnilii 1 uay 26 3

dadauiosaz e 2-3rings-PAHs A04-6rings-PAHs (SPAH, . : ZPAH, . ) gin1iale819oulu

2-3Rings 4-6Rings

¥ v
A AR

WNUNAABIAD 53% (@013 1) 1Az 60% (a013 26) (Falun1wi 2.9) @15199 2.7 uaaallsuusIvved

e < (= ]
PAHsNMUA (ZPAHI16) UY311a1570909PAHsY AN (EPAH ) U5 IuueaPAHs VA lvg

2-3Rings

(SPAH, ) Uaziosazvesdadiu PAHs vinaTvg TUPAHs 590 (%ZPAH, .. ) FINUNIAURGY

4-6Rings
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Percentage fraction

Relative abundance of each PAH compound

Flu Phe Ant
Ace
Acy 1% 2%
Nap 0% 2% ° <70 3%

1%

M 2.8 nfSeumsuaunasdadiunsnszaeuod PAHs 16 ¥ialunsnadny

2

[}
=
I

=
=1
]

.
=1
1

b
=1
1

=1
]

#2-3 Rings = 4-6 Rings

123 435 67 8 921011121314151617181920212223242526

Sampling sites

MNA 2.9 99318113 088209 PAHs 2-3 24 1A PAHs 4-6 19 1ud198 190 nouLaaz a0l

A15199 2.7 ANAeLas A BUe9LS M5 INUBIPAHSs Fadiua1eg luazneuysnadnm

Aundeuazids | ZPAH,  ZPAHpsping  ZPAH, %EIPAH, .
Mediants.d. | 28243660 2842232 2531451 87+13
Range 65-18970 7-11413 58-7557 40-96
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2.4.3 WviasNaveIas PAHs lunznou

unasfinves PAHs au1snszy ldnnsandiuanuduniuszndng PAHs usazgaiiavied
i38n71 “Diagnostic ratios” ( Yunker et al., 2002) A1981915U 993516 IUPAHs ftadesnmiiesniide
PAHs fifa@esnmuinni1 dimsvunasiinonmswn'lnedi ldauysenuiisnsiaau Phe/an
MW 178) foendn 10 Tzt niudy nuhidasidau Phe/an 11001 10 dmSusasidau
AnudiussenI1e PAHs goulumsswunyszinnmswn vl gy Fveyr (w 202) 19013
Swunnisiwn lndndafuaid Tasidoneencinmsm ndduni darsdsziandu woneinidad
ANUFUIUT 51319 PAHS gone i sifeduduanuduinusveamsmn luduas szyanuuandieves
UHaaTNUBIPAHs (131971 2.8) T18a188AVEY Diagnostic ratios 1BIZ YAV PAHs 11
aznoufiamiEnumedsuazdnnuaaslung nd dmaoiazidovesdandiuudazgas

uanaluaisnah 2.8

d‘ Vo AaA Ja A (% ] a 9
M1319N 2.8 MAFUN IFNTUILHAINNIVOIATS PAHs Tudree19pznoURININ

(AAt1)ad91n: 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 @ =
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1, 18, 26) 9A18IUYBY InP/(InP+BgP)>0.2 (8A3uadl 1,3,5,12) 6A@I18I1UV04 Phe/Ant<10 (sn1iu
017 1) uagdns1aIuved FlyPyr >1.0 (sniuaonil 1, 18, 25, 26) wuNTMawaainnuinig
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M5197 1.2 LAAIRUAVLANINENNIDZIATVDIRI0I19AZNOUAURININ

» VANTNOY v Eh
o % sand % silt % clay s %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 55.9 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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M™1351990 0.3 Limit of Detection (LOD) a1 Limit of Quantitation (LOQ) Y834 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 BKF 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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4 o J o o ¢ 1 4 o 1
MI19N n.4 ’E)@]5”IE‘T’J‘L!ﬂ’J”Illﬁ?JWH‘ﬁi%ﬁ’JNll’OT%mﬂﬁl’fN PAHs (Source diagnostic ratios) luded1anznou

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 %P
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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Abstract

The ohjectives of thiz study were to determine the concentration and types, characteristic distribotion and source
identificadon of pobycyclic aromatic bydrocarbons (PAH:) in surface sedimenes collectsd from Koh Sichang anchormge area,
Chonburi province, as measured by GC-FID. The results showed that the tofal concentrations of 16 PAH priarity polhstant Hsted
by US EFA waried from 652 to 1,7%4.1 ng'g dry weight (avernge concentration was 403.7 ng'g), which indicated that e total
FAH: concentrations were relatively high comparsd to other coastal areas of Thailand. The FAH: profiles were dominated by

four to six ring compounds which accounted for 90 % of toml] FAH:. Fluomnthens, benro[blflooramthens benzofalpyrene,
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% durauiaganssuBarsedovenodsanalng

dibenzofa blmthacens and benzo[ghilperylene represented the highest fractions in most surface sediment samples Source
identification nzing diagnostic PAH ratios indicated that compozition of FPAH: in most sediment amples were characterized by
pymogenic PAH compositions. However, surface cediment: from some stations (=g, station 14 and 15) exhibited 2 miwed

petrogenic and pyTogenic Soarces.
EKeywords : pohycychic aromatic bydrocarbons; sediment; Eoh Sichang anchorapge area, Chonburd province
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Introduction

Ko Sichang iz a small izland located along the
eastern coast of the mmmer Gulf of Thailand,
twelve kilometres offshore from the town of
Siracha, Chonburi Province. Due to ifs
proximity to shipping lane the manme area
between Ko Sichang and Siracha has made a
convenient anchorage spot for barges, which
transship their cargoes to 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 PAH: in the area.
Figure 1. The study area R ees

In this study, levels and distribution of EPA’s 16
priority pollutant PAHs, a group of widespread
environmentally toxic and pemsistent chemicals,
were determined in surface sediments of Ko
Sichang and Smacha coastal manine area, wsing
gas . | chromatography with flame-ionization
detection (GC/FID). Recovery of intemal spikes
added prior to extraction ranged from 80-10
Concentrations' of PAH compounds were not
corrected for surogate recoveries. The ratio of ‘
diagnostic PAH congeners was applied to assess Figure 2. 16 par
z v | gure 2.
potential sources of PAHs in this coastal area. prioritizediby the A
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(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
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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 rafio 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 mngs were dominant (except sites 1 and 26), suggesting that
most stations appeared to be contaminated by pyrolytic PAHs.
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Figure 4. Composition of PAH components in the study area

Ratios of specific PAH compounds (Table 1) were alfo nsed fo differentiate PAHs
from pyrogenic and petrogenic origins. Diagnostie, PAH source rafios indicated that
pyrolytic sources (ie. derived from'combustion eof pefroleum and other organic,
materials) were the primary sources of sedimentary PAHs in the s1ndj' area. |
Table 1. The diagnostic BAH source ratio vmdelm:s"auq those ob&lmd fnr
sediments in the study area. *Modified from Yunker et al 2002)
Thiz sindy
Mean +3d Range
0512019 003082

227+547 0222852

Diagnostic ratios Peirogenic source Pyrolytic source

Anti(Ant+Phe) 01 =01
Phe/Ant =15 <10
1911161

FitPyr 14 ~10 0288386

Flti(Flt<Py) <04 =04 e
AR 0.60:0.31
035:0.12
043:0.15

.

Binary cross plot: between the mtios of F]U:('HP}T) .‘.'5 Ant/(Ant+Phe), apd
InP/(InP+BgF) vs. BaA/(BaA+Chr) were applied fo fimther identify the poténqﬂ
sources of PAHs contammation in the stmlv, area (Fig. 5). The cross plu!s indicat
that most sediment sdmples have mized combustion sources (ie. un.gu{ated Jfrom
grassiwood combustion as well as petroleum combustion).
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Figure 5. PAH cross plots for the ratios of Flt/(Flt+Pyr) vs. Ant/(Ant+Phe) and
InP/(InP+BgP) vs. BaA/(BaA+Chr) in Tnis of the study area. | | -
' .
.

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 vicimity of known mputs such as coal transslipment
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 petroleum, 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
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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
marine 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 pm 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, do-fluoranthene, d;-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 1s 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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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) >
F1t(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].
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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 FItU/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 FIVF1t+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 0.620.15 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

Eo Sichang-Swacha area at the Gulf of Thailand has been recognized as a peolluted coastal area since it 15 one of the 1 b, industries. In this study, we selected two
conng sites in Ko Sichang-Siracha area to d me the recent sedn lati ramsbynsmgn%mﬂ:od,andﬂmhstmc:lmcmdnffiuhlmhnunﬂtmtmﬂn:mgmnu%m
analyzed via the measurement of 21%Po and the internal tracer 2Po by Alpha v. Sediment lation rates weare esti d from excess 20Pb profiles by applying constant mitial
ion (c.ic) model. Sediment lation rates were found to be 0.21 and 0.18 glem®r for the Ko 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 is uniform with depth with an averaze carbon value of 3.39+0.07 percent; whereas that of core 10 is
uniform from the swrface 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 glem?r and 0.18 glem®yr,
recognized as a polluted coastal area since it is one of the important wely. The slightly greater accumulation rate near Ko Sichang than Siracha may result
transportation industries. We studied sediment accummlation rate by ''Pb method and from the curent transport of sediment from the Bangpakong River from the north.
history of total carbon content from two sediment cores. In addition, spatial distribution WP e Activity (Bg kg
of total carbon content was investigated to see human activity impact in this area. I % B A '10 = © i
Sediment accumulation rate by *Pb method is one of the classical dating methods. ? . g*c - oo e
Principle of !'Pb dating method is based on the pathway of °Pb (Fig. 2), where 2Pb E T S
separates into supported and unsupported 210Pb. B . 3': N
m 3 . "
Total carbon content ncludes inorganic (e.g. CaCO; in shell) and organic (e.g. carbon é,s -— . 3 e
from orgamic matter) parts. Coal fragments from the shipping activity in this area are an — T & o W
considered to be one of the components in the total carbon content component here. g9 10 o » a - : . :
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s i Figure 3. Profiles of excess *'"Pb activity from core 7 and core 10 (left cohunn). Sediment
H 15 core depth 15 expressed as cummlative dry mass (z em?) to account for the sediment
H W '..' i compaction. Filled symbols indicate data points used to caleulate accunmlation rate. Open
| symbols at the top sediment core indicate the mixed layer depth and the open symbols at
i % , the bottom indicate the depth of supparted *“Fb activity. Natural loganthm of *"Fb_ asa
H he funetion of cunmlative dry mass from core 7 and 10 (right columm); the fillad symbols in
i the left column were the data peints used to fit the slopes and calculate the sediment
. u n accumulation rate in g/em’/yr unit.
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Figure 1. Sanpling stations at Ko Sichang-Siracha area. 3 41 2
Two sediment core stations are highhghted m red eircles. :: ! ) T

Numbers indicate 26 sampling stations of surface sadiment. W k| "
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Materials and methodology 4 F

A . A4 e “ o

Sediment accumnlation rate by 2*Ph " 7 i

Sediment core 7 and core 10 were collected from the Ko Sichanz-Siracha area m August, 2011 e L i

by using gravity corer. Core 7 (74cm long) and core 10 (90cm long) were sub-sectioned into lem i | L “ | 2 " = i)
iterval and analyzed for 21Pb for every 5 cm interval depth for the top 20 cm and every 10 cm i Y s S o m"_:‘* N n M

N -

mterval depth for the 20-50 cm of sediment cores. The selected lem sediment lavers were oven
dried in the oven at 60 °C to obtain 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 (%wt) Figure 5. Contour plot of total carbon content (%owt) from
from sadiment core 7 and core 10 26 sarface sediment stations.

performed indirectly via the measurement of 1%Po the internal tracer 2¥Po by alpha spectrometry. | [+ Average carbon content of core 7 (3.39=0.07 %) is greater than core 10 (2.98=0.18 %)
Seds lation rates were esty 1 from excess 21%Pb profiles by applying cic. model| | total carbon content spatial distribution is greater on Ko Sichang side than Siracha
(Eq.1), which that initial 1on equals to tant sedu tion rate. # carbon content data reflects more intense shipping activities on Ko Sichang side
Cole) = C(z=0)-e 42 Eql C lusi
The concentrations of excess 2“Pb (C,, (z)) are constant imitially and decay exponentially with ar L LI
e Ay s lank e S P (g and 51 sofimeat acommlatin 1t (glemlye) Study on sediment accumulation rate by 2%Pb method provides useful history
information on human activity impact at Ko Sichang-Siracha area. Records of total
Total carbon content 5 tent e ‘I' £ T e Bl didtetts £ ty
Sediment core samples for every 5 cm interval and surface sediments from 26 stations were e 2 i 2 gt fretorg S LY
o almparbo Ly ; e ‘1 5.5 " deposited surface sediment have shown in this study as evidence of human activity
driet}l'z ah e £ s e cjgnteut i d:e qmslo Clementabanalyzer. sing £ )2 ) m o impact on the environment, especially from the shipping indusmes at Ko Sichang-
e = plesmnintea gl e 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
*Ppo 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.
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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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