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Abstract

The study is focus on Cadmium and total Polycyclinc aromatic hydrocarbons
(PAHs) contamination on feral fish and farmed green mussels along the East Of
Thailand; Ang Sila coast, Chonburi province and Mapthaputh Industrial Estate, Rayong
province in 2012 to 2014. In addition, biomarker (Cytochrome P450, CYP1A) and
Metallothionein (MT) assessment proved exposure to above mentioned chemicals
based on on one time sampling collected in 2013. Pragnant and student’s behaviour
in marine food consumption and their perceived risks related to consuming marine
food was studied based on interviews relating to their knowledge and understanding
about danger in consuming marine food contaminated with chemicals.

In 2014, results showed cadmium in fish liver caught from Ang Sila averaged
0.2960+0.1793 ug/g wet wt. (n=30), which is higher value 6 time than the liver in fish
caught from Mapthaputh that averaged 0.1859+0.1329 ug/g wet wt. (n=30). It is
statistically significant with ANOVA (p<0.01). As compare to the fish meat, the
Cadmium level is in both areas where Ang Sila and Mapthaputh averaged
0.0016+0.0022 ug/g wet wt. (n=30) and 0.0033+0.0024 ug/g wet wt (n=30). Six fish
species were caught from Angsila with high Cadmium quantity in the liver (>0.2 ~ 1.0
ug/g wet wt.). As for Mapthaputh, the level of Cadmium quantity in the liver is high
only in Mackerel (averaged 0.3081+0.0607 ug/g wet wt.) as for the total of 7 fish
species catched.

In 2014, the Cadmium quantities in green mussels found is lower than that
fish liver. Around Ang Sila, the Cadmium concentration in small green mussels
averaged 0.0644+0.0071 ug/g wet wt.(n=20), and large green mussels that averaged
0.0764+0.0064 ug/g wet wt.(n=20). On the contrary, around Mapthaputh area,
Cadmium concentration from large (averaged 0.0103+0.0019 ug/g wet wt. (n=20) and
small green mussels (averaged 0.0123+0.0031 ug/g wet wt.). And, Cadmium
concentration in green mussels of both large and small around Ang Sila is higher than
that Mapthaputh with statistical significance (p < 0.01). Farmed-mussel (as control)
collected form Trat Province found cadmium concentration (n=10) with average

0.1171+0.0098 ug/g wet wt.



In 2014, the concentation of PAHs in fish liver from Ang Sila averaged
0.1041+0.1026 ug/g dry wt. (n=30), which is 4 times higher in fish meat that averaged
0.0270+0.0519 ug/g dry wt. (n=30). This is significant statistically with ANOVA (p<0.01).
As for Mapthaputh area, the concentration of PAHs in fish liver averaged
0.0546+0.0547 ug/g dry wt. (n=30), which is 2.7 times higher than fish meat that
averaged 0.0201+0.0278 ug/g dry wt. (n=30), significant statistically with ANOVA
(p<0.01). The concentation of PAHs in fish liver from Ang Sila is 2 times higher than
that from Mapthaputh.

In 2014, the concentration of total PAHs from large green mussels in Ang Sila
averaged 0.0500+0.0194 ug/g dry wt. (n=30), which is 2 times higher than small green
mussels that averaged 0.1834+0.0567 ug/g dry wt. (n=30), with statistical significance
with ANOVA (p<0.01). As for Mapthaputh, the concentration of PAHs in large green
mussels averaged 0.1834+0.0567 ug/g dry wt. (n=30), which is 13 times higher than
small green mussels that averaged 0.0142+0.1004 ug/g dry wt. (n=30). It is different
with statistical significance (p<0.01). The total concentration of PAHs of large size of
green mussles from Ang Sila is 3.6 times higher than that from Mapthaputh with
statistical significance (p<0.01). Farmed-mussel (as control) collected form Trat Province
found no PAHs concentration (n=10)

In 2014, fish (liver and muscle) from both stations and from Ang Sila (small and
large size of green musselfound 3 types of low molecular weight PAH namely
Phenanthrene (PHE), Pyrene (PYR), Fluoranthene (FLA). For Maptaohut, Chrysene (CHR)
found additional type beside 3 types of PAHs in small size of green mussl while large
size found additional type of Acenaphthylene (ACY) and Chrysene (CHR).

In 2014, fish liver from both stations found 4 types of low molecular weight
namely Phenanthrene (PHE), Pyrene (PYR), Fluoranthene (FLA), a2 Chrysene (CHR) and
1 more type (Benz[alanthracene, BaA) found from Angsila. From the same fish sample,
fish muscle is no longer CHR accumulated. In other word, large mussel from both
stations found the same 3 types namely PHE, FLA and PYR, while 3 more types
(Acenaphthylene, ACY; Acenaphthene, ACE and CHR) found from Maptaphut. Results
from small mussel, 2 types (PHE and FLA) were found from Angsila, while Maptaphut
has detected 3 types (FLA, PYR and CHR. According to the International Agency for



Research on Cancer, BaA and CHR are considered classify as possibly carcinogenic to
human.

In 2014, the expression of CYP1A (molecular mass at 76/54 kDa, Wester Blot
detection) in marine fish from Ang Sila using antibody technique shows 60% positive
results from 60 samples (12 fish species) as for Mapthaputh area, there are 100%
positive results from 60 samples (7 fish species). Metallothionein (MT) expression (size
10 kDa) from Ang Sila was found 33.3% positive results from 60 samples as for
Mapthaputh, 73.3 positive results out from 60 samples. Fish species as categorized by
its consumption behaviour (carnivore, omnivore and herbivore) has no significance
statistically in relation to expression of CYP1A and MT.

In 2014, the expression of CYP1A (56 kDa) with antibody technique was found in
green mussels for both Ang Sila and Mapthaputh. However, the concentration of the
bioindicator band can verify different concentrations of samples. Both small and large
green mussels from Ang Sila were verified by antibody and antigen with thin
concentration (+) and average concentration (++) only. As for Mapthaputh, small and
large green mussels have average (++) and high concentration (+++) only. Farmed-
mussel (as control) collected form Trat Province found CYP1A from all samples (n=10)

Seafood consumption and knowledge about risks associated with seafood
consumption of consumers were investigated. For the first two years of investigation
(2012-2013), pregnant women are the most vulnerable group as compared to
children and general public living around Maptaphut area because they have the
lowest knowledge about chemical contamination in seafood and their seafood
consumption behavior is at risk. In 2014, a design was performed to identify the
effects of an initiative to promote safe seafood consumption among pregnant
women living around Maptaphut area, Rayong Province were investigated. Pregnant
women were enrolled in a conducted program that promotes health and well-being,
which was adopted from Pender’s principles for health promotion. Two types of
activities were conducted in the program: participatory activities involving
communication materials (manuals and videos) and active promotion that include
sending information through phone SMS. Pregnant women (average age is 26) have

education at the junior high school level and currently work as laborers. Most of



them frequently prefer to consume seafood such as mackerel, squids, shrimps, crabs,
and green mussels respectively. They are patients of a hospital in Mapthaphut,
Rayong Province. Based on the consumption behavior before and after women
enrolled in health promotion program for safe seafood consumption, it was found
that there was an improved knowledge on the risks associated with seafood
consumption and the ability for pregnant women to consuming seafood with
statistically significant difference at (p<0.01). As for the knowledge about the emotion
related to seafood consumption, it was found that there was no significant difference
between before and after the experiment at P=0.069. Overall results of 3 years
research, it can be concluded that pregnant women consumption behavior had
changed in general when compared between before and after their enrollment in
the health promotion for safe seafood consumption with statistically significant
difference at p <0.01. After the experiment, the average equaled 52.80 and the

average before the experiment was 46.97.

Key words: Cadmium, Polycyclinc aromatic hydrocarbons, Cytochrome CYP1A,

Metallothionein, marine fish, Green mussel, seafood, pregnant women
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207 1 (Peakall, 1994) I8lsimdatnauvesidiametnniwit sadiamadanm
yaneds madsuidasFemnouaussmaiiinendaudseauTuena sefuiwaluauis
ANYAZNINTINGT UAZNEANTIN wasnilasuansivludunnden Tuvaedi WHO, 1993
8RR @t Tamedanin vnefls maURsunUaswessruudviven wavenaay
rolviAnsunsesegld fTTamedinimuesnisdulia (Biomarker of Exposure) {ush
wansnsduia Uadinfiansuuanuaey vie auug NAnNaINUFuuSsEnInsansnIeuen
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Metal - BindingProtein

Metal -Binding Protein %38 Metallothionein (MT) 1unguuedlusfuunaidniiil
msduiuveslany uanfulusiufiidnuaiiavio Usznause Cysteine gauszanal 30 %
vosnsmeriily fnaluanadiuaglaisl aromatic amino acid wag histidine sglulanana 2
Tulsanaves MT ) Cysteine axvhmtfidudunuliflanzandu (Minami, Ichida & Kubo,
2002)
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Tumsasdiindetu fo unumves MT lunsidnansfivuasnisusuaunavesloaautos
Tanglusnane Tnensnwnilldaglivin (€ sapidus) Wusunuresdelidisluih Gaan
AU MT aggnindendilviintudleysinlduuaadon ud MT insaanudl 2 Form
Ao CAMT- way CAMT-ll 9 CAMT-| aganunsaduifu Cd 16find1 CaMT-Il wazuonanil 43
msfnwfinAgfumsmieilfinsdansizt MT Welvihldsuduianeuiesan

AU Weyshldfuratietagiimsdunsgy MT ity Tne MT finsanuasiiey
3 form fin CAMT-I, CAMT-Il,uagCAMT-IIl LagHaIAINNITIINITANYIANWLIRNIZIBS MT
finulu form #1399 WU CAMT- wasCdMT-I aefintidiiendeatiunis metabolism us
dusu CAMT-IIl azfeadsiunisanaudufie wie detoxification vosnaues
(Schlenk and Brouwer, 1993)

widsetalsimuidmenufiusni Jadenesssued Wy psduiinastian
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et al,, 2007)
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mullet (Liza aurata) Tuudvias mullet Tuu3in Ria de Aveiro Jadutdnameilaves
nzwaaululszmalusgna nuiiluaaiiid 4 fie Rio Novo do azifuannilfinsrawuuiuna
Metal-Binding Protein IuUquﬁ'qm Ao ~ 627.7 ug Ao Yo eiifidesanuin
fenanduuinnuieglunenavngsy uaviiUSinalanemiin l6uA zn, Cu, Hg uas Cd

geandluudnadug Oliveira et al, 2010)
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oisf \lesiay (2545) AnwiuTuadaveazia uandon dangduagusevilu
MeBLAT (Anadara granosa) UmUInuai1sUeng waruTnueEmsa daudung
nesuanaesmy vayd laevhmaiuiesns 6 A%t dusiiou fureu 2502 unsem
fiunau wiwieu guneu nsngiAy 2543 wul Anadsgegaveslanznziuazuandounyly

WoUSWINAN 2542 Lazunsiai 2543 laadiayindu 0.435 uag 0.835 pg /g, wet weight

P U

Asnanunila (2546) vihnsuaanedleataweuidsseaadlnddaunsei 3
ae mudsunsaezdluly 3 Ushaiwindsduuuaensosulsiuveansiieldluns
nsRdsuwanganinsoeulusiuludnimsugisvesdsemelneg Ao Yainnmy uasts uay
ﬁw%’s’j%ééﬁﬁ% immobilized metal ion affinity chromatography (IMAC) Tngande
AMuausalun1siuaeUllesdeeu (Culsuperscript 2+] ion) Y0anseaulusiu ATy

TUsRunanalalnan1sdounie Coomassie blue Misamemaila immunoblot #aIandau

wiooulusiuselnalrausausuiveninanldin 3 sadelululrausausufueinienis
(mAb La2) wuiiluasafaveruvesanesyuas flunulusiufithimdnlnanauszana 30
way 40 kDa TuvasfluanssUamunaulusiufidvunaussana 40 waz 42 kDa wlornuy
Funeumsviuiansuisdiuies IMAC uddonseindlaausanoufiuei Ab PIl nu

aunsawennseaulusiulaansdiu AsluaILYINISIEA8 10 MM imidazole FIWULAU

'
av v v

TUsAunTvuawindukaulusiunlnainasanaenuludleg19d@m I Nsanu st lua1uad

(%
o Y

N159ee3e EDTA wuswaulUsiuniidmdnlaanauseann 21 kDa luiiegavamyuaz Ius

Tainuluan

a

A48 NI1INeAT (2546) ynsanwandufwwuudsundu wazanuduiy

9 9

[ P

LURISedmesandeureUamzifisuriioseulusroriian 96 Falusuas 3 Wew e
Anwin1suanieenvesdu Metal binding protein mRNA (MT mRNA) lusiviaz lavanuin
puduturewandlonfivhliinnisaeseas 50 (LCyx) aelu 24, 48, 72, uaz 96 alus
Ao 3.81, 3.41, 3.23 ua 2.88 JaAnSuADANTAUATU AMulmAALT LT el AN
audufivwuunasesaldivindu 0.012, 0.06 K8z 0.12 TAANSUADANT AENISTLANIDBNVD
U MTMRNA Aiflaududiu 0.012 fadnsuseans lusuwindu 4.20 wih waglulawini
4.16 W MILENSEDNUDITU MTMRNA fiauidudu 0.06 fadnSusednsluduminiu 4.43
i waglulavindu 3.3¢ Wi MsuansepnYesBu MTMRNA Aiflanududy 0.12 fadnsuse
a3 Tusiuindu 4.93 wih waglulawiniu 5.57 Wh Fan1suaneanaasdy MTmRNA Tusu

Y & CY) | Qg‘, = dl' a d’lj CY) q' 2
a5l dudi1UaR 19w WieUseilunisuuieuvastaneninludwinaoy
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Olafson and Thompson (1974) Anwin1sken Cd-Binding Protein Iﬁuéqw%‘ﬁw
79 gel filtration wWuIn@mIsaen Cd-Binding Protein 910 Atlantic grey seal (Halichoerus
grypus) WulUsAuvwa 9 kDa , Pacific fur seal (Callorhinus ursinus) WulUsauaug
10kDa uag Uacopper rock (Sebastodes caurinus) ) WulUs@uuuia 11kDa

Serra, Carpené, Marcantonio and Isani (1995) ANwINSazaNYDIRIYLARLI Y
way Cd-Binding Protein Tunesansnn Scapharca inaequivalvis Usiale Widen oTuay
m&ﬂ,u LA L‘ﬁ’] ﬂéj’]MLf}J@ 15314 L?jﬁéLﬁﬂLaﬂﬂLLﬂﬂ "?I!\TWU’JI'WVLG]LﬁUU%LﬁmﬁWUﬂqiﬁzaﬂﬁJaﬂ
LLﬂmLﬁwmﬂﬁqm (725.70 pg /g thninusia) nddlvnessududahneaia uAALileey 0.5
pg Cd/ml wagnsazauvesmuanlisunulutieggiauninninggvun?

Dabrio, Rodriguez, Bordin, Bebianno, Ley, Sestakova, Vasak and Nordberg
(2002) Anwunadaaeglunisnsiaaeu MT oun Electroanalytical techniques, UV-Vis
spectrophotometry, Metal saturation assay Wag Immunological techniques Lag@nis
wiafian1suen MT laun indirect method (atomatic absorption spectrometry; AAS,
induce coupled plasma emission spectrometry; ICp-AES ) uag Direct method (liquid
chromatography, capillary electrophoresis)

Park, Chung, Park, Kim, Koh and Lee (2002) @nw1n15l4 gel filtation (Sephadex
G-75), DEAE-Sepharose, Sepharose 12 wagHPLC lun1suen Cd-Binding Protein a1ney
Asian periwinkle (Littorina brevicula) wu3i1 Cd-Binding Protein fuenld Tlushuawin 15
kDa

Crooker, Pozo, Castro, Dice, Boutet, Tanguy, Moraga and Ahearn (2003) Anw
AUMUaYes calcium, heavy metal Wag MT ULL@aE hepatopancreas ¥adnaoUnas
(Homarus americanus) lagld confocal microscopy, centrifugal elutriation wag metal
binding protein-specific antibody ﬁﬁwmmmﬂé’m‘iuﬂdm mollusks %&ﬁﬂﬁﬁ%m%’mﬁ’u
NAY crustaceans WUINENNNTAMIIUNUIYDS MT ULYAE hepatopancreas Ua419aauines
[

Honda, Araujo, Horta, Val and Demalsi (2005) @nwinisvinlusiu MT fiafmain
Uaneziumeu (Colossoma macropomum) waxBas (Saccharomyces cerevisae) fil#su
uAALIE Iﬁu%qw'é §e3Taffinity chromatography 1ae MT flafmaindateswseuld
ABRUNTT NiZ*- loaded resin uae w¢lUshude imidazol d1MT fianandadldnedul
il Cu?*- loaded resin ua Bzf1e EDTA wuianansauen MT Tiu3avsld Gedivunn

TUsAuUsEUa 10 kDa.
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Wu and Chen (2005) 1§ MT illunsratfamatannlunsasiaianisduidieuues
lavegniin lnegnsarauvesuanilonwazdangdlunaul (Litopenaeus vannamei) 9
wefingel filtration chromatography Jswuinseduves MT Lﬁuqﬁummwmmﬁﬂé’mﬁa
AukAALBuLazdINSE

Demuynck, Grumiaux, Mottier, Schikorski, Lemiere, and Lepretre (2006) Anwn
Msmevaueseslsiu MT madansgiiduiuuagluana Tunuey (Eisenia fetida) MduRa
uanLles #2835 Dot immunobinding assay (DIA) Inglwdlaausaueufueffindnanae
Wulne 14-mer w9 MT nusu (Eisenia fetida) wag@nw1szauaeInIsuanioan Aaeio

Norther blotting Tngldainudnmizues prob

Yudkovski, Wrzesinska, YanKelevich, Shefer, Herut and Tom (2008) Tdwau@uas
PNNNTAMNIWNNLHD cod MT kag mammalian actin kagkaURUDANINILHB
Lithognathus mormyrus MT (INdRTU) A5198aUN1Tuanseanves MT Tulal L. mormyrus

CY; a

Nudaansuanion 1838 ELISA WulkauRueaalwizse Lithoenathus mormyrus MT

(AHAATW) @3n5anTIaUsUMYee MT Tulan L. mormyrus laaiufeniu

d135WLaLay (Polycyclic Aromatic Hydrocarbons; PAHs)

PAHs (Polycyclic Aromatic Hydrocarbons) Lﬁumjumimﬁmm\ia%ﬂﬂmLaqa
Usznoume9aglsunfin (Aromatic Ring) Faus 2 raudoudeiu (Fused) Snvawnsidouste
fufenserlainin 2 2sieginserusedlimiueu 2 szxneusuiu werlanfinoradaniuey
5 9130 6 pzmaNfld PAHs Smfunduuesansiaiinazanelddlulusiu feginluludwandesly
SnvuzvasansuitloureliAnuafiv udinesdegluinaiivesnnlusydureslalasniy
sioflansy viseuluniusiognuiariums (wsde vdasudna, 2545) Ussnausnoansiiiigns
lassaavanuaneneiu 35 ¥l wazusiavanslasiasiamanusenausigauius ¢1d o
(Derivative) PAHs fiusingeglusssud 1wy tsufu dwfiu sastsunngegluatuan
bl (nesdnsansdunseuaznInvaude, 2543)

g 1eastungy PAHs lakAwunvndu (Naphthalene) Akuun3uy
(Phenanthrene) lwule(io]uouns1¥u (BenzolaAnthracene) uaziuula(iellnTu
(BenzolalPyrene) 1ugu wurvnduduansiiataanmeddnvasdundadun dulddu
gnindiu Jagtuldinnlugpanvnssudden Tuvasiiuuleoioundutazuuleliollwiy

Fuinanmanlndazdinuauifiduansnousss @a1ssa yyaue, 2544)
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[

n15Uszgndld Cytochrome P450 (CYP1A) illudadiiamedanmludauandouuas
MuATeiieadas

wouleilalalasuP-a50mnefis nguuesieuluiuszneumedy deegiiviina
snnvsureseulananafinafindy viuthiRedesdudunouaninevesnsieufaseoond
.Huee Mix Function Oxidase System lalnlasu P-450 agtaetssvuiumsamueddy
yesEsUsznauRanaglutarmeuensnsne fegraty Uji3en Hydroxylation,
Heteroatom Oxygenation, Dealkylation &g Epoxidation Dudu uaﬂﬁ]’mﬁiléﬂmimu
P-450 fafertesluliisesindusie wavelavififntu sziaruaunsalunisavaeh
IHnnninansusznevisduuazaninsatueenannienield winuimdainuiiseudiens
AatmuelayifianinsnviiuAzendu Cellular Nucleophiles nafoorainaulufiviie
Duansneuzisald (@Saud® wiunsmilana, 25640) wuledllelalasy P-450 Fudunguioules
Flgsunsfnwegnanniflesnniiunumdfaluamnuedtuvesasieadiangg ﬁy’aﬁagma‘lu
LazMEuenadiiin fuudnanlalalalasy P-a50 Wudsamadanm (Biological
Catalyst) fiflnamannvianesniigauazsinnszaneeginluneluadifounnviaves
5@ﬁ%”3mﬁﬁ W AU &0 e wuas Bad wazuuadise Wudy (udl seuzan, 2546)

lalnlasy P-50 fvthivdniAeadestunisudniiy (Detoxification) Tudeddin L
Tusnevesuudinunanneulsdinarissmefaduluseansiy (Pollutants) #s
Mndandey ansuafivinanndnilug/ldun BenzolalPyrene Famuluatuyriuasilais
Polycholorinated Biphenyls (PCBs) %agﬂiﬂumiﬁﬁ’a@amu (Insulating Materials) tia
Dioxins (2,3,7,8,-Tetrachiorodibenzo-p-Dioxin %58 TCDD) Foudunanaosls (By-Product)
nmsnluiiialy uenaniasfiveiindu 1 faunsagniuniuelad (Metabolized) Tl
Tolasa P-450 durenvdiam q sauteuiToue ansdedusoondlad uazansiidn
fngity (Pesticides) Wusiu faegnslunisidnarsulanyasueanainsisnievesialalasy P-
450 WU NSINIUDATUYRIE
manpuauesesausesialasdavisiutuegiuusinuveneuludlulalasy P-a50
Sumzsety q Mileglusinievasau o Shannieaiieds Tuunnuensazameonledle
TalAsu P-450 171’%0’1LW’]W]IE]EJ’1f;f\‘iﬂﬁ?’;ﬁ’ﬂﬁﬂumdﬂﬁuiﬁa’m'ﬁﬂﬁ’lﬁﬂﬁ’lﬁ%ﬁﬂﬁu‘] 99NN
sumelfuazavazanliosnsdeiilosaudsnaliAnauguussdu (el swusan, 2546)

aa o 1

Peter, Nasci, and Livingstone (1998) l¥aufivafnidninizsio CYP ndusing 9 310

Uanunsivaeuluvesuuasg Mytilus edulis InUIaLmaiiin sl Ueulaz e

avon semnalln Western Blot tafinwiguwuuves CYP anlulasleuuazsiiong
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CYP U3avs wuUiinaneulss CYP1A, 28 way 4A 9nvesluuvasiiifinisuuidieuganiilu
wissiazetn warwuineuls Cvp wiladeatuanseddlalasleunassegaatin CYP
U3avaiisnunuunulushusety Sifies CYPaA winiufifidunuunulushussaty Taenisardn
sheglivdeams CYP agnuuaulUsiutiosndn eandsmsatnsiegns CYP u3ans
wannsamdnlusiuilddumngdeonaiuiisertusuieuiiaueenluld ilrndelany
waulUsiiu CYP fismneseuauivenvinty

Rice, Schlenk, Ainsworth, and Goksgyr (1998) nageuufiisentiuvasuly
lrausaLauAuofne CYP1A 91nUa1 Rainbow Trout wuNa@1u1salnsIaaeun1sasg
CYP1A 1uﬂawﬁm§'uiﬁtfdu Atlantic Cod, Atlantic Salmon, Pinfish, Killfish, Carp &g
Channel Catfish #1uans PCBs wag PAHs vilsiaunsndszendldueufivefiiifienaaey
nsas1e CYP1A Tutamanewfinfisuduiauanvle

Schlezinger, Parker, Zeldin, and Stegeman (1998) Tonaaaslulan Scup L‘Wﬂéj
wazneiile Taen1sBnans BaP (10 me/ke) waz TCDD (1 pg/ke) ndsantiudunan 3 Su
Austuanuniaseilusiu CYP1A Tneds Western Blot uag EROD wuianstanaduay
walefldFuans BaP wag TCOD fimsa$ha CYP1A gendngaaiuauiidn Com Oil (1 me/kg)
pgnslitdAgy uivawedsaziinisasng CYP1A ﬁasmfwmLWﬁQ’LﬁadmﬂTummzﬁﬂmLWﬁ
WedinnsiasayiuladiigJosyiugaziinisaiegesluy Estradiol Feflmadiudanisasn
TUshiu CYP1A

Yawetz, Woodin, and Stegeman (1998a) Anwn15uin CYP 99n§UvaL6n
C. picta Alasuans TCB, PCB, 3-Naphtholflavone (BNF), Aroclor 1254 wag
Phenobarbital Tagldueufivesiisinizae CYP QG qwuiwwhﬁiﬁ%’umi TCB, BNF
uaz Aroclor annsadnthliiAn CYP1A gadleiisufugnrunu Hannaeus IS Western
Blot Tag/l MAb anti ScupCYP1A 1-12-3 wuanausaldnsiaaaunisaing CYP1A Tuwsn
¥inill# Tnefouluianadl 59 kDa daunisld PAD anti Scup CYP2B nuuaulusiu
CYP2B3Band lagansfidniiliinisadia CYP2B Ao TCB, Phenobarbital, BNF wag Aroclor

Yawetz, Zilberman, Woodin, and Stageman (1998b) vinnsnaaasly
Uainszuan (Mugil capico) Inan13aaans B-Naphtoflavone (BNF) A23uau 15, 30 way
60 me/kg wazas Aroclor anadiudiy 25, 50 uay 100 mg/ke 9Nt 5 Yu thegnasiu
wazsalaveslannanalusiunaznsadoun15a319 CYPLA 61875 Western Blot Wag EROD

PUNITESIE CYP LA WALUUAUANUIUTUUDIE1SNId99TA 1ion51980Ulneds EROD WU
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n15a319 CYP1A Tuduunnniialadiunisnsaaeulaeis Western Blot launsansiain
CYP1A aninlale

Bainy, Woodin, and Stegeman (1999) ﬁﬂmgmwwaa CYP Tudanila O.
niloticus M8t Billing Yrunnsiaaeulagds Western Blot Tngldueufivedisng 1 Ae
MAb anti Scup CYP1A (1-12-3), PAb anti Scup P450B (CYP2B) ey PAb anti Trout
CYP3A nutueufveiamaunsavhuiisediuiu ovp Tudaniald aeusuna CYPIA
mﬂai’mzﬁy’qﬁuLLaglmeUaWﬁlé’%’umiﬁwqmdﬂuLméaﬁ’]ﬁlﬂﬁ%’umi UONINENS
AAT12IEFE Immunohistochemical Sswun1siia CYP1A Idluafenenndausia fu sila
wazwiten @ CYP2B waz CYP3A tusinmsasranulutananniia 2 uvasdsUanluuvasd]
Wildumsviudularnniiuiionaglifuammnaiiivudousgluomsdia ua

ol =

Wisusunisiie CYP2B Tudaniilasuansiwaindusazianuinluduasivaulusiu 3 wau

ﬁﬁmmm‘ﬂmaqa 555, 53.9 uay 52.3 kDa aululail 1 wouflvunn 53.9 kDa Tnemsinulu

a

fuiuoulusiumnnindesnanmsidudueeeiitinigadia Cvp Tnenss uaziliuiiade
fiu CYP2B wanedatutania vinliaunsavindisendudule

Nyman et al. (2000) Anw1nsasns CYP1A luuwnih (Ringed Seals uag Grey
Seals) Mnuvanififinmsudouvesmaediainlssnugnamnsy nmanaaeulnewada
EROD nunfiUsina CYP1A genddlawfisufuumdailifinnsuuiiou donsnaeulngld
wouRveRiisuzae CYP NANFN99 WUIN Anti-Peptide Antibodies Raised against
Human CYP1ALuaz CYP1A2 lianansavhisendufuuumiviiaesslnils uanad
waufueRiiinusumggemn daunsld MAb 1-7-1 Raised against Rat CYP1AL waw
CYP1AZ aunsavhuiisendin CYP1AL wag CYP1A2 Tuwsnildlneny CYP1A Suwa
56 kDa

Al-Arabi and Goksayr (2002) Anwinisneuauedveas CYPIAL ludawniouass
ﬁuﬁﬂﬁaﬂmﬂmmﬁ’l (Rita rita) wazUamzia Mudfish (Apocryptes bato) Iaemsliuanits
aosriinlasuans R-Naphtholflavone (BNF 50 mg/kg), PCB Mixer (Clophen A50 20
mg/kg) ey Cdcl, (1 mg/ke) laeAnwnisasnge CYP1A wasana1susiuvesUanunanauas
av19aeulnes Western Blot felululpaueauaufueffisinzss CYPLA 9nUan Scup
wuhueufvefaunsavhuiAsenduiuaiaessiadlflasuariilésu BNF wag Clophen
A50 §in5a319 CYP1A gandngamiuay dvuneliianawiiiu 58 kDa lutan Mudfish uag
49.5 kDa luuan Catfish
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Carlson, Li, and Zelikoff (2004) l§fnwnavesans BapP fiviliAaliAaanudy
fusasruugiauiilulan Japanese Medaka (Oryziaslatipes) Wnensld MAb 1-12-3 i
FumzAuvan Scup nuamsaiUAzenduiuamanesiald waginsdinu ilegin
cvP1A anmsenuldiidiododnidalddhe nansmaaesmuin CYPLA ananswuldaraly s la
uazshy ndsannildFuans BaP 48 dlus wagnuin BaP awnsalunseduszuundduily
UalalaenseAuniskuadives T wag B-Lymphocyte Tnalvsuidelsaldinetu

Johnson, Schiedek, Goksgyr, and Grosvik (2006) TaRNYINTHENIDDNVDY
Cytoskeleton Protein ﬁawmmﬁwﬂﬁﬁ%msﬁmﬁa Anti-Fish CYP1A sievieguuass) (Mytilus

sp flesunisUuleuainansdunsd lneganudululalumsldesdusenaulu

1%
v adv IS

Cytoskeleton 1JusuiidTan1einmeesnsuuilouainaissuniduaiuwlulagldlusiuain
@i Non-Muscular Actin waz Tropomyosin ¥UA3eniu Anti-Fish CYP1A Liteg
nsUuleuasBunIduasiUSeuiisuiunisiia Heat Shock Protein (Hsp70) #saggnasia
é’ d' a a Vo a 1 ldl VYo y y
Fulevaninanunienainmslasuansiall nuivesuuaagnlasuans 2,2',4,4'-
Tetrabromodiphenyl Ether (BDE-47) 5 ppb #iU3u1au Microsomal Actin mﬂﬂdﬂwqm
AIUANER 200% WazUTann Microsomal Actin Tunesilasuindiufu dndudunaudafa
Tiuoauay PAHs fuganaaeiiaflameiu

mManunnssunssIMsau@nuiiieduaiunginssumsuilanommziave s
famsss Usznaudeusuiiusine sasoluil
2.1 WNARLAENG B NTALETUFUNN
2.2 ansivy fuagunnuazaulaeadslunisusinaemnimeia
2.2.1 wdsilunuesansiiwlueimveia
2.2.2 Hansegnurasasiivlueimvea
2.2.2.1 nansgnusiodadPinlunzia
2.2.2.2 wansenuseszuuinadudufiendevesdlTislunzia
2.2.2.3 wansgnusioUszavuiialy
2.2.2.4 wansynusenauyAnalITy 1y vifeiansss, win
2.2.3 mMsvilapemsnzaUasndy

2.3 1nUNTAIMTURYGIFIATIA



31

2.1 Nufn1sdeLaiugvnIn (Health Promotion Theory)

¥

MsduaSuguAmYBsNLIAes TlugILININILIART USRS TsENa UM AL
manssanaansuaINITUURNaANTTU (Outcome expectancies) MNNg¥N5IAAMAT
NITANAYTY kaZANAIARTIIUAINEINTVRIRULEY (Self-efficacy expectancies) A7
nounsiseuimalyadey sluirdndnvesiuuinassduasuaunin Usenaume 3
ulusirmingn liun Uszaunisal audnuazvesianyana ensuaiuaznsaniilomzianzas

&

AUNGANTIN wazHaansIuNginssulaeesuteladeniinudAgyniolan

a

SWanaNgAnIIH
duaSuguam fail
LanwazanzwazUszaunisaivasyana (Individual Characteristics and
Experiences) dnwaizlanzuazUszaunisaivesyanaiiiinadenisufiangingss Tuuluvim
wénil wmuseslfiaueuluiimides fenginssuiiAeites wariladeduyana Tasslusimins
aoafinnuieatestunginssugunmuianginssuvdeluuiengulsseinsinty
1.1 woAnssuiiados (Prior related behavior) fonginssufiiamnuniieuidss

a wa a

fungAnssuneUfURLLaY MIslinuussuein1sUfuangfnssunmlounaaiu
a Ql'd‘ [ a Ql' a wal a aa a 1 a wa a
ngAnssunReUsEass laanginssunweuinlusiniiavinalaensmensufuingfnssy
GNGEGLRRM Lﬁaamﬂwqaﬂssu‘ﬁmaﬂﬁﬁ’amﬁuﬁﬂmmﬁuﬁﬁa (habit formation) LLa
a wa a :.’/ o A [ 5’_’, =1 @ v @ a wa a
yrraUfUangAnssutulalnednludflaeanfonnuaslafisadniesAuifingfinssy
duasuavnmla
1.2 Yadediuynna (Personal Factors) UadudiuynnauUsznaume 3 diu fie
1) Ja38m1udiinen
2) U33ea1uaningn
3) U238AUFIANTRIUSTTY
2. AnuAaLazensuaiRongAnssu (Behavior-Specific Cognition and Affect) 18u
wlufiminanlunisaiianagns weasrusepslaliyanaiinsimuvseusuilaeungsngsy 5
CY) & o dy
yluviAY fail

2.1 Mssuiuseleviveansujianginssu (Perceived Benefits of Action)

mssuiusgleviveansujifngAnssuiiluanudevesunnalasmanisUseleviiias sy



32

1%

MR SUURNGANTTUFUA N slwiediffugunnuidomnannguiauaients ms
Tinauen (Expectancy-value theory) mssuiusslevianmsuianganssuduwsaaiuin
Tiyanainussgdlalunmsufoinginssutu yaraasUfoangRnssumauszaunsalluofio
fnuimgfnssutilinameuindenues Usslesinnnmsufifinginssuensasduiis
Uszleginiguen

2.2 MssugavassalunsufjifngAnssu (Perceived Barriers to Action) LU
ansdeviensiuiiedsdnunsiviliyanaliausau fRngAnssudaaiugunm Faan
auassanelunazneuenvesuana auassanielu lawa anuldd lifivan lufiswela Ju
fu guassaneuen WA anunmvnaasugia waueautideidouastadoady wu
Aldane anmenie wazanuldazaan anuaiusalunisdnge Wudu guassalums
Uﬁﬂ’ﬁwqaﬂsimaLa'%uqﬁumwﬁmadawasia mméﬂy’ﬂaﬁ%mzﬁﬁwqamsm wazilnasio
usegdlaliivanidesiiorufURnginssudaaiugunim

2.3 N35U3ANUANNTIVRIRNULEY (Perceived Self-Efficacy) N155u3
ANANINTOVDIRLLEY BT AriTesiuesyana RBafuANLEINTIvsRULEdlUNTS

UImsiansuaznseimginssule s aeldauassanseaniizaneglunisudnginssy

'
A

duafuaunm Woyanaldolmuesainsnu joingAnssuduaiuguanneldguassanie
anun1salane lokazSuiinnuesianuanansalunisu UangAnssuluseugeasiiavina
ren1ssuiavassalunisuiangAnssudaasuguninanaslaiaznssuinmnuaunsaves
auslun1suuRngAnssudaasuaunin TavsnaleunsadenisuuRnginssudaaty
guAMuaziiBnsnalaudeudengAnssuduaSuguam lagnunssuTaUassalun1su U
woAnssuAuET U MarANLL TR e U U SUF URWa AnsuTnal Y

Aa

2.4 anuidnnilsiengAnssu (Activity-Related Affect) Ao Ausanlunisuan
vIeauiATuUnou 581N WagraansuUuRAngAnssy NMsreuaueiauianiienaidey
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3.3 NOANTINALAIUGVNN (Health-Promoting Behavior) weAnssuaaaiaguan
Jugagavnewaznaainnisufiinginssulusuudraesduasuavnin egrslsimungfngsy

duasuavnmluiiulaensaienisnadnsnisguaniiuszaunadiialugsuusnig

woRnssuduasguanluundunlaysannsdiunsldtiadszaniu



34

NaTlinAeNITUTUNITAUAIN MSTNANLEINTlUNSTIMENTIvee319Ne waznnsl

AMANTIANALUNT A UINTVDINY W

ANWUSLANIE

wazUszaunisalvasuAna

AUAALAZDITUA]

faNRANTIN

mssuiuszleviues

V)

n151A1]

NOANTTUNAANS

mssuFalasialums

U 9

A a

Miannanssu

‘wqaﬂﬁu‘ﬁ — v v
MITVIANNAINITD
EIRINIGRETRN]
adgauyana awddniinae
- MUFININ NWAANTTU
I |
- udany
SAUTTTY INTNAITHINYAN
(AsoUR, iow, NugUAmW
, UTINAFIU, A1)

o &
anuImilutay
A A A
N19A0NOUN

a X
NaUU

Y A

ANUYINUN L

1A

NOANTTY

ORI ERY

A

a A J
DNTNANTADIUNITN

A A

AT 1 wuudnaeensaasugun natuuiuUse (Health Promotion Model Revised)

fan (Pender, N.J., Murdaugh, C.L. & Parsons, M.A., 2006 : 50)
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2.2 asiy fugumnuazaulasnislunisuilnaanmsna
2.2.1 uWHaNNNIvBeEIsNE U 1sNEta (Sources of Toxic Chemical in
Seafoods)
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http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%9A
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B9%80%E0%B8%88%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%B4%E0%B9%82%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B9%81%E0%B8%A3%E0%B9%88%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B9%81%E0%B8%A3%E0%B9%88%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B9%8A%E0%B8%B2%E0%B8%8B%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%8A%E0%B8%B2%E0%B8%95%E0%B8%B4
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(ﬁuﬁ:http://www.manager.co.th/tocal/viewnews.aspx?NewsID:95600001 12918)
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ftintanin 1SR CYP1AUaE metal-binding protein

- AnginUEnuasions fduanUamaa Lo (30 feg) wagiy (30
eE9) uaznesuat (20 fegne WasnaueleENI1 6 WURWAS way 20 M1
WaenAnuemannnit 6 Wuiung) msatnileedege Extraction) ulsdasegng
Usganas 5 n3u Tu Thimble Tdadluynarindaegauuuseiilas (continuous extraction) Tu
Ynann Soxhlet extractor @finMEa1s Hexane, Dichloromethane(1:1 v/v) 250 fadans
afmuuusaiies sgeles 6 Talualindsdiadaldun 10 Faddns et lumusuin
foleysIu Mela3as GC/MS vn1snTvaeuiivesufinnig aniuineimaninimela
UININYIYY TN

- AipsgsmamnuulsUsiuTesaaie (Analysis of variance, ANOVA) ¥8U311a
a5Tloley sEin Weuasfuuamua waz Lﬁawammaq;j 2 YUIN UL URBENS
JInTTLoarYays

- mMsmAduUszansanduius (correlation coefficient, 1) SEWinsaNTeLOTLAL
nsuanseanvedlusiiu CYPLA Tudameiauasviosuasg

- AinginUiina uaadloy iduainvameia uasvesiuasy (20 feg 1Wien
ANLENINNNTN 6 WuRWAS) M5IAsERUnauandin Tnevnisdessedraileide
didensalussn (Suprapure Nitric acid) uaglalasauesoenleslupiosoraaes
agnadnenaudY (Microwave Digester) TmsuSuusinmsuaahlunsiaiausunn uandley
feieded Atomic Absorption Spectrophotometer v'iwmsmaaaauﬁﬁamﬁﬁ’ami AR
MIYAERT UMINYIFEYTIN

~Awsigrimananuulsusiuvesanads (Analysis of variance, ANOVA) vasU3una
asuandlon ludowazdudan waz Lﬁawammmzj AuwaunuiMegdminsrenauay

Yays
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- svAndulsyanSanduiug (correlation coefficient, 1) sevinvansuanifion uag
NSuanIeaNUBIlUTAN metal-binding protein Tulamzia

- M3afia crude CYPIA (wendegnamstulusiuluedosmnngneuiii aain
ivmans wninerdoysin duduaiesmnaznougsiiquiiedesiouvninedoniina
n3amMne) d1m¥U Western blot wag ELISA ¥imsnsaaaeuiviesufjifinig anedunande
MRS UNINYIRBYTI

- nsnagou Wsilu CYP1A Tag Western blot Analysis iiensiuswiatmin
Taianavihnisusnansada CYP1A Tu 12 % SDS-PAGE antuniaiiuenTusiuudacme
TsAunnuiuaaasgnszavlulasiwaglaa whluunlu PAb vise MAb usiazfa a9
0.5% blotto Ualu GAM-HRP (1:1000) 3 $alais &198e 0.5% blotto wazusluansazane
0.03% DAB, 0.006% H.,0,, 0.05% CoCl, 5 unf &1adetivane 9 s mm@uadﬂiﬁuﬁ
Tnauinfuneufivefiusazsh mummidwiinluanalaedieuiulusiuinmsgu prestain
thwiinlanana 31.4-126 kDa (Sigma)

- NMTIATIZI metal-binding protein Andulamzia thdulameziauania Loy
homogenized (35% w/v) 50 mM Tris-HCL Tu pH 7.4 @i (35 % w/v) fUs398ae 0.1 mM
PMSF, 0.5 mM DTT uag 150 mM NaCl f\]’mﬂfuﬁ’]m centrifuge 7 15,000 X g WU 90 W7
gaumgdl 4 ssrwaifoaiulusiuadiuu supematant tharu supernatant Miduvoanan
Aulddiiu -80 esrwalvasensvaaeunsUsIalUsiu inswdinalusvly
Fregns Wiethaeudufulysiunmuin nsanisuanteenvaimetal-binding protein

Tuvameia A8 Western blot (Fafinaawaidnanu)
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A8n1591A5129 PAHs #2835 Gas Chromatography-Mass Spectrometry
(GC-MS)

AnszdUiinaans PAHs laglushednslamsarhnsdudiediaieassdouay
fu drumosuuasgldideviash thiegnaminliuiaiendos Freeze dryer ualviasiBen
sheesesuntiu wharndegsneviagats Dichloromethane Tutmarin Soxhlet
extractor tnefinans 2-Fluoro-1, 10-biphenyl $0.8u internal standard vinisafasasiies
Funan 24 lus ndmniuihasaraneildluainusnianzainmesans PAHs feis
column chromatography wagiluasiainsgimeiauas Usunaeas PAHs 311 16
¥3in lauA naphthalene (NAP), acenaphthylene (ACY), acenaphthene (ACE), fluorene
(FLO), phenanthrene (PHE), anthracene (ANT), fluoranthene (FLA), pyrene (PYR),
benz[alanthracene (BaA), chrysene (CHR), benzo[b]-fluoranthene (BbF),
benzolklfluoranthene (BKF), benzolalpyrene (BaP), indeno[1,2,3-cd]pyrene (IcdP),
dibenzola,hlanthracene (DahA) wag benzolghilperylene (BehiP) lnavinnisnsiaiiasisi
FfBLA309Gas Chromatograph-Mass Spectrometer (GC-MS)va3u3sn Agilent iq'u Agilent
6890N Gas Chromatograph/5970 inert Mass Selective Detector Fannd 6 Fedianny

ANSYINUYDWATDY AaL)

Instrument setting

Injection volume 1 plinjection technique

Splitlessinitial temperature 270 °c

Transfer line temperature 280 °c

Injection temperature 270 °c

Carrier gas HeliumLinear gas velocity 43 cm/sec
Carrier gas flow 1.4 mU/min

Temperature program

Initial temperature 0.50 min at 50 °c

Rate (°c/min) Final temperature Final time (min)
17 200 0
9 250 0

10 280 7
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Column
Type Capillary column, HP-5MS (0.25 cm x 30 m x 0.25
umMode Constant flowDetection Mass Selective
Detector (MSD) Acquisition mode SIM mode

AN 6 1A309 Gas Chromatograph-Mass Spectrometer (GC-MS) ¥89U3¥%
Agilent 3;14 Agilent 6890N Gas Chromatograph/5970 inert Mass Selective Detector

YSuaansingaianunsadnsieile

PAHs LOD (ug/ml)
Naphthalene (NAP) 0.0009
Acenaphthylene (ACY) 0.0017
Acenaphthene (ACE) 0.0011
Fluorene (FLO) 0.0026
Phenanthrene (PHE) 0.0176
Anthracene (ANT) 0.0011
Fluoranthene (FLA) 0.0153
Pyrene (PYR) 0.0132
Benz[alanthracene (BaA) 0.0016
Chrysene (CHR) 0.0037
Benzo[b]-fluoranthene (BbF) 0.0018
Benzo[k]fluoranthene (BkF) 0.0017
Benzo[alpyrene (BaP) 0.0012
Indenol1,2,3-cd]pyrene (IcdP) 0.0003
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PAHs LOD (ug/ml)
Dibenzola,h]anthracene (Dah) 0.0009
Benzo[ghilperylene (BghiP) 0.0026
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NI luNuNIUAneationeadeUsEiM 26 U

£ ¥

dlvg (= Sovaz 44)

UMIANTEAULsEUAY kavUsenaue1Ansudne Ussunaudeay 40 vaangudieg
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Junsenssiassi 1 dsllaquulienyassild 2 weu wgsisnssanlideyadiulng (Gevay

Y

28) fisgladesoiion 10,001-15,000 U Jieedpeay 10 VOIRIAIATIANLANDINIS

P % A ¢ a 9] Y @ '
neLa SZIQE'QUIWEQLLWQ\T T99A9HAD NUN LazUaneia 5’1868Laﬁl@ﬂ@%amﬁlﬂ%aﬂﬂ@ﬂ@ﬁ@ﬁﬂﬂ

Aaandlumisan 3

M1399 3 INULEL TR VBINANAIBE1NTMUNANLENYENIUTEYINTUATFIAY

ANWUENINUTEVINT AL EIAN

U (Gevay

1. 018 @)
< 20 12 (12.9)
20-24 37 (39.8)
25-29 19 (20.4)
30-34 14 (15.1)
.35 11(11.8)
571 93 (100)
AnadeLALsLULIATEIY 2618+ 7.15
Agegn - Avnan 18-50
2. 91T
LNEATNITY 2(2.2)
Fud19 41 (44.1)
ANUY 7(7.5)
WU 39 (41.9)
Buy 4(4.3)




M591 3 PULazToarvINguiIgTMUNANGNYUENNUTEIINSLArdIAY (D)

anwalenUTEEINILazdIAu I (Fovag)

3. SAUNITANY
Tailaseu 5 (5.4)
Uszaufne 17 (18.3)
ssuAnYINOUA 41 (44.1)
Hseumnwnaulae 28 (30.1)
YTy w3 2(2.2)

4. swlaadedeiou (L)
< 5,000 7 (7.5)
5,001-10,000 24 (25.8)
10,001-15,000 26 (28.0)
15,001-20,000 10 (10.8)
>20,000 13 (14.0)
laifsnslae 13 (14.0)

5. ASINVBINISAIATIA

1 38 (40.9)
2 28 (30.1)
3 20 (21.5)
a4 5(5.4)
5 2(22)
6. 018AT3ATATY
<3 1hgu 65 (69.9)
> 3 \piau 28 (30.1)

7. U IRNISHNeI TN
Tl 83 (89.2)
Wi 10 (10.8)
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2. dagangAnssanisuilananmnmeta
MM 4 LEAINOANTTUNITUIINADIM INLLaUDINQIAIATIA WU TaeTu 1
dUasi nenanssaluiuiuuaing 1anudlun1sulsemMueImMImeaaniInnineIms

N Uszanaiovaz 60 SUUTETIUDIMTVIZIAEN 1-2 ASY/AUMT naRnTiAsevas 40

SuUsEnUoMIINTAaNA 1-2 ASY/EAUAM uasmnUaemsiesdulng (RSeuag 90)

WFDIMNAANAALNAUIY wazHINNIIToYag 95 SUUTENIUR MM INLERUUUTIEN daUs199
v ¢ o ] "y o | S & cs |

Yosdinglanuusenu wudn dwlvg) Geway 70) Suusemudiniduile sesmwunde 19

WAL MUEFY

M99 4 91U (Fo8az) VAINQIRIATINTIUNANNGANTINNITUILAADIMITNZLA

WOANTINNITUILAADIMI TN LA U (Fovay)
nssuusemuemngiatan) Ty 1 dUan
liae < 1 ay/dUan 23 (24.7)
>1-2 ASy/EUns 56 (60.2)
3-5 aSy/dendk 9(9.7)
6-7 A¥y/aUmvi 5(4)
nssuusemuemsngiain) Tu 1 a1
Tiae < 1 ay/dUan 45 (48.4)
>1-2 pdy/dani 39 (41.9)
3-5 aSy/dendk 7(7.5)
6-7 A¥y/aUmvi 2(22)
AnsUsENaveWNSIeItIY
il < 1 ASy/dUandt 5 (5.4)
>1-2 afa/dni 31 (33.3)
3.5 ASy/dUn 27 (29.0)
67 mSy/ddanm 30 (32.3)
AUV IITNZATITUUTENIY
il 10 (8.6)
R 5(4.3)
1:d 20 (17.3)
L‘ﬁa 81 (69.8)
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NOANTIUNITUILNABINITNELA U (Fovaz)
WidsgoenInglaan eUsenaies
AaIREALNaUIY 86 (92.5)
dznwiulan 5(5.4)
WNATTNAUA 2(2.2)

miﬂqqqﬂ DINTNLLE

AU 0
aneaue 4 (4.3)
an 89 (95.7)

q

cal 1

WNeatuLRlunsUsInAe I Tz lUNaAIATIATUTOU 1 dUaiTHIuINTuiu

WUANA WU neRsnsIndanudlunsuslaremmealussiuUesasataUsein
Seadunannlutes 5 duduusn lowa Yany viln N Y asvosuuads mua1su

AILAAILUANSIN 5

A15991 5 911U (Fevay) vssnnudlunisuslnaemsvzialungensnssalusou 1 §Unv

ITaET
N15FUUIENIUD M TN anudlunisuslae
Taitpeae | wug ase | vesads | Huused
1. 9 10 54 25 4
(10.8) (58.1) (26.9) (4.3)
2.4 22 51 18 2
(23.7) (54.8) (19.9) (2.2)
3. YIDELUANY) 28 47 16 2
(30.1) (50.5) (17.2) (2.2)
4. NoYUNTU ar 36 9 1
(50.6) (38.7) (9.7) (1.1)
5. YIOULATY 27 49 16 1
(29.1) (52.7) (17.2) (1.1)
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M99 5 91U (Gowaz) vasnnudlunsuslaroimsvzialundieiinsinluseu 1 dUani

d‘ 1 1
NNIUUN (D)

N135UUTEMUDIMI TN Anudlunsuslan
latpeiae | wiug A3e | Uowass | Wudszan
6. Uanninaiinginge 5 47 33 8
(5.4) (50.5) (35.5) (8.6)
7. Jandumn 87 q 2 0
(93.6) (4.3) (2.2)
8. Uantnandeu 89 3 1 0
(95.7) (3.2) (1.1)
9. Uanszuw/dainsy 82 8 3 0
e (88.1) | (8.6) (3.2)
10. Yamztadus (u 8 13 16 3
Uary Uangwg) (20.0) (32.5) (40.0) (7.5)
11, WAL 84 8 1 0
| (90.3) | (8.6) (1.1)
12. BU9 (MRENAY, 108 10 4 1 1
WU, Yuaw) (62.5) (25.0) (6.25) (6.25)




= awv
UNN 4 NaN1528

nsAnszilanegniin (waadisy) Tuvanzia waz wammaa{jmmmnﬂaE']qw:La
1USnauaalsanululameiavianieg Suaauuumeilimziaanuawe uag

g19Ra luln.A.2556

yeilmzialaugnavnIssunIn fwtaszoasdinmatudaii wu Uan Ny
Yamiln Wusu Sunnduormmaia wlidn isennuneasiorsldnsiudewsnans
lifisUszasdfignuaesiisnnissnugmamnssuuaslsdlafinciuiiu Srasadn 1wy aaos
PIN-N AaBININIU LuA é?faLﬁuﬂaaﬂﬁ%'uﬁﬂﬁqmﬂiiwmuazﬁmﬁauﬁaémﬁaﬂam
asgonUseg dumeilimziasisdian daviavayd Aduuvdinisussnauazmmie Aeednd
1 Feflnaoadng vaneuwdeiisuifedulngantudeu S wariuems wasilisu
SvEwanushiuagnefiduthiuvasgranasy woriidoUssasnineaondiour
suvadevuddudlugilne ﬁ'@ﬁ?mmﬁﬂwzLaﬁgqaammléfgﬂLU%&JULﬁ&JWWhU%mm
wAALlE @59UNSE PAHS ‘Iuﬂm‘wzLaLLawaaLmaq@ngmmﬂWﬁM Uamelalagvagiaadg
Mneilmzanidesuidldiunuemuywdiioan

1. Vnawandisunuluvameiadvmneilmeiasisian uazanuama

nan1sAneInUIUTIaLAaenluduUamziaaIne9@at w.a.2557 wuanuianu
wanleurislusiunasnduilovameiaaing1sian Aade 0.2960+0.1793 ug/e wet wt.
(n=30) g3 6 WINNNMNFAVUAMLAIUIINUIUA NG Aade 0.1859+0.1329 ug/g wet
wt. (n=30) wazuansnee el dseann ANOVA (p<0.01) drnluiovameia
grefafidwandlomade 0.0016+0.0022 ug/s wet wt. (n=30) UUANA Aade
0.0007+0.0.0008 ug/g wet wt. WanssanInil 7 mﬂéwﬁmﬁmﬂ‘%mmmmLﬁaﬂué’usﬂ”mqﬂ
(>0.2 84 ~ 1.0 ug/g wet wt.) vaaUameLa 6 iln (anFuman Ua1y Yanaim Uananu
Uailude Uanlmanzia) dhudamsiaannnummeisuiinauanifioslusudeudiegs
fiiesviiaiefe Uay (a8 0.3081+0.0607 ug/e wet wt.) 91nn153Uld 7 ¥ila Tnewin
vasamsasuainensdailud wa. 2557 wastSinauendeniinssinulundniewss

FUNUANLLRNDNARMATUIUAINA LANIAINITIIIUNIANLIN
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0.8000— TISSUES
45 48 B Muscle
L B Liver

-, 0.6000
)
=
=2
]
2
L
)
= 0.4000-
Ry
o
=
S

0.2000—

a0 25 B3 -
0.0000  —*— =
| I
Angsila Maptaphut STATION

AW 7 Box plot U83AUlLTuUed Cadmium Tunanuiilsuagiuvesuainiendeusiie

WINAkaresdal U w.e. 2557)

2. Vinauandeumulumesisaagideanuning uay srfamumundn uas wuialg)
(V1gnann) w.A. 2556

Tul .61, 2555-2557 MosunasgAUUNISIUTIMENsAaN Sauuulsletinls
yesuasgaseLazkuuenunuuldliTadusm dnsdssiuluinannie ween
Mneilemsiaszving 500 wes Tuaulnatuds 1 Alawas funushiimnaedssa
vhsa nsustaghunsdininfsmesvansulas utazutas Sarwniieen wisun
6-7 X 70-100 1A (@1579939) daunaidsmesuuasgiiedseadunesuagidsauuy
yhinsdadenuiuuuum visnaneilmgiasering 300 was Waulnatuis 1 Alawes
wazdsatunaenuuveils S5uauhdilul 2555 fiss 300 un 9Inw17UTEAR 159 T8
wiazs1e Sunves 3-4 un ludagiumedmiassoodldlifinisasundiaiudn osn
HomnsdsmuuduiuluussvesdinsmediusniieUszglud we. 2553 Taei3uun

fynuszaslasumsativayuliaevesaniaugnaiingsy svesusny WA, 2548
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FIUIU 2-3 Ui 1AEN15TIUMIUYeInIUTERTINAuguaTURAYeU doud w.a. 2549
dusiuanu 14 un wasvremadeandosqauisiiagtu Snvasundanuniemiads
IR 100X200 i3 (1529939) dandlud w.a. 2556 maldssmesunasgivTinaumdoai
i laifinsveneiiud sdldgnaueslalifinisvenedwnuundnsely
PnwanImegeulul wa. 2557 wulsunaueailesluvesuiads UShueeEan
ﬂ'ﬂmmLsﬁmsﬁ'umaw%mm,l,ﬂ@LﬁaﬂwaaLLmqgjsummé‘ﬂﬁﬁhLaﬁa 0.0644+0.0071 ug/g wet

IS =

wt. (n=20) IndlAgeiuveguuasguunalvejiidiade 0.0764+0.0064 ug/g wet wt. (n=20)

[ a

wagdlenganusianunne egaiidudfynieada (p < 0.01) Niluvesiuaiguunnivg
(088 0.0103+0.0019 ug/s wet wt.) LagVOERNAINUUIAEN (@FY 0.0123+0.0031 ug/s
wet wt.) WanefIn1nil 8 uazveswuasgualnganweldminnsa Wugaaiuay

wuanuutuves wandloufidade 0.1171+0.0098 ug/e wet wt. (n=10)

0.1000] SIZE
B8 small
.6 & Large
]
0.0800]
=
=
2
)
= 0.0600]
e
7]
=
o
B
) 0.0400
3
S—
.
(&}
0.0200] o
0.0000-]

[ |
Angsila Maptaphut STATION

A7 8 Box plot vaemadudures Cadmium lunesusasguunadnuayive

ofuUS MU MALAE 819N (U w.A. 2557)
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ANsAAsIzansinalanin azlsufin lalasaisuau (Wawew)sau Tudamezia way

VRBUNALAUUUIVIH LA

1. msamszansinalgnan azlsundn lalasansuou (Wietew) s7u Tudamezia
Tud w.a. 2557

NANITIATIZY ooy Tul w.a. 2557 ANUITNTUYed PAHs Tauludulaiain
g19@an dAade 0.1041+0.1026 ug/s dry wt. (n=30) gendn 4 wih Tunduilorade
0.0270+0.0519 ug/g dry wt. (n=30) haziimuuanaeiuegluydAyMeaia ANOVA
(p<0.01) @IULUAINA AINLTUTLVBI PAHS Tusiudanilnade 0.0546+0.0547 ug/s dry
wt. (n=30) gandn 2.7 i Tunduilonas 0.0201+0.0278 ug/e dry wt. (n=30) waziimy
uanAnsAueeaiifeddnmneadia (p<0.01) uansianndl 9 Tnsanuidudulusutarann
819fa geuszanal 2 i1 naUAaKAEiANULNAeTueiitsd Ay neaia

(p<0.05) @runnuudulundsiidevaranisaesaaiialnalfesiu

0.4000 TISSUES

B& muscle
B Liver

0.3000—

0.2000 7

PAHs (ug/g dry weight)

0.10004

0.0000—

T T
Angsila Maptaphut STATION

AN 9 Box plot YosauluTureIPAHsluna L aLasAuvRIUaI oAU IAUIUAINA

ware19@an (U w.@. 2557)
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2. msnaTenasindlendn aglsundn lalasansuay (Wiaew) s9u luresusag
Tud w.e. 2557

Tt w.e. 2557 ANUANTUYRY PAHS 933 U99MRgkias v lngjananedan
fidade 0.0500-0.0194 ug/g dry wt. (n=20) ganan 2 wiluveevuadniiaiade
0.0225+0.0225 ug/g dry wt. (n=30) Lazimuuana1siuegdtudAymeain ANOVA
(p<0.01) duuuamma Aveidutuves PAHs Tuesuualuajdaade 0.1834+0.0567
ug/g dry wt. (n=20) ganin 13 witlunesvunadnAads 0.0142+0.1004 ug/s dry wt,
(n=20) wagdanuuanenstuegefifoddymeadn (p<0.01) uansianind 10 avsdudu
Y99 PAHs 53luvoguuaguunlvgla1nuuamalAigs 3.6 1n3191n819@a1 wazdlaay
uanssruegneiiedAayieaiia ANOVA (p <0.01) uazvesuvasgainueilsiminidumge

AIuAY LnuALTUTUYEY PAHS 59U (n=10)

0.3000 SIZE
- B small
] Large

0.2500]
=
=
o)
‘T 0.2000—
=
5
o 0.1500]
=]
3 1
n N 25
£ 0.1000 o
T
o

- 54
0.0500 o e
=
0.0000]
T T
Angsila Maptaphut STATION

A7 10 Box plot vasnnuidutuves PAHs Tuneswuasguunadnuaslng erdausion

WumNAkaresdal @ w.e. 2557)

yiaues PAHs inuludiuiameaaingn@aazuiunmedl 4 viia s

Phenanthrene (PHE), Pyrene (PYR), Fluoranthene (FLA), wag Chrysene (CHR) hagnu

v

Benz[alanthracene (BaA) Tusulaimziaannesdan Tulaidiegnamennunauailanu
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Chrysene (CHR) azaulundnunile drunesuuasguuinlvgfonnsrsauazaumng
TNUWLBUNY 3 YHAYBI PAHs Aa PHE, FLA way PYR LLasmumwﬂé’awmﬁuﬁﬂ 3 e
Ao Acenaphthylene (ACY), Acenaphthene (ACE) 4@z CHR @3UN08uuafuuInin
INGNAIINY 2 ¥lA Fip PHE way FLA dawannunuaine wuld 3 ol fie ,PYR wag CHR
%3 BaA uaz CHR

M5 6 wiavas PAHS inulwilaoUamziauasvesiuadg Tud w.e. 2557

“1AYB3 PAHS Uamzia O8RS
$iu A& YUY YUIALAN
9719Fa" PHE PHE PHE PHE
FLA FLA FLA FLA
PYR PYR PYR laiwu PYR
BaA BaA
CHR lawu CHR
UIUANA PHE PHE ACY lainu ACY
FLA FLA ACE Tlaiwu ACE
PYR PYR PHE PHE
CHR laiwy CHR FLA FLA
PYR PYR
CHR CHR

N1581529N15UEN9BNVBIAIINTININ Cytochrome P450 (CYP1A) waz metal-

binding protein (Metallothionein) Tudamzia uaz ViaaLmaa:jmmmﬂnaﬁmm

1. ASUENIINVBIAITINTININW Cytochrome P450 (CYP1A) waz metal-binding
protein (Metallothionein, MT) Tutamzialud w.a. 2557

[
v du

Tt .6 2557 NSUARIRDNYBIMITIATININ BrsfanannUanza 12 viin
WWeNA nvainzia 12 viia sagmadakauiiven wunskanseantas CYPLA (un
76/54 kDa) Tutameia wansfan1mi 11 9ngnfanuiinauind iy 60% 310

60 $79E19 dIUNIWAINA WULl 100% 27N 60 FIDE19 NSLARIDBNYBY MT (YA 10 kDa)



WAAIAININT 12 21NBEANU 33.3% 910 60 919 duuruaInm wull 73.3% 0
60 $19819 WeUsEnNUainzasianisnueayis (Auile AuUnNT wag Nundiswaiile

Liflnadueznanisuwanioanuad CYP1A wag MT

«— 74 kDa
56 kDa

1 2 3 4 5 6 7 8 9 10

AWd 11 Msuandoonves CYPIA lufutameiaingrsdan gnaudumizaneluly
TnausauouAvefvunszatululaswaglsawmiusy Wnavinyaaud 74 vie/uay
56 kDa 1aufl 1 = seabass CYP1A tau 2 = TUs@unnsgiutau 3-4 = Yariamaiin
(wardu av) tau 5-6 = Uainsznans watdu avu) tau 7-10 = Yainszyem

(wardu uan)

<— 10 kDa

1 2 3 4 5 6 7 8 9 10

LY [ 1

A7 12 N13Laneeenved MT luduuaimziaainuiuaing gnivdinizeie
Indlaaueanaufvefuunseaylulaswaglyauiusy Winauinau 7-10 91 10 kDa
Ui 1 = TUsAUINATEIUEaY 2 = seabass MT 1au 3-6 = Uay)

AU 7-8 = YanngileutiA 1au 9-10 =Uainiauda

66
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2. N1TUENIDINVBIAIFINYININ Cytochrome P450 (CYP1A) Tunasuuadg
11® w./. 2557 NANIHSIINTHERIBNVDY CYP1A (56 kDa) MEALALBURAUDA

U dl 1 5 ! a 5 =) ! ¥
LAAIRININN 13 Iu‘Vi’eJEJLLN@QQVN@Nﬂa’]LLﬁSiI’]UGﬂWﬂ‘W‘U 100% v9&99a1U LLHAINULYN

v
v A A

YOI UUAITInTINNENTIUAEANUITNATUlUAI9819 TngenRamesuaisiveuas
PUIAENTIN1TIUVBIUBURUBANULBURLIUAMLLTLUNE (+) WagANUNUIUNANS (++)
NI AUNNUA AR VWAV IANUTNUIUNA AR TLNNN (+++) WU uazvioe
2 = R | i Y o @
yuaLdndanudulantauuuy duveswiaignyeiidminnsnaunsany CYP1A

lenneieens (n=10)

<56 kDa

AT 13 N13UAR90aNYRICYPIA lusaugega1msuaanasuuaty gniudinizaiglng
laaueauaudvefvunszavlulaswaglsauuiusu inauinnniaui 56 kDa
AU 1 = seabass CYP1A tau 2 = TUSAUNIATFILAY 3-6 = viegluaIfvuInlng

(RAAMUTUTEAU+++) 1A 7-10 =MOLUUAIJUUIALEAN (NaAULTUTEAU+)

M15°99 7 N154ANI80NBITIATININ Cytochrome P450 (CYP1A) luneosuuagiiu
31NBNARILAZINUAINALRRUMWIEY T 2557 ATANIILEURUDARINAAIEAIEAY

VUNITATY

sample  sample sample
Angsila (+) (++) (+++) Total
Large size 5 14 1 20
small size 5 14 1 20

Total 10 28 2 40
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M15°99 7 N154aN80n0ITIATINIM Cytochrome P450 (CYP1A) lunesuuaigiiu
1IN NARMATUNUAINARBUNBIEY T 2557 INATANIIMURUDATLNAAILAIEA

YUNEaY (s9)

sample  sample sample
Maptaphut (+) (++) (+++) Total
Large size 5 14 1 20
small size 4 15 1 20
Total 9 29 2 40

sample samplesample

Trat (+) (++) (+++) Total
Large size 10 0 0 10
NUEL) + 153U UAUBANULDUALAUAIIULTUUIY

++ 1N15TULBUAUBANULBURLIULUUANNLTUUIUNAIS

+++ UN159VLDUAUDANULDURLIULUUAIILLUNUIA

[

Uszifiuanuduiusvaslavzuin wasansitesassiu was #235adanm luidlouassu
Uamzia u,awa&lLLmaanmenrmﬁ']ama

asunaluszavanudnnsfinulud we. 2555-2557 figed
msﬁmmmmﬂLﬁauﬂmfﬁau’luﬂmwuaLLawamLuaa{j

U'%mmmmLﬁaﬂuﬂmmLaé’mﬁuéﬁumswuazaﬂuﬁuﬁqm'ﬁﬂuﬂé’mLﬁaﬂaﬂmzl,a 09
100 wh USinaumanidesludy (h=30) nuld sisanud ingrafauazanunnn Tnsruande
Iuﬁuﬂmmﬂéwﬁmqaﬁqmﬁa TuT W.7.2556 ANRAB0.4490+0.6753ug/e wet wt.uazd w.a.
2557 AadY 0.2960+0.1793 ug/g wet wt. T w.a. 2555 Alade 0.196+0.202ug/g wet wt. g4
nimunwe ludasnunwad wa. 2557 Anade 0.1859+0.1329 ug/g wet wt. T A, 2556
Aade 0.3252+0.3441 ug/e wet wt. U .. 2555 Anady 0.071+0.135 ug/s wet wt. LARIS
Al 14

Vsinauwandledlutamesiaavaslundwidovameia Tulsmatiosunniiensdauazany

mnnUSinamulagasaniiAl 0.0033+0.0024 ug/g wet wt LandRanIni 15 diuvlinvesUainsia



69

1ATEENIINB WA MazIUAINA An Uay wudTinauanledludursutiaaiounniiegis
waznulunduilones wiluuSunauegeusuldnunasininsgiu nswuazaulunauiiayainingd
Tusiuvameia 69 100 Wi wandliiudieUameiaanmnuduivrewaneunduaenisasng
Wuleadlushiu MT vililangmindnisazaudeslunduile
Han1siIeuiigunanllenauUluuvandes wuin nsazauUSunauandenluosuiasg
< 1 v = [ = ' 1 °o v P
YuaLdnwazvInlrgiiauduuys U wansianind 16 uivualngianudAglunisuilan
= = = a ' = & < =P i I a
dawSeuisulsunuruaniledluresnavinadnuazsuin gl senineeiedan
LAZINUMINA WUANESTIan ekleesfatlul 2555 (2012) Aade 0.1086 ug/g wet wt. (n=20)
WelUSguifiguiutn.a. 2555 uag 2556 UagllAngandnaninumwanieanul uaneianIni 17 99
YRAIUANVIBELLA YA 9NeHTninnsa 1wl w.e. 2557 nuanududures wanileudl
AAdY 0.1171£0.0098 ug/g wet wt. (n=10) BeszdiuaAuanilesaiegugaludiulamaia gandi
Uszganamniin Tuvesuuaag Memaldruandiouadan uagssauAuaAniioundeddn

Tuvesuuasg gendnuszanaduwin lundudevameia fnnaldauandeugaan sgelsiny

szaumuanLieaadely dulameia > viesuuaag> nananllevameia

msaﬂmumiﬁLaLa%muﬂmﬁaﬂuﬂmmLauawaﬂuumsj

NANITILATIZY WioLey Tulameiarast w.e. 2555 — 2557 wua1 Nietevsau Tu
futameiaganindile lneang1sdian Swauan (n=30) T w.a. 2557 Seaded
0.1041+0.1026 ug/s dry wt. U W.A. 2556 Aadedi 0.1698+0.1650 ug/s dry wt. U W.¢. 2555
Aaded 0.1173+0.0739ug/g dry wt qﬂﬂdmé’mﬁaﬂmmma 4 2.7-4.5 NG ez filoLeusiu
Tusiuvamziaduansafangenindiulameiaduannanumme U w.e. 2557 danaded
0.0586+0.0547 ug/e dry wt. U W.A. 2556 Aaded 0.1314+0.0699 ug/e dry wt. U W.¢. 2555
Aaded 0.1054-0.0393ug/g dry wt. G‘z’iqqaﬂ'jﬂuﬂé’mﬁaﬁma 2.4-37 Wi uansfannil 18
Az Al 19

HANTIATIEN Tetey Tunesuuaagyieln.a. 2555 - 2557 wuil Wteavsau lu
yosuvasfuLIAlvgjganimosLaIjrIAdEn TNSIuaumIduven n=20 TneatnuvauAss
gnfan Tud w.e. 2557 fAnade 0.0500+0.0194 ug/s dry wt. 1wl w.e. 2556 dAuade
0.1190+0.0959 ug/g dry wt. Tudl w.¢1. 2555 fiAuads 0.5435:0.1992ug/g dry wt. Faganilu
MOBUNALJILIALENTN 2-2.3 Wi wndaiAssannanunina T wa. 2557 Seaded
0.18340.0567 ug/s dry wt. U w.f. 2556 Anaded 0.2542:+0.1301 ug/g dry wt T .. 2555
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AaAsi 0.4389+0.0886 ug/g dry wt. F9gNITUMDLLNAISYUIALEN 929 1.6-13 11f Lanasis
AN 20
%ﬁﬂmaﬂﬁ&na%ﬁwufﬁTuﬂaﬂwzmuazwaaumaﬂﬁaﬁﬂﬁﬁuwdﬂﬁiwéﬁﬁﬁaﬂuazmﬁumﬁwﬂﬁ
wvianeuany 5 via laud Acenaphthylene (ACY), Phenanthrene (PHE), Fluoranthene
(FLA), Pyrene (PYR), Fluorene (FLO) tag 2 ginfionaneuzisslaun Benzlalanthracene (BaA),

Chrysene (CHR) lmgdutvamziaaiuisaananuduiivuesansiotevitlvladnvasanlunduie

Yaneia

n1suane@anYas CYP1A luvamzianasvasuuagnaen 3 U

msuanseanyes CYPIA ludulamsiasiumnuia wuesidudluvameia 91nvn 30
feee :nesRamaen 3 U dnnswuasil O wa. 2555 $1uau 60% U 1A, 2556 S1uaU 73%
WA, 2557 NUTHALINIUIN 63% druanunng Sniswuifindu 9 we. 2555 S1uau 60% I

WA 2556 WAy W.A. 2557 WUil 100% $1UIU 80% WAASFIANSIT wazn il 21

#15197 8 Wasidusinisny CYPLA uanseenlutaznziasiy (n = 30) 91N NAALATUIUAINA

naen 3 U

g 2555 2556 2557
279@aN 60 73 63
UURINA 60 80 100

M3uandoanved CYPIA wuesidudlunesuuasgaaonaiud 2555-2557 wu 100%
VE03a01Y 819AAMATUIUAING LAANULTNYBUUAITIATINININITTUAI AU 1Y
Tuf0819 1199 ININMITUVRMOUAVBANULDUALIUAMUTNUN (+) kagANUULUIUNA (++)

WAZLINNN (+++) WU

NSUENDBNURY MT lutamzia

NSLEnIoeNYes MT 9nUatdiungia 60 feg1s 3nesdainuilesidusues U ..
2557 472U MT (vu19 10 kDa) 33.3 % U w.f. 2556 411U 16.6% U W.A. 2555 41U 26.6%
daunnunmm U w.e. 2557 wull 73.3 % U .. 2556 31U 56.7% U w.e. 2555 31w

36.6% WAAININNG 14
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2557

2556 B W 879
| 1uamn

2555
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1 d' a
ANLRRYLARALIEN (Ug/WW.)

N i a v v = 1Y & Ao
A9 15 Aladsadutuveswanden (ug/s, ww.) Tundsiisveslamgianiduain

U umwaLaze19dan (U w.e. 2555 - 2557)
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0.2500- a

Size of Mussel

B small
[ Large

0.2000-

0.1500

0.1000-

0.0500-

Cadmium concentration (mg/kg WW)

o
o
f=1
p=1
=

Angsila

Maptaphut Angsila Maptaphut Angsila

Year 2012 Year 2013 Year 2014

Al 16 Anadeanududuvesuandion (pe/g, dw.) I‘U‘ViEJEJLLNﬁQQj%U’]ﬂLSﬂLLﬁ%‘UU’]ﬂIﬂQJ
mﬂLma'aLgaqu%tamuwumwwmu,aza'fmﬁm Mu518T W.A. 2555-2557) Error bars represent
one standard deviation from the mean (n=20). For each context (each set of two

bars), bars which do not have a common letter are statistical significantly difference

(p<0.01) from each other.

a
g 0.15007] Year
2012
2 2013
=) E2014
E
< 0.1000
=)
®
=
c
& 0.0500
c
o
Q
=]
(&
0.0000
Angsila Maptaphut
Station

Al 17 Anadeanududuvesuwandion (pg/g,dw.) Iuﬁ/i’e]f,lLL@Ja\iJj(LQgEJmm;l’jQGUU’MLgﬂ Loy
vuelvg) U e, 2555-2557 Tuumdaidesuiianesdaiiazanuawn Eror bars represent
one standard deviation from the mean (n=20). For each context (each set of three
bars), bars which do not have a common letter are statistical significantly difference

(p<0.01) from each other.
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.:4' ' a v v = ' ' X a
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% MT
100
80
60 —
40 —
20 __% |
0 ﬁ
aNAAY | Wueme | 99FaN | wumwe | 89Fan | WURme
2555 ‘ 2556 ‘ 2557 ‘

A9 22 Wesdusnsuantoanvas MT ludulamsiaainens@aiwazanuaing wWisuiiieul
W.A. 2555-2557

nsAnygAnsIINITUSInAR M ITMElaLazN1sTuIANEBRINNNTUSTNAR M TNsIa YRR

fanssanazmninGey Tl 2557

4.1 dayanluvaingunaaeng

negaansIAtuNunuuametionewasUseinu 26 U dwlvg (RSeuaz 44)
JuNsANNTEAUisEuRY Lazdsznaue1insudng Ussanudosas 40 veanguiegiaiuy
N3RansTARsen 1 delagduilenyassils 2 e nijsnsassnnlvdeyadiulng (Sevay 28)
= - T N oAy a o s w
fselmadesodion 10,001-15,000 W flfigsesay 10 VoIMRNAIATIATLNE M TN
Feanlvguiins sesasunfe wiln uazamei Tgazdundeyaniliveinguiiogieds

LAnaluANS197 9



M391 9 PMUIULALTDEAYINGUAIBE T MUNAUAN LN NUTEINTUAYEIAY

ANWAULNINUTEYINTHATFIAN

U (Gevay

191y (@)
< 20 12 (12.9)
20-24 37 (39.8)
25-29 19 (20.4)
30-34 14 (15.1)
> 35 11 (11.8)
pipbl 93 (100)
AadeLALdLuLNATEIY 26.18+ 7.15
ANEE0 - ﬁﬁ@?ﬁg«jm 18 - 50
2. 1N
WNYATNTTU 2(2.2)
Sudns 41 (44.1)
ANUY 7(7.5)
watu 39 (41.9)
Juq 4(4.3)
3. S¥AUATANEI
lailaseu 5 (5.4)
UszauAne 17 (18.3)
AseuAnNYINOUAY 41 (44.1)
dssuAnwInouUane 28 (30.1)
USgueyes 2(2.2)
4. seldndusafiau (Um)
< 5,000 7(7.5)
5,001-10,000 24 (25.8)
10,001-15,000 26 (28.0)
15,001-20,000 10 (10.8)
>20,000 13 (14.0)
lainpsn1silaiug 13 (14.0)
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M591 9 MUIULAETATYINGUAIBENTUUNAUAN BUEN1IUTEANTUAaLEIAY (FD)

ANWAULNINUTEYINTHATFIAN U (Gevay

5. ASINYDINTHIATIA

1 38 (40.9)
2 28 (30.1)
3 20 (21.5)
4 5(5.4)
5 2(2.2)

6. 18A3IAYITY

<3 hou 65 (69.9)

> 3 1hou 28 (30.1)
1. Uizi’ﬁmﬂw’v’mmimm

Taluw 83 (89.2)

iy 10 (10.8)

4.2 YayangAnssun1suslnAemImeLa

M13799 10 LAAINGANTIUNITUILNADIMNINLaVRINQIRIATSA wudl taelu 1

(%
a o

dUasi nensassaluiuiuuane 1anudlunissulsemuemmeaanuInninemis

o

Nzl Uszanadoras 60 Sulseymuommsvziadn 1-2 Asy/dUam ngeniasiniesay 40

SUUTEMURIIMTNZLALAT 1-2 ASY/dUAY LLazMWﬂU§aaWM13Laqmu1%aj (=588 90)
wPeNNAAIRAALNTU WazannndTegar 95 SUUTENIUMTVEALUUUTIEN diusi1ee)
v 6 al'v 1 1 1 3 'y} 1 d' I3 dg" &

YNANINLLANTUUTENIU WU muimg (5988 70) SUUSEMIUAIUNMUULLD 5D989UAD

1 Mwazna auadu



M13°99 10 911U (Fovay) VIMQIAIATIATIMUNAILNGANITUNITUSINADIMINELA
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NYRNIIUNITUTINADIMITNELA U (Fo8aY)
nssulsemuemsngialen) Tu 1 a1
Tahae < 1 ada/dUanst 23 (24.7)
>1-2 ada/duni 56 (60.2)
3.5 ASy/denat 9(9.7)
6-7 Ad/dUanok 5(5.4)
nssulsemuemsnglainy) Ty 1 dUas
Taiiae < 1 Ada/dUnnk 45 (48.0)
>1-2 ada/ddanek 39 (41.9)
3.5 pdy/dendt 7(7.5)
6-7 Ad/dUanok 2(22)
nsUsENaVD WSt
Taivae < 1 ASs/dUandt 5(5.4)
>1-2 ada/ddanek 31(33.3)
3.5 ASy/dUn 27 (29.0)
67 aSy/da 30 (32.3)
AUVeI0 N INEATISUUSENY
e 10 (8.6)
N9 5(4.3)
1:d 20 (17.3)
e 81 (69.8)
uWdsgoenIngiaan eUgemsies
paRERLNauIY 86 (92.5)
dagnulan 5(5.4)
WATINEUAN 2(2.2)
NIUTEN DI TNELA
Ay 0
gneaue 4 (4.3)

an 89 (95.7)

9
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WNetuANLRluNISUSIAD I INELA lNENAIATIATUTEU 1 dUamiiEuNnluiui

WIWANA WU ngesiassaiaudlumsusinaemvealuseRuUayasataUsedn

Sesdwiuanunlutes 5 suduusn taua Yay viln A9 4 wasnesudasg auaeu

ARSIl UM 11

M99 11 91w Gowaz) vasaudlunsuslaaonmsvzialundesinssntuseu 1 e

WU

AMSSUUTETIURINTNLLA Audlun1suslan
lalpeias | Wug AsS | UouAss Wudszan
1. )9 10 54 25 4
(10.8) (58.1) (26.9) (4.3)
2.4 22 5 18 2
(23.7) (54.8) (19.4) (2.2)
3. MBYLNALY 28 a7 16 2
(30.1) (50.5) (17.2) (2.2)
4. KogUNTY ar 36 9 1
(50.6) (38.7) 9.7 (1.1)
5. oYLLAIY 27 49 16 1
(29.1) (52.7) (17.2) (1.1)
6. Yamiinviingee 5 47 33 8
(5.4) (50.5) (35.5) (8.6)
7. Janduman 87 a4 2 0
(93.6) (4.3) (2.2)
8. Uanthangeu 89 3 1 0
(95.7) (3.2) (1.1)
9. Yannsstuu/Uannssung 82 8 3 0
(88.1) (8.6) (3.2)
10. Yamziadue (u 8 13 16 3
Uany dangna) (20.0) (32.5) (40.0) (7.5)
11, WNAINELa 84 8 1 0
(90.3) (8.6) (1.1)
12. 9uq (Mendy, oy 10 4 1 1
WU, Yua) (62.5) (25.0) (6.25) (6.25)
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4.3 WORANITINAWTIUFUVNINADNITUILNAB M INELAVDINYIAIATIANOULBLNAINT I
TUsunsuguAnen

[

AENRINTWFUANY WU vessnssndlneg winnifesas 85) insiud
Usgleivaanisusiaremvzalasnds nanfe NT1Uinemsveadant Aue Inens, vee
Fansnwlulauuinninvan, wevafansiwlulsutesninlivsewnsadlulan, Tudeniinig
Mlravesitiy/ aswiiamea agvinlriansfiewdulauluanmsneale wazsosay 78 Ua9
NYIRIATIANEVEINTIaRAnY) 159071 Mssulsenuemmeaiivselevisoguaines

| <
WULAZLAN
Neatunsiuauassasiensuilneemmezialasndie wull MenaensliguAnm
A o & 1 1 a ] ) P a | | A 8w Py
ngananssAaulugiinnuAndiuluseauainndanniiandn Hreniiviiv/aseiislveamea
Tnudeemsnsalasnieensesay 76, emsnsasinisnawneissay 73, lWua1vse
wilandindisanaaninilevanesay 45, veelindinagnnitvameiasesay 65, Lara1ms
neaussandnliesesouay 14
AuNTSUIAENINTavewUedlunsUTInRe N IzaUaeniy Nudl WesTeuas

70 vaneukayndiNsiigufine wdsiiassadulainaganunsandnideinissulseniue s

v
a o (3

nelaans Aue la wastiiesdeeay 60 ManaukasraIn1siaudnyf najnsassnduladn agly
Uslnromsngialutng 1 eundaniniinisiatnaveshiiv/asinliameia aevaanislvay
Anwn neaensssunniteray 75 tulatnazanunsasuusemuemmziaanlaiuysedn
Y | a & & ' oA o o ¢ o v ) |
warazSuUszyuaruiduilounnninluvseasaduresdmineia uniesesas 84 dulainay
A11505uUsEMUYaININNINVIDY
NefunsfuianusanilisenginssunisusianemmeiaUasnsiy wui Uszana

fovay 10 Meneukazndinsiilusunsuavfine Mdsnsassaiandonalodesiialuvie

wsadludninzia wazdwlngfinnuAniulussduindanniignin nssulssmuneedesy

Tiduenuidss saanssgazdenlunisen 12
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M50 12 319U (Fogag) UaIngAnITTANASHAUNINYRINAIATIANOULAL AN

LUsunsugufing
U (Fovay)
NOUNAADY NINARD
Usgihumsiug Wos | U | wn | wn | des | Uau | wn | wn
nang ﬁqm nang ﬁqm

nsfuiUselenivesnsuilanemnsneia
1. MITUUsEMUDIMI TV 16 39 36 7 2 18 49 24
fiszlovdsoquannweuad | (163) [(39.8) |(36.7) | (7.1) | (22) |(19.9) [(527) |(25.8)
wagLAN
2. MISUUTEMUDITNZLS 57 28 9 4 72 14 6 1
fuq anq Uaeasdelufines | (58.2) |(28.6) | (9.2) | (41) | (77.4) | (151) | (6.5) | (1.1)
stwsmmimmaaaﬂwfw
ngia
3. NANIATIAMITIEDN 15 32 30 21 3 8 29 53
SuUsgmusnsdanunnnin | (15.3) | (32.7) |(30.6) |(21.4) | (3.2) | (8.6) |(31.2) |(57.0)
o8 INsIzneelnilansiy
Yuitlousnnninuan
4. NAAINTIAMITIEDN 13 46 27 12 3 9 29 52
fylsemuilovannnnitly | (13.3) | @6.9) |(27.6) |(122) | 32 | 07 [(31.2) |(55.9)
Uamsensuan dosnniide
Uanfansfivuuideutesnin
5. gsinsiu/ansiedisala 22 9 16 51 8 7 25 53
aMMzla MTIAUILAADINNT (22.4) | (9.2) |(16.3) |(52.0) | (8.6) | (7.5) [(26.9) |(57.0)
nia wssiansivuuiou
nssuiguassaremsuslanmsneLa
6. D1TNELAEANNI 8 31 34 25 2 23 36 32
FIATLLNY (8.2) (31.6) |(34.7) | (35.5) | (2.2) |(24.7) |(38.7) |(34.4)
7. omwnsnzlalssaniind 32 55 5 6 39 a1 10 3
savflioson (32.7) |(56.1) | (5.1) |[(6.1) [(41.9) [(44.1) |(10.8) | (3.2)
8. viepdnilsmgnnian 14 as 24 12 6 26 26 35
L (14.3) [(49.0) |(24.5) | (12.2) | (6.5) |(28.0) |(28.0) |[(37.6)
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A15NT 12 T (Sogag) YeangRnTsuduasIauN NYRImMnIAsTineuLaynaInsIv

LUsunsuaufinu (se)

U (So8ay)

NOUNAADY NINARD
Usgliumsiug Yoy | U | wn | wn | ey | U | wn | wn
AGRN! ﬁ’cjﬂ AANY ﬁqm

nssuiguassademsuslanemsneia
9. livavSeonsandind 32 46 13 7 15 36 27 15
savRRnIdoUan (32.7) [(46.9) | (13.3) | (7.1) |[(16.1) |(38.7) |(29.0) |[(16.1)
10. ¥uandindu/asad 18 16 22 42 5 16 35 37
Slvaameia Shvdeews | (184) [(163) | (22.4) | (@2.9) | (5.0) [(17.2) |(37.6) |(39.8)
nzlavasndueIn
nsfuimnuansavawuedlunsuslnrewnIzaUaensiy
11. viruduladn vinuaiunse 11 26 42 19 3 16 56 18
Suusemuewnsnzaanle | (11.2) | (26.5) [(42.9) [(19.4) |(3.23) |(17.20) |(60.22) ((19.35)
Hudsed
12. viusilat 15 14 34 35 7 19 29 38
QEANNSOVANA (15.3) ((14.3) |(34.7) |(35.7) | (7.5) |(20.4) |(31.2) |(40.9)
N35UUTEMIU TN
anqnue
13, virusiulain 11 24 33 30 1 14 27 51
rsuUszmulanunnnimey | (11.2) [ (24.5) |(33.7) |(30.6) | (1.1) |(15.1) |(29.0) |(54.8)
14. vinusiuladn aziden 9 29 36 24 3 18 24 48
fylsgmudlovannnnitly | 9.2 [(29.6) |(36.7) [(24.5) | (3.2) [(19.4) |(25.8) |(51.6)
Uamisonavan
15. virusiulean azlivilaa 18 21 26 33 9 29 28 27
2 IMSNELAlUTN 1 LReu (18.4) [(21.4) |(26.5) |(33.7) | (9.7) |(31.2) |(30.1) |[(29.0)
wniifinissalvaves
dswanseflameia
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M50 12 313U (Fogaz) UaIngAnITUANaSHaAUNINYRINLAIATIANoULALYaINTTIA

lUsunsugufing (sie)

U (Soway)
ADUNAADY NAINARDY
I3 v Y > o
UaglaunTsug wpey | | wn | wan | wes | e | win | uan
nang 1an nang an

nssuiAnuIaNINsengAnsIuN1sUIaRewMIVEaUaensiY

16. nMsi@ensulsenu 6 20 31 41 1 7 45 40
91 Izlialasnay (6.1) |(20.4) ((31.6) |(41.8) |(1.1) |(7.5) |(48.4) |(43.0)
gy liAnluassd

Tgun i

17. njsmssndlugllon | 61 34 3 0 55 28 9 1
FuusemueIMINELAgN? (62.2) [(34.7) | (3.1) (59.1) |(30.1) | (9.7) | (1.1)
fue)

18. RYIRIATIAAINITD 29 60 8 1 48 35 10 0

LUsemuveslaveswiion | (29.6) [(61.2) | (8.2) | (1.0) |(51.61) |(37.64) [(10.75)
ﬂuguq

19. inufdnidenneiileresiis | 57 33 4 4 45 35 12 1
luavzensUan (58.2) [(33.7) | (4.1) | (4.1) |(48.4) |(37.6) |(12.9) | (L.1)
20. Tureniidu/asiad 66 26 5 1 49 28 14 2
$ilvaamea viuid (67.3) [(26.5) | (5.1) | (L0) [(52.7) [(30.1) [(15.1) | (2.2)

ausauslaremsnziale
AUUNR LS 1zasLAdl
gm%mﬁwﬁmzm
USunaannuan

HamMaUdsuLUainsiuusElevdannsusianemseialundgnsnsineuuas

MINTIUTUNIUEUAN Y NUT1 aInaemganinssAliasiuuaden1ssuIUselevtann

'
Y

a = o A | v =
nsuslapeINsaiuINnitneunaaeteeeliteddni (p<0.01) lnenamnassdingiuy
AUV 14.44 uaznauvnaadlaziuwRiasyiniy 11.88

Han1swAguklainisiuguassaannisuslnremnsnzalundeninssinoulay

NAINTIUSUNTUFUAN Y NUTY MRIVAaeInRaRIATINTlazIULLRREN T UTQUaTIARIN
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Y [

MsUslaR TNz NIReUNAaBteE sl TuEn i (p<O 01) Ineviaannassdnmhuu
LAUWINAU 13.33 WarNaUNAARIlALLUULRALMNAY 11.86
HaNTsUALUKYAINITTUIANENNN TR Ue UM TUS LRI INELAYDINIRIATIA

Aouuazndinstalusunsugufing) wua Mé’amaaw@aﬁmﬁﬁﬁ%LLuuLaﬁstssus

Y o [y

awannsanuedlumsuilanensnsiasnnnitdeunaassedsiifddydl P=0.003 Tne
vaamaaesllnzLuuRiewiniy 15.31 Lavneunaasdiaziumademiniu 14.02
HanTswWasuklainssuianuianiildengfinssunisusinaemnsnzavemids

AanssAneuLaynaINslusinsuafinw nud1 ndmeaemdaiinssidazuuuagy

'
a1

ms%u%fmm%ﬁﬂwumawqﬁmsumiﬁimmmimLalajmemmﬂdaumaaaasmﬁ

Y [y

Hydn QJJ P 0.069 lagnainassing LLUULQ&EJLVH?TU 9.71 uarnaunnaodlag LL‘L!‘ULQ@EJ

[y

711U 9.20

o—

pealshnu mamuﬂﬁauuﬂaawqﬁnamdqLa%masumwim&Jiamaam@a@%miﬁﬁau
wagnaansilusunsuavfing wud MEMAaDmEansss nzuuuad awqmmimmaim
aunmlasralunsuilanovnmsia innineunnaesegsiifddi (p<0.01) Tnevds
NnaeIliAZLULRAVINGY 52.80 uazneunnaewlinzLULRAVINGY 46.97 Fauand

NUALLDYALUNITIN 13

M137 13 WIguLigunarueIngAnssuaLasuguamlunMsuslnAe M Imeavemas

[
Y

& 1 L2 =
G]\‘iﬂ‘iiﬂﬂ@uLLaS‘Maﬂﬂ?ﬂﬂﬁﬂﬂmimﬁfﬂﬁﬂw’]

Fouls X SD. D SD.; t P
n3suiUselevivainsuslnne mmels
founaaes 11.88 2.38 2.56 3.04 8.12 <0.01
NAWAQBY 14.44 2.50
nsfuiguassarenisuilnnemInea
founaaey 11.86 2.56 1.47 3.36 4.22 <0.01
NAWAaed 13.33 2.67




85

M50 13 WiguigunasiveInginssuaasuguamlunsuslnee M sneiaromds

[
Y

AIRTTANEULAE ANl SUNTUEUAN W (siR)

FlUs X SD. D SD.4 t P

nsfuinNaansavesnuedlunsuslnaemIniaUaende

Aeuneaes 14.02 3.24 1.29 4.07 3.06 0.003

NAINARDY 15.31 3.14
mMsuinniandifienginssunsuilanemanziauaense

NOUNAADY 9.20 2.05 0.51 2.65 1.84 0.069

NAINARDY 9.71 2.07
ngAnssudnasuguAnlaenlun1suslnAeImMINsLa

founnaes 46.97 6.71 5.83 9.22 6.10 < 0.01

NINARDS 52.80 7.96




= a 1 a v
UNN 5 997170UNEN15998

nsAnvfedumsaraeunmsiudeuveuandeuuazans PAHs saluvameia
ﬁi'imﬂaLLawaaLmaa{jL?ﬁyaﬂu%lﬁumLamﬂmaﬁquaaﬁqﬁm Jadnvaysuazilau-
QAAVINITUINUANA SrTnsrees TuTinTIadoun1siatTaTanmm Cytochrome PA50
(CYP1A) waz Metallothionein (MT) Usinssuduifaanssanan vinsiiufedafioands
Wenwsiazl 593 3 Usendnaln.e. 2555-2557 wag AnwingAnssunisuslnaomsnlauasy
ﬂﬁi%U?ﬂ??ML?ilﬁlﬂﬁl’lﬂm’iU%IﬂﬂmWﬁ‘VlzLﬁﬂa&%mﬁ@gﬂﬂiiﬁuﬁmﬁﬂﬁﬂL%‘EJ‘LJ

nan1sAneTsiuandsunazans PAHs sau nuiinsudourivlusiuuas
ﬂé’mLﬂf@‘dmmmﬁﬁmﬁLLawaEJLmegjL??EJW?@@]’]ﬂ%’]EJE'quaéNﬁa’] Jminvausuaziing
PAAVINTTULUIUANA JINTNTEED naenadvinsAne iy Tne. 2557 U w.el. 2556
wazd w.e. 2555 Inegnguduinlameianagvasiuaginssuduiaaserioans PAHs 59y
uarldnanisBusuatlunsiinuadsd deldsiintanmnisuanseonves CYPLA Tusiy
Uamzlalagyeeusadg) Azt Iatnmnnsuanseanves MT Tusuuameaia vilvinsu
spiumsduiiaansnauiiatoviaglavewiin esnnbuiiseniufuwilanlunisih CYP1A
famu sradeuludnith \ureBUIaas) Mytilus edulis MnUsnauvanidmsludeu
970 Venice Lagoon Tuusewnadnna (Peter et al,,1998) warn15un CYP1A (K-B Barnette
et. al., 2010) Laz MT (Thanomisit et. al., 2013) AARINNTUST NS EUSTaENTBuNIe
lalasmsusunazlanzuinlulameiastinge Tusninsvesuszmalng

Uhinunsuuideuresandloulusulameiaingradatlud we. 2556 GG
sesaunfed w.a. 2557 uaztoiianiull wa. 2555 Ianalwhussieafunisuuieuludy
Uameiainuiunwn Yiinauandlouganiimlulamsaisudsunaonaudainias
andl wuih 9nefian fe AnadsuandleunUamsavuaiiguiuiie 0.4490+0.6753
ug/g wet wt. a"su’[,uﬂé’mLﬁaﬂafmmaﬂ%mmmmLﬁamqqqﬂﬁwu Ng19Aan Ao Aiade
waslendl 0.004 ug/g wet wt. nsUutousendlonandamealunisanwadsoslsiiuen
1NATFIUBMNTINUTENANTENTNEEITUEY aTufl 98 (.. 2529) 3991NATFIUDIMNIAI
ansuandlonuidoulutaiuniiu 5 ug/s wet wt. (W38 0.05 me/Ke wet wt.) uwiUSanay
wanesas Tududay (10dy 0.8777+0.6479 ug/g wet wt.) ffamniAnsgIAfIMuA
Useana 6 Wi aamﬂé’aqﬁ’Umnwuﬂ%mmmiﬂmﬁammmeLﬁsﬂwaal,maa;jﬁgmmméa
Ao uAgafnImalsE AN sENTEssIEY atUfl 98 (WA, 2529) IFeaAsE N IMSTIA

answanslonvwlevlumeeuiiu 200 ug/s wet wt. (2.0 me/Kg wet wt.) A7y
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nsUuleunandenlansemeadminvaysuasveldauuuang Wesnandailasu
nanszvuAInuiiuzndlvaasgreia Allaveninuildeou dmunumwaduveilanifwes
a a Yo sg cil 1 1 = 5 ) dyl 1 a <
fangeavnssy lasuinfiminisaulassasdnsia nan1sAnwnantuiii srefaniy
! =1 M Yo a Y A A =
WAAINSNNZIEsaENSUTENS uAlAsURansEnUInuaiunishnvudeunuaaLiiyy
= a a o« a ¢ a Y] ~ o a
PNNANIANBIVBIDATA LiDIAY (2545) InTiznUsinalansnzm wandey dinzduazusen
Turesuase (Anadara granosa) USHIAUNNULEIUNULNY LazUSIATIERTIZIa AILAUNY
=€ o o = o < Y 1 :.// :’/ 1A [
NINYINTUAAFBIRNNT YAYS 1agyiNISINUAIDE19 6 AT ATLALRBU SUIAN 2542 UNTIAL
fupy Wy Aguieu nIngIAu 2543 wud Anedasanvedansaznikazwanideunuly
WOUSWINAN 2542 Lazunsiau 2543 Tnadawvindu 0.435 uag 0.835 pg/g wet weight
duanudutuvesUinauandenlunesuiaiglun1sfinuiiiiengae 0.05-0.01 ug/g wet wt.
Faawandenluvesuiaagiawinidnuazuwntngiadesnitlunesase 5.4 Wi Vsl
nsenfevemesuasiuTumhAuluneaaziilonasuduiawandonannznouugndy
| ) - = =1 y I a a & & '

vesuwiaagnodeluiinega nan1sAnuuiveilmziasnsdaniinisiuidewlaneninegns
wupukargenieimziauane sgdlsinumslimsuirasiuiavesnsuuleu
INF188NAANTUUTAINITINZEEIUAINZNIUNT NOHUNTU NOUWATY UAZIBBLLALS SnYY
MeranziadivuvuedeagIuiunin uaziaaessingg Afuihisasduenga s
Uelnaiauilsany wazinensnssudadlinnuiiivalunisnusandlsuluioulududany
fAnAaut19geInIUn A lul W, 2556 A1ede 0.8777 ug/g wet wt. Tl w.e. 2555 3
AedY 0.7626 ug/g wet wt. Wil W.el. 2557 fiang1 Fsdaydadulanfisnuslnafiuuin
Jaflenudssieduslaalunisiunandlsufivudeundaiuduazginimmulunduilenaiy

Usununsuuileuvesasiitoteysidlulameianasn 3 U nan15iiasieyt fiowes
ludameziadaed w.a. 2555-2557 wudn fieleysiu ludulamelageniinaiuiile lngainens
Aan U w.e. 2556 Agegalaien 0.1698+0.1650 ug/g dry wt. 589811y W.A. 2555 uazA
Weeigalul w.a. 2557 yaalusudarinulunnd aggeninduiieameia 439 2.7-4.5
Wi wagiiieley 1au Tudiuuameladuanars@angenitdulameiaduainuiuaime U
W.A. 2556 ANgagaLRAEi 0.1314+0.0699 ug/g dry wt. 589831178 U w.A. 2555 wavd w.a.
2557 Netesan FslunnUaindttunaiuilorss 2.4-3.7 Wi duran1siesIen feley lu
VOLUNANNYITN.A. 2555-2557 WUl Mote¥5u luvesuuasgvunalvg/geniviesudasy)
yueLan lngarnunasassensda lulne. 2557 fadesaands 0.0500+0.0194 ug/g dry
wt. Tutw.e. 2556 fAnade 0.1190+0.0959 ug/g dry wt. ludl w.e. 2555 fAgegaiaie

0.5435+0.1992ug/g dry wt. %aqmdﬂwammaqgjﬁummLﬁmhq 2-2.3 A7 LUAUABIIN
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uune U e, 2557 Seindod 0.1834£0.0567 ug/g dry wt. U w.A. 2556 Aaded
0.2502+0.1301 ug/g dry wt U w.a. 2555 fiadedi 0.4389+0.0886 ug/g dry wt. daganinly
VeBLNAULNALEN Y29 1.6-13 Wi WlelSeuiflsuszritsUamziauasesuuasguda g
Uuﬁawma'ﬁﬂLaLasai'szfluwaEJLLaJan'%qm'ijamzLa ilauesansPAHSIINAIN 16 wiaTs
US-EPA finsimunliinsiaianantsdneiied w.a. 2556 anisaesunamsanuiduasuing
waluanaidn 3 wiiatosniilull wa. 2555 anawuduasvumnaluanadnrassiads
91NBNA UATUUANA ﬁgﬂuﬂamzLaLLawaaLL@JENQ'Na‘imeﬁé’qﬂﬂ%ﬂumiﬂmﬁam1ﬂ
miifwﬁwhm Fvudeulunzia wdinistudouansredannazinandeUsyuuarie
YUAAUAT a'aumﬂmum1wmu’waw:u1mﬂfﬂﬁqmﬂimmqmmmsuLLawaﬁWNmmﬂﬁ
astnsunnasiunsia Tne S16PAHs lutamzia (adessunaznaunile) Tl w.e. 2556
gandn Tud w.a. 2555 9nesAandiAade 0.0715+0.0698 ug/s dry wtmﬂmumwma?{a
0.0746+0.0435 ug/g dry M%QﬁﬁﬂﬁaEJﬂjW‘W‘USL‘u‘ViaEJLL@JﬁQQj(LﬂSSﬁWUW@IM@LLaSGU'umLgﬂ)
NeeAaTiAede 0.3676 +0.2287 ug/g dry vvt.f\rmmumwma?{a 0.2967+0.1874 ug/g dry

L2

wt.an15aa1eLazduanaNIN8UBIaSPAHS Tuneeazllons1enINanInseadunad

Y

€

(Albers, 2003; Short, & Springman, 2006)iaLUSsuiiuiuua AR eI uNzLA
wimesisiiley Ussinedand 7iflen $16PAHSs lunsneudiu uas nawnilevameiaiidads 75,
85 uag 3.93 ng/g dry wt. mua1au 1y EPA SvuaAUuioud S16PAHs lunzneudiu
way nénievamziadl 138.50 uay 3.24 ng/g dry wt. (139 0.1385 wag 0.0032 ug/g dry
wt) suddudssanisnsaainumstulewiilulamsauasvosuuasganssiiauay
mumwm@qﬂdmaﬁwmﬁwﬁuﬁmmLuaLma%LsLﬁauLLazﬁEPA a1 l3gaunn (Trisciani et
al, 2011) eehslsfmaluusemalnedalasinmsimuadn PAHs Unddeulusmnsmeta

yiiames PAHs finuludiuUameiaane sdaiuazanuningdl 4 wda A Phenanthrene
(PHE), Pyrene (PYR), Fluoranthene (FLA), wag Chrysene (CHR) hagWu Benz[alanthracene
(BaA) lusiulamziannensian Tulandeghadertustamailsinu Chrysene (CHR) azealy
ndnile duvesiuagualvgieaingsfiauazanuawn sewumioudu 3 sliaves PAHs
f® PHE, FLA way PYR LLazmumwmé’qwmﬁm%ﬂ 3 ¥1in Av Acenaphthylene (ACY),
Acenaphthene (ACE) uaz CHR @unosulaiguuiaiian 91nes@anu 2 ¥iia fie PHE waw
FLA dauarnanuama wuls 3 vlla #ie PYR wag CHR 39 BaA wag CHR daiduadindifina
Gululdlunsreusdiluuyes (ARC 2012) frfuFafienmdsdumsuilnavesuuasgides
LLamJamzLaﬁ%’mwﬁéﬂmaﬁﬂwmaﬁﬂumumwmLLaza'Nﬁm winvlulameianasviosuuads

Y 1 )@ 1 < a . .
UN9AI8819az U1 UMY Tua1sUsemAandsneunIsny carcinogenic PAHs
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(benzolalanthracene, chrysene, benzolalpyrene and benzolklfluoranthene) wuly
mussels (Mytilus galloprovinclalis) Tunassvediiias Venice, Italy (Wetzel and Van Vleet,
2004).

faindanmussiamduledlusiiu ignasis@uunlusamedsiun wdenisdudaans

¥
! IS v

yafie 910 lalasasuau nsdnulusiuiiuanududsu@inddidiniinistusanans

Wuuensen1e Jansasianuazly Wudyuunisiieu (early warning parameter) lu

' v
a addaa I Aa

AT InUddldInAdgnanam (Sarkar, et al., 2006) IAEIANIZAITHUNITLAAIBENVDS

AIaTanm CYP1AluUameia 9 nurunnaiinudliugsy gelud we. 2557 wu
100% 31nUamnsiied1s na3dedaladandn lanu CYPLA wansludaifudnidasnin
Uanudiy 1udaiy Yainzuen Yardnemzinn Yamiauds wazdawtu laevialuansd

Y v A

LLaggﬂﬁw%’maaﬂﬁﬁ’uaéwaﬁ%am (Oost, et.al, 2003) FatiunisdraldiTTnTanm
CYPIA Usiiuandimsdusiaanslelasasueu msidendunsaandanfufia #d¥n
FanmdszinmBulesllusfiu Cytochrome P450 (CYP1A) fignadistunnlusnaniodng
¥ n§ennsduifaansuaiy s1wan lelasansueu n1sealdldmaianiuouived
§n1g CYPLA fia31999nUaingnewna Asian sea bass (Lates calcarifer, Bloch)
(Wo3NT LazAy 2558) azUan Rainbow Trout (Celander and Forlin, 1991)
AM5uAnID8NYBIEATIATIAN CYP1A ﬁgﬂuUmmaLLawamman A0AAADINUNA
USInaunsiasneaiansitiewes Germ CYP1A inducers wuldviansaniil 1adatuas
11UnTWR dauna CYPIA lunesuuasiislunaentia 3 Tidnwn wu 1000 Seflednndudnd
nzailupdeufivariinisaa CYP1A Ussansnwinninlulamezaviasieg adidindia
nsthanldlunisnsaafnmuuafivicndounani wasisenuudnm Southeast Asia
Tuldwesuuasg mytilid mussel, Perna viridis (Nicholson & Lam, 2005)
ft¥aTanmussimiBuleslusiu metallothionein (MT) fignadstusnlugnenie
Frivh wulan ndimsduiaansuaiiv sawan Tanemidn Wiy MT mmaagﬂi’mlé’ﬁgu%q
USinauazamnin dansinuadsd 1iHnedanaueufvefidume MT fiadrsintan
AENaU1 Asian sea bass (Lates calcarifer, Bloch)  (Thanomisit et. al, 2013) $il4
LOURUBANIINISANTITUNIZSE cod MT wag mammalian actin wazweuRueffisunzse
Lithognathus mormyrus MT (ﬁmamﬁu) AFIAOUNISUENIDONUDY MT Tutan L. mormyrus

Ndudaasuanion A1838 ELISA wulkauiuedidlwizse Lithoenathus mormyrus MT

(AARTW) @3nsanTIausuuees MT lulal L. mormyrus Taltuiieniiu
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§ @ (3

(Yudkovski et. al, 2008) nsuanseanves MT anvameia eilsnuanm nuiesidudas
1 1 a g_j; = 1 dy Yo o ¥ 1 Vo = d‘d‘
A71 1NBAI Masm V19 3 U U UmmLa"lmuiamwuﬂmqiwma LAINLAALI NN AN
wuluUSinailias uimainhasilavenindduludeuluuinudng Jaduindianudss
YaansUulaulanenin Navaulurmiadgo1mstuseuudnAunmeaselaaninsse e
1 y U %3 = U U 4 a d' v 1 ¥ 1 a U L3
NN mintays wasanuduiusyliaveslaribinauinde MT lawnuaifude
< % 1 a a6 gj = = %; < U & 3
Wue1ms Town Yandunsgua Uananu Uaisginguuiay Yaingniuldanil yannneuas
Uawun Yanannen Inedametaiwulinauinig CYPIA way MT Aalainguan
HANTTANAIUNGANTTUNITUTINADINITNZLE WU NEWAADINQIFIATIAT AT

¥

wagN133uIUsEler N135U3aUaTIAIINMTUSLAAR MM LaENITTUIANEINNTA

a

putedtuNsuTlneeIMINEaNIINNINNouNIAaesee sl d A vneadif winanssuns
Wavfnuluailliaunsaysufounisiuinnuidnidnenginssunsuslanemsnsa
1 oradunsglunsusudsuanufnuazensual@sdinasenginssuauninty Jusgiu

Y 3 [ Y Y a a N a o A
anetadouazesruseneau lawn Jadediuyanan1annudninel 373nen wasdaden
NEITINUUTUNNIITIAY TUFTIN LaEANTDVDINAIAIATIA B9asiinasondIuyaun
U URNgANTsNgUAINLLY WaNIINTUUBVIENAVRIYARAlUATEUATY DU kaYBNENATIN
aouNMsaiviamanIsalaneg seud fenafinaseronisusuilasungAnssuavnnlese
WU (Pender et al., 2006)

agalsinny nanswdsunlamginssudsasuauninlaesin wuin ndnislige
=2 a o sl o =) o o/ & A a [ = a
Anwimasnssanyinnuwag/vieinerdeluiuninunne In133uinnudeaninnisuilan

DI INzlaNLTUg 1l Ay ana Al lsswenuialuiunaina 33rasin1susy

o
Y

NN UANILANEeRIATTAtUEEY N135UANUEBIINMsUTIaRmTNEla Auely
[y v = a [y Y] [l I3 v A dgl’ a @ a :.’/
ﬂumﬂmqﬂmﬂmmmﬂuammmmazmﬂmﬂ LummﬂwummumwmLﬂumwaﬂiwu

o & o = - v & A =
DAFINNIIUUUNLTUIIWIUNIN R RICRRIC R RISV NIUAINAABULNANG (FidD, 2552) @9
< dill d‘d! = dy = Q‘ 2 a d! = v dly = I~
Lﬂuwuwzm:umaﬂmﬂaumsmﬁluaqLL'JﬂaaﬂuUsmmqq I LN 1wk DUIALT U

dunsereguameulisresUszyIvy wazdignuseniaimuai duunaIuauLaiuee

#3UNaIY

1. Mavudouvowandioludritfidsainnsuiauazanunne liua
wiloufufio seiueuanilemaielu futamaa > vesuuaag> néuileamea

2. HAMIMAABUANNLANA1TBIANRABAATId TR uARTTos TN TUT ALY

9fkATIUINTDMBELLAYY] NUTTtusdesanill Cadmium Tunesuuasguuindndangs
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nimesuuaiguuinlngjeg1eiidedAyn1eais (p<0.01) kaganududuvawanidely
vesuAIjIUIAlauariosLLasfunEn o duI e sAaTiAgsn iU A e
pgslitvdAyn1eana (p< 0.01)

3, HANITVIAADUALLANAINTBIARREAUTNTUYEY PAHS S2minausinumas
fouaveilaiiodievecladieadi ANOVA nuiluisaosaniiinnuuansieszmined
AMLTLTUVDY PAHS Iuﬁuﬂmﬁmqmdﬂﬂﬁmﬁaﬂmaﬂwqﬁﬁaﬁﬁmmaaﬁa (p<0.01)
wiliinumuuanssssineraudidures PAHs luilaifesunasnduilovanitends
USLIUENAILAZUTIULURINA (p>0.05)

4. NANIFNAFBUAINKANAIIEIARAEALTUTUIEY PAHS SEWIN9USIIWA

DIALLAYYUINVDINDYULUANY) f8a0Rn ANOVA WUIUMNEDIF01TAIULANAIITEUINAN

[

Aududures PAHs TunesuuaiguuinivgdAainiiveswuaiguuinanegrefidaddgy

o

N9ETH (p<0.01) WANUAMUUANANTENINAIAMUTUTUYDI PAHS Tunosuuaguun
Tvguaznesunasguunadniiendeuinasnunmaiianginine1sian sgrsliboddmeaia
(p<0.01)

5. N13uandeanes CYPIA war MT ludameiasigmaialauiued 31n11UAN
we nufiwesidudnauin winninenendan Ineussanvamsiaviiaiunisiueins
fuiusiunauanves CP1A Rendulanfufis wauanves MT Aenguuaniwile was
Uanguen

6. HANIATIINTUANIBENTBY CYPIA dewafianoufived Tunesuuasgnasns
AauarNUAMANY 100% aansaniil aaaaii 3

7. 9803 PAHs 911 16 faildufivanunsoananuanisameanuduasuug
waluanadniudafinuluvad 3 vfawibufie Phenanthrene (PHE), Pyrene (PYR),
Fluoranthene (FLA) dhutlinves PAHs 910 16 Maiilufivannsansianumesusadgny
LfJumiﬁummmaImLaqaLﬁﬂﬁ%ﬁmﬁwﬂwaaLLuaq@}uu’]ﬂimﬁa Acenaphthylene (ACY),
Phenanthrene (PHE), Fluoranthene (FLA), Pyrene (PYR), Chrysene (CHR) IuwaEJLLiJaQQ'
UNALANAD Phenanthrene (PHE), Fluoranthene (FLA), Pyrene (PYR), Chrysene (CHR)

8. MIIRIATIAINDNAAMALINUAINATNGANTIUNITUITLNA TAIUUANAIITULS
AK3 AT lIRAENTTUIAIEEIINMTUSIAAD N INELE WUTT MR TIa lunumn
WAKAreAaIAN3 Anuinlakariinisiuianudsieiuemsnsiakatlaneviined

Tuszautosuazliunnannudgewmassdiugsdadruaninseuluiuiuuane daanug
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warfinisfudmnudsaieiuensvsanaslaventinganinaninieulugefalegad

v o

HedAgmeatfegnslsimunislasurmansfeyaieniunsuslnpeimsnza ATl
AdNTUSAUNgAnTIuNsUslnAeInzauaesnla Tnsaziiuladn wininiseuluunum

= i LY 1 < C 1 a
N danudlunissuusemuamsvziadinninaniniseulugesd@an

[
(%

9. ngartaTIAdluglinsusinalasnnn @ InzLaslndu LazlinaNRIATINDN

Joway 11 MuiemIvela Ussanusesay 10-20 Yaenglansnssiusiaayuasvesyiamiieg

[ [%
= U

lunnudussasstaduusedn dndawenssausyanadosay 20 Muslnawmiadudnineia uas
a % A a a
fUszanaiieuas 4 NUslaresvelaans Aue

10. wyfinssuduaSuguAImeAanIsuTlnAe M IVElaUaan eueangiansss nou

LagnaIN1siguAny) wudl naansnaaemgenassadazuuuaionsiuiuselont s

[

Sufauassnnmsuslanesvela wagn1ssuiauaansanuedunisusianemmeia

]

o o

a ! 1 1 a o aad 1 = (Y7 yeg Al
NUINNINNBDUNIINAADIDYNUUYAIALYNINSENAN (p<0.01) FIUASLUURAYNITIVIAINUIANT

o

ISP o w 1

fnengAnssun1susiarenmansia nuin iliauwendaiuegeiidedAyseninanounas
nFsnMeaeafl (P=0.069) eehdlsfimumideisnsss TnanisivAsunuameinssudaesa
guamlumsuslnaemmeialaesiueuiiguseninaneunagraansalusunsuguany
fintuegelitudfyvneadi (p<0.01) Tnendmeaesdnzuuaidowintu 52.80 uwazreu

7AADINALLUURAEWINAY 46.97
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ID | Sample Common Name Sciencetific Name Habitat Feeding behavior (n) Size

B1 |darluile Spotted sicklefish Depanepunctata wihau Audad n=3 | 80.0-220.0 g. / 14.5-20.0 cm.
B2 | danzing Dwarf Ray Himanturaimbricata nihau Audad n=2 | 95.0-170.0 g. /31.0-46.0 cm.
B3 | ia1wa Caroun croaker Johniuscarouna nihau Audal n=6 | 45.0-120.0 g./15.5-22.5 cm.
B4 ﬂ61§uﬁn1 Largescle tongue sole Cynoglossusmacrolepidotus nihau Audad n=4 | 50.0-210.0 g./17.2-31.2 cm.
BS *1Jm14g?mﬁuum Starry pigface Lethrinusnebulosus Hihau Audad n=6 | 40.0-50.0 g./13.0-15.0 cm.
B6 ﬂm?mu Herring scad Alepesvari PQJ’J‘L%H Audyazdad n=10 | 40.0-50.0 g./ 14.5-17.4 cm.
B7 ﬂamzxﬁauﬁuﬁn Chacunda gizzard shad | Anodontostomachacunda ﬂﬁN‘l%‘W ﬁuﬁmm:ﬁﬁ'{ n=10 | 35.0-55.0 g./ 13.2-15.5 cm.
B8 | daradanzia Streaked spincfoot Siganusjavus ninau Audyazdad n=1 |120.0g./19.3 cm.
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8. arddanzia
Streaked spinefoot

Siganusjavus

AYaumamsasd as. Umas wifun, madrismaniausinunmans uuidneaseysmn

31311 3 MoswRIHIAMBLUA IR Eas A lE IuIUMeY o= 20 TumsTinnsvuday

AI0018 HUAIBENTHN 08 THIAN bEES

Site Sample D Weight/Total length
HIMBUUM Large Size L1(n=20) 20.0-50.0 g./ 5.5-7.5 cm.
(=6 cm.) L2(n=20) 10.0-30.0 g. / 5.5-7.5 cm.

L3(n=20) | 20.0-40.0 g /3.57.0 cm.

Small Size Si(n=20) 5.0-20.0 g./2.5-3.5¢cm,

(=4cm.) S2(n=20) 5.0-10.0 g. / 2.8-3.9 cm.

S3(n=20) 5.0-10.0 g. / 2.6-3.9cm.

MY Small Size Sl(n=20) 5.0-20.0g./2.5-3.9 cm.

(<dem.) S2(n= 20) 5.0-100 g./2.8-3.9 cm.

S3(n=20) 5.0-10.0 g. / 2.6-3.9 ¢m.
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A1TNT 3 maMTHATEETIPolycyclic Aromatic Hydrocarbons (PAHs) uazlaneviinupadieulu

d& -« -
Jamuia vmmmnua'zuﬂun‘xmmmauum

55 Uan Uan
PAHs / Cd Uar | Um | Um | Um [ Vawyd | Yan | Auviou | ada
/2 | quup | newne | son | uwn | whuuns dnu | vhdw | e
Naphthalene {NAP} / 0 0.0009 | ND ND ND ND ND ND ND ND
Acenaphthylene (ACY) / 0 00017 | ND ND ND ND ND ND ND ND
Acenaphthene (ACE) / 0 0.0011 | ND ND ND ND ND ND ND ND
Fluorene (FLO) / 0 0.0026 | ND ND ND ND ND ND ND ND
Phenanthrene {PHE) / 0 0.0176 ND 0.0207 | 00176 | 0.0185 | 00289 | 0.0237 ND 0.0392
Anthracene (ANT) / 0 0.0011 | ND ND ND ND ND ND ND ND
Fluoranthene (FLA) / 0/+ 0.0153 | NOD ND ND ND ND ND ND ND
Pyrene (PYR) / O/+ 0.0132 | 0.0351 ND ND ND ND ND ND ND
Benzlalanthracene (BaA) / ++ | 00016 | ND | 0.2321 | 0.1546 | 0.1515 ND 0.1514 ND ND
Chrysene (CHR) / ++/+++ 0.0037 | ND ND ND ND ND ND ND ND
Benzo[b]-luoranthene (BbF) /
0.0018 | ND ND ND ND ND ND ND ND
B
Benzolkifluoranthene BkF) /| o017 | no | Mo | N0 | MO ND ND No | ND
B oo
Benzolalpyrene (BaP} / ++++ 0.0012 ND ND ND ND ND ND ND ND
Indenof1.2,3-cdlpyrene (1cdP) / 0.0003 | NO ND ND ND ND ND ND NG
R
Dibenzola hlanthracene (Dah)
. 0.0009 | ND ND ND ND ND ND ND ND
Benzo[ghilperylene (BehiP) /7 | 0.0026 | ND ND ND ND ND ND ND ND
Total PAHs (ug/g) dry wt. 0.0391 | 0.2528 | 0.1722 | 0.1700 | 0.0289 | 0.1751 | ND | 0.0392
Cd (ug/g) wet wt. 0.001 0.0159 | 0.0084 | 0.0047 | 0.0045 | 0.0050 | 0.0048 | 0.0050 | 0.0041

mnews : ND Ap A mdiduresiagieriinit LOD




AN dramIIATIEVaNIPolycyclic Aromatic Hydrocarbons (PAHs) waslavevtinuandioulu
VRULLAIAIBUUN IAUIAYY n= 20 TuksasmsiiaTiey

Site Sample | D | ‘WelghtrTotallangth | oo rans S

(ug/g) dry wt. (ug/g) wet wt.

MR | e size | Lt | 200500 /5575cm, | 00332 0.0815

(>6cm) | L2 |10050.0g /5575 cm. 00323 0.0775

L3 |20.0-4004¢./3.57.0cm. 0.0292 0.0824

Small Size | S1 | 5.0-20.0 8./ 2.5-3.5 cm. 0.0282 0.0832

(<dcm) | 52 |50100¢ /2839 cm. 0.0322 0.0696

$3  [5.0-10.0 ¢. / 2.6-3.9cm. 0.0314 0.0722

WIABYY | 5mall Size 51 5.0-20.0 g. / 2.5-3.9 cm. BAATIEN 0.1011

(<dcm.) S2 | 501004 /2839 cm. DRI 0.0984

$3 |50100¢ /2639 cm. 59UATIEN 0.1331
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PAHs (aromatic hydrocarbons)

X D @

R
benzof g AL peryiene

* Chemical structure of the EPA selected 16 PAHs
(Keith & Telliard 1979; Pampanin and Sydnes, 2013)

+ The role of metal binding in detoxification

* Biotransformation

— Reduces the amount of biologicall

— Not possible for most metals
— Biotransformation (methylation
* Binding to intracellular ligands

it more toxic

orm (free ion)

* Deposition of insoluble metal granules(invertebrate only) eg.
Cu, Hg, Se, Ag, Cd, Pb, Se

Metals are persistent contaminants
* Bioaccumulation (bioconcentration) in organisms
+ Biomagnificantion in food chain

INDICATORS OF
EFFECTS

. rhers of eects
| |

L other couses |
ENVIRONMENTAL MONITORING METHODS:
<hemical b & bislogical effect,
9 biological effect health & ecosystem
menitoring menitering

Van der Oost et al.,, 2003
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Carcinogenic classification of selected PAHs by the
International Agency for Research on Cancer (IARC, 2012)
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The PAH and PAH-like inducers of CYP1A

Phenothiazines

Benzo[a]pyren
A-Naphthoflavene and other flavones

o =]
Plant indoles
indole-3-acetonitrile
indole-3-carbinol 2 o =

Elipticine Dioxin
Charcoal-broled beef

Cigarette smoke - -
Crude petroleum
Polychlorinated biphenyls
Polybrominated biphenyls
Halogenated dibenzo-p-dioxins
Halogenated diberzofurans PCB

Polycycke aromatic hydrocarbons
3-methylchalanthrene
benzo{a)pyrene
benz{a)anthracene
dibenz{o hanthracene

Deswed from Okey, AB. (1990) Pharmacal. Therapeut. 45,
241-298

Metal-Binding Protein
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PRl 506 x 107 161x10% T1x107 697 x 10° 245x10° 330x10° 194x107 2a3x10°

2.|9:1u‘ 619x10° &45x107 d11x 107 :.Mzm‘ 14Tx10°  351x10°
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Anmssudsznulamaauazvesuuasy dauluaiiida Col an
msuuiiiou Total PAHs gendruamiion snifuvailungy
Herbivors %mu'iﬁ'lm‘-mﬁmumv!aﬁﬁm ol mnmsvuidiou
uanilsusnAnd Total PAHs daumsuuilauasiule(o)lnu
wuluFsnuifasinn
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* Tuiiuinruaina wudn Yarlundu Camivors waz Omnivors §
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ngu Herbivors fi1 CDI mnmsvuileuuamiisugandi Total

PAHs
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Hazard Quotient (HQ) =  Chronic Daily Intake (CDI)
Reference Dose (RfD)

Hazard Quotient (HQ) = fuildunTe
Cummulative Daily Intake (CD) = w‘lwﬂmmimﬁv’ﬁiﬂfjs‘wn'm (mg/kg.day)
Reference Dose (RD) = fﬁﬁuﬂmﬂnrﬁuﬁugmmmmimi (un /nn. ugwml'ng*

#1/5u) Fiawsait fngiamewdynTu Tnalidabad

g
Useardla Aesnamunapatenydy

HQ < 1 .. No significant risk
HQ>1 ... A potential risk

A1ATaABe Hazard Quotient mBanmuaadlzunaziwmls (o) Tndu

Fundlauluanmaa
winvemEs it dudunabe Ay e
uefimmercs Do, (€O (abntuRlanti-fu)
RID ; disinfvflanticfo
= ATURTHR 1x10% 9.81 x 10
dafm 501x 10°
Benzolalpyrene  yqupmn NA 155x 10%
Gl 155x 10
' hitp:licipub.epa. irisfindes.cfm
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Cancer Risk = Oral slope factor * CDI

+  amrwidsrasmsiauzianmsiududauluie)lniu
ﬁﬂul‘flau'lummw:mman1sﬁu'luv‘|’uﬁuwmvgaﬁfhwhﬁ'u
= 7.3 (mg/kg/day)! x (1.55 x 10¢ mg/kg/day)
= 113x10°

'Q'

¢ swwarwd ludssvive 100,000 Au didszam 1-2 ﬁ"
sidsedonaduuzSannsiududaasuulete) vy
fuudeuluonnmzamanisiu

*n Oral slope factor wewanimibilégmisziiul3lan RIS Program (Mot Available; NA)
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Detoxification-Mechanisms and
Mixture Effects on Fish Biomarkers
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==L
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Sources of Marine Pollutants
Oilproduction & Oilspill
Transportation (fuel, exhausts, lubrication oils, antifoulants, sewage -..)
Industries :
Agriculture
Landfill leachates
Road run-off
Sewage effluents etc. etc.

VVVVVYYVYY

Increasing levels of PAHs in

Swedish waters '-

; EROD-sktivitot | levern / tenglake

Why are PAHs increasing in the marine environment ?

Oljespills in the Oceans '

T Some Examples: 4
1989 Alaska, USA
1990 New Jersey, USA
1990 Texas, USA
1991-92 Kuwait

1993 Florida, USA

1994 France o
2002 Spain )
2010 Mexican Gulf ™

2011 Sweden

N e ——
| - -

I*QI

Decreasing levels of DDE, PCB and
Dioxins in marine bird-eggs in Sweden

1970 - 2010

1970 - 2010

Malin’s SKIFF-boat !?!

Cu,0 (antifouling paint)
PAHs (fuel & engine lubrication oil)

OGRS

Adsorption, Distribution, Metabolism, Excretion(ADME)

Uptake
Respiratory tract, Digestive tract, Skin
— o oo =

Lungs/gills

LiVer/hepatopancreas
Kidneys
Intestine




Uptake vs. Excretion

Uptake < Excretion

Uptake > Excretion

Uptake = Excretion

"Steady state” Bioaccumulation
—_—
Depletion- Overdose-
S risk? risk!
l metabolism
Increased
metabolism

Detoxification Mechanisms — Efflux & Metabolism

X ,—I Efflux
Pgp

Phase 0 Phasety . ppy PHOsO2 s ooy Phased
cyp Gst, Ugt, SULT
Efflux

Efflux

Detoxification mechanisms: _/‘ Gene A;um.on B
PHASE 0: Efflux

PHASE 1: CYP metabolism f/ @@ @
PHASE 2: Conjugation » Wm
PHASE 3: Metabolite-Efflux { SCOpIAS,
‘ @Q
‘.»
‘~
N s-<loment

/‘
Target gens”

_- e

Cytosol s

Biotransformation of lipophilic substances

PHASE 1 PHASE 2

Substance 5 Activated Conjugated
Substance Substance

—>
H - —
Increased Hydrophilicity
—
=Increased Excretion
PHASE 1 PHASE 2

Functionalization enzymes Conjugation enzymes
-Activation for excretion -Formation of excretion-products

&@[{Ztoxiﬁcation - Biotransformation

Bile '

Bladder

" Intestine (>

_ Lo

Excretion via feces Excresion via urine

PHASE 1: 95% Cytochrome P450

Garfinkel 1958; Klingenberg 1958:
Pigment with max absorbance at 450 nm

A hemoprotein

B

Absorbance

heme-group

450

Wavelength (nm) Model of cytochrome P450 from:

Julian A. Petersen, University of Texas, Dallas

Omura & Sato 1962:
Belongs to cytochromes=cytochrome P450 (CYP)

Biotransformation reactions

PHASE 1 Functionalisation enzyme reactions
“Activation for excretion”
Cytochrome P450 (CYP)
Epoxide Hydrolases (EH)

PHASE 2 Conjugation enzyme reactions
“Formation of excretion-products”
Glutathione S-Transferases (GST)
UDP-Glucuronosyl Transferases (UGT)
Sulfonyltransferases (SULT)



g\ il A Biotransformation of benzo[a]pyrene (BP)
Example: % e o o {Z@ SULT gs,;ha‘e
Benzo[a]pyrenedfl % "L & \

N BP -Hydrox-c\
BP-Dihydrol
4 g@
\ GlucUromde

A polyaromatic 0;—,,
hydrocarbon and ° — C@ BP-
a pro-carcinogen Bl TR e e
CYP Applications Induction of CYP1A
- A biomarker

A definition of a biomarker:

Evolution
Biomarker in " A Biological Response (histopatological, physiological,
Biomonitoring biochemical) as an indicator of chemical exposure
1y o~ Programs and/or a biological effect of Chemical Exposure
?{j) + on organ and/or organism level.”

Genetically Pharmaceutical Q@

Modified Industry =

Organisms Genotoxtest

Induction of CYP1A Expression CYP1A induction is an early warning signal

”An Early Warning Signal ”’

Subcellular Response

Reversible j S

Established biomarker 3,3",4,4"-tetrachlorobiphenyl AN

T C

23,78 iétraéhlofddibenzs-p-dioxin Benzo[a]pyren




Biomonitoring in Swedish Waters

Perch
(Perca fluvatilis)

AnderssonT. et al., 1988

Induction of CYP gene expression

Xenobiotics Endobiotics

natural products, drugs, steroids, cytokines,

pollutants ... growth-factors ...
Receptors

+l Induction

CYP Gene expression

+
CYP Enzymes
Metabolism of‘/ Meiahokism \Metabolism of
xenobiotics endobiotics
Ligands to the AhR

PAH (polyaromatic hydrocarbons)
Planar PCBs and Dioxins

Phytoalexins
(ex. Carotenoids, Flavonoids, Indoles)

Metabolites of Benzimidazoles
(ex. Losec)

Physiological Changes in Perch near a Pulp Mill
Ve

AnderssonT. et al., 1988

Receptors Involved in Induction of CYP1A Gene Expression

‘ Arylhydrocarbon Receptor

| Arylhydrocarbon Receptor Nuclear Translocator

Target gene — CYP1A

P t i

romo o;regnon Coding region
e
jﬁgantr'

5 /

ATG m—eeeeeeeeeeeey 3
exon + intron CYP1A gene

AhR Response Element Transcription start
(AhRE) -1 1| € RSPy
Increased CYP1A mRNA

%

Increased CYP1A enzymes



Functions of the CYP1A enzymes

Metabolism of aromatic hydrocarbons
Polyaromatic hydrocarbons (PAH) and

Planar halogenated aromatic hydrocarbons (PHAH)
Activation of pro-toxins/pro-carcinogens

Metabolism of estrogens

Activation of vasoactive compounds

Induction of CYP1A

o The CYP1A Gene
l Induction of CYP1A expression

M Increased CYP1A
MTW mRNA levels

Increased CYP1A

o enzyme levels

Dose-Response Relationships

A max-dose
@
w
[=
Q
a
w
[1}]
o
< - -
by Biphasic Curve!
5 Why?

Dose

Induction of CYP1A in a livercell Cellmembrane

n. Ligand Activatig
g ; 2. Translocation
{'hsp (hsp ;  toNucleus Cytosol

£NYn
“LigandT o I === T T T =
Ls A ] ‘:QI'IR, _A= 6— Nucleus
! - RNT]
/’,1 /"’-._-J-_"é_ ,‘,"-——)
- »7  "Fligand T .~ 3. Dimerization
” ’ [ gy
g W ’ C]AhR RNT)
s
(hsp (hspy [ 5, Merr—
f ’ AhRE

‘\f\h . Inactive ;' H4.Transcription

5. Translation

CYP1A Enzymes< CYP1ARNA

Dose-Response Relationships

A Max-dose

Response

Dose

The CYP1A mediated EROD activity

EthoxyResorufin-O-Deethylase (EROD) activity

EROD (CYP1A)

Ethoxyresorufin == Resorufin

Co-factors: NADPH + O,



Biphasic Dose-Response Curve — How? More CYP1A Enzymes - Higher EROD activity

Ethoxyresorufin —— Resorufin (Fluorescent) . .

CYP1A Enzyme: .
@ Catalyses the EROD . .

reaction

EROD (CYP1A)

Enzyme-inhibition

Dioxin-doses

\ = Dioxi [ 2

A . @ @ = Dioxin molecule :

J site g bt

< L

L

L L

L L

. e L [ J

N+ O : . & 8 2
Chemical A Chemical B e A-metabolite hd N

0 1 2 5 10

Chemical B occupies the enzyme that catalyses metabolism of chemical A L.
Dioxin-dose

This results in decreased (lower) production of A-metabolites. = Inhibition!

Induction of CYP1A Enzymes

Induction of CYP1A Enzyme content

o = CYP1A Enzyme siDoxin-maIecule
oo oo =CYP1A Enzyme °° .o
0 90 o %o
o @
00 000 OpO 00 .8 oo
00 60 09 09 @0 60 o0 oo
0 1 2 5 10 0 1 2 5 10

Dioxin-dose Dioxin-dose



What about the EROD activity?

o B3 2

Dioxin-dose

Drug-Metabolism in humans

)

Substrate Enzﬂ) Product

Drug Enzyme | prug-Metabolite

A

& T

Common painkillers

s G
2

H
oY

Naproxen

—

Paracetamol
Codeine

Dioxin — CYP1A: Dose - Response

21 CYP1A enzyme content
8 oo [ ]
< : EROD= [ S
o .. @ CYP1A
5 e® .... enzyme
(o) ® activity 5
0 1 2 5 10
Dioxin-dose

Major drug-metabolizing CYP enzymes

CYP1A2

ex. naproxen, clozapine, caffeine, paracetamol ...
CYP2C9

ex. ibuprofen, tolbutamide, losartan, warfarin ...
CYP2C19

ex. omeprazole, diazepam, clomipramine, progesterone ...
CYP2D6

ex. metoprolol, desipramine, haloperidol, codeine ...
CYP2E1

ex. ethanol, paracetamol, chlorzoxazone, ...

CYP3A4, CYP3A5 & CYP3AT

ex. erythromycin, paracetamol, cyclosporine, felodipine ..

Drug-metabolism

Py
1. Increased clearance

«@ »
k) oH
?’“ Ibuprofen m 'y

Yme
7,

Z
_) %, + 2. Activation of pro-drug
\ Codeine CYP206 .:J%W%
H +
‘@ 3. Activation of pro-toxin
Paracetamol CYP1A2/2E1/344 (g\ o

o



1. Increased Clearance

Naproxen cypia2 O-Desmethylnaproxen
OH CYP2C9 Y
H,CO o Dealkylation . o] .
aqua‘
P2C9
Ibuprofen ——— > OH- Ibuprofen

w-Hydroxylation
OH

1. CYP2C9; 2. Alcoholdehydrogenase; 3. Aldehydedehydrogenase

3. Activation of pro-toxin
(o]

HNJ\

@ PHASE 2 (UGT & SULT)«, Sulphate-metabolite

" Glucuronoide-metabolite

Pr
b S (c Vp
Paracetamol E/ 0
(pro-toxin) =S 3’& N
1)
P\"P‘E’E /

Liver damage
NAPQI-. Hepatotoxic metabolite
Glutathione- N-Acetyl-p-benzoguinon imine
metabolite

Action on an Enzyme  Action on a Channel  Action on a Receptor  Action on a Transporter

Modes of Action — Toxicodynamic Interactions

A 1 o @

Chemical X Ghemical Y Chemical Z Chemical W
Metabolism
Y X
5"
Toxicokinetic <—Bottleneck

Interactions

Elimination of Chemicals

2. Activation of pro-drug

Codeine Morphine
(pro-drug) (drug)
CYP2D6

Dealkylation

+ Therapeutic effect

"Cocktail effects”

.9

Pharmacodynamic interactions
Two chemicals have the same or opposing pharmacological action

Pharmacokinetic interactions
One chemical affects absorption/distribution/metabolism/excretion of another chemical

Drug-interactions

CYP function/activities can be altered
|

Decrease due to
|nh|b|t|on of enzyme aclwll)@

AI Risk!
Increase due to | .
induction of enzyme =  Depletion
synthesis 1 §

Overdose




Decreased clearance — Synergistic mixture effect

/ Terfenadine CYP3A4 Fexofenadine
Pro-drug > Antihistamine

Drug-Interaction: Decreased Clearance
Flavonoids in grapefruit inhibit CYP3A4 enzymes

Decreased terfenadine-
f ‘) clearance

Naringin, Terfenadine
amotti
Bergamottin s overdose risk!

Drug-interactions on
fish biomarkers

Two different drugs

Ketoconazole: fungicide — antimycotic drug

Ethinylestraduol: synthetic estrogen
OH

=

Increased clearance — Antagonistic mixture effect
: CYP1A2

Ethinylestradiol MOH-Ethinylestradiol

Oral contraceptives N
©

&

Drug-Interaction: Increased Clearance
Substances in St. John’s wort activate PXR

e CYP3A4
"‘£+ gﬂ éOH-Eﬁnylestradiol

Hyperforin, Ethinylestradiol Increased ethinylestradiol-
Hypericin clearance

“Miracle babies” « 3

ey Pe————— [
7 :'5 Aquatic Toxicology

s on biomarker responses in fish

Cocktail e
Malln €

Ketoconazole inhibits the CYP1A biomarker

©

>
% Ethoxyresorufin-O-deethylase (EROD) activity
I 4 control ketoconazol ° 2 5 6
< oo 2 3 #°
2T COOER0 |
o ¥ ¥

0

—— <— CYP1A protein

Non-competitive inhibition

Ketoconazole (uM)

CYP1A-activity

1ICYP1A activity

-

Ketoconazole (uM)

Hegelund et al. 2004. Environ. Tox. Chem. 23:1326; Hasselberg et al. 2005. Comp. Hepatol. 4:2

10



Ketoconazole inhibits CYP3A metabolism . )
: _ Ethinylestradiol CYP1A OH-Ethinylestradiol

CF3 oH
, =
N

e o« CYP3A
e * == CYP3A SN =y —> 3 "
" ,&J:\’E"L‘ol‘o “no,EJL_D:LD Hydroxylation "
v @ y N,
Keloconazole - CYP3A30 i W\f)

S Graham & JA Peterson,
Univ. of Dallas, TX, USA

100% |, otentinhibitior Non-competitive inhibition Ketoconazole inhibits CYP1A/3A enzyme activities
2 z
Zs0 % ‘ Ethinylestradiol
g E m + Ketoconazole v Decreased Ethinylestradiol-
o0 R 1 L c A _ Clearance
’ - _ d_cﬁb” ° = Increased Estrogenic
Ketoconazole (uM) Ketoconazole (uM) .‘,}"\_/"_(\j} Response 2

Hegelund et al. 2004. Environ. Tox. Chem. 23:1326; Hasselberg et al. 2005. Comp. Hepatal. 4:2

. . CYP3A protein levels vs. CYP3A enzyme activity
Experimental design ® 1

ay 3 Enzyme
0 Inhibition
4 0 .
Protein - 'i

e p
e T g e e 03 it Induction | °
e - - - Day 6

Control Ethinylestradiol Ethinylestradiol Ketoconazole 100
(Vehicle) 2.5 pghg 2.5 uglkg mglkg . )
+
(EE,) Ketoconazole (KCZ) EE Ketoconazole - -
100 mg/kg 2
(EE, + KCZ) - ' © ) Day 12
Fish: Juvenile rainbow trout Metabolic capacity =~ *
Sampling: 3, 6 and 12 days post injection = Induction - Inhibition 1
Analyses: CYP, vitellogenin & steroids O el EE, EE.  Ketoconazols
Hassslberg et al. Aguat. Toxicol. 86 (2008) 256-64 -;K,’mmrzﬂm
. Ketoconazole increases the sensitivity to ethinylestradiol
A biomarker for estrogen response 16000 o
ay 3
Induction of vitellogenin synthesis in male or - e . |—IT
juvenile fish T o =
/} ) / % 4 x Potentiation | Day 6 emme—
s 16000 , - r Julpd T =~
© —_ 15 g
. . . . 1ilag ~
G
@ 1500 . Day12
1. Activation of the estrogen receptor initiates & e
vitellogenin-synthesis in the liver , iy .
2. Vitellogenin circulates in the blood comol B &

Hassalberg et al. Aquatl. Toxicol. 86 (2008) 256-64



The cocktail-effect:
Potentiation of estrogenic response.

Posible biomarker consequence:

Over-estimation of estrogenic exposure in the
environment when co-exposed to CYP3A

inhibitors.
Gréns, [ » A , Wallin and Celander. submitted
Synergistic effects on A g?g’fz‘efR':f:?;::;i
. ml
the CYP1A biomarker %
20
B) Biomarker Response:
. CYP1Aactivity (6-72h)
10
0
S @ e &
& £ S <
S
& & &S
< ﬁ°§

— — B-Naphthofiavone (0,1 uM) + 25 uM Nocodazole
———=- B-Naphthoflavone (0,1 M) + 10 pM Nocodazole
-----=- B-Naphthoflavone (0,1 uM) + 1 M Nocodazole
— (0,1 uM)

——— Nocodazole (25 uM)

Time (h)

Conclusion

Proposed Toxicokinetic Mechanism

- BNF and imidazoles compete for CYP1A
enzymes.

Combination Effects
v'Delayed BNF elimination
v'Increased efficacy of BNF exposure
v Increased CYP1A biomarker response

Grans, Wallin and Celander. submitted

CYP1A activities — Dose Response (24h)
L A=
4 g Nocodazole

110 25uM
B-Naphthofiavone (BNF)

Nocodazole (NOC)
Mixtures I—)

Threshold-dose of BNF (0,1 pM) + different doses of NOC (1, 10 & 25 uM)

FRODactty (pamPadnprat)
EROD Aoy (panPabnbrt |
14

o

Grans, Wallin and Celander. submitted

effects of on CYP1A activities

024 hvs D4l b

CYP 1A activity (pmolimg protednimin)
o

& clotrimazole (M)
&
& $ 1 10 1 10 1 0 1 10

+ +
0.1 uMBNF 0.1 M BNF

e i Nllla & [l

Thank YOU for your kind attention!

-
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Abstract

Green mussels (Perna viridis L.) that inhabit along coastal areas with established petro-chemical industries are likely
to be exposed to petroleum hydrocarbons. In year 2011, polycyclic aromatic hydrocarbons (PAHs) accumulated (i.e. total
of 16 PAH congeners) in three different sizes of farmed mussels in the Maptaphut industrial estate which is an industrial
park in the Gulf of Thailand. The levels of mean total PAHs (0.4303 + 0.3067 pg/g dry weight) in large sized (consumable
size) mussels were 16 and 8 times higher than medium and small sized mussels. Levels of total carcinogenic PAHs (0.0311
+ 0.0310 pg/g dry weight) in consumable size mussels were 15 and 11 times higher compared to medium and small sized
mussels. Two carcinogenic PAHs (i.e. chrysene and benzo[a]anthracene) were detected in all sized mussels. The ratio of
high molecular weight versus low molecular weight PAHs in all sized mussels indicated the presence of pyrogenic PAHs
contamination over petrogenic PAHs in this coastal area. Further studies were carried out in year 2012 involved depuration
in consumable sized mussels and effects on the cytochrome P450 1A (CYP1A) biomarker were analyzed over a 30 day
depuration period. The half-life was five days for total PAH burden (0.4765 + 0.0615 pg/g dry weight), which included
four non-carcinogenic PAHs. After 10, 15 and 30 days depuration in clean water, the mean total PAHs levels decreased
gradually but yet significantly (0.2501 = 0.0186, 0.1350 £ 0.0122 and 0.1554 + 0.0353 pg/g dry weight, respectively)
compared to the PAH levels at day 0. Levels of CYP1A declined accordingly and at 30 days depuration CYP1A protein levels
were significantly reduced by almost 3-fold compared the PAH levels in mussels from the Maptaphut industrial estate. The
results show that farmed green mussels reared for human consumptions are exposed to PAHs including carcinogenic PAHs
and that clearance of these PAHs is evident at 30 days depuration. This study demonstrates the importance of analysing
PAHs in mussels and the usefulness of the CYP1A biomarker to assess exposures of PAHs in Thailand coastal waters.
Therefore, a continuous monitoring and evaluation of PAHs contamination in marine species is a priority in this area and
other petro-chemical estate areas of Thailand in order to reduce the risk of dietary exposures to carcinogenic PAHs from
consumption of green mussels as well as to endorse reduced anthropogenic releases of PAHs into the marine ecosystem.

Keywords: green mussel (Perna viridis L.); Maptaphut; PAH; CYP1A; tropical waters

1. Introduction Earlier investigations between 1994 and 1999 in five

coastal locations (bay, canal, and river) in Thailand

Green mussels (Perna viridis L.) and other
bivalves are commonly used in order to assess water
contamination and in environmental monitoring
programs. These filter-feeding and sessile organisms
are exposed to complex mixture of pollutants in their
natural habitat and are therefore ideal species for
studies on effects of pollutants in coastal areas.
Polycyclic aromatic hydrocarbons (PAHs) represent
one of the most common classes of pollutant that are
continuously released into coastal waters worldwide. In
Thailand, various industrial estates are spread out over
the whole country, while others are located along the
coast and thereby pose a threat to the marine ecosystem.

reveal industrial contamination of PAHs in green
mussels were in the range of 0.1000 - 0.2110 pg/g
dry weight, classified as low levels of hydrocarbon
pollution (Isobe ef al., 2007). On the other hand, levels
of total PAHs were much higher in farmed green
mussels collected in year 2007 from the Chonburi
Province, on the East coast of Thailand. The levels of
PAHs ranged between 2.33 to 3.06 pg/g dry weight
during the dry season and between 2.49 to 3.15 pg/g
dry weight during the rainy season (Mokkongpai
et al., 2010).

The Rayong Province, close to the Chonburi
province, has petrochemical industries located in
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Maptaphut Industrial Estate. The physical conditions
of marine sediments around this area appeared to be
black sediments (35 cm depth) with a composition of
total petroleum hydrocarbons in a wide range of 0-170
mg/kg dry weight and mercury at arange of 0.15-1.61
mg/kg dry weight (Water Quality Management Bureau,
2009). However, in this industrial area fishery activities
and farming of green mussels for human consumptions
are also important. Some of PAHs congeners are
known carcinogens or are strongly suspected to act
as carcinogens (IARC, 2012). Four substances of
carcinogenic PAHs (benzo[a]anthracene, chrysene,
benzo[a]pyrene and benzo[k]fluoranthene) were found
in mussels (Mytilus galloprovinclalis) in canals of
Venice, Italy (Wetzel and Van Vleet, 2004).

Determination of the cytochrome P450 1A
(CYPI1A) biomarker is widely used either alone or in
combination with chemical analyses to indicate the
exposures of PAHs on living organisms. Tropical fish
species caught from coastal Chonburi Province had
detectable CYP1A protein levels, which is indicative
of exposures to PAHs (K-Barnette et al., 2010). Since
mussels populations reside and reproduce along the
coastal area and are sessile, they are suitable indicator
organisms for studies on point source pollution along
coastal areas. For instance, Solé ef al. (1995) found
CYPIA expression in blue mussels (Mytilus edulis
L.) after the oil spill in the Galician coastline in Spain.
In addition, levels of PAHs (X of 13 PAHs) in these
mussels positively correlated with levels of CYP1A in
their digestive glands. The integrated analyses of PAHs
and CYP1A levels in mussels (M. galloprovincialis)
from NW Spain proved the existence of petrogenic
and pyrogenic hydrocarbons from polluted site (Porte
et al., 2001). The main important factor for using the
biomarker is the benefits of having it as early warning
parameter (Sarkar ef al., 2006). In the Mediterranean
Sea, CYPI1A expression in digestive gland of M.
galloprovincialis from contaminated sites revealed
the highest CYPIA when compared to mussels from
intermediate contaminated sites and a reference site
by 1.67 and 2.27 times respectively (Shaw et al., 2004).

The purpose of this study was to examine
accumulation of total PAHs in relationship to their
size of cultured green mussels in the Maptaphut
industrial estate. In addition, the impact of depuration
over a 30 day time-period on PAH clearance and on
CYPIA protein levels in the digestive glands were
addressed in green mussels from the polluted Maptaphut
industrial estate in the Rayong province transferred to
a non-polluted area in the Trat province.

2. Materials and methods

2.1. Experimental sites

Two experimental sites of coastal water in this study
were selected, Maptaphut Industrial Estate, Rayong
Province (polluted) and Trat Province (non-polluted)
as shown in Fig. 1.

It is well-known that non-polluted area is suitable
for green mussel culture. Some of the major chemical
environmental data of non-polluted site in 2011 (wet
season), obtained from Petsut et al. (2012), include
salinity (15-27 ppt), total inorganic nitrogen (34.3-
280.0 pg/L) and phosphate (3.0-67.0 ug /L). On the
other hand, data of the polluted site in 2011(August-
December) as obtained from Water Quality Manage-
ment Office (2013) include salinity (33.50-30.20 ppt),
dissolved oxygen (5.6-6.2mg/L), nitrate-nitrogen (0. 1-
10.7ug nitrogen/L), phosphate-phosphorous (0.2-70.0
ug- phosphorous/L), ammonia-nitrogen (5.5-3.5 ng
nitrogen/L) mercury (0.01-0.01 pg/L), arsenic (1.6-1.9
ug/L) and petroleum hydrocarbon (0.1-4.5 pg/L).

2.2. Sample collection and preparation

Three sizes of green mussels were randomly
collected from raft-cultured mussels (3 km’ long) from
Maptaphut Industrial Estate in November in 2011 for
PAHs analyses. Samples were transported into the
laboratory within 1 hour. Mussels were divided into
large (consumable size), medium, and small sizes:
mean sizes in length were 6.6186 + 0.0910 cm, 4.8934
+0.2099 cm and 3.4950 + 0.1249 cm respectively. For
depuration experiment in year 2012, consumable size
in length was at 6.3940 + 0.1444 cm from polluted
site (Maptaphut industrial estate) and 7.3931 £ 0.1583
cm from non-polluted site (Trat). For PAHs analysis,
the whole mussel tissues from each size were pooled
from 20 individuals per sample and wrapped in clean
aluminum foil and stored at -20°C. For CYP1A
measurement, digestive glands were immediately
dissected and stored in liquid nitrogen.

2.3. Experimental design for depuration study

Mussels on a rope from polluted site were
transferred to hang on raft in non-polluted site.
Afterwards, mussel sample in both sites was collected
atthe same time at 0, 5, 10, 15, and 30 days. PAHs level
and CYPI1A biomarker were analyzed. Five replicates
of'samples (20 individuals per replicate) were analyzed
for 3 16 types of PAHs and its level by analyzing its
body tissue by using GC-MS. Another five replicates
of samples (20 individual per replicate) were analyzed
for CYPIA biomarker (CYPIA protein levels) in
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Figure 1. Map of Thailand, showing two coastal water sites:
(a) Maptaphut Industrial Estate, Rayong Province and (b)
Trat Province.

the digestive gland by using antibody technique and
polyclonal antibodies raised against rainbow trout
CYP1A with Western blot method (K-Barnette et al.,
2010).

2.4. Chemical analysis

The pollutants of > 16 PAHs were analyzed, as
classified into 16 types of PAHs by the US-EPA (2000)
as potent chemicals and prioritized in the pollutant list
(Ribeiro et al., 2012). Mussel samples were performed
extraction, clean-up process and analysis following the
method of Kelly et al. (2000) with minor modification.
Briefly, two grams of homogenised samples (freeze
dried) were soxhlet extracted for 24 hours and
saponified with | N potassium hydroxide in methanol.
Then, the extract was purified and separated by using
silica gel-florisil column chromatography. PAHs in the
purified samples were analyzed by gas chromatography
(HP 6890 N GC equipped with a split/splitless injector)
coupled with mass spectrometry. It should be noted that
the method detection limits (MDLs) were calculated
based on the calibration curves of each PAH. The
formula for MDLs is to 3.3 SD/S, where SD corresponds
to the standard deviation of the mean value and S to the
slope of the calibration curve. The obtained MDLs are
presented in Table 1.

111

2.5. CYPIA protein analyses

Microsomal fractions were prepared from the
digestive glands by using differential centrifugation by
a modification of the method described in Livingstone
(1988). Briefly, the digestive glands samples were
homogenized, and then centrifuged at 10,000
and 100,000 x g (Optima L100 XP Ultracentrifuge,
Beckman Coulter, USA). The final microsomal pellets
were re-suspended in microsomal buffer (20 mM
Tris-HC1 pH 7.6, 20% glycerol). All procedures were
carried out at 4 °C. Microsomal CYP1A protein levels
were electrophoresed by Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
determined by Western blot analyses using standard
protocols and detected as described in Celander and
Forlin (1991), with minor modifications. Here, 20 pg
microsomal proteins were loaded in each lane and
transferred to nitrocellulose membranes. The polyclonal
antibodies raised rainbow trout CYPLA in rabbits
(Celander and Forlin, 1991) were diluted 1:1000
in blocking solution (5% fat free dry milk (w/v) in
TRIS-buffer saline, pH 7.4). As secondary antibodies,
goat anti-rabbit IgG conjugated with horseradish
peroxidase were used and diluted 1:1000 in blocking
solution. The immunoblots were stained with 0.03%
3,3"diaminobenzidine-4-HCI, 0.006% H,0,, 0.05 %
CoCl, in phosphate buffer saline, pH 7.4. The CYPIA
protein levels are presented as arbitrary units (AU)
using the ImageMaster 2D Elite 4.01 analysis software
(Amersham Pharmacia Biotech AB, Uppsala, Sweden).
It should be noted that these antibodies raised against
rainbow trout CYP1A also cross-react with CYP1A
proteins in mammals, fish and mussels (Celander,
unpublished data).

2.6. Statistical analyses

The results were expressed as mean + SD.
Differences of PAHs among green mussel sizes were
compared by one-way ANOVA followed by a Tukey
post-hoc test. Differences of levels of PAHs and levels
of CYPIA proteins among time points at any stations
were compared by one-way ANOVA followed by a
Tukey post-hoc test. Differences of PAHs and CYP1A
among stations at any times were compared by 7-test.
For all statistical tests, differences were considered
significant at p<(0.0/. The statistical software IBM SPSS
Statistic 20 was used.

3. Results

In year 2011, nine PAHs congeners were found
in medium and consumable sized mussels namely,
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phenanthrene, fluoranthene, pyrene, chrysene, fluorene,
acenaphthylene, anthracene, benz[a]anthracene and
acenaphthene. Two of these PAHs are classified as
possibly carcinogenic (i.e. chrysene and benzo[a]
anthracene). The mean concentrations of total PAHs
in mussels of three different sizes: small, medium and
consumable size were 0.0507 +£0.0606, 0.0263 £0.0345
and 0.4303 £ 0.3067 ng/g dry weight, respectively. As
for the carcinogenic PAHs, the mean concentrations
were 0.0028 £ 0.0045, 0.0020 £ 0.0052 and 0.0311 +
0.0310 pg/g dry weight, respectively (Table 1).
Levels of total PAHs in consumable size (0.4303
+ 0.3067 pg/g dry weight) were 16 times higher than
medium size (0.0263 £ 0.0345 pg/g dry weight) and
8 times higher than that in small size mussels (0.0507
+ 0.0606 pg/g dry weight). The levels of total PAHs
in consumable size mussels were significantly higher
than the levels of PAHs in medium and small size
mussels with p<0.01. Levels of carcinogenic PAHs

in consumable size mussels (0.0311 + 0.0310 pg/g
dry weight) were 15 times higher than that in medium
size (0.0020 = 0.0052 pg/g dry weight) and 11 times
higher than levels of carcinogenic PAHs in small size
mussels (0.0028 + 0.004 pg/g dry weight). The levels
of carcinogenic PAHs in consumable size mussels were
significantly higher than the levels of carcinogenic
PAHSs in medium and small size mussels with p<0.01.
However, there were no statistically significant
differences in levels of total PAHs or carcinogenic PAHs
between medium and small size mussels.

In small size mussels, the distribution between
low molecular weight (LMW) PAHs (i.e. two- and
three-ring PAHs) and high molecular weight (HMW)
PAHs (i.e. four-ring PAHs) was 83.17% and 16.83%
of total PAHs analyzed (=100%) (Fig. 2). The ratio
between HMW/LMW in small size mussels was 0.20.
In medium size mussels, the distribution between LMW
and HMW PAHs was 84.41% and 15.59% (Fig. 2). The

Table 1. Concentrations of low and high molecular weight PAHs (ug/g dry weight) in whole body tissue and physical
characteristics of small, medium and large sized mussels collected from Maptaphut in 2011.

PAHs concentration (pg/g dry weight) MDLs
> 16 PAHs - - - -
small size medium size large size (pg/ml)
Low molecular weight (LMW) PAHs
Naphthalene (NAP)* nd nd nd 0.0009
Acenaphthylene (ACY) 0.0010 0.0006 0.0056 0.0006
Acenaphthene (ACE) nd 0.0002 0.0003 0.0002
Fluorene (FLO) 0.0012 0.0006 0.0060 0.0003
Phenanthrene (PHE) 0.0165 0.0097 0.1883 0.0007
Anthracene (ANT) 0.0007 0.0004 0.0047 0.0004
Fluoranthene (FLA) 0.0229 0.0107 0.1247 0.0005
High molecular weight (HMW) PAHs
Pyrene (PYR) 0.0057 0.0022 0.0695 0.0002
Benzo[a]anthracene (BaA)* nd 0.0006 0.0046 0.0006
Chrysene (CHR)* 0.0028 0.0014 0.0264 0.0007
Benzo[b]fluoranthene (BbF)* nd nd nd 0.0005
Benzo[k]fluoranthene (BkF)* nd nd nd 0.0004
Benzo[a]pyrene (BaP)* nd nd nd 0.0002
Indenol[1,2,3-cd]pyrene (IcdP)* nd nd nd 0.0003
Dibenzo[a, h]anthracene (DahA)* nd nd nd 0.0009
Benzo[ghi]perylene (BghiP) nd nd nd 0.0006
Number of mussels 14 22 11

¥ Total PAHs (x+SD)  0.0507 £ 0.0606 0.0263 +0.0345 0.4303 = 0.3067

Z Total carcinogenic PAHs (x+SD)  0.0028 £ 0.0045 0.0020 £ 0.0052 0.0311 =0.0310

Mussel Length, cm. (x+SD)  3.4950 + 0.1249 4.8934 + 0.2099 6.6186 +0.0910

Mussel Weight, g. (x+SD)  3.7997 + 0.4356 10.0885+ 1.4621  19.0982 + 0.8762

HMW PAHs/ LMW PAHs ratio 0.20 0.18 0.31

* = carcinogenic PAHs; Data are presented as mean £ SD; nd = not detected (below level of detection)
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Figure 2. Distribution between HMW/LMW as % of total
PAHs analyzed in the whole body tissue of small, medium
and large sized mussels collected from bamboo raft farms
along the Maptaphut coast in 2011.

ratio between HMW/LMW in medium size mussels was
0.18. In large size, the distribution between LMW and
HMW PAHs was 76.62% and 23.38% (Fig. 2). The ratio
between HMW/LMW i1n large size mussels was 0.31.

In year 2012, PAHs were analyzed in consumable
size mussels from the polluted Maptaphut industrial
estate. Levels of total PAHs were 0.4765+0.0615 pg/g
dry weight. Four different PAH congeners were detected
(i.e. fluorene, fluranthrene, pyrene, and phenanthrene)
with mean concentrations of 0.0515 + 0.0183, 0.0896
+0.0120, 0.0985 £ 0.0159 and 0.2369 £ 0.0311 pg/g
dry weight, respectively (Table 2). The distribution
of HMW and LMW was 79.33% and 20.67% and the
HMW/LMW ratio was 0.26. For comparison, levels
of PAHs levels were also analyzed in consumable size
mussels from the non-polluted Trat province. No PAHs
were detected in these mussels.

Mussels from polluted site of consumable size were
next transferred to the non-polluted site and sampled
30 days after transfer to the non-polluted site. Levels
of total PAHs and CYP1A protein levels were analyzed
10, 15 and 30 days after transfer. Mean total PAHs
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concentrations in depurated mussels had significantly
decreased over the 30 day time period (Table 2). The
levels of total PAHs (4 congeners) at 0 day (0.4765
£ 0.0615 pg/g dry weight) was up to 2 times higher
than the mean values at 5, 10, 15, and 30 days (0.2383
+ 0.0231, 0.2501 + 0.0186, 0.1350 + 0.0122 and
0.1554 + 0.0353 pg/g dry weight, respectively) with
statistically significance difference of p<0.0/ (Table
2 and Fig. 3(b)). The half-lives (t,,) of phenanthrene,
pyrene, fluoranthrene and fluorene were 5.46, 4.98,
5.03 and 4.82 days, respectively (calculated according
to Sericano et al., 1996). The concentrations of the four
PAHs congeners detected were 0.2369+0.0311, 0.0985
+0.0159, 0.0896 = 0.0120 and 0.0515 + 0.0183 pg/g
dry weight, respectively. After 30 days depuration in
non-polluted site the corresponding levels had declined
to 0.1180+ 0.0175, 0.0480 + 0.0036, 0.0450 + 0.0038
and 0.0273 = 0.0044 pg/g dry weight, respectively
(Table 2). On the other hand, the levels of total PAHs can
still be detected in consumable size mussels at polluted
site within 30 days (Table 2 and Fig. 3(a)).

A comparison between two sites at 5, 10, 15
and 30 days, the mean total PAHs concentration in
consumable size at polluted site (0.4941 + 0.0827,
0.4324 + 0.0725, 0.4400 + 0.0863 and 0.6413 +
0.0413 pg/g dry weight respectively) was higher than
mean total PAHs concentration in depurated mussels
equivalent to 1, 1, 2, and 3 times higher, respectively
with statistically significant difference of p<0.01 (Fig.
4).

In addition to PAHs chemical analyses, CYP1A
protein levels were analyzed in the digestive gland of
consumable sizes mussels from both sites using Western
blot analyses. A CYPIA immunoreactive band at 56
kDa was detected and the intensities on the protein
bands were analyzed using densitometry. A CYP1A
immunoreactive protein was detected in all samples
analysed. Highest CYP1A levels were detected in
mussels collected from the polluted site at day 0 (68.26
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Figure 3. Total PAHs, phenanthrene, pyrene, fluoranthrene and fluorene concentration (ug/g dry weight) in consumable sized
mussel tissues at any times and trend line. Error bars represent one standard deviation from the mean (n=5). A) Consumable
sized mussels at Maptaphut and B) consumable sized mussels transferred from Maptaphut to Trat.
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Table 2. Mean PAHs concentrations (pg/g dry weight) in whole body tissues and physical characteristics of consumable
sized mussels at Maptaphut and depurated mussels (Trat) for up to 30 days.

PAH concentration (ug/g dry weight)

PAHs day 0 day 5 day 10 day 15 day 30
Maptaphut Maptaphut Trat Maptaphut Trat Maptaphut Trat Maptaphut  Trat
LMW PAHs
NAP* nd nd nd nd nd nd nd nd nd
ACY nd nd nd nd nd nd nd nd nd
ACE nd nd nd nd nd nd nd nd nd
FLO 0.0515+ 0.0361+ 0.0273+ 0.0249+ 0.0224+ 0.0483+ 0.0095+ 0.0753+ 0.0139+
0.0183 0.0078 0.0044 0.0130 0.0025 0.0260 0.0019 0.0128 0.0072
PHE 0.2369+ 0.2588+ 0.1180+ 0.2142+ 0.1306+ 02149+ 0.0689+ 02700+ 0.0819+
0.0311 0.0347 0.0175 0.0273 0.0112 0.0291 0.0061 0.0161 0.0154
ANT nd nd nd nd nd nd nd nd nd
FLA 0.0896+ 0.0979+ 0.0450+ 0.0842+ 0.0451+ 0.0706+ 0.0299+ 0.1400+ 0.0312+
0.0120 0.0186 0.0038 0.0173 0.0034 0.0264 0.0027 0.0120 0.0072
HMW PAHs
PYR 0.0985+ 0.1013= 0.0480+ 0.1090+ 0.0520+ 0.1061+ 0.0267+ 0.1559+ 0.0283+
0.0159 0.0231 0.0036 0.0201 0.0040 0.0274 0.0026 0.0163 0.0071
BaA* nd nd nd nd nd nd nd nd nd
HR* nd nd nd nd nd nd nd nd nd
BbF* nd nd nd nd nd nd nd nd nd
BKF* nd nd nd nd nd nd nd nd nd
BaP* nd nd nd nd nd nd nd nd nd
IcdP* nd nd nd nd nd nd nd nd nd
ahA* nd nd nd nd nd nd nd nd nd
ghiP nd nd nd nd nd nd nd nd nd
X Total PAHs  0.4765+ 04941+ 0.2383+ 04324+ 02501+ 04400+ 0.1350+ 0.6413+ 0.1554+
(x+SD) 0.0615 0.0827 0.0231 0.0725 0.0186 0.0863 0.0122 0.0413 0.0353
Length 6.3940+ 6.3330=  6.3020+ 6.5470+ 6.4420+ 6.6240+ 64710+ 6.6560+ 6.6750+
(x+SD) 0.1444 0.0936 0.1316 0.4275 0.1217 0.3499 0.2091 0.5132 0.2436
Weight 17.6535 17.1581 13.7500 17.4670 14.8450 19.1083 16.5150 18.7658 17.4840
(x+SD) +1.8136 +1.5012 +0.9854 £2.5068 =+1.2215 +3.4479 +1.2513 +3.0980 +1.2379

* = carcinogenic PAHs; Data are presented as mean (n=5) £ SD; nd = not detected (below limit of detection)

+ 13.35 AU). After transfer to the clean site, CYP1A

levels significantly declined at 5, 10, 15, and 30 days

s depuration (27.64 + 13.47,27.18 +7.40, 17.53+ 10.79

T and 8.96 + 8.52 AU, respectively, (Fig. 5) with p<0.01.

Hence, the mean value of CYP1A protein level in

mussels at polluted site (26.35+9.23 AU) at 30 days was

higher than the value in depurated mussels (8.96 + 8.52

AU) or equivalent to 2 times higher with statistically
significant difference of p<0.01 (Fig. 6).
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P AHs concentration (uglg dry weight)
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Figure 4. Total PAH concentrations (pg/g dry weight)
in consumable size mussel tissues from the polluted site
(Maptaphut) and from the non-polluted site (Trat). Error bars
represent standard deviation from the mean (#=35). For each
context (each set of two bars), bars with the different letters
are statistically significantly with p<0.01.

4. Discussion

Green mussels farmed for human consumption that
were sampled from the Maptaphut industrial estate in
year 2011 contained several different PAHs. Two of
these PAHs (i.e. chrysene and benzo[a]anthracene) are
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Lane 1 2 3 4 5 6 7 8
Samplel 56 XDa
Sample2 S6 kDa
Sampled S6kDa
Sample4 56kDa
Sample s 56 kDa

Figure 5. The 56 kDa band represents CYP1A protein levels
in consumable size mussels from two different at different
time points and detected using polyclonal antibodies raised
in rabbits againts rainbow trout CYP1A1 and Western blot
technique. Lane 1) Maptaput day 5; Lane 2) Maptaput day
10; Lane 3) Maptaput day 15; Lane 4) Maptaput day 30;
Lane 5) Trat day 5; Lane 6) Trat day 10; Lane 7)Trat day
15; Lane 8) Trat day 30.
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Figure 6. The 56 kDa band, CYP1A protein levels (AU) in
digestive gland tissue of consumable sized mussels for two
sites at any times within 30 days. See Fig. 4 for details.

classified as group 2B carcinogens or possibly
carcinogenic to humans (IARC, 2012). Therefore,
consuming mussels from this area would pose a health
hazard for humans, especially the consumption of large
consumable size mussels that contains significantly
higher levels of PAHs including carcinogenic PAHs
compared to smaller size mussels. According to the
European Commission Regulation 208/2005, the
proposed limitation of total PAHs in fish and shellfish
that may present risks to consumers is more than 10
ng/g (wet weight) for benzo[a]pyrene in bivalves, while
the US EPA (2000) proposed the safety level of 6 ug/g
wet weight or equivalent to 44.4000 ug/g dry weight.
Fortunately, the maximum levels of total PAHs in
mussels at Maptaphut had levels below these safety
levels. Mussels were collected from the same area one
year later, 2012, and this time a reduced number of
PAHs were detected. Besides, no carcinogenic PAHs
were detected in these mussels. These results illustrate
the importance of regular monitoring of PAHs
contamination in mussels exposed to petrogenic

emissions and accidently oil spills in order to reduce
adverse toxic effects of PAHs contamination in
the food-web. Consequently, the Pollution Control
Department (PCD) of Thailand should be monitoring
and evaluating the contamination of PAHs in mussels
and other marine organisms regularly. Contaminations
of PAHs in mussels from tropical waters have been
reported in other studies. For example in Brazil,
moderate contamination of 16 different PAHs by
petrogenic sources were suggested from farmed mussels
(Perna perna) in Southern Brazilian Bay and was also
below safety levels (Yoshimine and Carreira, 2012).
Mussels have low biotransformation capacities
compared to fish and other vertebrates, resulting in
bioaccumulation of foreign substances, especially
hydrophobic contaminants such as PAHs. Thus, the
level of pollutants detected in mussels reflects the
pollutants in the surrounding environment where
mussels sedentary live. Therefore, mussels are commonly
used as a biomonitor to evaluate the quality of the
environment (Baumard er al., 1998; Yoshimine and
Carreira, 2012). Baumard et al. (1998) proposed to
organize levels of aquatic pollution according to PAHs
found in mussels or dividing into three groups as: low
level of pollution (0 - 0.1 pug/g dry weight), moderate
level of pollution (0.1 - 1 pg/g dry weight) and high
level of pollution (1 - 5 pg/g dry weight). The large
consumable size mussels from Maptaphut contained
total PAHs 0f 0.4303 + 0.3067 ng/g dry weight, which
can be classified as moderate contamination. On the
other hand, the medium and small sized mussels
contained much lower total PAHs, which can be
classified as low level. This finding shows how large
sized mussels are more suitable as a biomonitor.
The HMW/LMW ratios in small, medium and large
sized mussels were 0.2, 0.18 and 0.31, respectively,
which is higher than in crude oil samples (0.02-0.13)
collected from the Malaysian coasts (Zakaria et al.,
2001). Therefore, our results indicate the contribution
from pyrogenic PAHs in Maptaphut coastal water.
Interestingly, similar results concerning level of
mean total PAHs and HMW/LMW ratio were found
in mussels collected from the Maptaphut area in 2012.
These mussels had levels of total PAHs considered as
moderate level of pollution. The HMW/LMW ratio in
consumable sized mussels indicates that there was more
contamination of pyrogenic PAHs than petrogenic PAHs
in Maptaphut in 2012 similar to in 2011. In the mussels
collected in 2012 from the polluted Maptaphut site, the
concentrations of four PAHs (fluorene, fluoranthrene,
pyrene, and phenanthrene) declined over a 30 day
time-period when these mussels were transferred to a
clean site. The half-lives of the four detected PAHs was
approximately five days. According to another study
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on uptake and depuration of four PAHs substances in
green mussels, the reported half-lives of anthracene,
fluoranthene, pyrene and benzo[a]pyrene were two
days (Richardson et al., 2005). In that study, natural
water was used, which may does not contain other
pollutants that could interfere with PAH clearance.
There was another study on accumulation and
depuration of PAHs in American oysters (Crassostrea
virginica) from the Galveston Bay, Texas, where
indigenous American oysters were transferred from
contaminated area to non-contaminated area. This
finding suggest the ability of CYP enzyme to metabolize
fluoranthene, pyrene, benzo[a]anthracene, chrysene,
benzo[e]pyrene, benzo[a]pyrene and indeno[1,2.3-cd]
pyrene by 50% or equivalent to 32, 12, 15, 16, 16,
10 and 11 days, respectively (Sericano et al., 1996).
The reason for the difference in half-lives for PAHs
in bivalves between different species is not clear. It is
possible, that the rate of PAH depuration in mussels is
increased when the ambient temperature increases as
a result of increased respiration and filtration (Meador
et al., 1995). Thus, mussels in tropical waters are able
to eliminate pollutants including PAHs faster than
mussels in cooler waters.

In the present study, levels of PAHs declined during
a 30 day depuration period and this was also reflected
on the CYP1A biomarker response which declined in
mussels following clearance. Hence, the concentrations
of PAHs in mussels was 3 times higher mussels sampled
directly from the polluted site compared to mussels that
had been transferred to a clean site and depurated for
up to 30 days. Furthermore, CYP1A protein levels were
2 times higher in mussels sampled directly from the
polluted compared to mussels that had been depurated
in the clean site. This also illustrates the usefulness of
the CYP1A biomarker response in green mussels to
assess exposure to PAH in the coastal zone. Our results
show that 0.6413 + 0.0413 pg/g dry weight remarkable
induced CYPIA protein levels in green mussels.
However, in another study in NW Spain using M.
galloprovincialis no statistically significant effect on
CYPI1A protein levels were seen in mussels with PAH
concentrations at 0.2028 pg/g wet weight (Porte e? al.,
2001). In order to use CYP1A protein in mussels as a
biomarker to evaluate the quality of the environment
appropriately, levels of contamination and types of
pollutants should be considered. Ideally, CYP1A
analyses should be combined with analyses of
concentrations of PAHs, especially in areas with low
contamination of PAHs.

5. Conclusion

Accumulated PAHs in consumable sized green

mussels (P, viridis L.) at Maptaphut coastal water
in 2011 and 2012 were found to be lower than the
threshold values stated in guidelines of the US-EPA,
but PAHs carcinogenic type were found in 2011. The
level of accumulated PAHs indicates moderate level of
pollution from pyrogenic sources. The induction of
CYPIA protein in green mussels can be used as a
biomarker for monitoring and evaluation of mussels
exposed and clearance to pollutants in the aquatic
environment. The induction of CYPLA protein
levels declined with declining PAH levels after 30 days
depuration. There is considerable risk of contamination
of PAHs and other classes of pollutants in Maptaphut
coastal water. Therefore, this coastal zone should
regularly monitor the contamination of PAHs in
consumable green mussels and other marine organisms.
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