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Abstract

The study concentrated on Cadmium and total Polycyclinc aromatic
hydrocarbons (PAHs) contamination on feral fish and farmed green mussels along the
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.

Results showed Cadmium in fish liver caught from Ang Sila averaged 0.4490 +
0.6753 ug/g wet wt. (n=30), which is higher value than the liver in fish caught from
Mapthaputh that averaged 0.3252 + 0.3441 ug/g wet wt. (n=30). It is not statistically
significant with ANOVA (p > 0.01). As compare to the fish meat, the Cadmium level is
lower and statistically significant with ANOVA (p < 0.01) in both areas where Ang Sila and
Mapthaputh averaged 0.0028 + 0.0035 ug/g wet wt. (n=30) and 0.0033 + 0.0024 ug/g wet
wt (n=30). Seventeen fish species were caught from Angsila, 3 species with high Cadmium
quantity in the liver (~ 1.4 i1 2.6 ug/g wet wt.) were Synaptura panoides, Alepes
djedaba and Terapon jarbua where Mackerel (Rastrelliger brachysoma) has cadmium
level at 0.2473 + 0.0561 ug/g wet wt. As for Mapthaputh, the level of Cadmium quantity
in the liver is high only in Mackerel (averaged 0.8777 + 0.6479 ug/g wet wt.) as for the
total of 11 fish species tested.

The Cadmium quantities in green mussels found is lower than that fish liver.
Around Ang Sila, the Cadmium concentration in small green mussels averaged 0.05128 +
0.0043 ug/g wet wt. (n=20), which is higher than large green mussels that averaged
0.0485 + 0.0055 ug/g wet wt. (n=20) with statistical significance with ANOVA (p < 0.01).
On the contrary, around Mapthaputh area, there is no statistical significance (p>0.01) of
Cadmium concentration between large (averaged 0.0136 + 0.0040 ug/g wet wt. (n=19)
and small green mussels (averaged 0.0104 + 0.0027 ug/g wet wt.). And, Cadmium
concentration in green mussels of both large and small around Ang Sila is higher than
Mapthaputh with statistical significance (p < 0.01).

The concentation of PAHs in fish liver from Ang Sila averaged 0.16982 + 0.1650
ug/g dry wt. (n=30), which is 2.8 times higher in fish meat that averaged 0.0607 + 0.0708
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 0.1314 + 0.0699 ug/g
dry wt. (n=30), which is 3.7 times higher than fish meat that averaged 0.0351 + 0.0378



ug/g dry wt. (n=30). This is no significant statistically difference (p > 0.05) in which the
concentration in fish meat and liver from both Ang Sila and Mapthaputh.

The concentration of total PAHs from large green mussels in Ang Sila averaged
0.1190 + 0.0959 ug/g ug/g dry wt. (n=30), which is 2.3 times higher than small green
mussels that averaged 0.0507 + 0.0398 ug/g dry wt. (n=30). This is different with statistical
significance with ANOVA (p < 0.01). As for Mapthaputh, the concentration of PAHs in large
green mussels averaged 0.2542 + 0.1301 ug/g ug/g dry wt. (n=30), which is 1.6 times higher
than small green mussels that averaged 0.1569 + 0.1160 ug/g dry wt. (n=30). It is different
with statistical significance (p < 0.01). The total concentration of PAHs of both sizes of
green mussles from Ang Sila is 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)

Fish (liver and muscle) from both stations and from Ang Sila (small and large size of
green mussel found 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).

The expressiono of CYP1A (molecular mass at 76/54 kDa, Wester Blot) in marine fish
from Ang Sila using antibody technique shows 44 positive results from 60 samples (73.3%)
as for Mapthaputh area, there are 48 positive results from 60 samples (80%). MT
expression (size 10 kDa) from Ang Sila was found in 10 out of 60 samples (16.6%) as for
Mapthaputh, 34 out of 60 samples (56.7%). Fish species as categorized by its consumption
behaviour (carnivore, omnivore and herbivore) has no significance statistically in relation to
expression of CYP1A and MT.

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.

Seafood consumption behavior and perception of the risk associated with
seafood consumption by pregnant women and students living near Mapthaputh
Industrial Estate, Rayong Province, Thailand were surveyed for cross-sectional data. A
structured interview with a total of 241 pregnant women and 356 students found that
most pregnant women and student consume mackerel, shrimp, squid, crab, and green
mussels frequently to always. Pregnant women in Angsila consume more seafood than

pregnant women living in Mapthaputh or about 45% of pregnant women consume



seafood at least 3 times per week. Students in Mapthaputh consume more seafood than
students in Angsila or about 50% of students consume fresh seafood 1-2 times per week.
When consumption behavior is compared between pregnant women in Mapthaputh and
Angsila, there is a statistically significant differences at P<0.001, while students from both
areas showed no differences in fresh seafood consumption. In terms of knowledge, it
was found that most (more than 60%) pregnant women and students in both areas have
low levels of knowledge on chemical contamination and preventative measures
fromchemicals such as cadmium and polycyclic aromatic hydrocarbon. This finding
corresponds to a survey conducted in 2013 on the general public. About 40% of
pregnant women and students in Mapthaputh and Angsila have no knowledge of heavy
metals and more than 88% have no knowledge of cadmium and polycyclic aromatic
hydrocarbon. Furthermore, it was found that 86% of pregnant women in both areas have
little knowledge of risks, while 49.8% of students in Mapthaputhhavehave some
perception of risks associated.The comparison on knowledge, understanding and
perception of risks asssociatd with heavy metals found no statistical significant difference
between pregnant women in Mapthaputh and Angsilaas P=0.14, P=0.28, and P=0.46
respectively. Students in Mapthaputh are more knowledgeable and perceivesthe risks
associated with heavy metals than students in Angsila with statistically significant
difference at P<0.001. However, understanding of seafood and heavy metals of students
in Mapthaputh and Angsila is not statistically significant difference at P=0.35. In
conclusion, based on the 2 years spent on studying the general public, pregnant women,
and students in Mapthaputh and Angsila, it was found that in general these groups know
the source of contamination and exposure to chemicals in seafood and prevention or
reduction measures of chemical contamination in seafood, but knowledge,
understanding, and perception of risks associated with exposure as well as effects on
health is low. As a result, more supports should be given in terms of public
communication of the risks and effects on health along with preventative measures from
heavy metals for seafood consumption.
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luussiiudowiu Ao memsrasulufnndon wu mlinmsimsvuiiouedanswmin
Ussiansingg uazansduvidlelasasueu Smanansieles luidniveia egralsinuns
A9IIATIEIYN Y asTideasdetuiianududes uasedesienrdlitostrvesaruliluns
ATIUTUOUAN é’aﬁgumiﬂssqnm"l%’ﬁa%’?ﬂmﬁamwmaq (ilinsuszdiufisannunisaluadie
sagiinruusiugrnndu) wulsiu CYPIA (@Suduiaasiolo) ua metal-binding
protein @nifuduialavemin) inldlunmsihsyTodeussfivanunsaidefureafivma
ygla mandningasmnUameiatasvesuiaimsainddusiuseninlusienie esnnis
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j 4
v

anAnudufivvadlaneninuavarsiieiay waztaeslidusanainsanie (Peakall, 1994) il
wlfinaliamaneufvedlunsinaumsasivasunsuaniosnvedlusiu Felululrauea
wauAveRTidusImzAulUsAu CYPIA Iiimsnantudgannmsldsunuidegamuannan
IWouwisdlusuussanadne. 2550-2552 Msldd TaneTanmussliuanundeamssududead
dofeghanninsizannsasinsuuiiourasansity (manengy) Tudeiusflasuidhgsnemely
Usinaufosiiny

msimelmsianummadsadinstudninsaanusiaaduems uarinsuslan
MOBULAJIINUNAD UssrmunduidissionisusTnaemsnzialuiiuiiil venandnviesdlen f
§ ymusae nguussuidsmosuuasg waslszrmuluiuiininstousinaemnmea fuy
Wsuanslavgminuazansfiaioranammeiaivilan Tasimsdnwnmsuudowlaveminly
\oidedninzia fail wumsﬂutﬁau‘uawsaw‘luﬁaL?JauaEJLmaa:juazﬂamma Ui 0.010
uaz 0.569 suadiu (Adnlng 1 mnefsdimmidssléfuasusonfuinasgu) Tnevame
uae WU 1.058 (nsumuautaiiy 2545) lutn.a. 2546 wuansusengsaa 3aman van y
fa o wagwiin Tunesidradn Usina 0.232 me/kg miniden sesawnie Yardremein
wazUautiulvg Usina 0.075 uag 0.073 me/kg umiinden suddu (W wae Ane,
2548) uazdrsaadnafuilelna. 2550-2551 SmuusovguiuAunasgiu 2 fhoghs (Wi uaz
AtlE, 2552) Witllnsnuns AN T inTanmnaTvasuns YU avesdn nsian
neu

fvunaniliushetwamelauasvesunasg Ao Muasiadan a.vay3 Mduunas
wnedsaderith fuusnannuame 9.5z809 Wuuvageamngsy WewFouisumiuduius
vosUSnalansminuazansitelay funisuantesnyawindindanmlusiu metal-binding
protein Wag Cytochrome P450 (CYP1A) muandu luvaimeiauasnasuiads faify
auNAgIUYNITY SnsusmmnumwaldunnIuaunaiy uarlivsedvsnalunisan
uafy Pvkdaaeadtlunisuslarennvesia UinalaveminuasuSinaasiieot uaz
Wesdudmsuanseenveaiiindanmiusiusuduialulamzauazvosuuasglimsiien
unndefuisassanid nsdiwumnudsduanidfinuameganianiiiensian luggmalafiana
napAsey 3 U N135dnea wamamu"‘aﬁ'ﬂmmsnﬁﬂﬂl‘ﬂumsﬁa‘?ivﬁqﬁismuQmmmsswdaaﬁw
fsfigslaivin Fuvnmuausaivansnsavenusiie wisthngsadeulumunu Wunede
lssulunisanuaivnnaeia

AUUlEUIBLaLYNSAERSNTITEVRIYIA (W.A. 2555-2559) enseans Awau
Anndouiteiiununmiia fufunmsiulsemuemnmziavasade Sudumsduaiumnm
Finvesuszrrvu Afumslimudmaaivmnamsianadifisszne Tasewengudords
waefiondwinusgluiufiungramnssilunsdeniulssmuemnmeeliinudeuves
aswlesiign 1w msdeniuusemulssinnuesesa dnlavesdaiflinisiulseny
saismsudlouisnetu Wusu Haillieadenidutumaanmeiuanden fnagnslunsli
mwiundszaeu Ao mswdsnwaudungugesy mueidw ieasuaudeyauazlviaiuily
nanAYItY
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¥
= o

doyanmsdrmaliinalaneninuazansduvsdlalasaisuou uasmdinginmniss
fudavesnuidelundeiiorgniiased uarduassid Wuesimuduaiienai uavazthenen
audguszrrudsguamlumsuilnremsnsalivasnansiiy sauvinisugnindiinlivi
yeghilssudimunsemindesunsevesansivivaosanlssnugunameialaghifinny
fuiteveulumsviniignéies uasdmuaunisvinuazanuaivluiuilunmuuaiviedau
QRAMNTINLUAWA AB YAansanesdnsUnasesdiesiuarldfinuivesdoyaninuaise
Tuaiiuasnrunmsussfummudsmasmsiviudainea mseiinisusethiislifimeie
dunanimeia vilinagavhedinsiaesldsudutamsiy wanthdunmereduilnnennmea

TnguszasAvaslasInIgive

1. myiseilangmin (waadew) Tulaneia way waauuaa@:muLLuwwE'mea

2. myaTzvansindleadn evlsundn lelasaiveu (Melew) v lutameia was ey
puLeEimza

3. AN3ENTIVNTUARIBBNTBITITIATIA M Cytochrome P450 (CYP1A) wae metal-
binding protein (Metallothionein) Tulamezia uay MaaLLuaqzjmuLLm‘*anJE'imzLa

4. Yszifiuaudunusvedansmin way ansielersi uwas Maaiinm ludouazdudan
Ngia u,awasLmamjmuummaﬁmma

5. miﬁﬂquanﬁumsu%“[mmmsmaLLasms%’uim’mLﬁmmﬂms‘uﬁnﬂmmswmamaq
nijnssuasinGou

5.1 Anwmginssumsuilarenanzia aneg Anudla wazmsiuianudssannmsuilan
awnInziavemdiinssauazininFeuluniuainuane 258809 waviuasadan q.

YAY3
aa‘ P 9 v o v W &
5.2 Wisuwiguanug anudlafeiudunseanmsvuileuasindluemimeia nasnau

msfuiprnudsnmsuilaremsvsavemdgannssiuaziininizeu



a aw
UNN 2 1BNa199I1U48

Tavewinuaznnsuudoulunzia

Tavewiin Ao TaveAfnuaudRivdiautulanziug Walvlumahinih danudeu &
ANIN ANUWEEY Msazvipuwas lavemindulngflantfivianmenwadneadaty wiaudd
maaiiuanseuiazannsesmiuansussneudunielsmsuseneulmiiiadesnifuuas
avanludaiTinld Tnswuaunmamedanmdieveamuviasldenns viliAefvredanemingu
16 (nfa afistuen, 2538) Tanzwinuseiadenudidusonywdwardnd urluvnziietuies
Tinvlaldudeiudiinnnuliaunasewinanmzwaindeuiunmsinuyeussiglusiame
Taveisnudm3iuaadi@in Sonindu Essential Element Fudusemsvinnuvesoulelly
$umey Salavsmariazviieulsilusmerhaulidied withdusnasnnduluferly
fudimsvhauveneule wasdnduivsoddid el Tasnsazaveyluiododusunyiina
Yoy Wusnntuides auiilafisnmessuanmasenniiuit dadenin WuRwdoundu

msvuteuvedtaveninludaedeuiuunen 2 uvdslng fio :1nvuIumsn

SITUVIF LWU NSRBI Aufnhu msuidnveagl nswasuulasmnaaiiuagyng
menmvsavdentan Wudu Fseravinllaneminnniuilaniansuudeugdnadeuls
Snuvds Ao eenAanssuvesiywd THuA wiasgravnssy 1wy Tsanugpamnssumgg 39919
Uaeeindvasguvanimieudesufafivgussoinia unaunuasnss iy msldesudngi
i enfdnides snshmed eshuuas WYY (YU nmsliuifiasaetuduesivseney
msfweriiflaveminuueg Wusy ddavenminluduwandouiudnnguiniansseunud
Tnglamzunasgramnssu Saduamaingiviliiaanisuudeuvedanemin @hssa an
VIUYiuney, 2544)

Tuvamziadnilve szslansusenbussdusznaveglundilouszanm 150
lulasnsu/Alansu (0.15 ppm) luvan Cod (Gadus morhua) Ushumziamiledinsavauas
asuseneay 0.15-0.20 ppm dnlunsunausiinisazanveaisusenagiiies 0.01-0.04 ppm Tu
vanaanudiendueguinameilaasinn wulasusevazauegludafis 257 ppm Tuvameia
WA 33 % Simsazavansuseviiuninssiuiiuyedmsuiing fe 1 llasniusensy (Clark
et al,, 1997) luvawmeziaurswiie wu Yaile (Thunnus spp.) Uan Swordfish (Xiphias glacdius)
Uan Marlin indical) Torfeeglusssumiaeiiseduemududuresusongeninasingu Tuva
neiatuilodaioiduuiinagavelunsia Yannduiasiissiuvessenguiesannszuaums
Bioaccumulation Uamziaiiiethegnasanan isasumueadugauazasilinuinnasaim
\oSusandiouaninfilvariuwien é’nwmsLﬁuﬁﬁﬂﬁlﬁ%’umsﬂsaﬂugﬂ Methyl Mercury 191
FSumuuiusasiimsavauiiviunuoy Tnsvameaiitognnasiinsazauansusengenda
21y1eY

vanannsaduasusenidlanssanomnsiinuuazanit Shmsazanesansusend
TugUvesansusen uaziladoundondug mhaqarwqﬁuasaawuLﬁuLﬁaqﬂrwqﬁmaaﬁaqd%ﬁ

[

LU
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mMsazanIesasUToVIgiuny AuAuveniATavEnadensazay vesasusevlusiane
U vanhinarasauiaininhnges dnlamsaiiimiuduund (Ussann 30 ppt) aiishn
nsagauvesasUsenmeludaldininininies Wewnvameassdesiuhmeia dWeuiu
seumaudunielus (Osmoregulagion) 3illenasu ansUsenaininlagnse wafisiAniy
dadoriiuileldsuusoniifetunansysems WWun nasemsiasyduln nsduiug nsvuaums
YeE3TINeT WOANTIN N5ALEIMNT 299583 Msonewdeiu uaziugnssadudu

anmunsaipuatwiensilmezianianz fusen
nsAnwnisiwasuwamesUfinalaneminuneialumsazauvesuanifivuuazazia
Tumesunass] Vinaesdan Sminvays wuindunliuiutunumnavemesuiasg ua
szezaan (gvam duuavy, 2543) dvluvesunssuinauandiouiiuultiazaugatumusung
YoWBEUNITY YETIUTINUNsATauA TR Mosuaardingd wuindiuGinuanas
szovian Inewullavewinazanluyinagelutgeruudazanaadendgeu (wau y
smse, 2544) FamgnauuluwiiiunaznanuiUnauanden neauns winuasdangas
giluteiissdumnudin 10 wudasudrazanasmueaudn duuansdsnmsvuidousivualiy
Q90U (@530 Magsena uaz Tngsd unndli, 2543) uavaveangunawiesylunznou
wruassrLAEngnan vauAunszuath
msnagun s inemasimmeia (2565) nuihamuniluuinai
mzideadaiimeie Ussnoudeamiitanuahiuneena evays snedan Aismn
FwdaraGuaruinmnuhissuas Swiaszees Uinwihdunys wasuibnsn viina
upadieniirngs mnmsfinmdmui andlusiivieudnalndisiamududuvestanesmiin
wguuazanaaiiossnvhennuitmiesenvinanils tuuanviuvasiiinaedaneminuman
fuh fitegmusssumivienisudesiisasguvanininfonssuuuils snegiuionie
gAEMINTIN AD 8MgAN Jinvays vlnntumusuuuaslaugramnssuUinsall
musma Yavdaszees luunuuvauadlanevdnuanislon vieauas Iifa sz uazdenyd
TuSuuvanatsdiuunltuganinuniwe dulngnuin luggudsiiganingadu wingialu
aoiflndildlugeudsganinluggiy vnzfaniilnaienrnduduluggrusiinanduduganingg
uds thuansiuvasudoulaveminlumiveeuanuuil Taevinauauatuaznuawn
Mssrugramnssuuszinagannunefiensssduaveliflansminasuudevluundani
wasdlednithiuelavendndngsrmensanduammilsivihlidnibudulsase Thetu
iownnlavewiinluiinansznureszuugiiduiumnee Tusremevesdnih sEUU AU
fanuRaunfdsuuladlunndhlideidhialvieherenisinde

o/ o/

AITIANINYININ
luthytuiivanermdndernungninunldlunisesunsfslionuvesininfadian1sdanm
Wy Peakall, 1994 lal¥ANIANAAINLVDIFITIANITININIY AITIANTINIW Uuedle ANS
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WasuwamFemsnevaussmaiiinemausisyauliana sefualuauednuasmedine
waEWEFRNSIY wandilgsuansivludaunndon Tuvnedi WHO, 1993 Talsesinaniuin
fiamedanm mnefle Mawdsuulasessruudaine wareNENBIARTUATIEANY 19
A imaTanmusansduita (Biomarker of Exposure) usuannsduda vedindlans
wlanuasy %30 ayiug kannaNUduiusszrinansasueniuluanatimingveswaals
iigsame Feanunsodaldludsidin WumaTanedinw AuseneuseUinaisududa
(Internal Dose) MAflinan13T3n W (Biologically Effective Dose) wagnan1adaing 7
Usngluszesusn (Early Biologic Effect)

wadaniuauivedlunisasadadiiadanin

msmsreaeulagliinadamausudveiaviiadesiumsvhufierssuinsueuivefiuas
weuRou Wuufisensewinluana 2 vie adnedunsdivesuisersswinaeuleiiuduansm
uisldaunnsnauUsens Tiun Liienswasuulamaeiiogsnnseusufivefuasuoufiau
UsEnaumeiusesngg eniiuiuselalniaus (noncovalent interaction) 55134 epitope v93
LLauﬁmuﬁ’UﬁnmﬁﬁmmLLU'iﬂiauqq (Hypervariable Region) %38 W131ny (paratope) U84
WoURUDA

ANINs IR ATeesleuRuafLasuouiaua s lUUszgnaldlunis
ynABUNIIMENTIANAY (Immunoassay) JUkUUANY Swannsaldlévislunsasaasy
woufvainsauaumaunls awnsaldlumsitdedelsanieg asaaszaunismevausslaunsadng
weuived fignmsuluanansdrinemienanisunndiifesnts Immunoassay JULUUANY
srfimnuhinazanusiadienaneiuly vieialdnsslutinunw uvsriaaunsaldinuunu
lgeie (Inena @vdnsna, 2548)

windanaLeuRveRltlunsinuasvedeusng livaresiafifeadesiuszuy
pidufuiRaduludsdi®in dsmmedeuseousuiiued Ussnaufevainvanes Ssiisuuuuuey
anulasnatiy Fanedemaeuiuefiignirsnuussgndldflumsnsaaeuasdunudingly
vioaUfuRnns 2l 1ein Enzyme-Linked Immunosorbent Assay (ELISA) {u3snsmsiaaey
Uifsesewinswoufveftuueufiaulaeldioulsidus vsunuansisiunniwed wieens
BRNIGE 3%551'1111501%3’3mmLLauﬁ‘uaﬁLLazLLauﬁmu‘Lﬁ’\’ashﬁ'}wasmzmﬁmmh@a 1y uay
59057 Bmveaeulnge1de Immunoblotting (Western Blot) agiin1sueneasfusznauves
weudnulagonfenseualniiiusnnans As polyacrylamide gel Wumsldimadanisuen
TsAushenszualwilniienda SDS polyacrylamide del electrophoresis (SDS-PAGE) #4a
wonlusfumumiinlnana vndussadoudrelusiuiuenldug gel guslu nitrocellulose Mg
nszualwiiuiu Tusiuuausng 9 seBaRnfuusu nitrocellulose Jsazanunsailunsavdeu
MEMIMAgBUUSN U 1sENILBURARUi ULaURUSR
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Metal - Binding Protein

Metal - Binding Protein %38 Metallothionein (MT) iunduvadlusiuruimdniisinng
Jufiuvedlany uandulusiuniiidnuazfiey A Usznouse Cysteine geuseanas 30 % v89
nsmesiiluy finaluanasuazliill aromatic amino acid wag histidine agluluana Fsluluana
989 MT i Cysteine azvhmihldudunulflavzandu (zawa et al, 1998: Minami, Ichida &
Kubo, 2002)

MT Siwdhiivnadanimannane Sadhiiiasawy Ae msanamuduiiveedtany wu
wanleauazusen Msfidusnlunsaiugu daiu wasmsingesnvedlessuveslavzunsin
Wi dansduazneauns Wuansdesueyyadastlussiuied wasiiddgAovimihivuddlesoy
vaslavglugslusiudug Wy Zinc finger Wsiufifiauddysunsiusmiuvesdidueuas
mumlusAvludsiEiadusu (Tapiro & Ten, 2003: Chen et al., 2002: Deed& Klerk, 1999:
Roesijadi, 1994)

n13Uszgndld Metal-Binding Protein Wusdiianisdanmludauandon

Tutgtunuilaveminlasianzegsbuandounduasifinmsiuiiovogludundeu
roudrann Inedlvaazegsuiudingd nemuazasuileidalid uazuanlosswuinnly
Fanifiansduvidifussdusznouagge wu thifuuuasdiuiiu (giad Sysa, 2549) uenaniiss
wulgluAanssuduy wu gramnssumsyimiles mavasulasmIngeneia uasdangd Wudy
Pndnvazfinanindwhliluadlondilududsuluwanisineg innnelasamzetedlu
vza mnevnaiumaarauvedounasaaevouns vilidaiieag IWsuuaniden
wagiivazauuandlonliluinduswaunn dethdn ibuniusemuisilemaldfuuenidon
iigsumenonaviliAnsunseseguamluuyedls uandlouwazanslungulansminileiing
S'Nmamaqé’miﬁwmaaimansswwiaqmmw Tnwenaazlududamsviaureaeulesl ms
Widuln MsAuRug nssuaumsmeadTiven waswugnssy udy fefunseneialane
winuinaumnmeilmea Wevilisuianunseinsuuiiowreslavenin Weuuuamng
Tunmsihsgauasdansmsvudouvedaneminuumeilmesiainanedudsivhala wins
nsrvdeumstuiloulasnsiaviinadaneminludwandeuviedsifinlnsasedurinldenuasy
ddnyiesaaldiedostiefifsnenuns FudunsldfadSavnainam (biomarker) wu MT Fadudn
ymadenuilsiimsazRinsumidaidesnin MT @ulusfunna@nii cystein g9 wazanunsn
denduiulanelfogesing sefuamududuves MT ssiutuiledaidinlasulavs s
MT SunumddggluniswenluladuazuSuannavessrsmeliiduysnd ndnvasdsnan MT
FsgniauelilfiduditusdansuuiionedaneminlnsiamzogBimsuuiouvesunadion
Tudawndeuld

msdaase MT TudaiFimuenanaziinaintladedsiinanandresuuds fsenusn
waneatuiiauein oS 918 WATITYZMINAUINITAN S1uTNaRENITENATIEN MT uag MT
annsaasranulsluidodovarerina udiwuiiinsadauazazan MT 9gj1n A lwAGUBIRY
wagivdon (Costa, et al. 2008)
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dwsunswiienilviinisade MT luddiFinlunziananein Weldduiatulavenans
il 1y uaniion Uson Aoves war anes anilugmsiausiinstd MT Hushdiams
Fanmdmiunsinmuuazasvaeunmstuiouvedaneminluumanhuasieliumundlad
nsfnwiikansiiiudmnusunsvedaveminfinioniliAanisduasiest MT lu Form
sineq saudeimudululdehadefiasihdnvasiddyiinsanulu MT Sunlddmsudusd
vaiamssuduiamalaventin uasiiddnfe Suduldtanhiindnues MT lunsaddinde
1 Ae unumves MT lunsidnansimuarnsuivaunaveslessuvadlavyluene lag
msAnwilldaglifsin (C sapidus) WWuiunumesdsdiFinluth Ssnmsfinyinudn MT sggn
il liAntuiloysnlduuanidien us MT finsaawus 2 Form #o CAMT-l waz CAMT-I B
CAMT avaunsaduiu Cd Winndn CAMT-Il wazuenanni Saimsanwduienfunmsmieni
Wifinsdansiest MT dleliyihldsududaneuesdsanmsinumut deyihldsuneues
efimsdansest MT iatu Tag MT finsawuagiieg 3 form Ao CAMT-, CAMT-I, uayCAMT-
Il waendsanmsynsAnsndnuazianzues MT finulu form sinee wudn CAMT- uasCdMT-
Il sgfintiReadeatiuns metabolism usdnsu CAMT-Il azifeatastunsanaunuiiy
1158 detoxification ¥83rBULUBS (Schlenk and Brouwer, 1993)

wieegalsfnufisenudindni Yadonesssuwd Wy pnufuiiinaeganniu
mawignhlifinsdanset MT Waddin nanfe audussiinadensiudsugy
(Speciation) wa bioavailability vaslavy uasilnasans uptake Tavzusadadidinluh
(Bianchini and Gilles, 2000; Bianchini et al,, 2000) fatuTseonananldimnduaziinalag
pssfiazmupUTInavedaveasdrluiuiu MT Jeuanddidulddaauin mmuudsusuvde
nswasunlaseuduiinasennudutuees MT ludedT3n (Monserrat et al, 2007)

U NNYIUDIA1U Metal-Binding Protein

msl Metal-Binding Protein \usisametnmiitouansdanisiuitiounaslanewiin
TnslamzognsBaunadfiondulutiigtunuhiinsussgndldlumsnsieaeuludafdwansia
Wy ilensivaeuySing Metal-Binding Protein luuan Striped sea bream
(Lithognathus mormyrus) Tungiawmmesisilou Ussinadasiea 290 2 unas Ao USHnia
asuafiy waruinaiil waghilasuafy eldwaia ELISA wuin Tulanvsnaiifiansuaie
wATIINUYIUN Metal-Binding Protein ganinvanfiegluuiianlsifiuaiiuis 10 win
(Yudkovski et al., 2008) levhnsAnwu3una Metal-Binding Protein Tutan Golden grey
mullet (Liza aurata) uuFians mullet Tuu3iom Ria de Aveiro Jaduuinumeilwameaany
Tudsemelusana wuirluaandiil 4 Ae Rio Novo do azifuanilfinsranuyiuni Metal-
Binding Protein uuangsfian fie ~ 627.7 g fie miniden shilfidesmnuinasnardu
Uinasiegluimgnannnssy wasiivunalanewin Tiun zn, Cu, He uaw Cd gendrluvdiom
3uq (Oliveira et al., 2010)

2AsA Waaaa (2545) AnwuSunalaneazin waadley dansduazusoniy
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oEUATY (Anadara granosa) Vi nusithusens uasunameilmea sausunamses
Avanaawivg vays lnevihnisiiusiiedn 6 as fausieu Suau 2542 unsnAu funau
wweu fiquieu nsngiay 2563 wuih Aedsgegeuaslansaziuazuanioumuluifey
SUAN 2542 WazunsiAY 2543 Taeliavinnu 0.435 uag 0.835 ug /g, wet weight

Asna fumla (2546) vihnsuaanedlaavaweuddsseansiulnddunsieyt 3 awe
mudvunsmesiluly 3 Vinaiwnndefuuaeniesulusiurasing eltlunisamaasum
wadgansnsesulusiuludniimsugiavessumalng Ao Uaian ny wagh uasviuigqydemeis
immobilized metal ion affinity chromatography (IMAC) laganduauaiunsatlunisiuasy
WasBesu (Culsuperscript 24] ion) vem3saulusiu asavasulusiufianaldilnensdeudae
Coomassie blue #3amamaiin immunoblot ndndeunsesulusiusmeindlaauea
weuRveRTinanlia 3 svdelululrausauaufuafiviinsi (mAb L42) wuirluasataveny
vosamavy waziuaulusiuiitiminlianauszae 30 was 40 kDa uvauziluauesuammy
waulusiuAiinuaysyana 40 uay 42 kDa Wisshudumeumsyhuiansunsdiudieds IMAC
widoumelndlaausausufuefAb Pl wulaansousnwiosulsiuldassdiu e Tuduves
n13vEME 10 mM imidazole FawuuauTusAufifunawhiuuoulusiuildanansatameuly
fhegredn isanie usluduresnsvese EDTA wukauTusiufiiiminTuanaussunm 21
kDa lushatavewmyuasiualinululan

gina gmsneen (2546) vinsanwauduivwuuideuneay warmudufvuuui
Se¥wewandlousouamuiiournivseuluszoriian 96 aluauay 3 Weu Wednwins
WanIeonYaIBu Metal binding protein mRNA (MTmRNA) Tusiuuazlnuan wuinanududures
wanloudivinldAnnsmedesas 50 (LCyx) nelu 24, 48, 72, uaz 96 9alus Ao 3.81, 3.41,
3.23 uae 2.88 fladnsurednsmuaiu Auanaanududuielddnwaudufviuui
Sa%slFvindu 0.012, 0.06 waz 0.12 fadniusiodns lnennsuanseanuasd MTmRNA fifiaanu
Wudu 0.012 Aadnsusedns lusuwiiu 4.20 wih wazTulawindu 4.16 wih nsuanteanvesdu
MTmMRNA fienadudu 0.06 fiadnsusiednslusiuingu 4.43 wih warlulawindu 3.34 wh ms
WAnIeBNUDITY MTMRNA Tiflanududu 0.12 fiadndusedns Tusuwindu 4.93 wih uazlule
Wiy 5.57 wh Fsmsuanseanvesdu MTmRNA Tusuannsaldifuiusdmedanan uite
Uszdiunsdudouvedanswinludsundey

Olafson and Thompson (1974) Ainwn1swen Cd-Binding Protein ‘lﬁﬁqw%{ﬁw?ﬁ
gel filtration wun@wnsauen Cd-Binding Protein 970 Atlantic grey seal (Halichoerus
arypus)  wulusfuwunm 9 kDa , Pacific fur seal (Callorhinus ursinus) wulUsauaue 10
kDa waz Uancopper rock (Sebastodes caurinus) ) wulusauwuin 11 kDa

Serra, Carpené, Marcantonio and Isani (1995) finwinsazauvassiiveianiisuiay
Cd-Binding Protein Tuvesaesn Scapharca inaequivalvis Uiiaile widen eiuavaelu wuu
i Wi ndnaile wae wadiiadenuns Smuilafuuinainunmsarauveauandlennniiae
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(725.70 g /g vhwilnwka) udelimessuduiamuadi uARLileneg 0.5 pg Cd/ml uaenis
avauvasuanlisunulugsggIounnnIggru?

Dabrio, Rodriguez, Bordin, Bebianno, Ley, Sestakova, Vasak and Nordberg (2002)
Anwunaliarigg Tunsmsraaeu MT 16un Electroanalytical techniques, UV-Vis
spectrophotometry, Metal saturation assay Waz Immunological techniques uag@nw
wiatlansuen MT 1eiun indirect method (atomatic absorption spectrometry; AAS, induce
coupled plasma emission spectrometry; ICp-AES ) wagDirect method (liquid
chromatography, capillary electrophoresis)

Park, Chung, Park, Kim, Koh and Lee (2002) @nwnsly gel filtation (Sephadex G-
75), DEAE-Sepharose, Sepharose 12 uagHPLC Tun1susn Cd-Binding Protein a1nviay Asian
periwinkle (Littorina brevicula) wui1 Cd-Binding Protein fiwenls fusfuruna 15 kDa

Crooker, Pozo, Castro, Dice, Boutet, Tanguy, Moraga and Ahearn (2003) Anw
FIUNUIVDY calcium, heavy metal uag MT vuwaa hepatopancreas ‘naqﬁaaaﬂmaé
(Homarus americanus) lagl% confocal microscopy, centrifugal elutriation way metal
binding protein-specific antibody Viﬁwmmﬂnﬂﬁmﬂuﬂdu mollusks ‘?ﬂﬁﬂﬁﬁ%m‘l’f’mﬁundu
crustaceans WUIENMNTAMIAIUNUIYBY MT ULad hepatopancreas va4isaauinasla

Honda, Araujo, Horta, Val and Dematlsi (2005) @nwnisvinlusiu MT fiafnain
Uaneeweu (Colossoma macropomum) wagdas (Saccharomyces cerevisae) AlFsy
uanlen Wu3ays ¢35 affinity chromatography Tae MT fiafnanuatezmseyldneduii
fi Ni**- loaded resin uay w¢lusiude imidazol dwMT Aiatmundadldnoduiad cu™-

! Y a My o a a
loaded resin uay vy EDTA wuiawsausn MT Wiusavsls Falvunalusiuuszana
10 kDa.

Wu and Chen (2005) 14 MT ilunsma@iametaninlunsasiaiamsduiieuvesdlany
niin Iﬂaﬂmiavamaameuﬂml,a“mnvﬁ'lumma (L/topenaeus vannamei) MEALA
gel filtration chromatography %GWU’JWS”G]U‘UEN MT quawumm“EJ“L’Ja’mdauNaﬂULLﬂmuEm
wavdangd

Demuynck, Grumiaux, Mottier, Schikorski, Lemiere, and Lepretre (2006) AnwINIg
nevaupelUIiu MT windanegiduiuuazluana Tunueu (Eisenia fetida) Aduiia
uasiley fMe3 Dot immunobinding assay (DIA) lngIwdlrausausufveffindnanaiswy

Ine 18-mer w83 MT n1usu (Eisenia fetida) uagAnwseiuveINITULantoen #1838 Norther
blotting lnalgmudwizues prob

Yudkovski, Wrzesinska, YanKelevich, Shefer, Herut and Tom (2008) T9iaufuaania
MSATIT MR cod MT uag mammalian actin uasweufvefnswesie Lithoenathus
mormyrus MT (Tindnd) msaedeunsuanisanues MT Tutan L. mormyrus Tiduiaans
uwAnlEa fe33 ELISA wuinuweuRveffisumese Lithognathus mormyrus MT (Tindntu)
aN300539UTINNYe MT Tulan L. mormyrus Iowgudeniu
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#135W81a% (Polycyclic Aromatic Hydrocarbons; PAHs)

PAHSs (Polycyclic Aromatic Hydrocarbons) Lﬂuneiumimﬁﬁ‘lﬂsaa%\ﬂmaqa
Usznaumeateylsun@n (Aromatic Ring) faust 2 2adeuseriu (Fused) Snwaznsidey
siefufioaseslsuniin 2 2eiiegfasaiusaddnisuey 2 sxmeusiuiu 2eslsinenaiiniuou
5 w38 6 pzmeuil PAHs dnilunduuasansiniifiazangliidluluiy Togvilludawndesly
dnvazvesansuudourelifnuaiy uitnasiogluusinuitosannlusyiuveshilasnusie
Alaniu viouluniusegnuiaiums (wsd anSasudna, 2545) Ussnauseasiitigns
lnssadavanuansnniu 35 vdn uazusazgnsiassasiamdnyssnaumeayius s q
(Derivative) PAHs fiusngoglusssunnd wu hifufu dwiu sawﬁws'\ﬂgaq’luﬂi’umﬂqm‘lw
(nesdpnsansdunsIuaznInveade, 2543)

meagvaslungu PAHs launuuwnidu (Naphthalene) Auuuv3u (Phenanthrene)
wulee]usuns @y (BenzolalAnthracene) uaviuulalia]lniu (BenzolalPyrene) (Wusu
wmauduansiiafnanueiuiidnvasdundadun wildidugnintu Jaguuldunnly
gramnssuddon luvngiuuleloluounsuuaziuuleliolniu FuAnanmsnlvsiaed
AuantRduansnousse Wdass yaaus, 2544)

n13Uszndld Cytochrome P450 (CYP1A) udadianedaninludauindenuazeuide
MAsates

wuleflalalasu P-450 vanefia nguveoulesifiusznaufedu Fsegitusiom
wnusuvssaulomanafinisiady vhvihiisadedudunsugavinesosmsifiau §ide
penTAduTB Mix Function Oxidase System lelalasu P-450 vaneisawuIun1sunIUeady
999a15UsENE TN lULAZANBLENTINY FloE Ty Ui}i3en Hydroxylation,
Heteroatom Oxygenation, Dealkylation wag Epoxidation 1usiu vananilelalasy P-450 &
eatedluufiserisnduse wmuelaiiintu sxfinuannsolunmsazanedldnnn
asusEneURsuLazaIsaTusan NS INElY winuimduiaufiteudrenaiiaweuslar
flanunsaviu A3ty Cellular Nucleophiles wafooraifnmnudufwniaifuansnonziseld
(AR uaundmiana, 2540) wulwsflelalasu P-450 JudunguieulwilésunsAnedi
inniflesniiunumddaluamuedduvssansiaiisng 4 V?aﬁaeima'luua mauan?iqﬁ%%m
Foduganamldilelslasu p- 450 1Wuisamnedanw (Biological Catalyst) fifiauvainviany
mnfignuazsinnszneegilunmeluradifounnuinvesdsddinng q s au dod fiy uuag
gad wazwuaie Wusiu (udl swuzan, 2546)

lelalasu P-a50 Svhiivaniieadasiunisudaiy (Detoxification) Tudaidin 1wu
usemevesyudiunanneulsivaismefezdulushemsie (Pollutants) fa q 91
Awanden msuaiuiinandnlvglliun BenzolalPyrene Famuluatuyviuasiiosng
Polycholorinated Biphenyls (PCBs) %ﬁqn‘l‘ﬂumsﬁﬁ'ﬁﬂamu (Insulating Materials) wa
Dioxins (2,3,7,8,-Tetrachiorodibenzo-p-Dioxin 138 TCDD) Fudunawaseld (By-Product) 310
mswnlnivialy uenaniasivdiadu q Aaunsagniumuslad (Metabolized) Tnglalalasu
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P-a50 ¥url enwilawha « savieufue mssesusieendled wasanstindngiia
(Pesticides) tHusu Msgrslumsidnaisuvanvasy aanmnswmamaﬂm‘[m‘lﬂsu P-450 L%y
mswmMuedduvesn nsmeuaussvesnussswislnelainiutusgiuuinaeneuleileln
Tasy P-450 fisumesiosniu o iloglusamevesau ¢ thunndesiiesls luunsrusaazen
wulwflelalasu P-450 s uwzdeedananviiliaunaivlisnnsaidnaseiodu « son
MnsumeliazazasanlfosareidosudwmaliAnauguuseiu (ud vwuzan, 2506)

Peter, Nasci, and Livingstone (1998) Imt,aumuamwmmﬂuma CYP ngusne 9 31nUan
naeuluvesLwag Mytilus edulis mﬂusnmmaammmiﬂumauLLauLmaqmazmm
shewmailn Western Blot titeAnungutuutes CYP anlalasleuuagsogna CYP u3avd wu
Ysmauauleal CYP1A, 2B uag 4A '«mvma'luLmdmfwﬁﬁmsﬂmﬁauqaﬂdﬂuLma'aﬁ'lasmﬂ uag
wuineules] CYP adiaifeafuansegililasTauuagiegisain CYP uavddsiuiuuay
Tusfusnetu fifes CYPAA winfufiiswauwaulusiunsetu Tnemsatndethdlivndaams
Cvp axnuuaulUsiudesnin ileannISmsatinfegns CYP uiavdasannsamdalusiuiili
Fumzdsenavhufisortutueudiausenluld vilivdeiamzuauTusiu CYp fisumeste
wouRvewimiu o

Rice, Schlenk, Ainsworth, and Goksayr (1998) nageuufisentiuveslululaausa
wauRueaAsia CYP1A 31nUa1 Rainbow Trout wulnausalinsisaeunsasne CYP1A Tudan
‘Uﬁﬂﬁulﬁl,ﬁu Atlantic Cod, Atlantic Salmon, Pinfish, Killfish, Carp W& Channel Catfish sy
a13 PCBs waz PAHs vilanunsausgnalduoufivedsmilifonaaeumsats crp1a uva
vaneinfisududavafivle

Schlezinger, Parker, Zeldin, and Stegeman (1998) lanaasaluyan Scup maguas
weildly Tnen153nans BaP (10 me/kg) wag TCDD (1 pe/ke) narniudunan 3 fu iusulm
u1Aleseilusiu CYP1A Tne3s Western Blot uaz EROD wudamiameuazinadioilssy

L

a3 BaP wag TCDD finsad1s CYP1A gendyamiuauiian Com Ol (1 mg/ke) athaiitiuddty
wivamenisaziinnsata CYP1A dosniaunadidosnnlurugivaunadisinsaiaivia
g ioianyiugasiinisaiisesiu Estradiol Feinadudsnisaialusiu CYP1A

Yawetz, Woodin, and Stegeman (1998a) Ainwn1siia CYP ansiuuewsn C. picta
fil#3uans TCB, PCB, B-Naphtholflavone (BNF), Aroclor 1254 uaz Phenobarbital neld
LauRAvaATIIERE CYP Ngusng 4 WUl ildFuans TCB , BNF uag Aroclor annsadniiy
Tviim CYP1A quﬁmﬁauﬁ’uqmmugu NaVAEEUAI875 Western Blot laeld MAD anti Scup
CYP1A 1-12-3 wusnannsaldnsaasunmsadns CvP1A Tuwshwiaiild Wnedvunaluanad 59
kDa d@1un1sld PAb anti Scup CYP2B wuuaulusiiu CYP2B 3 Band Tawansignulviinnsasns
CYP2B fa TCB, Phenobarbital, BNF wag Aroclor

Yawetz, Zilberman, Woodin, and Stageman (1998b) vinnsvinasslutainszuen
(Mugil capico) Iaen138ma1s B-Naphtoflavone (BNF) Aty 15, 30 waz 60 mg/kg way
a3 Aroclor Avandudiu 25, 50 uay 100 me/ke iU 5 Fu thdegesuuazlavesuann
analusAuuaznI9deUN19a31e CYP1A ¢mei5 Western Blot uaz EROD wun1saine CYP1A
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ditunuaudiduvesansiassyiin Wensvaeulngs EROD wumsadhs CYPIA Tusu
nnIiale dumsesiaaeulngis Western Blot lilannsansaada CYP1ARInlald

Bainy, Woodin, and Stegeman (1999) @nwiguuuuvas CYP Tuvania O. niloticus
neaituth Billing thunnsaeaeulngs Westem Blot Tnglduaumuafisng 9 Ao MAb anti
Scup CYP1A (1-12-3), PAb anti Scup P450B (CYP2B) wag PAb anti Trout CYP3A WU
uouRveRvaLansaYhUiASe sy CYP lutanilald Tneusinas CYP1A snefeasiiady
waglnvewanildsumsivganiluuvanhillilituans venaninmsiinszvides
Immunohistochemical Sawun1sifin CYP1A iluaTengnnausis fu wale uasivlen dw
CYP2B uay CYP3A tufimasnsianuluvainin 2 uddwailuundsiliflduansiwiudu
Ummn%h%uﬁmwzlé'%’umsLﬂﬁﬁ?‘iﬂuﬁauaq'luawmLﬁﬂ waziUSpuisunsiia CYP28 luvan
FlasuansivansuuazlanuinlusuaziuouTusiy 3 uau ﬁﬁmmm‘[maqa 55.5, 53.9 wag 52.3
kDa dwluladl 1 uauiwuna 53.9 kDa ensiiwulusufiuaulusfiusnnniilesnannmsisu
\uetengiifiinsate OYP Tnense uwazifuiiadreiu CYP2B waneshluvanila vilanansavi
Ufisetuiule

Nyman et al. (2000) finwinsadna CYP1A Tuwsnih (Ringed Seals uag Grey Seals)
mﬂLmeiufwﬁﬁmsﬂutﬂyaumaqamﬂﬁmn‘[smuqmmmssu nnsvaasulagvatin EROD
wuiniviine CYP1A gendudlewfisuruunasitifinsuuiiou densaaeulaglduoufvedi
Juwesia CYP NEUsNA 9 WU Anti-Peptide Antibodies Raised against Human CYP1A1uAz
CYP1A2 laianansavinufisendufuusminiaesiails uansiuauAveRT NS ANz
10 d@un15lY MAb 1-7-1 Raised against Rat CYP1A1 waz CYP1A2 @nunsaviufjisendn
CYP1AL waz CYP1A2 Tuuunildlnenu CYP1A Swunm 56 kDa

Al-Arabi and Goksayr (2002) Anwinsmevausswes CYP1AL ludanwnioudssyiln
ﬁaﬂmqmuﬁw (Rita rita) wazlamzia Mudfish (Apocryptes bato) Taennsliiadssyiin
19i5uans R-Naphtholflavone (BNF 50 mg/kg), PCB Mixer (Clophen A50 20 mg/kg) uag Cdcl,
(1 me/kg) Inefinwinisasie CYPIA ndsdaansihdvveslannainuaznsivaeulngds Western
Blot felululrausausufuafiisnnizse CYPIA 91nUan Scup wuieufuefanansavi
Uiiserifulantsaessiinilflneuaiilézu BNF uaz Clophen A50 finmsadns CYP1A ganin
gamuAl dvunaluanawiriu 58 kDa luuan Mudfish wag 49.5 kDa luuan Catfish

Carlson, Li, and Zelikoff (2004) l¢@nwinavesans BaP fvhlmAsliiAnanudufiv
soszuuniiAuiululan Japanese Medaka (Oryzias latipes) Inenslyd MAb 1-12-3 fifuwe
futan Scup wutaunsavihuiisendrutulamanseiold uazvhnsfine tegin CYP1A
annsonu e odnlalsthe nansmaasanudn CYPIA anunswuldielu 6u la wadhy
wdsnitlsifuans BaP 48 $alua uazwuin BaP anwnsalunseduszuugidquiuluvanidlag
N3LAUMILUBIVER T wa B-Lymphocyte fnalsudolsaldinedu

Johnson, Schiedek, Goksgyr, and Grosvik (2006) laAnwINsLaAnIDaNDY
Cytoskeleton Protein Vimmsnﬁﬂuﬁﬁ%m‘z’hma Anti-Fish CYP1A siaviasusiads) (Mytilus sp.)

Mlasunsuudeunnansdunid lnsganudululdlunisldesdusznaulu Cytoskeleton Wy
615,97

m 338743

%9
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Fudtiamatinmeesnsuuiounnanssuriduaivlulne4lusiuanduiiiu
Non-Muscular Actin wag Tropomyosin ¥nUJseniu Anti-Fish CYP1A LﬁaQﬂWiUuLﬁau
asduviSduaziuTouifisuiuniaifin Heat Shock Protein (Hsp70) vazgnadstuiiievaniin
AULAREATNNANS LA UASLAT wudwaat,t,maujﬁlﬁ%’ua'ﬁ 2,2* 6,8’ -Tetrabromodiphenyl Ether
(BDE-47) 5 ppb HU3unau Microsomal Actin snnnintuganiuaudia 200% uasu3unu
Microsomal Actin tuveeildduiniuiu disufunaudafafiueauas PAHs fuyanmaosiieilsl
Ainafiy

vandeidauadn1suilaaemnimzia (Pros and Cons of Seafood Consumption)

Uauaznansugionmmeiaiunumdngivistdosiulsazess msuslaavaniided
nnng  aansatieteatulsausise (Geelen et al, 2007) waglsalawavviaenidenls
(Schmidt et al., 2000) n1suslnAvaMsSaU T UAINUaNENNSRanANMEEIRBNSIARLSARILY

aumawaznsidedIala (Nakamura et al., 2005).

Uamglawazomsveiasue  wiinziuselevdnesanmevaisesnn  unlildasiiunded
wihnluilsanandunndesiidrinsiaoduegiinaronunmestemsvsaiguiu - nsillane
L% d’l’ L P =) 5 o A A a aa '
winvuieusuilleuninvendeiannlsanugramnisy  afiseu  SelduayvsninisUdey

voudeaniiasgneia

Tusedseime Togasdnisemisuasenvessemaansgewsnm  (Food  Drug
Administration; FDA) uaresfn1sivingdswindes (Environmental Protection Agency; EPA)
UszmadiFeud wuindeiirdutensasvieideiinssd sudemdeiliuyes waandnidn
Tivanideamsiuvamea 4 ¥ia Ao vanaaw vmnsglnamuvdetaiaun Jauuaneisa
visUandun3d uastanlndudunguuaive esnuadendniiieesinem vhlidseduas

laveminavavstunn
AMAsinnueRdnwinetuiaLed lun1susS A msneLa fesatull

Clonan wazamy (2011) Anwwiruadvewuilnalu 842 afuseuluussnasingy wui

v

Fuilaaiiuase (57%) asgvindeasiuguamainnisuilaalal waewuinguamdusansesu

v

v W

Susuusnlunsdevannuslon  uwinsedu  Afuslaavanluysnaiisnidimihenudu
UNTFUBMNS (Food Standard Agency) fwuall Auzihaunsuslnalulsswesingy
sualiuslnadanognadon 2 fo/dUnvi feaz 140 n3u (Ustannaseas 3-¢ Fouiudn) Tae
Tuniatlemsifudandiiflusiu (oily fish) Fagvhivanaudesluvane Jaymaunm Fasauda

Tsalauasvaanidon (SACN, 2004) walsauzide (Terry et al., 2003). Uanfiitlatuiingalutu
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lawi 3 lnglawizanaquanUives EPA (eicosapentaenoic acid), DHA (docosahexaenoic

acid) (@e81ve3 PUFA) Faliegiawizluy n-3 9nuvaswesemsmeia

Olsen (2001, 2003) vinsAnwilulseanvusialy wuih viruARLarn1InsEuluwdyy
Usglomfvesmsuslnavandutedvdfgiivssmeuiluidenuslaavan. wenantdu msidnis
18, mugndelunswieuazsususzneuomssmnuan, Manaiiunsnitesvindy,
ArauUAMIMEnN Ty nsegn, ndu wassawd Mduladeriddyuiilunisdenuilaauan
(Olsen et al, 2007). Wnlawumsuugtiihnisuilnavaregedosdunmias 2 ife Fefinuindry

Ingjuszrvuluvaneyq UssmefdlauuRnuduusiivanan (Verbeke et al., 2005)

N . ° ° ) a ) o

Pieniak WarAnz (2008) vinisdsrauuunasiavfeiuauiuazusgalalums
uslnavan Meluthunduasluiivseifaudnluasavasindulsamlanazvasnidon Tasviinas
dralunguiiegnednuiu 4,786 au Nlengszwing 18-84 U Jellwhilunisyeuazdgeusenau

L4

2shu 5 Usewalawn walloy wisasuaus wunnsa luaus uazalu nan1sene wuii o

e

I

a ) v Ao a v & 'Y -~ a ¢
nodulutundiaundnluasevaidulsamlanasvasadonlulsewalvaldsunasiauinsa o
miu‘%Inmeﬂaamhc:iﬁmﬁ'ﬂuﬁ‘mﬁlﬂﬁamﬂ%ﬂhﬂsaUﬂ%’1Lﬂuisﬂﬁﬂwawaamﬁam dulugy
(enulsewauadey)  dnsuslaavaniileriu meluthuniluwaslifiaundnluaseuadudu
lseihlawasvaeadenlussiviiving fu Tnenquiiegnmnauiuilaavaiiuiinnsuilaavaidl

U o Val = U a A L L2 é 5 U
AuAmlarnsuagylifiguamd  msiudludannifeiudaneglussausmluisaesngy
) aa ™ ) a ) va & @ a av o9 v
Y49 niimsontanmsuilaadanlusedugdludmidulsaiilouasveendon wideiln
Taguanurdn dluseiinsidulsalanasvasnidon uwiduidssnidensotnusssuddna
faaNuANA1uUSIansusinavanluusazUsena ﬁﬂﬁuﬁqﬁﬂmuﬁhLﬂuﬁﬁm‘lﬁmmiﬁwu
lnswinsuagidunsdeanstissslendlunsuilaavar  lawnzlunguindulsaiilauazvase
BRAWINTY kavuNgdeUsE Uiy

unasnuveslaventnuasnaleadnazlswanlalasarfuaulusiwisnzia

(Sources of Heavy Metals and Polycyclic Aromatic Hydrocarbon)

v
o W a

1. uniiudu Fadullesdeniifaousduresvar intumusssuminnnisivouves
ynfivsndnd dunauidudouvasasusznaulslasmsveusiinae Usuuiuey fsmdny
fiduesdusznoundney 2 wiln Ao Arfuou 82-87% uaglalnsiau 12-15% uentufuasdun
UgduagluSunadey laun muedu 0.05-5% sendlautesndn 2% lulasiuesnit 0.1%

Tuhdfufiudanun flavzifevuagfomusssund dwlugiinu Ae dnifia uay

wiuwen dlanzduinuiiegie un uasdlen vewes mzda win dined uwuenla
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Tuauddu ey svgiidlen Tasdlon Tavean giidew Ayn wuiden Gu asmy Dusu Tany
wiandlardiuTinasnniesunndetununasiidaveniniuiu Jusgiudnwusmessdiaiives
Fuiiuwazuvanir - Falavgluidiuduiuuenanwunussaniud  vsdueegniiuasiuly
NIPUIUNTIHEN NIVUAL wagnsiiuing

2. dnde Litasduhingueudes Tsnugeamnssy wu Tlesied Tsenundn

=

wanadn 733 & viiethiamnmsinens teenenshusawuasts Saitduilaveminuudeutdu
Taveminduansiinei biausaaaeildlunszuiunssssund  Julusdiunnagnouazan
agludu Aungnoudiegluth fniu Fuiansuudouvadangwinludeii

3. nszuruNsuUsUuazUEe s mswlsguamnsivhliAnansindlunaneslsuin
lalnsensuauvdoiiaion (PAHs) I Ae mssu maifisr msd meupemnslagnists grefiiiu

dﬂ L% ' <2 Q’l ' i o L4 aa L
nlevlutaguu wu viinls Mg Alvdineuviviians PAHs Yuleuluewnsla ({5 Saun
Juwi uae Jyad Shunluuv, 2543)

vgufiieaiunisiud (Perception Theory)

wauynsuavuvlndnganu wa. 2542 lafmualid ‘a3’ Aedandiananain
MsAn¥IENIBUNSAUATISoUSTAUNSal  SINlimNausallfuduasyinye  anudnla
= av v fa o v va v a & a wva ¢
weeasaumAnlasuinanUszaumsaidnlisuinannislagu e nishavsemsujiiesd

o lunsazann

Davenport and Prusak (1998) lalviAnamuneweanImugin mnag vineda dunasves
nyoudszaunisal AuA asauna  Miluanmuisdenuaznsounmsvhnudmiunsusziiu
warsiuvesUssaunisaluaransaumelvy

[

dwnssus felunszuiumamnlnineiiugiuresyaraidifty InsedumInng

o

v
= v e

Fuudragliannsaiaudnmdomadoudld  msfuiynafilifetuasdesiyanaduniieades
e tievhnsinuunEsesns videwnmsnl wismnuduiuslugundudiidudadeslsh
muiiieadedlugusiudaidudas Tnonsinudssamduia syvdynauiynadulantaesiidd
WU TEAMEUEE

audAguen1siul wesnilu 2 aila @Evslyn 23 ydufinna, 2546)

1. msuiiimuddgrionisSoud TaefimssudphliidensSeud Mlifinssuiesiin
maGeuslild Tuwihusafentu madoudiinadensiudadiinmi weanmmg Ussaumsalif
guwlannumnglyinsuin Aeesls

2. msdufimnuddsionnad  ensunl  wasuwnlmginssy  Wleuiudadein

veg a ¢ o & a Y a a a
ﬂ’ﬂugammzua’lium WRAIUNUULANAR LLa?Lﬂﬂwqmﬂiiﬂm"ﬁJﬂJ’ﬂuwaﬁ
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Weanywdiimsiudmeiu - anudumaivesmsdomsTonafintuld  inmznsiudidy
M vuangAnssunsdeans v“fﬂuﬂﬁuazm'mwi’wmcﬁams Hunszuiummedniinouaues
duiildudunssuiunsdonsuans  msfaasdidety  warnsiirmensiildsunumnu
lauazaruidnvesauies Tagluusiazfudesne q Whinausrnasinnng §uansasdond
wdndutnasmumalaviaiedesiunues Tnevhlunsiuifudeifetulngliifmvse
e waziniamusaumsaiasmsdiaumedany ausldansnsalimvaulatudaseg
soudlivun  winsidenFufifissuduriniumuauaulaveusiazay Fwnsauiauadls
uaziuAeningg seudasneiu Taevialumsiudiiunndetufinaindviwa T ussdnduvde
ws49sla Yszaumsalifiu anmwandey annizdalanaversuad

Schiffman and Kanuk (2004; snslulw@sml eiSqu, 2554) irmuvunemssuiiin Ju
nssvunsitanyaradaiden dasadounasfinrudadr Wiandunmeesdeineg Tulanldl
ANUVINTADAARBINY

M3 fisUu (2553) eldamaminemsiuilin Wunssuiumsiiyeeaidensy 4
pafUsEnouRd LA uvInevesdu iU sTamdur lngandiuAnusuas
Uszaumsaliiudueiesile

weFnssumssuiidunseuiumsiiAaunsnegsewindaiuazmsnovaussedain ns
fuveauywdariivszavinmaunndesifieddaiuegivasiusenousieg Wun

1. duf FeeeflvlnuassssumAiiuansaiuly

2. e¥viitududa Faldsunsnsefunndaiuduvanmmminelaseduyszaunisel

el

= v a

3. mswlannumnevesennsduda dwsgnieudioda Tusgiutaduduaiss was
Hadeidnine Tnsnywdandeniufiamzdauiiiimumng Ussnauiusadldle
Awwiesdviiean ninlageuiinansenusemnandnlaludadeineg I

4. Usraumsaldu  dleldfudad  yamasshnmsmeRziuvdesauyRgutuintou

Uszaumsaiiu Aneiinnazisaunsadudunismansiu wisssauyigivatuun

v w o
ﬂ'\iiUEﬂqqﬁJLﬂﬂﬂ

a

Hene wazanuy (2005) nanin audsadudiuniwssiruadifidanuduiusuasdana
lunsavseruidesiuiiideaudslafiasyiwgingsu

wnaznanlulsuiurudileludosmmdssnuansieita enanamldin mnndes
Aentuansiadl ineadesturudufivuarmsiududaans fneameeseudufiviesasiad

& ' LY v o a o a £ A @ 1 a
Tuflauuananeiuly amﬂﬁmamumnmﬂuwwm UWGC‘]’)L%UWUUE)EJ mamamﬁlwﬂuww
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welumsuuiouldanndeuily wﬁwaams'%’ué’uﬁaawsﬁﬁmmLLmﬂs\'Nﬁu‘Lﬂﬁuagjﬁuﬂmé’a
f1eq NI Ardes fe Temaenaiiety wilindueuieuietuviell lufinusedtu
Ussrnwudeudosfududaansiniivanerin  Fesuiensdududaanslansminfivuidfouluams
nealussduarududuiibinntn wenddeuiimuidsswoguawlusyiunils

fivanededeiiaeatesiunisiuiuaznissensumiuides 1y Anueedu (familiarity)
ANasalunIAIUANYaIYAAA (personal  controllability) ausslalunissududaans
(voluntariness  of  exposure) nauselevifildsu (benefits) AIUYASITU (fairmess) 1@
Tnevly Arandesiiiatuanausndy vievandesildlumssuduta wu erailesanmsd
fFovhau dnldsumssensumnnimdssiiinannsgnanau undesiieglunisaunu
ldvesyana dnldsunssensumnnniaudssiieguoniviiansaunu Wudeatuandesi
duwusiunauselond vidermeuunuiild deuldsunisueniuinnni

USnawdesssumAvesanudes Qudeinermans) sgraderldldidusamvuanis
gouuAMABwDIUTTTINY sansranudesdidesnit Tse1aesliletosaieq fitnay
Iisumstensulummdsainnnin venindudlidnansiiafeiiidninarensiusidesmnu
dos Fufuiadudsddyiasiedinseitatomaniulugumy FududsiiiinarenisiusluiFes
audissiomssududaansiadl mndedeiiieadestumssuimuidssgminluszgndldludes
mandesiensiuduiaansiaiiivanUdeseeninandundeuseudne viedsehuisanudazain
s1eq Tudinusedniu Wy nswvey dide Ussneudilngfesuesdesmnudedludnune
Y2INIANANN MIliausamuaumMssuduiald visrnuligfsssn 1wy vauetauewsesdn
Tvilundesnnusvdudaansiaiifivdessenunluudinauiinneids weq nwilildiduaude
vafie viselildsuusyloviannmsnseyivaniiu (Suvms fNIWNS, 2553)

flonAdenangatuiiindestumsiuimimdsuasnginssunsuilan éun

ya3uns dBuniey uavesseed Sunihe (2555) Usalumsiuimmidsuar aded
Audiusiumsiuiudundeusasguammanmsysenovedwsundeluiiuil suanaide
M dunenusing dwdaanauns UssnnsiidinwAesiusznaveniniudrediuinderomn 104
au iufeyalaglduuvasuausewinaiquisy 2554 fa wwiou 2555 Sesievideyalaeldada
Banssuuuazaifleyu wansfinw wuln lunmsiuguseneuandnsuindedinsiug
Tomalumsiindenneny auvy wazkansenusedsndeuuasgunm aglussdution Yeuas
47.1, 53.8 uae 49.1 auddu Uadefifimnudiiusiunsiuilenalumsindennau Ae sesu
msfine (P =0.033 ) shuaumpuessansenuiiiatuiimudiniusiuiiadede msusznouedn

yan (P =0.005) wazUsraunisainnsaususuaulasasislunisyinaeu (P =0.029 ) wazludu
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nansEvusdwIndelLaraun T wud Sauduiusiutiede fe sedumsinen (P =0.006 )
uazegmem (P =0.039) msAnwmsiuiiiiuiguszneveinduindessinsduie
amdssudunadeuargunimluseivios  famheauesigmssamnansnsedunis
fuikarnumalosiugmmsifesansenududsnndenuazaunmsioly

s lvely (2549) Anwidvdnavesdnuueyeiulssmnimans nssuslavandu
wilswvanilwdndue (OTOP) mederneg Uadudmuszaunisnatn wasviruafifieiududn
OTOP fiflWemspensudud OTOP Tnsmsifudeyamsuuudeuamminnguiiegns 400 Ay 7
o1dlunngayng awareuasvdaiiteny 15 - 59 U mamsidenuin nssulevandud
OTOP  vndoypaa  Uadudrudszaumamsnanslududesnamsdasmirsuaznisdaada
msmann wasiruARlReIuALdA OTOP fnansenuluidsuindenisveuiuduf OTOP weq

[

Uszraulunganme egelideddgnieati Inedlaisesdiumuidaunswsamanssnu e

<

wsiavunfifivsnadenisseuiududn OTOP wuh ViruaRTisinedud OTOP (Wusuusiis
A mudaunsiveNansEnUgeiian seean A Msduaiunsmatn YamanIsTIving uazns
fuilawanduin OTOP yedeyara mwddu  wanmAdedoudn mnuaulauazaanug
Renfududn OTOP  finansznuluidenindevimuafiisatudud OTOP  wesUszrwuluiun
ngaimwe agaiiuddymeadd TaadleSesddumnuudaunsswemansenuvesiudsimn 7
fidvnasevimuafieatudud OTOP wuln eafifeafudud oToP usuusiida
wlaunseesransenuganinmuusmasuaavlaifeiudush OToP

ey wsdusudvd. (2552). Anwimsiuinmdnualveardesuyssvaiiiude
Insin!  Teglduuvasunwannnguiiegns 400 au ednlvgidumaneysznouedn
WiNUUIENY a1y 31-35 U s18lel 5,001-10,000 v waMIITeWUI NEufIBg Mgl
mlusziviunansemsiuinmanuakindelnsimiveandosiuUseiavgsn AnuAaiu
\Renduvirusdiensdoansiteaianmdnvakiiudeinsvimiditine ong msﬂnm 91T ela
LLav'LumqumnisumsLﬂﬂsumimmnmqnu umwuﬂmmumamsaamiLwaaswmwanwmmu
dolnsvimivennTosiussinvaniisne®  uenandu  msfemaileadrenmdnualinde
nsveiveaniosiulsunvasinadanndenginssunisteriosiulszangn

Uy ygdu  (2552).  Anwiladeiiiarudniusiunginssumsuslanemsi

(Y

a v a v ° = U 1 o«
Anmmsemsguuiluinassndualueangannaviuas lngvimsfinslunquétegremiy
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andnlduiniseny 15 TAuluswau 400 Au wams3dewuin nqudegwdngduiids/

e

L 1

unAnwuwengs laa  danudlumsuilaadiouasy 1 AsY AldeRERBATIUTENNM 300 U
Tomanunldusnsiionswuledsassn  INNSANYIAUENAUSIEINAILUS - WUI1  Ineid
safulieudveansudlnanazanlginglunisuilnausazasiliuandaiy 91guazanIunw

a -G a ' O o ' 9 (YN a
auﬁa'ﬂmqﬂﬂuuﬂ'ﬂ‘u@qEJIUﬂ']s'UiIﬂﬂLLC‘]aﬁﬂi\?V]LLmﬂm')\iﬂu {j"ﬂ"ﬂHaQUUigaNWWQﬂqsmaqﬂUiﬂqi
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LY

mundndaeiuazauninaugliving - Senuduiusiunginssunisuilaafidamaise s
dl ﬂd’ 1 v a U s I W o w aa i e
guuyRiseslgielumsusloausazastegnivedAgnwadafisssu 001 uaz  0.05

AUAINU  YBIMINITIRIMUNeTaLduRusAuAudlunisusinawaza lgInelunisusinaus

]
=

arATegltpd Ay aiAnTzeau 0.05 uay 0.01 MuEIRY
2ssuUnsal gangun (2549) Anwiamelarinms woRnssunsuilnAeMSuALInTIAN
Werteaiugunmveninfnwanvivinermansuazmalulagnisenms iminendemalulad

s °

SNVINABDATY INYWVANIWEUS 97U 110 AU eelduuvasuny Han1sANYINUI UnAne

a 9 =l [ [ v =2 a J v 6w 5 £ Vo n’;
vslnatnwdentuemsudn  dndnwuslaalledmiiuay 1-2 ase dnealdfuaz 1 ase
udnaudanviar 2 A% dndAnwiirnuigneswnulavuiniswisiovas 77.78 laefiazuuuly
seiusn Uunanauazgedniludevas 182, 53.64, 44.54 mwdnu viruailunsuilaadien

Arwuudeiosay 8212 lnefmzuuuluszausn Uunanswazgednluiosas 17.27, 66.36,

o W A v < > o w v = o v 2
16.37 auaau dnAnwfeenideinedesas 70 Wn@nwilnediu BMI = 25 Ke/m) uay

Ameidsaelsndiu (BMI = 23.0-24.9 Kg/m’) $ouaz 2.73 uae 3.64 auadu uaziiindnwii

fhiwiindniniuansgiu (BMI < 18.5 Kg/m’) $evar 38.18

Tyyan  stinqu (2553).  Anwndatenianuduiusiunginssunisuilaaemsves

v

uniseutulsendnw lsaSsummalssanginer sunesuwn Jarieaymsasns laedingu
Usznnsfinwdnuau 190 au leslduuuaeuny nan1s3de wuln weinssunsuilaaveadn
uniseuagluseiivuunany anuiiasianaiinen1suilanomis mmazaInluns®esmns s

lafuimansnnde waveny lanuduiusiungfnssunisuslnaensegniivedAgnadan
536U 0.01



UM 3 35015798

- funusuameiauasvesusamuunmeilmeiadminszsauasvays
fanmdl 1 Suundedeiinvestameaa Mdusunuvesaiuitvuaslaniudnd wasiu
foega MesLAdg 2 wua Ae WAsnATmEYEBRATINNNTY 6 WuRwes Sabwiin Yaranw
gm Tneifuseguanniiufisuasnsian wazsnuawn Wuioidevanuassy LLaszIamﬂLmauj
flunzden aslugananafniazornudutusauninagyhnslieseyt feteisamesiauas
vosuvas] Tuusaziagsarldiinsziva Tavewin (uanidion) ansieiey uwasdtdatanm
1UsAu CYP1A waz metal-binding protein

- ApsgimUTinuas oot fiduanuamea e (30 §reg19) uazdu (30 feg)
warvesluads (20 Mg WienAnuemesnin 6 WuAWAS waz 20 Metn Wisnamue
wnnd 6 WuRes ) msadmidieidafetng (Extraction) utsdadogneysana 5 ndu Tu
Thimble Tﬁa\i‘[u*qﬂaﬁﬂﬁ”mshmuwiaL‘da\i (continuous extraction) Tugaarin Soxhlet
extractor a@findiLans Hexane, Dichloromethane(1:1 v/v) 250 fiadans afpuuusreLiios
agatien 6 Falue Vundeiadnldun 10 Taddns e lumuTinufieiesru feeies
GC/MS ¥inmsmsHaapuiiesufiins aaiivemansmazia umnineideysm

- iasevnAAuLUsUT TR NaaY (Analysis of variance, ANOVA) asUSanauans
fioley 5w LileuaAuamsia way evesuuasg 2 1uIn suuALAUF et 9T T
JLUDINALVAYI

- mMamAnduUsEavisanduius (correlation coefficient, r) SEwiaNsRLBLOTIALNNT
wanseonvedlusiu CYPIA Tulamziauasviesuuass

- AirsiziiuTinm uandlon Auanuaimeia wagvesusasg (20 Megha Wisnmnu
g1910N 6 LEURLINT) MR nauanden Tasvhnmsgesietuiaibodnithie
nsmlumsn (Suprapure Nitric acid) LLav“laImLﬂuLUaiaaﬂlw"lumsawaaamamamqmaﬂau
& (Microwave Digester) yin1susuusuasuanihluasiainusunu uaadiey Fenses
Atomic Absorption Spectrophotometer mmsmwaauwmﬂgumms MAIYIINIVANERS
WYY TN

_ AiaszvimmauuUsUsIuTesAaay (Analysis of variance, ANOVA) 183UTunuans
uanwdlon Tuidlouasdium way 1evesusasg muuvaaiusetsdiminssuouassays

- MsvAdUsyAvSanduius (correlation coefficient, 1) sewinansuanislon uagns
uaneeenvadlUsAY metal-binding protein Tulameia

- saia crude CYPIA (w3susegamstiulusivlunieannagnausi aaiune
fnans wvninendoysw dnduirdowmnanougeiigudiedeiliouminerdeuiing namme)
dm3u Western blot wag ELISA ¥nmsnsiadeuiiviesujuinns aaivanivenans
UNINYBYI

- msvndeu Tsiu CYP1A Tay Western blot Analysis tievisunuwiadmiinluana



32

vihnsusnansada CYP1A Tu 12 % SDS-PAGE anmiutieafiuenlusiuudacnelusiiu
MnuRuIaasgnszavlulasigaglaa unluuilu PAb w3 MAD usiazsia @198 0.5% blotto
Unlu GAM-HRP (1:1000) 3 #alus &6y 0.5% blotto wazuuluansavans 0.03% DAB,
0.006% H,0,, 0.05% CoCl, 5 ufi  &demane 9 ¥y ma’«u@uauiﬂﬁu*?ilﬁuamﬂﬁu
weudveAusazi  AunmiwiinluanalnedisuiuTusiuinasgiu prestain dwinluana
31.4-126 kDa (Sigma)

- MYIATIER metal-binding protein 9 nFuvameia lagag Tu 50 mM Tris-HCL, pH
7.4 @nm (35 % W/V) ﬁussqﬁw 0.1 mM PMSF, 0.5 mM DTT uag 150 mM NaCl 1
centrifuge 1 15,000 X g UM 90 W7 grmaf 4 sariwaldea LiulusAuduUY supematant
1hdu supematant Muvesvanfulddidu -80 ssmivaida sensvaaoums U
Tusiu vihmsvuiinadusiilusegna wethamundudulusiundiun ssanisuansesn
484 metal-binding protein Tutamgia #e35 Western blot (Fafinanaliudrdnasiv)
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Gulfl of Thailand

A Guif of Thaitand
@ Sampling Station
16 v 2
§ Kilometers §
- o000 TN G

dl A A o 1 v ! a e s =]
AN 1 unuissalneuazaauiiuiegn umellmeia 813fan Jwinvays @aufiu
Methwmesliay 39 1-3 wavdieglameia 309 4-5) waziuimeiliveia nuame Jania
U ' 1 d‘ o ' d
2894 (YALUMIBEIMBEUNA] AT 6-8 uasfeathsamea a7l 9-10)
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5n1591AI129% PAHs #2875 Gas Chromatography-Mass Spectrometry (GC-MS)

AeseiviuTinauans PAHs Taslusegnaamsavhmsdusediudeasstnauazsy
dunesunasgliiiforias thiegrumyiliuiseiniesfreeze dryer ualaziBonseirdas
uailu wdhadnsetnafesvihazas Dichloromethane Tugaarin Soxhlet extractor Tasifu
a3 2-Fluoro-1,10-biphenyl Fudu internal standard  vihmsataseileaduiat 26 Falus
wdwniuhansazanefildluatausniameaiuvesans PAHs #1833 column chromatography
wazilunsiadeszvimedauazUSunuans PAHs §1uau 16 ¥ laun 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 (lcdP), dibenzo[a,hlanthracene (DahA) &g benzolghilperylene
(BghiP) Tnevin13m3299iAsevieneLA3ee Gas Chromatograph-Mass Spectrometer (GC-MS)
YBIUTYN Agilent U Agilent 6890N Gas Chromatograph/5970 inert Mass Selective
Detector fandl 5 Jeflanmznisyhaurennies fil

Instrument setting

Injection volume 1pl
Injection technique Splitless
Initial temperature 270 °c
Transfer line temperature 280 °c
Injection temperature 270 °c
Carrier gas Helium
Linear gas velocity 43 cm/sec
Carrier gas flow 1.4 mUmin
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
Column
Type Capillary column, HP-5MS (0.25 cm x 30 m x 0.25 pm
Mode Constant flow
Detection Mass Selective Detector (MSD)

Acquisition mode SIM mode



A 2 1A3D4 Gas Chromatograph-Mass Spectrometer (GC-MS) U8UT¥W Agilent
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U Agilent 6890N Gas Chromatograph/5970 inert Mass Selective Detector U%:J’lma'ﬁsi;'lfiﬂ

o - v
NANUTOIATILILA

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
Benzol[b]-fluoranthene (BbF) 0.0018
Benzolk]fluoranthene (BkF) 0.0017
Benzol[a]pyrene (BaP) 0.0012
Indeno(1,2,3-cd]pyrene (IcdP) 0.0003
Dibenzo[a,h]anthracene (Dah) 0.0009
Benzo[ghilperylene (BghiP) 0.0026

nmsAnymgAnIsuNIsUIlnAeInziauarn1siuiauieInnisuilnremnInia
vaendensnsssuazianinGeuluwaduaniuameg 252884 wasduagneian 2.9ay3
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ASn15An¥1 I

3.1 jUuuun1sidY

sUwunsnwiluadeiifunmsitoidedimn (suvey  research) Tneiiudeyauuy
MARATIN (cross-sectional  study) Lﬁ’mlssLﬁquanssumitﬁiﬂﬂmmsw::LaLLazms%’ui'mm
Léﬂﬂﬁ]’]ﬂﬂ’liU%IﬂﬂE)’]WﬁVl%La‘ZJE]\'ﬂﬁﬂﬁﬂL%UULLﬁzM@dﬁzdﬂﬁﬂuL‘lmﬁ’]UﬂJJ'IUﬁI’W!ﬂ AREULNIEE
duasndan 2.9ay3 laevinsiiudeyalutiadounsngiau-fueneu 2556

3.2 Uszrnsuasaiee1efnen

3.2.1 MUNSATIA
e = a o ¢ o [y L 4 o
Uiﬁ’z’(]'msl,ﬂ'lwuqﬂﬂﬂﬂ‘t}'] AB NEUNPNATFIN VIE]'MEJIUWUVI PIUANIUATNA .38UBY LAY

muasefan 2.9ays  ledwaunguiiete Ssnnnenadndiulasldgnsves Daniel Ww
(1999)

2
n = ZarPq
.
d
n WUIUIUNGURDEN

2 ' v ﬁd L LY o L
Zap W fanesgulasunfnseautisddsy 0.05

P wny dadhulszansnuilaaemisvezia Flgauseununisn Sevas 50
q wnu dadrulsznnsnbivsinaesvzia JsldaUssanumsi Sesag 50
d UNU ANUPBIALAADUTDINTTANFIDEN 1 0.05

Waunuenlugasiaen n = 384.2

1 L ' ' 5 <~ 1 1 Ly ' u’; &l d' 1
Tunsdusiegng wiadu 2 Juneu fie 1) wisnguiiatne vis 2 Wuflq az 192 Au 2) du
o " Y aa . . %) a o ca Y a )
Mvde38 consecutive sampling tneiiusausandeyandwaassanunlduinissudnasssily

anuUINsvesglutnaiivug

Tuiufisuashafian v‘hmiLﬁu33Usauﬁay’amnwm‘_‘,aﬁv&ﬂssﬁLLazﬂaaﬂqmué'ﬂajlﬁu 19
ynau esnluiuiidindgstinssridos Seldverenguiimansnasurauiinduiinaeayasudalsi
w13 s wwhedy 41 ey

Tuuiiuaiuame  vimsfununudeyandgeiassidunlduinsiudnassfugig
Weunsngay uaziiteliumsaneuraandsunnsdunguiiegne Suftemsifungusiegng

anforay 4 laduaungueineg 1 msduduiu 200 Ay
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& LY - | Vv T ) v - @ Y
inainlilunisAadenngusegneiidisaulasins laun msiiszaznanmsinendeluiun
& do " v ' = % v e v v a a v
wundsnanhidesnin 6 wew Wugnanansadeansiagldnwivgliuaziufidisuiasinis oy

[ ¢ ) a d v o a
Wuiedadue o IuAaNTsulATINTg

3.2.2 \fintniSeu
g & ¢ v a ) o o a ") a
Usrmnnsidmanendnw fis WininSeuseduussandineili 4-6 lulsaSeusgunannlse

mpgluiuumne 2.58809 (3 15a581) wagduasgndan v.9ay3 (2 15akeu) laslumsfinw

assldduunguiiadne diunannedadiulagldgnsuas Daniel W.W. (1999)

2
n = ZoanPq
d
i n WIUTUIUNGUAIBE N

2 ' v nd' L v o w
Zan  wiu aanasgiulaeundinssautedfey 0.05

o a a = § v oy
p uny dnduuszrnsnuilanomameia Jaldauszanunisniovay 50

L H i 1 ) ‘=; ¥ dl/
q wnu dndrudszannsnlbivilanemzia falgausyunansnsesas 50
d WU AUARIALARBUTBINTTANRIBEN 0.05

WeunuAlugasler n = 382.2

nsdusegrautadu 2 Sureu fe 1) wanduiegiaks 2 Wuft Iinduiegiuiiay
192 au 2) guiesidouvedtssdovluusasiuil uasiudeyauuusniies (cluster sampling)

Tuiuiiuagnedian shmafununudeyavemnlsadeuidieglusuassian 2 Tsagou
TudndniFounneuluseiudulssoufinw®i 4-6 WWwidu 147 au uagiuiiduauunmn
ymsifununsdeyaaniegluiuiinumwe 3 Tsadeu TudniniGoulussiudulssanfngd
7l 4-6 TnumsduiiauvewusaglsaFounasusiastuiGous az 1 vios wasifudeyauuuenviedls

UIUNEU 211 AY

wnaeinltlunisAadennguitegrsmdnsaulasims liun lasueyginanaguazdunases
Tnefiana@umisdeuansrnudusennnagniegunaseaiiaidisiuionssulasinis  uagsosdiny
sglulsaeunvsillivesnin 1 U

< ¥
3.3 NMINUVIIVIINVBYA

3.3.1 m’%mﬁaﬁ’mumsLﬁUifmmuifaga
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Tnglduuvasunnuuuuillaseadna  (structured  questionnaires)  @ead1stuanainen
mMsfnyuaRn nul uasienarsnuddeiiieites meenauteyanisduntualneyana (face to
face interviews) wuuvaneaiiadeyanmsyany asuay wazandouusirvenguiiosng
WInAUUUEBUANLU LIRS (structured questionnaires) wuvaauaNUIENaUMEtaYa
5 dw loun

gt 1 doyavilu 6un i 91y 013 sedunsAne aundnluaseuash seldvaieu

duil 2 mumnevasiiidasiuasiadivasaanssuannisuilanemvaa
Usenaumedemniu 14 1o

duil 3 mufifetuevnimsiaualavewiin Usenausedernm 12 4o

dwdl 4 deyamsiuimmidsadsiumsuslaresnzie Tneiidnunederomudy
seiuemARiuuuUNIUsTdiuA (rating scale) 4 sy oA Yos Ynunans mn wnfige Tnedl
Tuterni 10 18

dwil 5 Foyanginssunsuslnremavglauazuuumsussiiuanuiinisuilan 4 sedu

v oo ' g ' 3 < ° o Y o v
Toun Litreias wug A5t vesass waziluusedn Tnefidhuiudediaiu 20 1o

3.3.2 MIATIVABUAMNINLATDIND

nsasIvEsURmNMIAIasiiaUsEnaufy 2 dw W msnTedeuanumsireniiem
(content validity) LaENINTIVABUAITIES (reliability)

MIATITABUANLATIVEN T TnensihuuvasuawWigidsmnaifiammuiuay
Uszaumsaifuszuinivieuasiviver s1uau 3 viu evhmsemeaeusussnilemuar
Usuudmudeiausuurvasiidoiviy

msnsadouAIies  lasthuuvaeunulunaaesaeunassymuirluluiuiisua
uauAEIIIL 30 A uazthunariiisshedulssanssaiuasasauuny (Cronbach’ alpha
coefficient) uaywuin deyadind 3 mssuimudsaisaiunmsuslnremeiauasTavewin 1
AU 0.80

& < v
3.33 ‘UUG\EUﬂ'\‘SLﬂUiQUi’)N‘UEQﬂ

o @ @ o & 4 o v & v v &
1 viwldeuszanunuiumauianis 2 wuil ieredeyailassunarveaygyind iy
ayaluium
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& a ' v v v o o o a v
2. Uszguduassiasideauuuaeuniy unidwihianssaguuasindnwintieiudioya
wuugeunm FadulnAnwsziuiggiin auvansagumans uninerdeysm
vy & v & A
3. Wnnudeyaluiun

¥

3.4 N15IATITVTNA

Y

Toyanlannuuudsuniy  (questionnaires) uwazthlUiinsedeyaidnmunm  lnanis
AATIEATIUTUIUMIBADANTIUWN (descriptive statistics) lauA MsAUIUMmALD (frequency)
Jouaz (percentage) AadY (mean) @midsauuunsgu (standard deviation) Anansteya

(median) ANgagn (max) ANFga(min)

Wiguiigumng anatnla MssuianudsauasngAnssunsuslaaseninangusiiegn

Tuiunnunmakazedfal lagld Chi-square uay Independent t-test



UNN 4 Nan1518

nswsizvlavzmin (waniden) ludamzia was vesusaagamuulIvieilmeia
1. Vinaueadisanuluvamziaviasneg Sununuivieimeiannuame waz s1san Tud
W.A. 2556

Peflmziadeugramnssunuemn Swinszeesinisiudaith Wy an fay Yamin
sty Sunidussmsia vlidrimsiannunasidonnidmsvudeunnanslifisszasdiign
Udasiennlssnugaamnssuuarlssiwihauiiu Sraoadng Wy Aasswinvnn rassniniy
\Jusiu f'z?'dL'fJuﬂaaﬁ%’vﬁ%ﬁwm‘[swmuazﬁwuﬁau‘?‘iae‘jmﬂaﬂam asgenUseq dmeilieia
g1 Sriaays Aduurdinsszuuazmsinadssdnith dudiesoadng vansuisiiu
fednlvgantudou S wariuens waskldsudvinannuiiuisenedisuhiiuvas
gaamnTsy uasfideusruanninetendiouh Tuiidevudsdudlusmine fufumeilmaa
veapawisldgnivieufisumeaiinuuandien asdun3s PAHs Tulameiauasvesusasy
dornniniy Uamzauazvesusaaanueilmzanassuvislinanduomsuyeiiidu
1. Usnauenidisumululameiaduneimeiasisfian wazsnumwe

wansAnsINUIUTaLAadsluiuUamzaINe9AaNTN.A. 2556 AladY 0.4490 +
0.6753 ug/g wet wt. (n=30) gININFVUAMELLATUINIUANA Aade 0.3252 + 0.3441 ug/g
wet wt. (1=30) uazliunnaegiidedAtyaieadd ANOVA (p > 0.01) Lwiwuqandﬂutﬁaﬂm
nziauAnAteeeiiieddtdeada ANOVA (p < 0.01) AR uaadiouslndiAsaiufe e1edan
LLasmumwﬂﬁﬂ"}‘dNLaﬁa 0.0028 + 0.0035 ug/g wet wt. wag 0.0033 + 0.0024 ug/g wet wt
(n=30) Vamzia 15 wliannsndafimuiinaueaidondeulufudnags Ao Yandumn Yandnu
wazUanteeznn (~ 1.4 f8 2.6 ug/s wet wt.) @ Yamzia 11 9t mﬂmumwﬂﬁdm%mm
ueadlonlusiuAeutregs fiiissvdafiende Uay (10dy 1.157 ug/e wet wt) uanwpanmi 3
TGELRPRNGRITD

WisumgunmaiuramsAnsnulTinaueadieiluduvameiaaingsdaitin.e. 2556
fifngenindw.a. 2555 Aads 0.196 + 0.202 ug/g wet wt. (n=30) AUANA ALRAE 0.071 +
0.135 ug/g wet wt. (n=30) @nluiiavameia Tn.a. 2556 fenlndiAsstuding. 2555 A 819
fianflFniady 0.0028 + 0.007 ug/g wet wt. (n=30) TiilFuAnlexlndiAsatuaInIUA A
ALade 0.0020 + 0.003 ug/g wet wt. (n=30) AWERU

lngviinveslameiaduainsredanluling. 2556 sausnliunnsneiu sniiudameia
MmnuAgneiamuAnsesiam siafientu 7 3 «la A Uar9aa Uandnu uasua
vamziaansrsdaiisuinauandionluiureudnags (>0.2 fia ~ 2.68 ug/g wet wt) il 8 wila
Wuvandumn arutiugasm vandnu Yandhamen Tude Yategniuidenn vamy vanlva
nzia way Yanlwanzia ﬁm%’uﬂamﬁﬁmﬂmLﬁau’l,uéfma?{EJ 0.2473 + 0.0561 ug/g wet wt. A1
uenleulunduuiiaiads 0.0022 + 0.0007 ug/g wet wt. druvamzaRINUAATIAIUS 0
wandleslusudeudnege Siessiiafeifie vay (Fwade 0.8877 + 0.6479 ug/s wet wt.) A
weadienlundraiiioiads 0.0048 + 0.0002 ug/e wet wt. duvanfivide 5 wiafe Yanauity
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Ingy Yandnu Yamnaudia Yauan wagtanann denuSuinauaadonluiu >0.2 ug/g wet wt.
Y P
WARIAINNIN 1

—— TISSUES

33 [ Muscle
¥y B Liver
25000 %

2.0000-
102
*

1.5000 =

103

1.0000

Cadmium (ug/g wet weight)

5000

0000 -

Angsila Maptaphut STATION

] v . v & ) a4 o a
A 3 Box plot Tosrutntiuves Cadmium tunamiiewazsuvesuaniendiuuiinuum
noawarendan (U w.a. 2556)

AsnasUatiinan1snTlieseiauidures Cadmium Tunduilawaziuveslainende
Uianumwakaresdan @ w.e. 2556)

Dependent Variable: Cadmium

1=Angsila 1=Muscle Mean Std. N
2=Maptaphut 2=Liver Deviation
1 0.002883 0.0035840 30
1 _ 2 0.449013 0.6753258 30
Total 0.225948|  0.5241900 60
1 0.003313| 0.0024352 30
2 2 0.325200| 0.3441623 30
Total 0.164257 0.2908002 60
1 0.003098| 0.0030456 60
Total 2 0.387107| 0.5350560 60
Total 0.195103| 0.4232252 120
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ATNATUNMIVABUUINMLVEIeNAguarylinliaEaveUaniinasom ududures Cadmium
meadid ANOVA (U w.a. 2556)

Dependent Variable: Cadmium

Source Type lll Sum of df Mean F Sig.
Squares Square

Corrected Model 4.654° 3 1.551| 10.800|  0.000

Intercept 4.568 1 4.568| 31.802 0.000

STATION 0.114 1 0.114 0.795 0.374

TISSUE 4.424 1 4.424| 30.800 0.000

STATION * TISSUE 0.116 1 0.116 0.806 0.371

Error 16.661 116 0.144

Total 25.883 120

Corrected Total 21.315 119

a. R Squared = .218 (Adjusted R Squared = .198)

A13°99 1 AUSinanaaien (ug/s wet wt.) iAsiziansulaznauloUamziaussinnenge
NN ML WA MBLUIUANA WABUTIgUEY 2556

A1 Cd (ug/g wet wt.)

819N NURHA

vinvasvamela nduile  #u wiiavoilameia ndnile e

Yandumin ND 0.9303 | Yaneanuiiulng) 0.0025  0.0814
Yanaumn 0.0011  0.6923 | Yanmuidulwgy 0.0077  0.0854
Yanaumn ND 26809 | Usanuiiulug 0.0010  0.0986
Uarlue ND 0.2020 | Yananuulug 0.0027  0.0914
Yanlue 0.0010  0.1678 | Yamuldulungy ND 0.1169
vannian 0.0016  0.0602 | Vanaululvegy 0.0025  0.1982
Yanian ND 0.0609 | Yanauiulng) 0.0010  0.0997
auinlau 0.0058  0.0748 | Yawmuulugy 0.0023  0.0974
Yautugam 0.0030  0.3331 | Yanmudulvgy 0.0015  0.0842
Janaaa ND 0.1215 | Yanam 0.0012  0.0469
Uandnu 0.0176 25532 | Yandnu 0.0093  0.4934
vandnu 00033  0.5058 | UanBuw3des 0.0063 00851
Yandnemginn 00031 09872 | Yameiiteutinds 0.0012  0.1297
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Uandameginn 0.0095  1.4457 | Yawauda 0.0044  0.3352
vandramdeu ND 0.0123 | Yawmauda 0.0069  0.5889
Uamzniuidenn ND 0.2736 | Yamauda 0.0071  0.4873
vamzniuidenn 0.0039 0.4212 | Yamnauds 0.0062 0.4673
Uam 0.0013 0.2242 Uam 0.0049 1.6588
Uay) 0.0028  0.2065 | Uay 0.0048  0.9841
Uam 0.0026  0.1799 Uam 0.0046 0.8278
Uay 0.0017 03096 | Yantuui 0.0011  0.0102
Uay 0.0018  0.3187 | Yawn 0.0029  0.3352
Ua’WI“ 0.0030 0.2446 | Yawan 0.0027 0.2575
Uani e ND 0.0079 | Yanwn 0.0043  0.1936
Uansgyam 0.0015  0.0452 | Yauan 0.0021  0.3185
Uanseyam 0.0013  0.0165 | Yawn 0.0038  0.2634
Uanszyaim 0.0014  0.0367 | Yauun 0.0010 0.4102
Uangung 0.0027  0.0811 | Yaan ND 0.4291
Janngung 0.0036  0.0612 | Yanan ND 0.4003
Yanlvanzia 0.0089  0.2155 | Yaududng 0.0019  0.0803

vanewy ND M duarsaalunsasawuld feft 0.001ug/e wet wt. uagldmuanlumsadu
AASINIIAD 0.0005 ug/g wet wt.

2. Usinauuaaiiouwuluvosusasgidsanunvg way 81fan auwuaidn wae sualng (1e
gnane) w.e. 2556

uln e, 2555 wosumasgiaeauuUIiLUTnMeAan Sl ivesuasgaune
wazuvuiFenueuuililbidaiusm fnmsdestuluuinonnii venanmeimeiasswing
500 a3 Waulnaduds 1 Alawns S5nnuvhssnnineyssnn Wi Tnsusaevhduesing
‘Aemeevatsutas wiazutas fauniuem wiasmnn 6-7 X 70-100 wns @1539939) day
msldsmesuuagiisUssg unesuagidsuuurhfmdadonuuuuuun ¥1enan
eilmzasening 300 wes aulnatuds 1 Alawes wasdsstusaenwnmeil s
Tud 2555 1#igs 300 uw MNY1UTELS 159 598 Usazse Tunves 3-4 un lutligiunndwmia
szvadliliiimsasaunintudnud Wewmnymmsdesmmnuiuiuly waewesiinisme
dunnisemUsedlud wa. 2553 Taoduusnivuseaddumsativapilidssvesniey
gAAMINTIH S3ovusnT WA, 2548 17U 2-3 Un 1AeN15TINMAUYeIYIUTEINT I UgUA
Fuiinvou sewn U wa. 2549 iinswaudy 14 uw wasvenemsidsauniesqudsliagiu dnua
UnSiAINANET 1RABIUIA 100X200 Wims (@99939) drululne. 2556 msidsmosuas
fuSinaumasaingy lifmsveneiud faidldgnauauliliinisvensswauundndely



nnuammaaeulutina. 2556 nunvinauandedluveswiasgnulutaududy
vesnhandulameaia vinuendamaududuresiinauaadsilunesuiasguuiadng
Aady 0.05128 + 0.0043 ug/s wet wt. (n=20) qaniwaaLLuan‘uuw‘lmﬁﬁﬁ%aﬁa 0.0485 +
0.0055 ug/g wet wt. (n=20) agaiitiudAgyrieaiist ANOVA (p < 0.01) UAUINUAINAA
anududures Uinnueadlon Tumesiunaguunadnuasive iy 0.0136 + 0.0040 ug/s
wet wt. (N=19) wag 0.0104 + 0.0027 ug/g wet wt. (n=20) MUERY TUNUATLLANAIIMNIY
adid (p > 0.01) usgamuinturesiinauanidion ilunesuasguuislvguasvesusassg
uAdnnUInusialiangsninunuame sthadideddymeedia (p < 0.01) uansagude
AW 4 waganuagUadi

diululn.e. 2555 UTINENAAIAULANANTETINAANTNTUYBILAnLEEY Ty
Mammauj‘ummﬁﬂﬁmmé;a 0.1534 + 0.0876 ug/g wet wt. (n=20) gINTMBLULAILUVUAINGY
firniafiy 0.0637 + 0.0073 ug/g wet wt. (n=20) aghafitfuddeymeedin (o < 0.01) uAusn
RV T e R L NI P A I R KPR YRV (A 0.0107 + 0.0045 ug/g wet
wt.) WBEVBEULAIUNALEN (Aade 0.0090 + 0.0033 ug/g wet wt.) BinUAIULANG I ETH
(p > 0.01) LATWUANNUANANTENINAIANNTNTUTDY wanisaluvBuiaIfuuRguay
yeswrUAEnTodEUT LS AMTiAgInTunUAmA agrsideddyvneada (p < 0.01)

SIZE
B small
1 B
g Large

0.0600-] v 9
=
=
D
[}
4
ot
[ H]
2 0.0400
o
(s}
2
g
— 52
_g o}
S 0.0200
) %

0.0000-

T T
Angsila Maptaphut STATION

AW 4 Box plot vesmudiuduves Cadmium Tuvesuuasguunaidnuazivg edeuiiom
WA MALEYENAaT (U w.A. 2556)



AssagUaifinanInTIIlATIziA N duYes Cadmium Tuvesusasguunadnuasing 7

DIABUTIUNTUMNALEEENAAY (U W.A. 2556)

Dependent Variable: Cadmium

1=Angsila 1=Small Mean Std.
2=Maptaphut 2=Large Deviation
1 0.051280 0.0043895 20
1 2 0.048490 0.0055261 20
Total 0.049885 0.0051245 a0
1 0.013658 0.0040874 19
2 2 0.010375 0.0027619 20
Total 0.011974| 0.0038068 39
1 0.032951 0.0195058 39
Total 2 0.029433| 0.0197761 40
Total 0.031170 0.0195970 79
Dependent Variable: Cadmium
Source Type Il Sum of Squares | df | Mean Square F Sig.
Corrected Model 0.029°| 3 0.010| 513.001| 0.000
Intercept 0.076| 1 0.076| 4075.535| 0.000
STATION 0.028| 1 0.028| 1525.248| 0.000
SIZE 0.000| 1 0.000 9.807| 0.002
STATION * SIZE 1.199E-006| 1 1.199E-006 0.065| 0.800
Error 0.001| 75 1.856E-005
Total 0.107| 79
Corrected Total 0.030| 78

a. R Squared = .954 (Adjusted R Squared = .952)

45

maTeiasiwdleadn azlsunin lalasansuau (Mowee)sam luvameia uas vesuuag

AnULuvBlanzLa

1. msasisviasinalondn azlsunin lolasaisuau (Wieotaw) 523 Tulamzalud w.e.

2556

NANNSIATIEY ALeLaY TUU W.A. 2556 TIN1SNAADUAINNLANAINYDIANRAEAINLTLTY

984 PAHs seninumnasenfevesal snsdauazinummauasyilavealiadeval nauiileuas

Fumean®m ANOVA WuInAluduYae PAHs saulusulanainensdan deaade 0.1698 +
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0.1650 ug/g dry wt. (n=30) gan1 2.8 Wi Tun&anifornady 0.0607 + 0.0708 ug/g dry wt.
(n=30) wazdmuuananiuegelitedAryeneada ANOVA (p < 0.01) dmuuiunng Ay
Waduves PAHs lusuuaniifniade 0.1314 + 0.0699 ug/g dry wt. (n=30) gandn 3.7 wih Ty
ndnnidelads 0.0351 + 0.0378 ug/g dry wt. (n=30) wazileuuanaeiuagreiteddigma
iR (p < 0.01) usthimumuuanssszreEaudutures PAHs ludloidesuuasndwile

vanfiondbuinasisfiauasu3nnuaing (p > 0.05) uanafaninil 5 uazpmsaguadi

T . 2555 wuin eedaneudutures PAHs Tudiudaniidiade 0.1173 + 0.0739
ug/g dry wt. (n=30) g3 4.5 TunduiioAnade 0.0256 + 0.0101 ug/e dry wt. (n=30) waxdl
ANUUANANuBeiidedAyeEtia (p < 0.01) muadiil ANOVA dauinuane Anututy
484 PAHs Tusuuanildiads 0.1054 + 0.0393 ug/g dry wt. (n=30) gendn 2.4 Tundile
Auady 0.0438 + 0.0185 ug/g dry wt. (n=30) wazimuuanssiuegiitedfoynieads (p <
0.01) #aadi ANOVA Tunmsiassanniimmuansnssswinemanududunes PAHs Tusiudl
mqandwnﬁmLﬁaUmaﬂNﬁﬁ’aﬁﬁmmqaﬁﬁ (p < 0.01) Meadis ANOVA lnsanuiuduly
néandavaninusmmagaUszana 2 wh 1inensian duanudituandulaniaesaanis
Aliuansnaiu uiilowssudieumenaududures PAHs lusuuasndunileresaniionds
UInanumnaLasan@an linuanuwansnavineada (p > 0.01)

Tu¥ w.ei. 2556 wuin liawas PAHs 30 16 wilafinnianuduansuunesnaluanaidn
1o wilaues PAHs 970 16 ffidufivanunsansranuaniaameawufuaisvunnua
Tuanadndivdafinuluvanil 3 wilavinufle Phenanthrene (PHE), Pyrene (PYR),
Fluoranthene (FLA) Tne 516PAHs luamziaves 3 viln (wApssuwazndwiiie) anensfiand
Aady 0.0553 + 0.0553 ug/g dry wt. MNUAMALAY 0.0457 + 0.0323 ug/g dry wt

Tud w./. 2555 wuin 31nN819Aa1 WuPhenanthrene (PHE), Fluoranthene (FLA) 1u
dulvg wudiutlesfe Acenaphthylene (ACY), Pyrene (PYR), Benz[alanthracene (BaA) uas
Chrysene (CHR) @U31n1UAMA WU Acenaphthylene (ACY), Fluorene (FLO) uag
Phenanthrene (PHE),) \Wuaulung wudutiesfe Pyrene (PYR), Benzlalanthracene (BaA)
uaz Chrysene (CHR) Tne T 16PAHs lutameia (wasvasuwasndaile) anngnsdaniiniade
0.0715 + 0.0698 ug/g dry wt. mrwmumwma?ila 0.0746 + 0.0435 ug/g dry wt
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0.8000-] 58 TISSUES
* B Muscle
Liver
o 0.6000 57
L *
=)
2
60
%‘ o
o 0.4000
fo)]
=
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&
0.2000
0.0000-]

Angsila Maptaphut STATION

AT 5 Box plot vaamududuves PAHs Tundnuiliauazsiuveslarnandeusianununng
wazenAan (U w.e. 2556)

aa a L3 v v v dl" v o [ a
miwaqﬂaammamsmsammswwmmL‘umu‘um PAHs 'luﬂmmuaLtawwaaﬂmwmﬂaumm
WUAMALALENAA (U w.A. 2556)

Dependent Variable: PAHs

1=Angsila 1=Muscle Mean Std. N
2=Maptaphut 2=Liver Deviation
1 0.060727| 0.0708882 30
1 2 0.169823| 0.1649936 30
Total 0.115275 0.1373924 60
1 0.035103| 0.0378860 30
2 2 0.131400| 0.0699675 30
Total 0.083252| 0.0739547 60
1 0.047915| 0.0578136 60
Total 2 0.150612| 0.1271312 60
Total 0.099263| 0.1110371 120
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A1sazUNIRasuLInaUvEateAuuasellalieavesUaninanonututues PAHs M

a0R ANOVA (U w.¢. 2556)

Dependent Variable: PAHs

Source Type Il Sum of df Mean F Sig.
Squares Square

Corrected Model 0.348" 3 0.116| 12.041 0.000

Intercept 1.182 1 1.182| 122.594 0.000

STATION 0.031 1 0.031 3.190 0.077

TISSUE 0.316 1 0.316| 32.805 0.000

STATION * TISSUE 0.001 1 0.001 0.127 0.722

Error 1.119 116 0.010

Total 2.650 120

Corrected Total 1.467 119

a. R Squared = .237 (Adjusted R Squared = .218)

2. mseseviansindleadn aslsunin lalasaisuau (Wietew) sau luvesuuasgiul w.e.
2556

Tl w2556 eududures PAHs 390 vewmesumaIjralnganssdaniianiady
0.1190 + 0.0959 ug/g dry wt. (n=20) ganin 2.3 wihlunesvuadniianiade 0.0507 + 0.0398
ug/g dry wt. (n=2uagiimuunnsniuegaiidfgaleadia ANOVA (p < 0.01) dusnunu
Anutudures PAHs Tuvesvuialngifidieds 0.2542 + 0.1301 ug/g dry wt. (n=20) genin
1.6 wihlunesauiadnAads 0.1569 + 0.1160 ug/g dry wt. (n=30) wasiinuuanseiuegng
Tydfyn1eada (p < 0.01) WagWUANULANGNTENTNAAIDLTUYRY PAHS Tuvosuwass
ynalvguazvesuiajuadniiefeuinanummaiisigenitensdian egrdituddgme
0@ (p < 0.01) uaARIFIN M 6

Tud wa. 2555 MnuansvAgeuAILANFITBARdsAuTuduYes PAHS sewing
UinnuvaeAuwasrunremesuiads lneansdiannnuiiuduyes PAHs vieguunalngdl
Auade 0.5435 + 0.1992 ug/g dry wt. (n=20) qandﬂuwaa‘ummﬁﬂﬁmmﬁa 0.1917 + 0.0504
ug/g dry wt. (n=30) wazlinnuuanaRiuegeitedAyneadia (p < 0.01) feaia ANOVA
duanunme Anudutures PAHs Tunesvuislvgiiidiade 0.4389 + 0.0886 ug/g dry wt.
(n=20) qqndw'luwaammmﬁﬂmmé‘a 0.1544 + 0.1470 ug/g dry wt. (n=30) WaziAULANAIS
fuagaiilydfgyveatia (p < 0.01) Mmuadi ANOVA warAUiNtuYad PAHs Tunmsi
wulurisaesaniimuuansneswinemudutures PAHs lunosusaaguunsluginngs
niwesuasguuadnegiitedimeadin (p < 0.01) feadiR ANOVA usislerFouifiusn
aududuves PAHs Tuvesusasjuualngiuagvesusasguuindniierfeusnamummauas
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g1efan Talwuaruuanseneadi (p > 0.01) wazuduues PAHs lunesusavaunevaes
antdianliunnaneiu

Tl w.e. 2556 wliaves PAHs 910 16 visfinnianuduasvuamnaluanaidn viinwe
PAHs 910 16 fafifufivannsamsanunesusmsgnuiduasuuinnalinanadndivdainy Tu
VRBLLANYUNIVEIAD Acenaphthylene (ACY), Phenanthrene (PHE), Fluoranthene (FLA),
Pyrene (PYR), Chrysene (CHR) luvesusasguuiaidnde Phenanthrene (PHE), Fluoranthene
(FLA), Pyrene (PYR), Chrysene (CHR)

Tud w.a. 2555 :nsneiian nuslunessunalvgiuaswesvunadn WWun Acenaphthylene
(ACY), Fluorene (FLO) Fluoranthene (FLA) uag Pyrene (PYR) @3u31nu1Unme wuwsluves
ywnlnguasmessuiadniain Fluorene (FLO) Fluoranthene (FLA) uag Pyrene (PYR) log
2> 16PAHs 'lu‘waEJLL:Jaq:jmnéNﬁmﬁmLa?{a 0.3676 + 0.2287 ug/g dry wt. mnummwma?{a
0.2967 + 0.1874 ug/g dry wt

05000 SIZE
B small
-- B Large
050001
£ 0.4000- -
< o
5 7
=
-y
T
o 030001
k=)
2
L]
Z 02
< 02000
01000
XX
BRER X
0.0000
T T
Angsila Maptaput STATION

d v v 1 1 d o/ B
Al 6 Box plot vasmududuves PAHs lunesuiasguuiaidnuarive) nendeuiinnsnum
nawarendan (U w.e. 2556)
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amsnagatinanmsasainsgianududuves PAHs lunesuasguuiadnuazivg Hondy
Uinnanuamakazensdan (U w.e. 2556)

Dependent Variable: PAHs

1=Angsila 2=Maptaphut 1=Small 2=Large Mean Std. N
Deviation
1 0.050745 0.0398367 20
1 2 0.119025 0.0959609 20
Total 0.084885 0.0803415 40
1 0.156935 0.1160894 20
2 2 0.254200 0.1301630 20
Total 0.205567 0.1313216 40
1 0.103840| 0.1011439 a0
Total 2 0.186613 0.1320052 a0
Total 0.145226 0.1240452 80

AT NEATUNTNAARUUTIUUVADIREULAL YU IAVBINBULUANEINAFBAULTNTUYDY PAHS A7
& ANOVA (U n.f. 2556)

Dependent Variable: PAHs

Source Type Il Sum of df Mean F Sis.
Squares Square

Corrected Model 0.433° 3 0.144| 13.992|  0.000

Intercept 1.687 1 1.687| 163.753 0.000

STATION 0.291 1 0.291 28.270 0.000

SIZE 0.137 1 0.137 13.299 0.000

STATION * SIZE 0.004 1 0.004 0.408 0525

Error 0.783 76 0.010

Total 2.903 80

Corrected Total 1.216 79

a. R Squared = .356 (Adjusted R Squared = .330)



51

N1581379N1TWANIDDNVBIRITIATININ Cytochrome P450 (CYP1A) wae metal-
binding protein (Metallothionein) Tudamzia uag vesuuasgauwuIvIelmeia

1. N1SUENIDNVDIRATTAT 2NN Cytochrome P450 (CYP1A) uaz metal-binding
protein (Metallothionein, MT) Tuvameia Tl w.6. 2556

Tl w.a. 2556 n1suanseanved CYPIA (vu1n 76/54 kDa) lulameiamiswmaila
weuAueR 3N8NAAMUTNAUINTININ 44 910 60 FI8E1N (73.3%) drunruane wull
U 48 370 60 AI88N (80%) N1SUANIBBNYBY MT (BUNA 10 kDa) :nsrs@ainuil
WU 10 910 60 FI8E19 (16.6%) duuruninm wullduau 34 910 60 F29813 (56.7%)
Tnguszinmiamearilanisivenms (Ruile Aufy way Auiivuande) lifinateszsde
M3UAn0anYaY CYPIA uansrdinveslarfiiinnsuaniean CYP1A famsneil 2 (81adan)
M15197 3 (NUANA) UAZAMNISUARIBanYes CYPLA lududameia gniudnumieiely
Tulnaueausufvedvunsymvlulasiwaglsawuusy Wravanyniaud 74 wie/uags6
kDa Tutameia uansdan1wil 7 wag amnisuanseentes MT Tusuvamaia gnivdnimig
melndlnausausufivedvunszavlulnsiwaglsammiusu Wnauvinyniauil 10 kDa uans
Fanwdi 8

A13199 2 N1ILARNDBNBIMTTATIn W Cytochrome P450 (CYP1A) way MT Tutameuia
JuaNeefan neuliquieu U 2556 malianiaueufued (Western blot)

Sampl sample  Dietary pref ot MW
ample ample ietary preference +
P P s (~10 kDa)
Uandumn 6 carnivore 6 0
Synaptura panoides
Uanlude 4 carnivore 4 4
Depane punctata
yanian 4 carnivore 4 0
Eleutheronema tetradactylum
Yavinlau 2 carnivore ) 0
Sillago maculata
Uauwtugas 2 omnivore 2 0
Leiognathus blochii
Janam 2 carnivore 2 0

Johnius carouna




52

Uandnu
Alepes djedaba 4 omnivore 2 0
Uantemzinn
Terapon jarbua 4 omnivore L 2
Uangnameey
Grammoplistes scaber 2 carnivore 2 0
Uamzniuiden
Scatophagus argus 4 omnivore 0 4
vand ez 2 omnivore 2 1
Terapon jarbua
Uay 12 herbivore 12 0

Rastrelliger brachysoma

Yaramane 2 herbivore 0 0

Monacanthus chinensis

Uannszyamn 6 carnivore - 0

Ablennes hians

yﬂld

A157197 2 (f9) N15UANIINVBIRTINTININ Cytochrome P450 (CYP1A) uag MT lu
Uameiaduaingsdan ineuliquisu U 2556 inadianiauauduan

Dietary MT (+)
Sample Sample CYP1A (+)
preference (~10 kDa)
Janguna 2 carnivore 0 0
Himantura signifier
Yanlvanzia 1 carnivore 0 0
Anguilla bicolor

44/60 10/60

59U 17 A 60 (73.3%) (16.6%)
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[

o . 3
A1999 3 NISULAAIDDNVBIIFIATININ Cytochrome P450 (CYP1A) waz MT Tuvamsia
JUINIUAINA RBudguIeu U 2556 mAllANIILBUAUDA

Sample Sample Dietary preference  CYP1A (+) T
(~10 kDa)
UanmuRulug) 18 carnivore 18 4
Trichiurus lepturus
Yanuui 2 carnivore 0 0
Plotosus lineatus
Uadunieda 2 camivore 0 0
Scomberomorus commerson
Uandnu 2 omnivore 0 0
Alepes vari
yay 6 herbivore 6 0
Rastrelliger brachysoma
Yanmeziiieuiiiy 2 omnivore 0 0
Anodontostoma chacunda
Yanmauds 8 carnivore 8 8
Megalaspis cordyla (Linnaeus,
1758)
Uanaan 2 carnivore 2 0
Johnius carouna
Uauin 12 carnivore 8 12
Setipinna melanochir
Uanainen 4 carnivore 4 4
Sphyraena genie
Yauwtudng 2 omnivore 2 0
Leiognathus fasciatus
48/60 34/60

71 11 ¥ia 60 (80.0%) (56.7%)
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Tud w.e. 2555 n1suanseanyed CYP1A luvainziaanneadainuiddiuiu 34 a1n
60 #7881 (56.6%) dIUNTUAINA WUTTIUIU 34 370 60 F18E13 (60%) N1TULARNIDBNTDY
MT 2n81@a MU 16 370 60 A18813 (26.6%) EIUNUAIMA WU 22 91N

U ) a a a g a <~ = 5 <~

60 $29874 (36.6%) lagUsennuameiasdan1snue1nis (AULLD NUNY way AUVINTLaL
J T L% 1 1 a <
e lifinavpzionisudanieanves CYP1A lasunuananuitvainguen (Uaniuivuas
dn7) dn1suanaoanuay MT ﬂ'auihqqq 10U 22 f78879 (n=60) way CYP1A 37U 16

#0819 (N=60) d1us19fa1 wuinn1suansesnveaCYP1Alulaty (Uaniuiy) Suiu 12
#1981 (n=60)

1 2 3 4 5 6 7 8 9 10

AT 7 M3uandeonuaaCYP1A Tusuuamsiaainsnsdan gnivsunizsislululrauea
woufvadvunszavlulnswaglsaumiusu Tnavanyniaudl 74 wie/uaz 56 kDa taufl 1
= seabass CYP1A 1au 2 = WUsAunnsgIu tau 3 - 4 = Yariamea (wadu av) lau 5 - 6
= Yanszyam (watlu av) 1w 7 - 10 = Yanseyamd (waidu van)

{1 2 3 4 5 6 7 8 9 10

Al 8 Msuanseonues MT lusuvameziaanuiuaive gnivdumezdisindlaauea
woufvadvunszawlulnsiwaglsanmiusu Wkauaniau 7 - 10 1 10 kDa aufl 1 =
TUSAUNINTEIU LA 2= seabass MT tau 3 - 6 = Ya1y) lau 7 - 8 —Jannziiteuihid
lau 9 - 10 =Uamnauds
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2. N15UARIBBNYBIRHITIATININ Cytochrome P450 (CYP1A) lumesuuass

Tl we. 2556 HAN13MTIINTTUAAIBBNYBY CYP1A (56 kDa) memadauaufiven
TuvesuuasiaeAaILaZITUATNANY 100% Yapsaniil uinraduresuuufdTe
Frnmiinisduseanudusaiulusedre Tnessdamessuaalnguazvunadniingg
JuvsausuAvedfutouAIuAIENUN (+) uazaranduuiunans (++) winfy daanuan
womegruanadnuagivgfianuduuiunans (++) wagidunn (+++) windu aawnns
wanseenved CYPIA lusiaueimsnesuuals gnivdinisieIndlaaueauaufveiuu
nseawlulasiwaglsauiusu Winavanyniaudl 56 kDa uansfanmil 9 uansuadsmIs1ei
4 \HewSsuiiisuiunesuuasgidssnniimiansenuanaduuis (+) windy

1 w. 2555 Han157399 CYPIA Tunpsuuasfias1eRauazTunIany 100%
vaaesandl udmnuduvesnuusitiadanmiauidudnafulusedts Tagsrsdiatanes
A lnguazvuniiniinisiureswsuiiuefnuuauiiauauduuns (+) uazanuduliy
nAN (++) Wity dauanuammanessuasingiiiaandutiunans (+4) waziduann (++4)
windu wegwwmEniiauidutianuuuy

d @ d"u d U
A13199 4 NUARIDBNYBITTATININ Cytochrome PA50 (CYP1A) lunessuuasgiivain
NAAMALUIUAINA WhBULWIEY U 2556 ANANISLBUAUDAGINAMEAIEAN

sample  sample sample
Angsila (+) (++) (+++) Total
Large size 16 4 0 20
small size 16 a4 0 20
Total 32 8 0 a0
sample  sample sample
Maptaphut (+) (++) (++4) Total
Large size 0 18 2 20
small size 8 16 4 20
Total 8 34 6 40
sample  sample sample
Trat (+) (++) (+++) Total
Large size 10 0 0 10
VUYL + AN15TULDUAUDANULBURLIUAINULTUUN

++ UNSIVLBUAUBANULBURLIULUUAMULTNUIUNENS
+++ ANTIULBURAUBANULDURLIULUUAMUINUIN
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AW 9 N15uanIEBNYBICYP1A Tudaudoseimns veavesiuasg gnivsmzseing
Traueausuiveivunszavlulnsivaglsamaiusu Winavanyniaud 56 kDa Lau 1 =
seabass CYP1A tau 2 = WsAUNATEIU 1y 3 -6 = NosuNasguuIning (naad1udy
FEAU +++) 18U 7 - 10 ="08ULAUUIAEN (RaAMTNTZAY +)

o

a o/ e o/ ] o/ -1 =] g s
Usziliuadnudunusvaslanewin uas a1siooysin uas a83adanw Tuillsuazduuan
VT LATNDBUANAJANLLIYIBRINELE

wannsnagunalusseranutmsfnwiliodnwluln.a. 2557

nsfAnengAnsTunTuilnasnInzawaznsiuiaudEsInNsUIlnAs TN VB WS
AsAssAvaziAntiniSau

o & 4 " W '
4.1 dayanaluvesiuiiuazngusogns
4.1.1 #eneAsIn

mﬁaﬁy’msiﬂuﬁuﬁmumwﬂﬁmqm?{a 24.88 U awlng ($owaz 35.5) Usznaus1iw
futha S8 mauandnlurseuniaiady 3.02+2.16 au uazUservuiilidoyadiulng (Gevas 26)
fiswlfadesiaiiou 10,001-15,000 um

a*'auvmjaégaﬂssﬂ"luﬁuﬁéwﬁmﬁmmaﬁEJ 2805 U dwlwy (Fovay 34.15) Uszney
o1dndhane/ gsfindauin TSnnuandnluaseuniaeds 5.17:4.44 au uazsUszruilideya

diilng) (Sovaz 48.78) liswlaadesofiou 5,001-10,000 UM AILAAITIBALLBEATUMTIT 1

4.1.2 WwndniSeu

wintniSeulunuinuswediulvy Gosas 55.45) Wunevds  flongady 114 T

Aunasesdilvg (Sesay 73.46) Ysenauen@niudng ddwuaudnluaseunsiade 4.84+1.82
AY
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dunninieuluiuiendardiulug Govar 5238) Wuwene fegwds 108 U
Runasesdulvey (Feeay 58.5) Usenaua niudne Sdwiuamndnluasouniaiade 5.77+2.82
Y a o
AU AIUARITIEAZIBEAIUANSIST 5

d 4 U g ' o L g
A3 5 uiulazioa SUBINGUAIBYNAN LUNANUANWMENNUTETINSTLATENAY

anwENUTEYINg 10U (Sosaz)
wazdany NeAsss WwnniSou
WA 8719fan UIUAINA 8719fan
1. 1w
Y - - 94 (44.55) 77 (52.38)
NI 200 (100) 41(100) 117 (55.45) 70 (47.62)
2.0y (V)

9-10 - - 51 (24.17) 53 (36.05)
11-12 - - 154 (72.99) 87 (59.19)
13-14 - - 6 (2.84) 7(4.76)
15-19 50 (25) 7 (17.07) - =
20-24 58 (29) 8 (19.51) = -
25-29 36 (18) 7 (17.07) : =
30-34 40 (20) 11 (26.83) - -
> 35 16 (8) 8 (19.51) - =

AeAusALdsLuLINATIIY 24.88 + 6.35  28.05+7.50

Fgean - Avingn 15 - 40 16 - 49

3. 913w (JUnAseq)
Useal 2 (1.00) 0 9 (4.27) 16 (10.88)
HTDEN 71 (35.50) 14 (34.15) 155 (73.46) 86 (58.50)
MUY/ gINvEIU 11 (5.50) 8 (19.51) 28(13.27) 37 (25.17)
woUu/uaiUnu 102 (51) 16 (39.02) 4(2.72) 10 (4.74)
uq 14.(7) 3(7.32) 4(2.72) 9 (4.27)

4. ¥AUNSANYN
TaileiSeuy 10 (5) 4(9.76) - -
Uszoufnw 55 (27.5) 14 (34.15) 211(100) 147 (100)
TssuAnwnousiu 70 (35) 11 (26.83) - -
Tssufnwnaulany 48 (24) 9 (21.95) - -
Usyeyes 14 (7) 3(7.32) - -
Lifiveya 3 (1.50) 0 - -
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M99 5 IIULAETEEAZTRINAUMIRENTILLNA AN YEIIUSEINSUardaY (so)

anwENIUIEYINg U (3o8a)
wazdaay iaapsss WwniniSeu
UAIHA 819N WUANA 819N

5. SuuaNIniuviu (A)

1 311:5) 0 0 0

2 61 (30.5) 2 (4.88) 1.(3.32) 3 (2.04)

3 36 (18) 12 (29.27) 31 (14.69) 24 (16.33)

4 35(17.5) 8 (19.51) 69 (32.70) 33 (22.45)

5 34 (17) 7(17.07) 57 (27.01) 21 (14.29)

>6 31 (15.5) 12 (29.27) 47 (22.27) 66 (44.90)

AnadeAdudoauy 302+216  517+444 4.84+182 577 +282
WNSHIU 1-16 2-31 i 2-19
(Fndan-Angaan)*
6. wldindesoiiou (Um)
< 5,000 12 (6) 1(2.44) = =
5,001-10,000 51 (25.50) 20 (48.78) - -
10,001-15,000 52 (26) 1(2.44) = -
15,001-20,000 28 (14) 7(17.07) = .
>20,000 251125} 7(17.07) = =
lifemsUnwme 32 (16) 5(12.20) - .

o o o Y v a v & o a o = a0
* Lua\"lfﬂ’mUNMaﬂmLiauLﬂuaﬂUEu%U'mLa‘UWE’m MUY f\nu']uall']‘ljﬂluuqﬂﬂi')Lsﬂu:ﬂﬂufﬂquju

ADUTIININ
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4.2 YayangAnssunisuilnaemmzia

ANTNT 2 UARINGANSIUNITUIIAABIMMINEIATE MEIRATIARazAnTNITEY WuT1 M

5 é’ o L v ! a n‘; 1 a o L4

mIAsTAlURUNIUAIMASUUsSTMUB IMSNzIaanleendmdiassilugndan Taelu 1 dUanm

a ¥ ¥ 4 a i o ' v

VENAIATIALUNUTNINUINA 1ANUR UM ITUYTEN U MNTNEEAAN NI TVIZLAUNS

Uszanaudesay 50 Sulssvnuenmsvislaan 1-2 aSvAUaM wasnugsenmsiedulng (Sey
av 87.5) FaanaananlnaUiu uazanninfesas 90 SuusemueMIMEaRUUYTEn

NPIATINlUMUasAaIUsTINSoBaY 40 SUUTEMNUDIMNIVEIAARDE NUBY 3 Tusie

o

dUat wnnINsepay 60 HANNDNISSUUTEMIUSNIVSAWLENIIVSOVINNU 1 ASID

duavt  wnnndrfesas 70 Upewmnsmuleaiinuy wazindeainaainanlnauiu lusuuilaa

iy wudn Ussunudesas 95 Suusemusmvsiauuuliean

dwiunginssumsuilaremmziavesandniseuluiuiniuanme  wuin  dulvg
(~ Sogaz 50) Suusemuemavzaan 1-2 ASYAUAMUATUUSEM B IMSVITIAWABENIMTe

"W 5 o (3 ! ' 14 v o/ o Y d"
wihiu 1 aSyddam dwlvg (~ Sevaz 60) dunasauinUemIMMUBU uasingen

v v =3 LY a v af
aamanlnaUiu indniseulszanuiaeas 85 UslnremnInziawuulTan

dndntnSeuluiuiisuasiedan  dnlvgfudssmusmsmzansanuazuiaiosnii
iy 1 afwiodUaw  Ussnaferar 45 MiUnAsesUReWINUeivTy uazdean
Wassndud aulidonisuilag wuin nnninfesas 85 wninissulluuslnAemImsialuy
Upaan danansneaziBonlunsai 6
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A3 6 U ($ovaz) vemdeninssnlaviininGeusLunaungAnssunsuilanemveia

U (Sovay)

NSl WA wniniSeu
NURINA 819N WUANA 919Aan
MssuUsEMURIMNIVzIa(En) Tu 1 dUavi
Wi < 1 ady/dua 73 (36.5) 9 (21.95) 81(38.39) 61 (42.07)
>1-2 pdy/dUam 98 (49) 13(31.71)  104(49.29) 57 (39.31)
3-4 pdy/duanii 24 (12) 17 (41.46) 20(9.48)  17(11.72)
> 5 ay/dUnw 5(2.5) 2 (4.88) 6 (2.84) 10 (6.9)
mMssuUsEMURIIVzIaWite) Tu 1 dUa
iy < 1 ady/aUanv 119 (59.5) 26 (63.41) 104 (49.29) 76 (52.41)
>1-2 ASy/dUav 68 (34) 13(31.71) 79 (37.44) 47 (32.41)
3-4 pde/dUanii 8 (a) 2 (4.88) 20(9.48) 16 (11.03)
> 5 pdy/dUav 5 (2.5) 0 8 (3.79) 6 (4.14)
miﬂszﬂaummslmﬁﬁm
Tias < 1 ady/duav 17 (8.5) 3 (7.32) 8 (3.79) 22 (15.17)
>1-2 Ada/dUam 43 (21.5) 1(246)  41(19.43)  35(24.14)
3.4 pSa/dUnnsh 64 (32) 6(16.63)  38(1801) 24 (16.55)
> 5 ady/duanv 76 (38) 31(75.61) 124 (58.77) 64 (44.14)
LLME%Q%EJEJ’]VI’)TH%L&?W‘I Lﬁ'i)ﬂ?ﬂ@qﬂﬁikﬂﬂ
fannanlnauu 175 (87.5) 30 (73.17) 162 (76.78) 61 (42.07)
agniuvan 19 (9.5) 0 21 (9.95) 8 (5.52)
MATINEUA 5(2.5) 6 (14.63) 8 (3.79) 67 (46.21)
Buq 1(0.5) 5(12.2) 20 (9.48) 9 (6.21)
MUFIEN 9MNINIELA
fu 1(0.5) 1(2.40) 3 (1.42) 2 (1.38)
anqaue 13 (6.5) 1(2.44) 29 (13.74) 19 (13.10)
an 186 (93) 39(95.12)  179(84.83) 124 (85.52)

WeawSpuiisungAnssunsuslnavemgeniassa wull weinssunsuslaremnvzia

a u‘; 4!” = ' a < 1 o ' a w o w aa ]
‘Uﬂﬁﬂiyﬂﬁ]\‘lﬂiiﬂﬂluwuV]NWUWWWWLLﬁ%Eﬂ\‘lﬂa'} UANIULANANAUBYWUUYFAYN NGNS N P <

0.001 valusuAuaraINIsUInADMNINEIAEN NMSUTIUTENBUBMNTIBINUI UNaweaIMNS

NeLa&an LLﬁZﬂWiUEQﬁﬂ‘UENG’MﬁV]SLa

WibuifisungAnssunmsuslanavesdnindeu wuin weAnssumsuilanensvsiaves

wininFeuluiuninuawasazedaniinuuenseiuetelideddgniadd 1 P < 0.001
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3 1 o v o & ] 1 4 =~
LQW']SU?%LC’]ULLM&GE)WWW‘V]%Laﬂﬂwaﬂﬂﬂiaﬂuﬂ‘ﬁau']ﬂiﬁﬂizﬂ’eJ‘UEﬂWﬁ AIUAUANNOVDINNT

Uilneewnsnsiavisanuazuis wuihlifianuuwsndsiueteiitedfy fuanstilunsied 7

a = o a af a o ¢ £ o o & 4
A15197 7 Wlbuigunginssunsuslaaemmziavemgsiassauazianiniseulunum
WUANALAZ DA

Uil NeRansss Wwniniseu

A 2 P-value ¥ 4 2 P-value
M3suUsEURIMSVEIa@R) Tu 1 dUav 22.35 < 0.001 5.72 0.12
nMsfulTEMUR IMIVZIaWA) Ty 1 dav 2.06 0.56 1.01 0.79
mM3UsEnauD WSy 21220 < 0.001 17.69 0.001
Lmeiqégammswuaaﬂ Lﬁaﬂiﬂmmﬂaq 34.38 < 0.001 93.12 < 0.001
NSUTEN 9 INeLa 2.34 0.31 0.032 0.98

nefvaudlunisuilaremmvsiariindneg  vewmdsinssaluduamnunmeanay
AUaRNNAal WU danudlunisuslnrasvzialuseautseasitasydn Sesanuinlutes

o e 1 4 1 1 4 Il U o e el A
5 susiuusn lown Yany faun Yamdin y uazviesuasg mudiu dwuanslusnan 8

Weatuaudlunsuilaremavziardnsing  90mesenssalumuauumwaLay
muasnedian wud Senudlumsuslnasnmsalussiutosadiialsesh 3vannmnnludey

5 Susiuusn oA Yany Asvm Yawmiin | wasvesusasg audidy fauandlusnsned 9

d' J 14 ’ a a :l’ o e 1
A13199 8 91U (Fawaz) v8IrudlunmsuslnaA Sz lUNGAIATIATUTBU 1 dUMWRIUIN

mysudszmu | mmu (saaav) waqmw“"lumsuﬂﬂﬂ
ol a | AIWA (n=: S (= 41)
iy o] u’mf] Uaﬂﬂ:a'
i ﬂiﬁ s : «
1. M 14 19 5 5
(7) (63) | (28.5) | (1.5) | (12.2) |(46.34)| (29.27) | (12.2)
2.4 a5 141 14 0 18 17 3 3
(22.5) | (70.5) () (43.9) |(41.46)| (7.32) (7.32)
3. vouuasy | 56 115 27 2 16 14 11 0
(28) - L. (5L.5) 1 (13.5) (1) |(39.02) |(37.53)] (26.83)
4. ABYUNIY 110 80 9 1 22 13 5 1
(55) (40) (4.5) | (0.5 |(53.66) |(31.71)| (12.20) | (2.44)
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5. o8ULATY 64 109 25 o 21 14 5 1
(32) | (54.5) | (125) | (1) |(51.22) |(34.15)| (12.20) | (2.44)

6. Yauiln 21 128 | 43 8 11 14 13 3

wasa (105) | (64) | (21.5) | (@) |(26.83)|(34.15)| (31.71) | (7.32)

7. Yandunse 133 62 | 3 2 22 15 4 0
(66.5 | (31) | (1.5 | (1) |(53.66) |(36.59)| (9.76)

8. Uay 8 69 78 45 B (1.32) 9 9 20
(@) | (345 | (39) | (22.5) (21.95)| (21.95) | (48.78)

9. Yauvialay | 168 26 il 2 35 5 1 0
(84) | (13) ) (1) |(85.37) |(12.20)] (2.44)

10. Yandnu 186 12 2 0 39 1 1 0
(93) (6) (1) (95.12)| (2.48) | (2.49)

11. Yan 178 19 3 0 31 8 2 0

ANNIZLA 89 | 9.5 | (1.5) (75.61) |(19.51)| (4.88)

12. 144 50 5 1 32 5 4 0

Yansguen (72) | (25 | (25 | (0.5 |(78.05)((12.20)| (9.76)

13. Yaudu 182 17 1 0 38 = 1 0
1 | 85 | (0.5 (92.68) | (4.88) | (2.44)

14. Yanluue 187 13 0 0 40 1 0 0
(93.5) |- (6.5) (97.56) | (2.44)

15. Yan 189 11 0 0 38 3 0 0

PRLLAN (94.5) | (5.5 (92.68) | (7.32)
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o (J 13 ¥ al @ w a o ea 1
M19199 9 97UIU (SPEaY) ‘Uax'iﬂ']’lllfﬂﬂﬂ’ﬁ‘U‘iIﬂﬂEJ'MW‘JVIELa'LuLﬂﬂUﬂLSUUIUiE)‘U 1 @Umuineuan

(20.38) {(54.50)| (18.96) | (6.16) | (15.17) |(62.07)|(15.86)| (6.9)

2.4 53 114 | 33 11 30 76 | 27 12
(25.12) |(54.03)| (15.64) | (5.21) | (20.69) |(52.41)|(18.62)| (8.28)

3. VRULLAN 69 101 31 10 54 66 15 10
| 6270) |07.87)| (16.69) | (@.78) | (37.20) |(@552)|1030)| (6.9)

4. K9YUNNSYU 128 63 10 10 91 38 12 q
(60.66) |(29.86)| (4.74) | (4.74) | (62.76) |(26.21)| (8.28) | (2.76)

5. inguAIe 76 95 30 10 72 50 15 8
(36.02) |(45.02)| (14.22)| (4.74) | (49.66) |(34.48)[(10.34)| (5.52)

6. Uaniin 50 100 | 46 15 35 77 | 21 12
AR (23.70) |(47.39)| (21.80) | (7.11) | (24.14) |(53.10)|{(14.48)| (8.28)

7. Yadunse 139 46 21 5 62 56 | 19 8
(65.88) |(21.80)| (9.95) | (2.37) | (42.76) |(38.62)|(13.10)| (5.52)

8. vay) 21 71 71 48 22 59 | 34 30
) (9.95) |(33.65)| (33.65) | (22.75) | (15.17) |(40.69)|(23.45)| (20.69)

9. Uainlau 186 15 8 2 113 20 7 5
(88.15) | (7.11)| (3.79) | (0.95) | (77.93) |(13.79)| (4.83)| (3.45)

10. Yandnu 191 16 3 1 125 14 6 0

" | 0052 |758)| (1.42) | 047 | (86.21) | (9.66) | (4.10)

11. Yan 134 51 14 17 73 a7 | 13 12
ANV (63.51) {(24.17)| (6.64) | (5.69) | (50.34) |(32.41)|(8.97)| (8.28)
12. 170 28 9 aq 88 39 11 7
Jarnszuan (80.57) ((13.27) (4.27) | (1.90) (60.69) |(26.9) | (7.59) | (4.83)

13, Yaudy 181 18 8 4 125 16 3 1
(85.78) | (8.53)| (3.79) | (1.90) | (86.21) ((11.03)|(2.07)| (0.69)

14. Yanluve 194 11 4 2 127 10 8 0

(91.94) | (5.21)| (1.90) | (0.95) | (87.59) | (6.9) |(5.52)

15. Yan 199 9 2 1 128 12 4 1
PNAELAN (94.31) |(4.27)| (0.95) | (0.47) | (88.28) |(8.28)|(2.76)| (0.69)
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M5l 10 Sy (Fewaz) Msneuausswemasuassinlignies (% false) wazaulsi (%
don’t know) eatudunTIEveINTIsULUauaTsIAT U NSVILLa

o |moumaiuin) |moufanuin) linsw |

1 | myvudeulaveminlutihveiauas/mMSeemsmeiadu 10 2 6
‘lwnuit,ﬁﬂmmnfﬂLﬁ'a'uaﬂsmqumuﬂiiu (5) (4.88) (14.63)
wazn1s byl W auity, Uiy, Mswvey

2 | mnnzadimsyudeulavewin szlidwmansznusionis 33 60 8 13
Yudouludnith 1s3saunsouslon (16.5) (30) (19.51) (31.71)
dnihldedrwasniy

3 Tawswﬁ'nﬁﬂ_yLﬁau'lummimma‘lmﬂué’um31U Wseidg 15 17 9 15
UAINILUN (7.5) (38.5) (21.95) (36.59)

4 | midvhanuazeinenIvsasenyUSuu 39 91 26 9
n annsaanuSinansuuieulanewinle (19.5) (45.5) (63.41) (21.95)

5 | mssu Sosevilignanunsoanuiuiuns 97 75 31 8
Vuideulavemiinle @85 | (375 | (7561) | (19.51)

6 | fimsivusdunasgiuniasnioresnsiuidou 14 120 il 25
Tavznin (wWu weadlew) luewisvea () (60) (9.76) (60.98)
Wonsuslaa

7 | dnineiafionduogmuiulrau/mingu (Wuves) 26 92 8 10
fomavudeulaveminunnnindaithedhegnarnh|  (13) (a6) (19.51) (24.39)
A

8 | mnuslaalutSunauwvindu daiveiadidninisuuiou 19 113 8 15
aswipsndningiamivg (9.5) (56.5) (19.51) (36.59)

9 | wansgnuvieanulufivinlavemin inan 18 90 il 14
msuslnnosnziavuiieudnsetudusteznauu 9) (45) (9.76) (34.15)

10 | waeideudulavemindiwuannludninziavily 8 126 1 39
Wnfiwsialawasnszan wasduaisnousisa (4) (63) (2.44) (95.12)

11 | asindlendnerlswinlalasasveuiivudouluems 8 124 0 39
neavevin (WuansnensiSa (@ (62) (95.12)

12 | uiildfuuandiosavansiniening eradulse ola-d 9 157 0 39
Inlet (4.5) (78.5) (95.12)




66

mandl 11 9o (Fewaz) minevavssaadniniSeuihignsos (% false) wavaulaiy (% don’t
know) Ngnusuns18ueIMsUuilavasialiluavnsngia

Statement

U |peudain] 1

1 ﬂ'\sUuLﬂvauTa'vlwﬁ'ﬂ'lmfm:Lauaz/ﬁammiwmaduu 10 15 6 21
Ingifananuidevedlssnugnamnssy (@.79) (7.11) (4.14) (14.48)
wasMs el Wy auity, xfwﬁ’u, MWL

2 | mavzadinsuudeulanewin axlildmwansenusanis 29 17 11 33
Umﬁ"aulué’miﬁw 1dEansauilan (13.70) (8.06) (7.59) (22.76)
dmiinlaegrelasnsy

3 | Taveminfivudouluomsmzialidusunse inseide a1 31 24 30
Mudth (19.43) (14.69) | (16.55) (20.69)

4 | mydvhanuazeine e stinuSun 60 30 71 27
10 ansaanUSinansUuideulanewinls (28.49) | (14.22) (48.97) (18.62)

5 | msdu dwvdevilignannsoanuiums 123 30 82 39
Vuioulanewiinle (58.29) | (14.22) | (56.55) (26.90)

6 | dnsimuadunasguauaeadevesmsvuleu 59 95 32 92
Tavignin (W wandley) luesveia (27.96) | (@5.02) | (22.07) (63.45)
onsuslon

7 | dniveiadienfuegaudulaau/mihdu (Fuves) 82 24 37 42
flomavudeulaveniinnnnidniietegnanah-|  (3886) | 1137 | (2552) (28.97)
Ah

8 | winuilaalutSinauviniu drivzasidniinsuulou 69 28 48 a7
aswlsenIdninviadaivgy (3270) | (13.27) | (33.10) (32.41)

9 | wansgnuvseanuduieanlanewin Anan 71 34 43 43
nmsvilnremsnsaludoudndetudussosnaun | (33.65) | (16.11) (33.10) (29.66)

10 | waadlndulavewindiwuinnludaingaviali 6 202 9 120
\awsolawaznszan uazluansnousiSe (288) | (95.73) | (6.21) (82.76)

11 | asndlendneslswinlelasasuouivuiddeuluaws 3 201 3 135
newauerie (WuaisnousiSe (1.42) (95.26) (2.07) (93.10)

12 | puilddunandouazausnineung onadulse lnd il 202 2 127
ale (1.90) (95.73) (1.38) (87.59)

< d a o P a O ¢ & o a & 4 " a
L:JEJL‘LJEEJ‘UL‘V!fJUS:,‘ﬂUﬂ’ngmawmﬂmﬂ’i'mLLasLﬂﬂunLSUu ‘LUWUWSJWUGH‘V!G\LLaSB'Nﬂaﬂ

] ' ' | a ¥ I3 v 1 & da ) PR = a
(mM3efl 12) wui dawlvgvdensassiuasdininSeuiidesiunfissiumudtos  Jmds

AerssAuasantinseuluiuinumwaiissiuauiigindd

IngilAiadevesseiuaagi

4.61 waz 5.03 Azuuu muaau TuvasivdesassiuazininiSeuluiuiss@andeiadeves

JERUAINIBEN 3.88 Uag 4.21 AvU AUEIRU

v [
gNUUIELAUY

dornany (8 Tu 12 d8) wsnsmssalumnuamaiinnuinganivgesnssilugnda

nstuilsulanewminluimeziauaz/misovniveiadiulugiinunaniudeves
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lsaugeamnssuwasmsenivng Wy aiiy, vshy, Mswnvey ﬁw@aﬁ”’aﬂisﬁlus‘fwadwﬁmﬁ
mwdgenin eglsfin nshinsssvesiaesiuiidnlvg Wsranadesar 70) nsudunds
vudoulaneminluomnsnza dndn 3 Ussiuiivdatenssslinsiuvdensumauinumnnii
wdsensssiluiuiissiarsanadosay 10 T (1) dwinsailendveynuiulrau/mihiu
(wuvee) Flemavuioulaveuinunnidnifhedegnanihfnh @ wmnuslasluiin
wihiu drrinziadndndmsvuidouasiviosnindninsasilvg uas (3) mansevuvioanudu
fvanlavewiin Aennisuslanremmziaduideufnsefuussezianun
Twfsunndednu (9 Tu 12 de) WindniSeulunummeaiissduanuiganinaninseuly
sadan snduluvssunaanduivisuandisuuarindlondnesiswin lelasmsveu fdin
tniFeulugredansimndgandt sgslsfinn Wnindeudnnguesiaesiuil (Ussnadesas

90) LinsuvSemaumauEAAEIAY nannuluivrsLaaisuLayinaleadnazlswin
lalasansusu

A3 12 TNNULaETRYALTRMGRIRTIAkazIinInISBuTLUNA L SERUALS

JEAUANS 9w (Gevay)
niesensss wndniSeu
WIUANA 819N WUANA 819"
oy (AZUUU < 60%) 123 (61.50) 33(80.49) 128 (60.66) 113 (77.93)
Uunane (AsluU 60% - <75%) 58 (29) 8(19.51) 83 (39.34) 32(22.07)
1N (ATUUY 275%) 19 (9.5} 0 (0) 0(0) 0 (0)
fiedy.dnidsauuinnsgiu 461,301 388,187 503,155 421, 1.71
Fgedn, AWNER 0, 12 0,7 0,8 1,8

4.4 Yayarnundnlaiferfiudwiianie (technical term)

mﬂmiaaumummﬁmmL‘ﬁﬁ‘lﬁ]Lﬁ'mﬁuﬁ’wﬁmwwmaqw@aﬁaﬂssﬂuﬂ"’qamﬁuﬁ WU @y
g Fewar 90) Lifdnansuanlion wavlndleadneslsnfinlelasaivey minSeuiisuain
iilannnisnouauesafsmsunsy wui vimeassflunusmanarensianiinuaranunse
Wirumnevesewnsiufivldunniian sewan Ae Tanewmin ansneuzise uandloy uaslndly
raneylsunAnlalasmfuou muddy (m1seit 13)
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fiussunaifosas 30 Tuiuihnuameuazensian ndeiessiidnuaslimumnges
Toveminliiduednd  nande  wswin  lavewiniduasiiawnsaneliifnfiviesinieuas
dwndey wagmevdnlunsidrgseniefonenisiu wieutuannsosndegsvedlaneminls

fuszanafesas 2 wasfesas 12 veanguiregidluiiuisnumwauazesdarmudiy 7
wdansnsanddnuariieumnyvesansnounidlifuethed namfe nswhastenzdaduans
fassavhliRadesenyinious viedelifnlsennds  Snwuensrelsn fio Fessuidng
umeitazdess Wunauiug (egwdes 3 Wou) Jwuifauzdald wasaunsaneneams
nssuugla

Ustnaferar 2 vewmdenssiianunmanazesianidnuaginnuaneves
wanflsulailued i Ao s wealsuduansieusiss nowiwmnfududauaadlouuiug oz
Wazauiinszgn  vilvnszgnald  uasmsuiuaalesdiulvgunanlsanugramnssy 1wy
Tssrumdauunned culvane & arsiedou uaslanyau

ydsnsnssivnauiiinordeluiuiiensdan  Lidtnansindlendneslsninlelasmiveu

o o v a ¥ e @ @ {y o %
Tuvugiesievas 2 vewmgensassaminandelusnuamanidnuaziinnumunevesasing-
lwadnezlaunnlalasansueuls

A13°90 13 nsrevausramieusduasie (Definition of hazard phase) Tungansassninnende

TunuuAeLaEe9faN

Tavemin
®  JNURMINA 58 (29.0) 0 79 (39.5) 63 (31.5)
$ Sudicn 12 (29.3) 0 11(26.8) | 18(43.9)
LAALIEL
® 1UANA 4(2) 8 (4) 4(2) 184 (92)
T 1(2.4) 0 0 40 (97.6)
nalerdnaslswanlalnsansuau
® T UMNINA 1(0.5) 3(1.5) 0 196 (98)
. Sen 0 0 0 41 (100)
ansnaNeLse
® UMNA - 3815 38 (19.0) 87 (43.5) 72 (36.0)
PR 5(12.2) 13 (31.7) 9(220) | 14(34.1)
awnsue
®  JURAINA 90 (45.0) 78 (39.0) 21 (10.5) 11 (5.5)
s e 24 (585) | 12(29.3) 5(12.2) 0
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dawanden uazymavdnlunisidgsnamefonenisiu wieufuanunsasndegrsveslaneminlé
fivsvanafesas 3 uarfesar 7 veudntnSeuluiufiinummanazsnsian (Mudhav) 7
SnuarlirumnevasansiensiSeldifuetied nanfe nswhansnousisaiuasiannsei
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voe ) Wunaiuug (egtes 3 o) Teezifinuniald wavannsaaieneanenssuiugle
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Jeasavay 2 mauﬁﬂﬂ’ﬂﬁ'au‘luﬁuﬁmumwﬂ n3anuagliauvingvesuanisulming
wariiuszunadosas 10 maqLﬁnﬂ’ﬂﬁau'luﬁuﬁdwﬁmﬂé’ Inuaglimnuvuneveawanleule
& w a a o o X d a Yo a a ¢
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o i 0 a [v) .. LY i o [
A13°99 14 MInevauewiaAlenusunse (Definition of hazard phase) luidninSeunwnende
TuNunsumwALazERAaN

Taviemin
™ WUANA 28 (13.27) 0 94 (44.55) 89 (42.18)
® refian 15 (10.34) 0 68 (46.90) | 62 (42.76)
LARLIEY
® UM 0 1(0.47) 1 (0.47) 209 (99.05)
o grefan 4(2.76) 8 (5.52) 5(3.45) | 128 (88.28)
Wnalerdnaylswinlalasaisusu
® 1UANA 0 1(0.47) 2 (0.95) 208 (98.58)
® gisdan 0 0 0 145 (100)
asnauLLSy
® INUAWA 7(3.32) 67 (31.75) 86 (40.76) 51(24.17)
® e 10 (6.90) | 32(22.07) | 68(46.90) | 35 (24.14)
Tl
® UURNG 106 (50.24) | 70 (33.18) 33 (15.64) 2 (0.95)
® F13fan 53 (36.55) 56 (38.62) 25 (17.24) 11 (7.59)

4.5 m3fuvemgensassiuazianinSeuiesiuanudesensiududdansiafinnnnisusing

ININCEE

- = v v =~ af a &
M 15 LERmaNsAN®INITIUEANNABIIINMIVINADMSNTIATR ISR TIA LY
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" w v A o a a v :
Ussifuunaaminvesewnsnzia eesudinsuilaremsveiafiinanudnudieglnduvas
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1 " v ] LY 4 o i v [3 v [J
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a & 1l a s af v ¢ 0 da @ ' v o v
fiwelsa Litinens inszegludmeia way 3) nsuslaadnhihfidvuadilngazlasuasiaiivdes
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m3suduiaasiwinnningnuslnremsnziauuuuiug a5e 3) Tsrensifufiv eraifinann

msvudaulaveminlusmsmeia  4) Tnsdngrusiududalavemin  (Yu wandlow) wn
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MMeMALaZAY  nninsuilare s waz 5) msuilaremsvzalulszdn e
neliiAnnsavanansiaiilusenie wasiinansenusesranieluszezen dwluusadiudug wda
spssluiufinusmedinsiudrdssiigndeusy bignfestudaduiiiunnsneiy
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$ovar 70 fmssuimnududignsedutssdiu 1) uwdiiinvesemmeia Tnesuiinmsuslan
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fildanuvdsiilnannlsanugeamnssy waz 2)  wnsimsugsemnslignreususenu ag
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uinnninderar 65 fimssudmnudssiligndedlusaiu 1) msdwvhanuazen
swnsnslafeharenUiinaann Liaunsoaasunsennlaveninld  2) diuslaremns
veiafulszdh alanudsswiomssududaasivinnnigiiuilaremmsnzauuuuugads 3)
Tsmewnsiduiy enafinnnmsvudowlaveminluommzia  4) Tnedlvgausiiudura
lavgmin — (Wu wandien) waIneNIALasiu Wnndmsuslarewnmea 5) amansia
avoin lifidelse lifivens wzeghnimeia was 6) msvslandaiiiifouamlvgaslasy
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A3d 15 3 Gewaz) vemddsrssdduunmunssuianudsminnisuilaremsveia

U (5o8a)

ERITH WUMNA A"

You [Utunan| wn [wnfige| des fhunand wn [uniige
1. mninsupemsiignaousudsenu | 14 99 69 18 3 8 11 19
Li']ﬁwﬂaamﬁamnmsuﬁnﬂaqmswgmnn (1 (49.5) |(34.5) |(27.53) | (7.32) |(19.51)
FUA (26.83) |(46.34)
2. VINEIYNANUAL DM TNEIARIETN 53 111 35 1 13 15 10 B
aga']Qﬂ?uqmuqﬂqgﬁﬂﬂawgwﬁnﬁ (26.5) | (55.5) |(17.5) | (0.5) (24.39) (7.32)
Yuidiouluems bidudunsesogunin (31.71) 1(36.59)
3. {iuslnrensvsiaduused g 27 105 59 g 4 1 19 10 1
ﬂ'n:uLﬁ‘aqs{amﬁ’ué’uﬁaa'ﬁﬁ@umﬂ'jqﬁﬁw (13.5) | (525) |(29.5) | (4.5) [(26.83) |(46.34) |(24.39) |(2.44)
ABEUSLNARIMSYELA
4. lspownsiluiy mmﬁﬂmnmiUuLﬁau 39 98 52 11 6 25 9 1
Tavieniinluamisveia (19.5) (49) (26) (5.,5) |(14.63) |(60.98) |(21.95) |(2.44)
5. myuslapewsnadivildainuii 10 60 90 40 2 6 26 7
lné’LLwﬁqama’Mﬂﬁmfozﬂﬂ’]iﬂulfjauaqsmﬁ (5) (30) (a5) (20) (4.88) |(14.63) |(63.41) |(17.07)
AN e SEaRlaanudsTiinglng
L3 ugRavMnTSY
6. lawdulng aussuduialavewin (du| 28 102 64 6 15 18 8 0
waAley) neINIALasAY uInndnennis | (14) Gy | 32 (3) [(36.59) ((43.90) [(19.51)
uslnAemsvneLa
7. ownsnuiaazen Lifidelse lifwend | 75 102(51) | 19 a 23 8 7 3
stqggq@ﬁmm (37.5) 95 | (@ [56.10) [(19.51) |(17.07) |(7.32)
8. msuslarewInEa Ul 9y 34 100 (50) | 54 12 i 16 19 2
naAnnsasanaseiiusenie wasdl an @7 (6) |(9.76) |(39.02) |(46.34) |(4.88)
NansEnuResIMelusTEYe™m :
s.mavilnadnithwualvg (ale) agledu | 57 [124(62) | 15 4 16 13 1 11
aqjmﬁﬁaan'ﬁqﬁm'jﬁlq‘uuqmﬁn LﬁaU?jIﬂﬂlu (28.5) (7.5) (2)  ((39.02) |(31.71) |(2.44) |(26.83)
USunaudiviiu
10.Au waw 1Wuusze deuilimnudsese 35 107 a8 10 8 10 14 9
ms%’ug'q’uﬁ'aaqsﬁwﬁﬂmﬁaulumgLa (17.5) | (53.5) (29) (5) 1(19.51) ((24.39) |(34.15) |(21.95)
1INNINSHU Yan

M 16 wdnwamsfinwinisiuimnudsinnsuslarewnsmziaveadnindeuly

wuduame wul anndndesas 65 finstuimnudsanignaesdussiuanniannigely

Useiu 1) unasinnvesemaveia laesuiimsuslaromseiafinnannuinadeglndunas

gRavnsINelinsUulesuasiadiinnnitemsnza Mlaainuvasninaanlssugaaivngsy
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2)  gidlarewmsvsaliuusedriianudesienisiududaasivinnningiuslaremsmzia
WuuuMg A1 war 3) msudlaremsnetallulsedn szneliiinmsavauansiaiilusenie

waziinansenunasanmeluszezen

nninfesas 70 dnstuimnudsenligndedudsaiu 1) msdwvheuazen
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o ° 174 v oa ° v v o a
ATNN 16 U (F98aL) %80L§ﬂﬂﬂtiﬂﬂﬁ]1LL‘UﬂGﬂﬁJﬂ’]i‘iUEﬂ’J']lJLﬁEJ\‘I‘\]'lﬂﬂ’ﬁUﬂﬂF’]E]']Wﬁ‘tha

U (Souaz)
mM3sug 1UMNA 29Aan

Yoy Mhwnad wn | wnflge | tes |Utunana| wn [wndlge
1. wmindinsugsemslignnou 19 91 62 | 39 13 49 27 56
uUseyny whhiazUaansea1nnis (9) [(43.13) [(29.38) | (18.48) |(8.97) | (33.79) |(18.62) |(38.62)
uslnremsvelannviie
2. MNANWYNANNETRIRRINSVIIaMY | 67 87 32 25 51 63 19 12
13”'1azmmﬂ%uqmyqnqgv‘fﬂﬂaﬂgmﬂ'ﬂﬁ' (31.75) |(41.23) |(15.17) | (11.85) [(35.17) | (43.45) |((13.10) |(8.28)
Yudouluewns Liiludunsose
qUNN
3. ffituslnAomnansiaidusesh dondl | 22 36 60 93 21 43 40 a1
f-n'mLﬁgqg\'aﬂﬁ%’uﬁuﬁaaﬁﬁwnqfm'j'\p'j (10.43) |(17.06) ((28.44) | (44.08) (14.48) | (29.66) {(27.59) |(28.28)
fludesuslnpomsveia
4. lspowmsiuiiy 2191An91NN"S 27 76 51 57 38 54 24 29
Umﬁguiaugwﬁﬂlumwﬁmgm (12.8) [(36.02) |(24.17) | (27.01) [(26.21) | (37.24) |(16.55) | (20)
5. msuslaremsnzadivlaanusiom | 13 24 32 142 13 21 23 88
feglnduvasgranvnssuenadinig (6.16) |(11.37) |[(15.17) | (67.3) [(8.97) | (14.48) |(15.86) |(60.69)
Vuidoumsieiinnniemmeiails |
nunaTIvinglnannlsaugnangsy
6. Wngaulvg auwsisuduialavendn | 40 86 48 37 28 78 29 10
(19U wARLeY) 1NeINNALaZAY (18.96) [(40.76) |(22.75) | (17.54) [(19.31) | (53.79) (20) | (6.9)
11NNIINNISUILNABIMISNELA
7. pwnaveiaaren liidelse il 120 49 23 19 71 a6 10 18
wes mesag‘tm}mma (56.87) [(23.22) |(10.9) 9) (48.97) | (31.72) | (6.9) |(12.41)
8. msuslnaomsvziaiduusedn 9 24 47 83 57 36 329 36 24
ﬂ'a‘l,ﬁll,ﬁmnqsazauaqsmfﬂuﬁ'qqnqg wazil (11.37) [(22.27) |(39.34) | (27.01) |(24.83) | (26.9) |(24.83) |(23.45)
nansenusoseneluszezen
9.msuilnpdnivnuuinlng (Flm) 2z | 58 | 102 | 26 25 70 41 26 8
Iﬁé'ua']smﬁﬁaanjqﬁmiﬁqmuqmLﬁn Lﬁg (27.49) |(48.34) ((12.32) | (11.85) |(48.28) | (28.28) [(17.93) |(5.52)
wslnaludSunaiiviniy
10.Au viow (Wuused daufimnuides 34 71 53 53 35 a8 27 35
danqs{uﬁuﬁaaqsﬁuﬁﬂmﬁau'[umma (16.11) |(33.65) [(25.12) | (25.12) |(24.14) | (33.10) |(18.62) |(24.14)
WINANSHY Uan

o - o v v o l a & & A ' a
LN@LU?UULV]UUﬂ'ﬁTUEﬂTnJLaﬂﬁsgﬂfl"Nﬁiyﬂm\‘]ﬂsﬁﬁ IuquN'IUW'W!ﬂLLaSQ'NﬂﬂW (M54

#1 17) wul1 innndrdesay 85 Yeamdansasilunuamanarens@aniinnsuianudsduszey

U Fwdissassdlunuiinumneiinisiuianudesgand  Tnedaedenissuianudes
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@ a4 a O X di o an 4 v v o "W
WINAY 24.55 AgLuu 'I.U‘UN"JVW]WUQWQﬂiifﬂu‘WUV\’EJ'Nﬂaquﬂ'nﬂaﬂﬂqsi"uzﬂqqulﬁEanﬂ'U 24.17

ATLUU

o o v a w‘; s v a ° [ LY o
A19199 17 T\]'I‘U’J'ULLﬁSiaEJ’ﬁ%‘U’ENVIQJJWNﬂiSﬂLLagLﬁﬂ‘UﬂLiEJU"\]']LLUﬂGl']lliSﬂ‘Uﬂ']iiUEﬂ'J']JJLﬂEN

seAunssudmudss dnu (Sewaz)
iananssd WwniniSeu

VAR 819Aan NIURINA 89Aa"
oy (AZUUYU < 60%) 172 (86.0) 37(90.2) 95(45.0) 101 (69.7)
Uunane (Azuuu 60% - <75%) 25 (12.5) 4(9.8) 105 (49.8)  39(26.9)
1N (ATUNY >75%) 3(1.3) 0(0.0) 11 (5.2) 5(3.4)
ﬁﬂLaﬁa,ﬁauLﬁaaLuummsgw 24.55,3.01 24.17,271 27.67,3.39 2549, 3.54
Fgegn, Aenam 17, 33 17, 29 36, 20 34, 18

msnd 18 uannsiSeuiiounwd eudile wazmssuimnudes sewinand
fangsflusnuammauazensdan wu nieassilunuamauayssianiimng arudlauay
fnsiuirmnudsaintfuemmsaualansminlivonsnndstsassluswian @ P =
0.46, P= 0.28 uag P = 0.14 amddu

daudindniSeuluituinnueme  Sawduaziinsduimnudsaieivemsvziauay
TaventingsnindninSeulusndaregredifed Wayneadd 71 P < 0,001 usrudilafiesiu
swnmziauazlaveminveaniniseulununmeauazensiial Lifiemnuuansinaiuegnad

LY [ a

ydAVeata i P = 0.35
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A5 18 MsiSeuiiguaug auidle wagnsuimudss sewinandannssauazian
UnFguiuiinuane uargdan

QGHERLERN ¥
WU Mean Mean Difference 95% Cl P-value
g MPRATIA  aumme 4.61 0.73 -1.69 -0.24 0.14
919Fa" 3.88
windniSeu WIURWA 5.03 0.82 0.47 -1.16 <0.001
9197 4.21
audile  wdeesss  wumwa 2.27 0.28 0.27 -0.94 0.28
919" 4.61
wininSeu WIUAR 4.21 0.15 -0.47 - 0.17 0.35
AN 4.06
v ueminsss  wummese 2455 0.38 -1.37 - 0.63 0.46
AL Aan 24.17
wminiSeu UIUANA 21.67 218 145 - 292 <0.001

219Aan 25.49




U 5 297150INaN1SIY

msfnwidedumsnsdeunsuuiiouvesuanilouuarans PAHs s3u lutamwa
symALazvesuadsshih imsanneimeasieian Tarfavayiuariaugaamnss
1unne Smdaszees kinTI9deUNSIAEATanM Cytochrome P450 (CYP1A) uay
Metallothionein (MT) tsimssuduiaansdenan vnmsifiufiegaiiesnsaiotusasd 1u 3
9 luddazsaludne. 2556 wasUSouiiouiudng. 2555 uar AnwmgAnssunisulnn
onzakarmsiumudsnmsuslaresmsiavemiiianssiuazininGeu 1l
we. 2556 dulszmsumlud@nuiluldna. 2555 anmsdunwalielddeyalunsinsey
g anudile wagmssuirnudsaisatususmeannmsvudisuasiaiininnisuslan
IMINELA

KamsAnyAATziLAnlEuwarans PAHs sau wuiimsuudeuidlusuuazndunie
UamstaﬁssumﬁLLa:maaLmamj'l.?;mv‘?amn‘vwiﬂmxLaa'wﬁm JwdnvaysuaslinugnaIvnIsy
sun e Sandaszeas iatlulina. 2556 uaslina. 2555 laegniuduinvamziauas
veswaiimsiuduiantesoans PAHs 1 dhonslifmidindanwnisuanioenyas CYPIA
usfulameiauazmosuaasg uazsiintanmmsuanseanves MT luduuameia iesnd
st CYP1A fanna araadeuluvesuaiass Mytilus edulis anuSauvaniiinisuudeu
310 Venice Lagoon Tuuseimadmna (Peter et al., 1998) wagn15un CYP1A (Praparsiri et. al.,
2010) wag MT (Chutima et. al., 2013) Aasunsiansoaniuvamziarianieg Tuuszmealng

Usinaunsuuiiouvssuaniiludiulamziannsnsdailuline. 2556 gamininngu
Yameladunninuamanagiianuuanaafuegaliteddgvneads (p < 0.01) witlaufiuna
Anseilulne. 2555 USinauandlenluiulameaaineisiial Aade 0.4490 = 0.6753 ug/e
wet wt. ganIPuUamMEIaTuNITUAIMA Ay 0.3252 + 0.3441 ug/g wet wt. uagliuansng
pgslupdAtyseaia ANOVA (p > 0.01) Lw\'wuqqndw’lmﬁaﬂmwmatmndwaadﬂqﬁﬁaﬁwﬁmﬁaa
afii ANOVA (p < 0.01) fisieunniflouslndiAesiufie s1s@iauazsnuamnaiisiriaeds 00028
+ 0.0035 ug/g wet wt. uag 0.0033 + 0.0024 ug/g wet wt AUEAU dmlany) (1de 0.2473 +
0.0561 ug/g wet wt.) Uamta 15 wsiaainsrsdaniiinunauandiourouluiuings As U
duman Uandnu uwazUantnameinn (~ 1.4 §9 2.6 ug/g wet wt.) @ Yamezia 11 ia 3nnuun
weiteUSnauenengeilifesiinfeifie lufuuay (wds 0.8777 + 0.6479 ug/g wet wt) g
nedan 3.5 wih denrdesfiunswuuaniisnluvesusasvunalvguazvesuuadguuadni
afpuTUENAAIAGININNIIRININUAHA Bgelidd Aty Eaiid (p < 0.01) uazveYUIA
Enmuuiinaueaidisnganimesvunalvg esnvesmunadnituiidedesimunisasaly
Usinaigs wasimflourunadinneilulng. 2555 wamsfinuviaestvsdn sdanduweans
wziAsauasnsUsean wildfunansemunnuaiiemaireudgeanuandien Weweuiioy
fumsilmeiadagramnssiimaimsiinmuuitioureuaniionge nansinweseish des
A% (2545) Tinsreviusinatanemeta uaadlon danvduazuserlu wesuass (Anadara eranosa)
Uinnnusitiunlgng uaruSnameiimea cé“xv’qLwiuwmﬁaﬁaﬁwaﬂamﬁfmq Yay3s lneyinms
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iusegns 6 s Mausidey Suanau 2502 unsiau e wweu Tquigu nsngIAN 2543
wuh Aedegegaveslavensiuazuandouwuluieusuneu 2542 wazansieu 2543 Tneiln
Wiy 0.435 uay 0.835 pg /g wet weight F3nMSANYIASIHUNA, 2556 USIs1sRanAIAL
iuduresuiinauanifloalumesuasguunnidniidniade 0.05128 + 0.0043 ug/g wet wt. (n=20)
gendweswasuunalvgiidniads 0.0485 + 0.0055 ug/g wet wt. (n=20) agiiuddysuaia
ANOVA (p < 0.01) wivSnanusmuaAiasidudures Usinauandey Tuvesuuasguuiadn
uarlvig) 1de 0.0136 + 0.0040 ug/s wet wt. uaz 0.0104 + 0.0027 ug/g wet wt. FuAU Fedi
Adeenitiiaseilaluling. 2555 wuansndamuueadionlunesuaajuunmdniiaiade
0.1534 + 0.0876 ug/g wet wt. ﬁqan’imammaq:jwm‘lwgﬁﬁhmﬁa 0.0637 + 0.0073 ug/g wet
wt. Auandienlunssuuasgimuindnuazauslnganmsinetn . 2555 aatosniilu
YOBUASY 5.4 W1 Tatmsznsenduemesuesiuinamihavlunsasrilemasududauandion
nAzneuRugenImeswaiiodeluimee kansAnvvsdneimeasianinisuuiiou
Tavewmineghaniueunazgenimeilmeianunmn agnlsimunslimsuunasiuinueanis
Yuiiou mszensianduuraimsnzdsaanynar veueT Mesuass kasvosuaLY]
dnvarmelmziaiiyuruoifvegsiuauinn uasiinaniinen ﬁ%’uﬁﬁﬁqaqqlmamm santahan
withuegnefiduhiilsaany uasinuasnssu Saflamnhinalunmwuueandssudoulusuvan
yfiFAsutregeanvisanand luline, 2556 uunma SAiads 0.8777 ug/g wet wt. 819@and]
Auade 0.2473 ug/g wet wt. Tuliw.e. 2555 fiFiads 0.7626 ug/s wet wt. 1efaniiAiade
0.1998 + 0.0482 ug/g wet wt. Fwamdadulardenslaatusnisdamundeseduiinalunis
Fuuandieuivudeuwimlusuazgendimulundiofinmy eglsinunisuuidiouwandionnn
vesuazUamuadliiuAmInsgIueMsINUsENMANSENTNAE1SMAY AUl 98 (W.A.2529)
S04 mmigﬂua'\msﬁﬁmsﬂwﬁau'luﬂmﬁwmﬁu 0.05 mg/Kg wet wt. (5 ug/g wet wt.) Lasvse
WLAY 2.0 mg/Kg wet wt. (200 ug/g wet wt.)
vainunsuuideuresmsiioesrulusuamealulne. 2556 Tuduvaainetsdan &
FNRAY 0.1698 + 0.1650 ug/g dry wt. gandn 2.8 i Tun&auileriady 0.0607 + 0.0708 ug/g
dry wt. uaziiauuansneiuegrsivudAgysneadia ANOVA (p < 0.01) daunnusamen enududu
89 PAHs lusiudaniiAniade 0.1314 + 0.0699 ug/g dry wt. g1 3.7 win Tundunilends
0.0351 + 0.0378 ug/g dry wt. uaziinuuanaeniusgrsiiveddgyeada (p < 0.01) ualiny
AuansssEisemddures PAHs Tuidaeruuazndmiilovaniionfouinusdauas
U3nusme (p > 0.05) Vinumsduileuvesasiieorsuludiulameaainsisfangania
dnfosnanuawe wasgendilulna. 2555 Uinumsuuidouresans PAHs eamduduaindy
Uaniasanifielndifesiu (Ussunn 0.1 ug/g dry wt) gandn 2.5 wi Tunduilevarnuny
AR (wdly 0.0438 + 0.0185 ug/g dry wt.) dundunilevamngrsiamuinds (0.0256 +
0.0101 ug/g dry wt. LLcﬂ'msUm’i'Jvau'LwaaLL:Jaa:jmmﬂlmj (0.4-0.5 ug/g dry wt.) IInvdesannil
Faganin 4-5 wiandutan uasianuuandnatusgaiifudfmeada (p < 0.01) warly
wammam}uum'lmjﬁu’aaaaamﬁﬁﬂ'wqqﬂismm 2-3 whniwesuuasguundnageiited gy
ad (p < 0.01) ¥ilAvasans PAHs 531910 16 ¥ilads EPA finsfvualinsiaia nanisAnwnad
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Wi, 2556 MnvsasauvasrnINuaTwAnalanadn 3 wiln YeuniTluln.a. 2555 a9
wuiluansvuamaluanadnvaisyie WaeneeFian WAZIUATNA ﬁy’q'luﬂammauawammauj
Naimswzﬁﬁqﬁa‘iﬂumiﬂuL'{'"Jaumnm'sﬁwﬂwhqq fvudoulunsia udimsuidiousnsredian
ieginnnieusznsiagderudsdud dummnuamatnazsinimitfisnnlsaugramngsy
wazuaivmeomaTiasinsusnaslunzia Tne $16PAHs lulameia (Raviuasnduiie) lu
Un.e. 2556 gandn Tulw.a. 2555 nsndaiAady 0.0715 + 0.0698 ug/g dry wt. 1NUIUM
waLady 0.0746 + 0.0435 ug/g dry wt ?z'j'qﬁmﬁaaﬂ'hwu“lwammamj (wdevunalrguazaung
\&n) nendaniiAade 0.3676 + 0.2287 ug/e dry wt. mnmumwmaz‘% 0.2967 + 0.1874 ug/g
dry wt. MeiinnsaaneuardusenaInsIinevesans PAHs 'lwaa%ﬁé’msﬁwniwé’mimzqé’wé’a
(Albers, 2003; Short, & Springman, 2006) WiewSsuifieufiuuvdwafivmahsiuaneawi
wedisilou Ussmadend fiden S16PAHs lusznaudu was ndnubevameiaiidade 75,85 was
3.93 ng/g dry wt. auadiu Tae EPA fviuasUuifeurn $16PAHs lussneuiu was ndwile
Uameiail 138.50 uay 3.24 ng/g dry wt. (W39 0.1385 Waz 0.0032 ug/g dry wt.) AuERY Fama
msﬁnwm%"’aﬁwumsﬂmﬁauﬁ”’q‘luﬂmwmau,awaameg:mnéwﬁmLLasmumwﬂqmdmaﬁww
hiufivziamRinesisideuuasii EPA fvunenligann (Trisciani et al, 2011) sghlsfianily
Usemelnedslifinsrvundn PAHs Yuideulusnsnsia

ftTetanmdudadiaddiBainmsdutaansuefiv udhiinmsdusenuensisme ems
asranuaeldidudygaunsiiou (early waming parameter) 'luéqﬁ%?mﬁwé'qqﬂﬂnmu (Sarkar,
et al,, 2006) Tulw.A. 2556 n1suansoanues CYPLA (Vu1m 76/54 kDa) Tuvamziasnie
wAALBUAUBA 3INBNAAINULNAUINTILIU 44 90 60 FIBE (73.3%) dIUNTUAINA
wuil$1uau 48 910 60 Fa0E13 (80%) TuTn.a. 2555 NsuanteBnvoIRITIATIAM CYPIA
ﬁv’q'luUmmLaLLawasLmaqﬁ nenfamuluvartinauin 56.6% (3160 Favee) dru
1uAMA WUSlSIuIU 60% (91060 F18E19) Fanasmu CYP1A Tudw.a. 2556 uamssonlu
Yametageninludn.a. 2555 9inidesunas aenndastunauimanisiseiansiieiey
TngUssianvameiavianisiuomns (Ruile Auity war fuhisuazide Lifinadoozse
AM5uAn109NYBY CYPIA nanisAnwusdnisuutiouves CYP1A inducer éaaasanni lu
MOBUNAHIBNAAUAZLIUAINANY 100% Sieaosaniil T 2556 uay 2555 udAdm
Wuresuuuimitadanmilanuduseiulusiedis nsuanteenues MT (vuna 10 kDa)
ludw.a. 2556 91n819@a1 wuldmIu 10 310 60 FIBEN (16.6%) INUTUATINA WU
U 34 970 60 F19879 (56.7%) WudwIuteenIluUN.A. 2555 91ns1e@ainuiisiuiu
16 910 60 F18811 (26.6%) drunumme WuSlsuau 22 310 60 FeEa (36.6%) Fanalsl
gonndasunMslAsmiUSInansUuey ﬁu’qﬁm%Lf‘iaqmmn‘uﬁﬂ‘uawmmmmﬂmumm
seriiafusieaesd druna CYPLA Iuwammaujﬁv’\ﬂuﬂw.ﬂ. 2556 Wag 2555 WU 100% 3o
Judninziailuedouiivasinnsadne CYP1A Yssavsaminitlulamearinsineg FaiTind
fnshanldlunsesafamuuaiviawnadeumaihiinsldusnn Southeast Asia Al
MeBUNALs) mytilid mussel, Perna viridis (Nicholson & Lam, 2005)
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nginssumsuilnavemidsiassdlusnuamanazeniian  darauanseiusiiiugu
auivasnisuslnromsviziaan MIUgUsEneue sty uazuvdsieemnsadn (o
< 0.001) Lﬁaamﬂmﬁoﬁv’aﬂssn“luﬁ’uﬁdwﬁmﬁé’mdawaaﬂuﬁaaﬁuqandmwmwm dwlngidu
withunsesuinudne doss vsnalndthu Wy ungvesunasu Iummzﬁw@qﬁ”’aﬂﬁn“lumumwm
dulvgdudiithefiunanidu  wasusznovondwiuidlulsanugeamnssy feviund
AoutNuANANiY  RdwaliiiTInuasnginssunisuilaadinnuuansniuegnivedifyni
atn uidmiunginssumsuilnremsmzsiavennninieuluinuameuazenedan wudn idl
mnuuaneatuegaiitdfey (p = 0.12) enailewn sgratesdl 1 fenansfufidinfudsenu

2MsMlsasey  FamnalsaSeudavnomsnansiuly  wazemsinslsaSsudalidrulnafidu

o

3
LY

dowy 1n wazly Wudann (Wilduansdoyn) wansideluduidoudaiumsnuideifne
wainssumsuslaremsnsiavesUssrnrui llunuamenages@an dewudn fauuaneng
yamgAnssumsuslamisludumisuivesmsuilnremnavsiaan  nMsUssUszneve e
Ty widideensvsiadn uasnsURANOMIIBAT p < 0,001 (UMAT  uniunuaveme,
2555)

Tudruveswiiao vz wuan vqué’?@ﬂﬁﬁ‘uamzqaaav‘fuﬁﬁmmﬁau‘lumsuﬁnﬂﬁ'lu'
unnsinaiy Taedenuslaevaypnniign sesaande 1 vawiin vesuuass uazvesuesa
puddu luwnsiidninGouremunmauazendan Aimsuslnavamanniign sesasnde
vamiin fa y wasvesumasg usbuiindunad fdeisnssiuandninGoulusuagieian
fmmdlumsuslnavannnnit envasidesnidugusuauindn uazeglndnsia

WewSsuidisumnd  mnudilanazmisiuimudssnnisuslare sz wui
daranssilunuamanazesdaniianug mudlasassimaiuimudsafnivemmea
uaz‘lawwﬁnag'luizé’uﬁaaLLashJ'LLmnshqmnw@qﬁv’qmsn"lua'wﬁm anaflosnuansenusie
qunmvasasadiivudouluewnmua dalvgdedldinalumsnelsaun wdwiansssiFald
ﬁaa’la‘la’luﬁ"aammLﬁ"awiaqmmwmﬂms%’ué’uﬁaiawwﬂ’nﬁamsmﬁgu‘] Fduddouluomms
Via

dudninSouluiuiiinuamen  faduasiinsiuimudsaiiusmmsiauay
TaveminganidininGeulussiaetnaideddymeada sraidesanduauame uiu
finswesgramnssmiin  wasdinmsudeuasiedludunedonlutinuiigy (nsumumuuaity,
2554; UgS., 2554) LLaslé’QnUszﬂ']ﬂ'luLﬂuﬁuﬁmuquuaﬁw danalymalsassulimsietungg
ReafumsvuidioumsieifluanadondllundngasnsSeumsasuund Fadamalvian
tniseulunuamaldfudoyarmasludosindnunnidndnGeulussdan  edwlsinnu

mslisurmansteyaiisaiumsuilaremsnzia Alladenuduiusiunginssunsuilon



81

awnmzawiegnla  lagauiiuladn wndniSeulunusme  Senudlumsiulssniuemis
nzmunnInantniseulugedian

A3UNaIY

1. uandlewlunduniouasiuvarlull 2556 InuanAgBUATIILANATBIRIAAY
Arududures Cadmium sewrineuinaunasofouazsiiniioidovesandaeada ANOVA
wuiluisassaniianuuanissgrimedudureuandiosluduvaiiganind e
Uanegeliduddgynieadia (p < 0.01) wilinuAULANANTENINAIAUTNTUTBILAALTE
luilederuwaznduiifovariodiusnussiauazunaanuamg (o > 0.05)

2. HANINAdBUANMNLANANTBIARAANITITuTB AR BITENINUS U
9 fBuazIUAUBMBLLLIAL] Fualia ANOVA wuiluwisassanidmiuuandiesearinaman
\Wuduves Cadmium  luvesuuasguuinidniiAinganivesuuasguuiaivgagaiiiedfgnia
aid (p < 0.01) warnuAMUUANANITENINAAMUTNTUYBILAAlBNuBBLNAI YA Y

wasveBLIAIUUIRENTIaNd USIEsEanTiAgan Ui nunwasgeiitedAneadd (o
< 0.01)

3 NANIINAFDUAIIULANANVDIANRALANUTUTUVDY PAHS SEMINUSIULNERNAE
wazrlailanveslatmuddi ANOVA WU luNaaasdntindnunaNANasenIneanAnu Nty
494 PAHs TusiuvanfiFgeninndunilievanegrefiduddggneadia (o < 0.01) usilinumuy

uanesszIemauituduves PAHs uiaidesuuazndunilevafiendousnusredauas
UsuINUANe (p > 0.05)
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994 PAHs  Tunesunasguusivgiiifingenitvesunaaguuimanegrsiiveddgneadd (o <
0.01) UATWUANMUANANTENINAAMITNTUTeY PAHS Tunesuuaiguualnguasvesuuag
nnadniienduuinasnuameiiiigininensdar egaiitioddymeadi (o < 0.01)

5. N5UAAIBBNYBY CYP1A (vu1m 76/54 kDa) lulamsianisialdalaufued a1n
819 MUiinauINTINIL 44 310 60 FIBEIN (73.3%) dunrunina wulldiuiu 48 910 60
A29819 (80%) N13WAAIBBNYBY MT (3u1m 10 kDa) 9 n819@a Inuiisiuliu 10 970 60
AIBEN (16.6%) @1 unInm Wuld1uIu 34 910 60 M98 (56.7%) lasussianlameia
yiian1sAuemis (Ruiile Aufiy uay Ausivuasiile) Liffvefoszdenisuantoanyes
CYP1A

6. NAN15ATIINTUANIBBNTDY CYPIA (56 kDa) feinadauauived lunesuuasgis
19 WATUUAINANY 100% viaaosandl wimnuiduresuuuidindinmiinisdudae
auduineiulusiege Tnssredamesrunananguazvuadniinsdusesweuivedisu
wouauALTNUIS (+) uazarnaduuiunans (++) Wiy AUIUAAEBYLNATLEN
waglngdanuduiiunans (+4) waziduuin (+++) Wiy pmnisuanseenves CYP1A lu
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wiu Wnavinyniaud 56 kDa eFsuliisufunesuuasgidssandminnsanuauda
U (+) iy

7. wilawa PAHs 910 16 faliiuivannsaananuanisamzanuduansunnna
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Fluoranthene (FLA) dhuuilnues PAHs 910 16 saidufivannsonsianuvesunasgnuidiuans
yunesnalianaidnsiviniiny Tunesuuaagunaivgjfie Acenaphthylene (ACY),
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\@nAe Phenanthrene (PHE), Fluoranthene (FLA), Pyrene (PYR), Chrysene (CHR)
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11. Yawdlusny=

Leiognathus fasciatus
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M50 1 Areglamziae1sfal 191 IAYaT 114U 60 4288619

Number of CYP1A MT Total PAHs Cd Note.
Sample ID Weight/Total length
fish/sample ~ Result Band (kDa) (~10 kDa) (ug/g) ug/g wet wt. PAHs &Cd
Yaraumn FAl L 50.0-90.0 g /20.0-28.7 cm +, 74,56 - 0.0742 0.9303 Liver
Synaptura panoides FAIM 15 +, +++ 74,56 - 0.0421 ND Muscle
FA2 L 60.0-120.0 g /21.1-31.5 cm PR, 74,56 - 0.1163 0.6923 Liver
FA2M 15 = 74,56 - 0.0933 0.0011 Muscle
FA3 L 40.0-120.0 g / 20.0-32.0 cm + 74,56 - 0.2713 2.6809 Liver
FA3 M 15 +, -+ 74,56 - 0.0888 ND Muscle
da1lute FA4 L 50.0-120.0g/11.2- 17.6 cm -+ -,56 + 0.1364 0.2020 Liver
Depane punctata FA4 M 15 -5k -,56 + 0.0311 ND Muscle
FA5 L 30.0-110.0g/9.5-15.5cm -+ -,56 + 0.1308 0.1678 Liver
FA5 M 15 -+ -,56 + 0.1088 0.0010 Muscle
daqan FA6 L 140.0-330.0 /24.9 -33.7 cm +,+ 74,56 - 0.0654 0.0602 Liver
Eleutheronema tetradactylum FA6 M 15 +,+ 74,56 - 0.0611 0.0016 Muscle
FA7 L 85.0-300.0 g /20.0 - 33.5 cm bk 74,56 - 0.1057 0.0609 Liver
FA7TM 15 ++, + 74,56 - 0.0566 ND Muscle

MU0 : F = Fish samples , A= Angsila, L=Liver, M=muscle,- : NaQY,+ : HAUN, ++ : HALINY, +++ : HALINANN |+ : HaLINITULINTgA



A19199 2 Medwameiae1sdial 19 IAFALS TIUIY 60 AI081 (710)

Number of CYPIA MT Total PAHs Cd Note.
Sample ID Weight/Total length

fish/sample  Result Band (kDa) (~10 kDa) (ug/g) ug/g wetwt. PAHs &Cd

Yaurialay FAS L 10.0-30.0g/11.0 - 14.0 cm E 74,56 - 0.1154 0.0748 Liver
Sillago maculata FA8 M 50 ++, ++ 74,56 - 0.0305 0.0058 Muscle

dautlugad FA9 L 10.0-25.0g/7.6-11.2cm A 74,56 - 0.2331 0.3331 Liver
Leiognathus blochii FA9 M 100 ++ |+ 74,56 - 0.0553 0.0030 Muscle

Jarnm FA10 L 30.0-70.0g/14.0-17.9 cm -+ -,56 - 0.1595 0.1215 Liver
Johnius carouna FAIOM 30 I -,56 - 0.0462 ND Muscle

dananqu 1 FAIl L 20.0-90.0 g./10.9-20.0 cm. ~,- - - ND 2.5532 Liver
Alepes djedaba FA1l M 30 -,- -,- - ND 0.0176 Muscle

dardheazia 1 FAI2 L 50.0-90.0 g./ 14.5-17.8 cm. o+ 74,56 - 0.0371 0.9872 Liver
Terapon jarbua FAI12M 30 ++, ++ 74,56 - ND 0.0031 Muscle

dardhanteu FAI3 L  40.0-100.0g/19.3-25.0cm A+ 74,56 - 0.2597 0.0123 Liver
Grammoplistes scaber FA13 M 15 ++, ++ 74,56 - 0.0226 ND Muscle

amzniuidean FAl4 L  40.0-150.0g/11.5-17.3 cm - o, ++ 0.0565 0.2736 Liver
Scatophagus argus FA14 M 15 -, - -, - ++ 0.0732 ND Muscle

FA15 L  40.0-160.0g/10.6-18.0 cm ++ 0.1237 0.4212 Liver
FA15M 15 -,- -,- ++ 0.0306 0.0039 Muscle

MGG : F = Fish samples , A= Angsila, L=Liver, M=muscle, - : W@, + : HaUIN, ++: wauanmdu, +++ : vavwanduun , ++++ : nauniduuniiga



A1319% 3 Aregamzae1afal 1 IAFaLS $1UIU 60 AL (d0)

Number of CYPIA MT Total PAHs Cd Note.
Sample ID Weight/Total length

fish/sample  Result Band (kDa)  (~10kDa) (ug/g) ug/g wet wt. PAHs &Cd

dardanzin 2 FA16 L 50.0-100.0g/13.3-17.6 cm +,+ 74,56 + ND 1.4457 Liver
Terapon jarbua FAl6 M 30 ot 74,56 =k ND 0.0095 Muscle

oy FA17 L 200-40.0g/11.8-15.9 cm +,+ 74,56 - 0.1004 0.2242 Liver
Rastrelliger brachysoma FA17TM 50 ++,+ 74,56 - 0.1340 0.0013 Muscle

FAI8 L 20.0-50.0g/11.6 - 15.5 cm +H,+ 74,56 - 0.0936 0.2065 Liver
FAI18 M 50 o+ 74,56 - 0.0401 0.0028 Muscle

FA19 L 20.0-60.0g/12.1-17.2cm o+ 74,56 - 0.2470 0.1799 Liver
FAI9M 50 +H 74,56 - 0.0460 0.0026 Muscle

FA20 L 50.0-70.0g/15.2-17.4 cm ++ 74,56 - 0.1202 0.3096 Liver
FA20 M 50 -, 74,56 - ND 0.0017 Muscle

FA2] L 20.0-70.0g/11.7-173 cm | 74,56 - 0.0595 0.3187 Liver
FA21 M 50 | 74,56 - 0.0480 0.0018 Muscle

FA22 L 40.0-90.0g/15.0-20.0 cm = 74,56 - 0.0511 0.2446 Liver
FA22 M 50 ) 74,56 - 0.0179 0.0030 Muscle

tarimieia FA23 L 40.0-100.0g/12.6 - 17.5 cm -,- -,- - 0.1217 0.0079 Liver
Monacanthus chinensis FA23 M 15 -,- -, - - 0.0253 ND Muscle

NUIBNeE - F = Fish samples , A= Angsila, L=Liver, M=muscle, - :NQQU,+ : NAUIN, ++: Na'U’JﬂHTlI, -+ Namm{fumn, 4+ Na‘lJ’JﬂL‘I’l'lm’mﬁfjﬂ



M135199 4 AeE19aImM0e19Aa1 19 IAFAYT T1UIU 60 0814 (410)

Number of CYPIA MT Total PAHs Cd Note.
Sample ID Weight/Total length
fish/sample Result  Band(kDa)  (~10kDa) (ug/g) ug/g wetwt. PAHs &Cd
ansenam FA24 L 40.0-210.0g/31.0-49.5 cm -- -- - 0.1729 0.0452 Liver
Ablennes hians FA24 M 15 -,- N = 0.0864 0.0015 Muscle
FA25 L 150.0 - 430.0 g /43.7 - 57.3 cm -+ -,56 - 0.0928 0.0165 Liver
FA25 M 15 -+ -,56 - 0.0141 0.0013 Muscle
FA26 L 130.0 - 390.0 g / 42.4 - 58.0 cm -+ -,56 - 0.1845 0.0367 Liver
FA26 M 15 -+ -,56 - ND 0.0014 Muscle
danzun FA27 L 60.0-190.0 g/26.6 - 52.1 cm -, - -, - - 0.5632 0.0811 Liver
Himantura signifier FA2TM 5 =5 < 3= & 0.3097 0.0027 Muscle
FA28 L 60.0-210.0 g/24.4-55.5 cm -,- -,- - 0.7754 0.0612 Liver
FA28 M 5 -,- -,- E 0.2710 0.0036 Muscle
darlnanuia FA29 L 90.0 - 220.0 g /42.0 - 50.5 cm -, -, - 0.1737 0.2155 Liver
Anguilla bicolor FA29 M 15 -,- -, - 0.0561 0.0089 Muscle
Umidnu 2 FA30 L 20.0-90.0g/10.8 -21.0 cm R 74,56 - 0.4404 0.5058 Liver
Alepes djedaba FA30 M 50 A 74,56 - ND 0.0033 Muscle

MUY : F = Fish samples , A=Angsila, L=Liver, M=muscle, - :Wa0Y, + : WALIN, ++: wamﬂu’fu, HH  HaLANTNNIN , HH Nﬁﬂ’lﬂlﬂ’l’nnmﬁqﬂ



A19197 5 A0E 1A IYA KaZHIALNS RS- uraNra)l $1UIU 60 AI9819

CYP1A
Number of MT Total PAHs Cd Note.
Sample ID Weight/Total length
fish/sample Result Band (kDa)  (~10 kDa) (ug/g) ug/g wet wt.  PAHs &Cd
YaenuiauIng FMI L 50.0-160.0 g/ 46.0-61.0 cm 30 +, 74,56 - 0.0673 0.0814 Liver
Trichiurus lepturus FM1I M +, ++ 74,56 - 0.0161 0.0025 Muscle
FM2 L 40.0-160.0 g / 42.7-63.0 cm 30 =5 -, 56 - 0.0757 0.0854 Liver
FM2 M -5+ -, 56 - 0.0567 0.0077 Muscle
FM3 L 60.0-140.0 g / 46.5-57.4 cm 30 +,+ 74,56 ++ 0.0590 0.0986 Liver
FM3 M P 74,56 ++ 0.0326 0.0010 Muscle
FM4 L 90.0-200.0 g / 48.5-63.0 cm 30 =k -, 56 =+ 0.1315 0.0914 Liver
FM4 M St -, 56 ++ ND 0.0027 Muscle
FMS L 80.0-200.0 g / 46.5-63.0 cm 30 =t -, 56 = 0.1008 0.1169 Liver
FM5 M -,+ -, 56 - ND ND Muscle
FM6 L 90.0-200.0 g / 49.0-63.5 cm 30 +,+ 74,56 + 0.3435 0.1982 Liver
FM6 M +,+ 74,56 + 0.0257 0.0025 Muscle
FM7L 100.0-230.0 g / 42.0-64.0 cm 30 -, + -, 56 ++ 0.1223 0.0997 Liver
FM7M -,+ -, 56 ++ ND 0.0010 Muscle
FM& L 70.0-190.0 g / 46.0-61.0 cm 30 -,+ -, 56 - 0.2435 0.0974 Liver
FM& M -,+ -, 56 = 0.1347 0.0023 Muscle

Wu0INe : F = Fish samples , M=Maptaphut, L=Liver, M=muscle,- :#00l, + : oV, ++: N’c\‘U’JﬂLﬂTu, ++ : wawanduLIN , NﬂU’JﬂL‘l’l'llmﬂﬁqﬂ



A15197 6 A10619UAWIUAINA LaZHIAULSING- IMaNNE S1UIU 60 AIBE19 (AD)

Number of MT Total PAHs
Sample ID Weight/Total length CYPI1A cd Note.
fish/sample (~10 kDa) (ug/g)
ug/g wetwt. PAHs &Cd
Result Band (kDa)
1Jm?'luuﬁ'a FM9 L  30.0-70.0g/17.3-21.6 cm 30 == = i & 0.0998 0.0102 Liver
Plotosus lineatus FM9 M -, -, - - ND 0.0011 Muscle
Yarsurizéa FMI10 L 130.0-270.0 g/ 17.2-36.0 cm 30 -, -,- - 0.0932 0.0851 Liver
Scomberomorus commersoni FM10 M L N B 0.0211 0.0063 Muscle
ﬂaﬁqu FM11 L 10.0-40.0 g/ 11.0-16.0 cm 50 = - - 0.1242 0.4934 Liver
Alepes djedaba FMI11 M = =y = - ND 0.0093 Muscle
ﬂmn FM12 L  20.0-55.0 g/ 13.0-17.8 cm 50 -,+ -, 56 = 0.0424 1.6588 Liver
Rastrelliger brachysoma FM12 M -, + -, 56 - ND 0.0049 Muscle
FMI3 L 20.0-45.0g/13.5-17.0 cm 50 =5+ -, 56 - 0.1223 0.9841 Liver
FMI3 M -+ -, 56 = ND 0.0048 Muscle
FM14 L 25.0-60.0 g/ 14.0-18.0 cm 50 = b -, 56 - 0.2053 0.8278 Liver
FM14 M =y -, 56 = 0.0369 0.0046 Muscle
ﬂmﬂztﬁumfnﬁu FM15 L  50.0-160.0 g / 16.0-25.0 cm 30 - -, ++ 0.1270 0.1297 Liver
Anodontostoma chacunda FMI5M -, - - ++ ND 0.0012 Muscle
amauds FM16 L 20.0-40.0g/6.2-17.5 cm 50 -, + -, 56 +++ 0.0746 0.3352 Liver
Megalaspis cordyla FM16 M -, + -, 56 4+ 0.0593 0.0044 Muscle

HNUWING) : F = Fish samples , M= Maptaphut, L=Liver, M=muscle,- : HOQU,+ : WAUIN, ++: Nﬁ‘U’Jﬂl'l’l'iJ, +++: wamﬂu’fumﬂ , wamnn’fumnﬁqﬂ



A13190 7 Mot amnua i tazmai$INe- WLaNne $14U 60 @I0819 (A0)

Number of MT Total PAHs Cd Note. PAHs
Sample ID Weight/Total length
fish/sample Band (kDa)  (~10kDa) (ug/g) ug/g wet wt. &Cd
ﬂﬁ’lﬂ’lﬁll%»ﬁ FM17 L  25.0-50.0 g/ 14.5-17.5 cm 50 -, 56 ekt 0.0727 0.5889 Liver
Megalaspis cordyla FM17M -, 56 +++ ND 0.0069 Muscle
(GE)) FMI18 L  20.0-45.0 g/ 14.5-17.0 cm 50 -, 56 + 0.1019 0.4873 Liver
FMI18 M -, 56 ++ ND 0.0071 Muscle
FM19 L 10.0-70.0g/13.3-18.4cm 50 -, 56 ++ 0.1329 0.4673 Liver
FM19M -, 56 ++ 0.0148 0.0062 Muscle
ann FM20 L  15.0-50.0 g/11.0-17.5 cm. 30 74,56 . 0.1531 0.0469 Liver
Johnius carouna FM20 M 74,56 - 0.0383 0.0012 Muscle
o * FM21 L  30.0-60.0 g/ 16.1-19.6 cm. 50 -, 56 +++ 0.1194 0.3352 Liver
Setipinna melanochir FM21 M -, 56 +++ 0.1034 0.0029 Muscle
FM22 L  30.0-55.0g/15.2-19.4 cm 50 74,56 ++ 0.0517 0.2575 Liver
FM22 M 74,56 ++ 0.0297 0.0027 Muscle
FM23 L  35.0-60.0 g/ 15.5-19.5 cm. 50 74,56 +++ 0.1508 0.1936 Liver
FM23 M 74,56 +++ 0.1290 0.0043 Muscle
FM24 L  25.0-50.0 g/ 16.0-19.5 cm 50 -, +++ 0.2616 0.3185 Liver
FM24 M Sl +++ ND 0.0021 Muscle

{ [ ] o [
VUGN : F = Fish samples , M= Maptaphut, L=Liver, M=muscle,- : Naay, + : NALN, ++ : NALINTY, +++ : NALINTUNN | ++++ : HauanduNIniige | * dregianusinriau

o 3/
I U AU RN



A13199 8 pgetaILMIYA agALSING- UaNME T1UIU 60 AIDY13 (AD)

Sample ID Weight/Total length Bberat CYPIA MEL Total PAHs Cd Note. PAHs
fish/sample Result Band (kDa)  (~10 kDa) (ug/g) ug/g wet wt. &Cd
FM25 L  20.0-50 g/ 16.0-19.2 cm 50 +,+ 74,56 +++ 0.2101 0.2634 Liver
FM25 M T 74,56 +++ 0.0606 0.0038 Muscle
FM26 L  10.0-60.0 g/ 13.5-20.0 cm 50 =, -, +++ 0.0663 0.4102 Liver
FM26 M =y =, " -t 0.0243 0.0010 Muscle
daraine * FM27 L 300.0-530.0 g / 43.0-50.0 cm 5 +, 4+ 74,56 H 0.1146 0.4291 Liver
Sphyraena genie FM27 M *+,++ 74,56 =+ 0.0807 ND Muscle
FM28 L  200.0-510.0 g /36.2-48.6 cm 5 +,+ 74,56 +++ 0.1322 0.4003 Liver
FM28 M +,+ 74,56 ++++ 0.0184 ND Muscle
dawdiudng * FM29 L 15.0-40.0g/10.5-14.5 cm 100 -, + -, 56 - 0.2391 0.0803 Liver
Leiognathus fasciatus FM29 M -5+ -, 56 = ND 0.0019 Muscle
daaudulng * FM30 L 40.0-190.0 g / 38.4-62.0 cm. 30 +, 74,56 - 0.1032 0.0842 Liver
Trichiurus lepturus FM30 M +,++ 74,56 - 0.0916 0.0015 Muscle -

TUUING) : F = Fish samples , M= Maptaphut, L= Liver,

o 9,
NI LV ANN N

M=muscle , - : HOQY, + :

{ o [ o [}
HAUIN, ++ : HALIAITH, +++ : HALATIANR , ++++ : KALINTIATGA , * M8t 1uALINIALL



M50 9 MOULLAINIINB AT TINIATALT T1UIU 40 2B

CYP1A Total PAHs cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
Large Size ALl 10.7-47.2 g./6.1-8.4 cm. + 56 0.1333 0.0526
(>6 cm.) AL2 11.0-33.6 g/6.1-9.0cm. + 56 0.2408 0.0549
(n=20) AL3 11.2-39.1 g/6.1-9.5 cm + 56 0.1577 0.0476
AL4 12.5-21.4g/6.1-6.8 cm + 56 0.1596 0.0530
ALS 9.2-19.1g/6.1-7.0 cm ++ 56 0.2993 0.0451
AL6 8.6-18.7g/6.1-7.4 cm ++ 56 0.0819 0.0569
AL7 9.2-21.9g/6.1-7.4 cm ++ 56 0.0179 0.0488
ALS8 9.3-23.2g/6.1-6.7 cm ++ 56 0.0434 0.0503
AL9 12.1-174g/6.1-7.0cm + 56 0.3447 0.0552
AL10 9.6-18.1g/6.1-6.8cm + 56 0.0879 0.0489
AL11 10.1-189g/5.5-7.0cm + 56 0.2156 0.0466
AL12 10.6-19.6g/55-7.0cm + 56 0.0513 0.0385
AL13 104-224g/55-70cm + 56 0.0479 0.0438
ALl4 9.0-213g/55-6.7cm + 56 0.0800 0.0531
ALI1S5 88-204g/58-70cm + 56 0.0707 0.0520
AL16 13.1-18.7g/5.0-73cm + 56 0.0836 0.0415

VNINA : A= Angsila, L=Large, - :Waay,+ : Nauan, ++ : wauanidu, ++: wauanduun , +++: wauanduinnige



M5197 10 MoOUUAIHIINGIIAT TInIATalT 114U 40 42961 (D)

CYPIA Total PAHs Cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
Large Size (ﬁ'ﬂ) AL17 13.7-184¢g/58-7.5cm + 56 0.0179 0.0547
ALI18 13.2-18.7g/6.0-7.1 cm + 56 0.0257 0.0430
AL19 9.8-183g/43-7.1cm + 56 0.1878 0.0413
AL20 9.6-18.1g/6.1-7.3cm it 56 0.0335 0.0420
Small Size AS1 3.6-9.7g./3.9-4.9 cm. + 56 0.0182 0.0478
(<5cm.) AS2 3.4-9.5g./3.7-49 cm + 56 0.0180 0.0471
(n=20) AS3 3.2-8.5g/3.7-49 cm + 56 0.0640 0.0514
AS4 3.5-11.5g/3.7-49 cm + 56 0.0206 0.0504
AS5 3.2-10.0g/3.8-4.9 cm ++ 56 0.1470 0.0410
AS6 3.0-9.6g/2.8-49 cm ++ 56 0.0515 0.0577
AS7 2.9-8.5g/3.6-49 cm ++ 56 0.1085 0.0538
AS8 3.0-8.0g/3.549 cm ++ 56 0.0482 0.0515
AS9 1.8-9.6g/3.3-52cm + 56 0.0177 0.0492
AS10 29-83g/23-55cm + 56 0.1010 0.0561
AS11 33-11.8g/3.4-50cm + 56 0.0286 0.0614
ASI12 33-10.1g/3.5-49cm + 56 0.0183 0.0541

VUUINS : A= Angsila, L=Large,S =Small, - :waay,+ :

HAUN, ++ : NaLIndY, +++ : wauanduNn, ++++ : mauIuLINiige



MINN 11 NO8UNIHINBNAAT 191 IArals 914U 40 10619 (AD)

CYPI1A Total PAHs Cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
Small Size (#19) AS13 22-9.0g/33-5.0cm + 56 0.0178 0.0510
AS14 34-84g/35-49cm + 56 0.1147 0.0508
AS15 24-82g/ 3.6 -4.7 cm + 56 0.0199 0.0494
AS16 37-92g/32-53cm + 56 0.0807 0.0506
AS17 45-10.1g/3.2-53cm + 56 0.0188 0.0479
AS18 59-11.5g/3.2-52cm + 56 0.0460 0.0558
AS19 5.1-11.5g/32-5.1cm + 56 0.0182 0.0488
AS20 6.3-132g/3.1-5.1cm + 56 0.0572 0.0498

NUBING : A= Angsila, S=Small, - :HAQY,+ : NAVIN, ++ : HALINAL, +H+ : HALINTNNN, ++++ : waLINIdUNINTIgA



M1519% 12 MOUUUAIIINUIUMNA FINTATZIDY TIUIU 40 AIBE

CYPIA Total PAHs Cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
Large Size MLI 123-236g/6.1-73cm ++ 56 0.2266 0.0061
(>6 cm.) ML2 10.6-29.1g/6.1-8.0cm ++ 56 0.3739 0.0067
(n=20) ML3 10.9 -27.8g/5.6-7.7cm ++ 56 0.4953 0.0087
ML4 6.1-23.6g/6.1-7.3cm ++ 56 0.1721 0.0063
MLS 10.0-23.2g/6.1 -7.6 cm ++ 56 0.1604 0.0090
ML6 93-218g/6.1-7.1cm ++ 56 0.1614 0.0092
ML7 88-21.0g/6.1-7.0cm ++ 56 0.2868 0.0090
ML38 73-20.7g/6.1-7.1cm ++ 56 0.4845 0.0081
ML9 9.5-219g/6.1-7.0cm +++ 56 0.1704 0.0086
ML10 10.1-19.4g/6.1-6.5cm ++ 56 0.5412 0.0104
MLI11 9.6-24.0g/6.1-73cm ++ 56 0.2370 0.0150
ML12 84-226g/6.1-7.4cm +++ 56 0.4100 0.0151
ML13 12.1-29.0g/6.1 -8.4cm ++ 56 0.1621 0.0142
ML14 126-247g/6.1-7.7cm ++ 56 0.1713 0.0122
ML15 112-244g/ 6.1-73cm ++ 56 0.1743 0.0128
ML16 12.0-25.1g/6.1-7.6cm ++ 56 0.1651 0.0108
WNIWING : M = Maptaphut, L=Large, - :Haay,+ : HaU3n, ++: Nauanida, +++: wauaniduun , +-+ wavaniduniiga



A15199 13 MOULUNAIRVINUIVAINA T91TATZE0T TIUIU 40 A8619 (AD)

CYPIA Total PAHs Cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
ML17 104-23.0g/6.1-72cm ++ 56 0.1687 0.0108
ML18 6.0-30.4g/6.1-8.3 cm ++ 56 0.1637 0.0092
ML19 12.6-28.5g/6.2-8.0cm ++ 56 0.1887 0.0121
ML20 140-258g/6.1-7.5cm ++ 56 0.1705 0.0132
Small Size MSI1 45-129g /40-49cm ++ 56 0.2561 0.0104
(<5cm.) MS2 43-154g/40-49cm ot 56 0.1129 0.0067
(n=20) MS3 39-11.5g/3.2-49cm ++ 56 0.0519 0.0068
MS4 39-133g/3.6-49cm ++ 56 0.2562 0.0086
MS5 3.1-11.1g/4.0-50cm ++ 56 0.2282 0.0099
MSé6 45-11.4g/4.0-49 cm ++ 56 0.1511 0.0146
MS7 44-120g/40-49cm ++ 56 0.2228 0.0143
MS8 50-13.7g/4.0-49cm ++ 56 0.0431 0.0154
MS9 48-105g/3.2-49cm +++ 56 0.3841 0.3017
MS10 46-114¢g/39-49cm +++ 56 0.0311 0.0135
MS11 28-10.7g/3.2-49cm +++ 56 0.0546 0.0190
MS12 39-123g/3.7-49cm +++ 56 0.4036 0.0220

NUIWING : M = Maptaphut, L=Large, S =Small, - :waay,+ : Wauan, ++ : HauInidy, +++ : wauamduann, ++++ : sauanduuniiqa



M13199 14 MRELUNAIINUIVAINA TINTATZEDI TI1UIU 40 AIDY13 (D)

CYPIA Total PAHs Cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
MS13 33-12.0g/3.7-49cm ++ 56 0.1353 0.0195
MS14 29-11.8g/3.1-49cm ++ 56 0.0810 0.0165
MS15 3.1-21.5g/2.8-49cm ++ 56 0.0226 0.0129
MS16 3.0-13.7g/3.0-4.9 cm =t 56 0.2633 0.0150
MS17 2.7-157g/3.0-4.9 cm ++ 56 0.1914 0.0133
MS18 19-11.6g/2.6-4.9cm ++ 56 0.1561 0.0143
MSI19 24-11.1g/2.7-49cm ++ 56 0.0229 0.0153
MS20 25-11.6g/3.0-49cm ++ 56 0.0704 0.0115

WU : M = Maptaphut, L=Large, S =Small, - :waau,+ : #auin, ++: Namnm’fn, et wamm-ﬁ'umn,++++ : wamnu’fnmn‘ﬁqﬂ



M13199 15 MOUNAININUNANADN TIUIAATIA T1UIU 10 #2981

CYPIA Total PAHs Cd
Sample ID Weight/Total length
Result Band (kDa) (ug/g) ug/g wet wt.
Tl 182-51.6g/6.0-8.6cm + 56 0.0000 0.0771
T2 114-525g/ 6.5-8.5cm + 56 0.0000 0.0884
T3 12.8-51.6g/6.4-8.0cm + 56 0.0000 0.0715
T4 18.2-50.0g/6.2-8.6cm + 56 0.0000 0.0818
TS 11.5-51.6g/6.3-9.0cm + 56 0.0000 0.0826
T6 11.8-49.0g/5.5-9.0cm + 56 0.0000 0.0749
T7 12.6-504g/6.0-9.5cm + 56 0.0000 0.0966
T8 12.8-48.0g/6.0-9.5cm + 56 0.0000 0.0874
T9 11.3-483g/55-93¢cm + 56 0.0000 0.0742
T10 13.0-39.4g/6.0-9.0cm + 56 0.0000 0.0732

NINUME : T = Trat, - : HAAY, + : WALIN, ++ : HAUINGY, +++ : NALINTUNN , ++++ : HAUINETNIATIA
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Abstract: In the present study, metallothionein (MT) proteins and cDNA were isolated from Asian sea bass (Lates
calcarifer) livers. Inmunochemical protocols (i.e. an enzyme-linked immunosorbent assay (ELISA) and Western
blot) were developed for quantification of MT protein levels in Asian sea bass. These were applied to analyze MT
protein levels in 15 different feral fish species from two different areas, one urban area Angsila and one industrial
area Map Ta Phut in the Gulf of Thailand. An MT protein band was detected in Shrimp scad (4lepes djadaba)
and Indian ilisha (/lisha melastoma) from both areas. Higher MT protein expressions were seen in shrimp scad
from cadmium-contaminated areas near shore as well as off shore. These results suggest that induction of hepatic
MT immunoreactive proteins in the shrimp scad may be a good early warning signal for heavy metal exposure
in environmental monitoring programmes in Thailand waters. Protocol for quantification of MT mRNA levels in
Asian sea bass was developed using quantitative PCR. Asian sea bass were exposed in the lab to different doses
of CdNO, and sampled at different times after injection. There appears to be a bi-phasic dose-response pattern
with highest MT mRNA levels in fish injected with 4 mg CdNO,/kg. In these fish, the highest expression was seen
after one day and lowest induction after three days. These results suggest that induction of MT mRNA levels in
Asian sea bass liver can be used as a sensitive early warning signal for cadmium exposure in tropical waters.

Key words: Metallothionein, Lates calcarifer, cadmium, fish, tropical waters.

Introduction

The industrial development affects the environment
by increased chemical contaminations where most
chemicals end up in the aquatic environment. This
includes organic chemicals as well as metals. Exposure
to metals can lead to harmful effects in fish and other
aquatic organisms, either as a result of direct exposure

*Corresponding Author

or indirect exposure via the food chain. Human
consumption of fish from areas exposed to metals can
result in adverse health effects (Castro-Gonzélez and
Méndez-Armenta, 2008). Hence, it is important to
monitor levels of metals in the aquatic environment.
However, heavy metals detected in water and sediment
samples may not reflect heavy metal contamination in
fish as the composition of different metal ions may be



54 Chutima Thanomsit et al.

different in the environment compared to that in fish
(Adhikari et al., 2009). For example, cadmium can be
biomagnified in the aquatic food chain (Ruangsomboon
and Wangrat, 2006). Besides, the ionic form of Cd is
usually present as oxygen (CdO,), chloride (CdCl,) or
sulphur (CdSO ,) salts in the environment. In seafood,
the CdCl, is the most dominant form, because of its
higher bioavailability (Castro-Gonzéalez and Méndez-
Armenta, 2008). Environmental exposures to heavy
metals can be assessed by analyzing metallothionein
(MT) levels in animals. There is generally a positive
correlation between MT levels and heavy metal levels
where Cd?* is the strongest inducer of MT (Klaasssen
et al., 1999) and causes most toxic effects in fish and
mammals (Okocha and Adedeji, 2011). Consequently,
induction of MT in fish has been widely used as a
biomarker for metal exposures in temperate waters
(e.g. Lacorn et al., 2001; Linde et al., 2001; Cheung
et al., 2004).

The MT proteins are found in both prokaryotic and
eukaryotic organisms and they are small water-soluble
proteins of 6-10 kDalton, containing 30% cysteine. Due
to the high sulphur content they are able to selectively
bind to metal ions such as Cd, Zn and Cu (Klaasssen et
al., 1999). Although the physiological functions of MTs
have not yet been fully understood, MT proteins are
supposed to be primarily involved in metal homeostasis
and in metal detoxification in pufferfish, Takifugu
obscurrus (Kim et al., 2008).

There are different methods to study MT proteins
in fish. It has been suggested that the UV spectra and
absorbance at 260 nm can be used to confirm that Cd*
binds to MT proteins in rainbow trout (Oncorhynchus
mykiss) and the Amazon fish (Colossoma macroponum)
(Vergani et al., 2003; Honda et al., 2005). Levels of MT
protein levels can be assessed using immunochemical
techniques and specific antibodies to MT proteins. Since
MT proteins are small, relatively high MT protein levels
are needed as antigen for efficient antibody production.
A one-step purification using affinity chromatography
protocol was described for rapid isolation of MT
proteins from the Amazon fish (Honda et al., 2005).
An enzyme-linked immunosorbent assay (ELISA)
was developed to analyze MT protein levels in hybrid
tilapia exposed to Cd*, where elevated hepatic MT
levels were observed 15 days after exposure (Wu
et al., 2007). Furthermore, ELISA and Western blot
protocols have been used to determine MT protein
levels in Lithognathus mormyrus collected from two
Cd* contaminated sites in the Mediterranean Sea. Fish
from the two contaminated sites had 2-fold higher MT

protein levels compared to fish collected from a clean
site (Yodkovski et al., 2008).

Levels of MT mRNA can be characterized using
various molecular techniques. Determination of MT
transcription levels using molecular technique has been
earlier used, because it is a specific and sensitive tool
and can be used as an early warning signal for metal
contaminations in the environment. Hence, a number
of real-time PCR protocols have been developed to
analyze MT mRNA levels in several fish species, e.g.
striped sea bream (Lithognathus mormyrus), tilapia
(Orechromis mossambicus), gudgeons (Gobio gobio)
and sleek unicorn fish (Naso hexacanthus) (Tom et al.,
2004; Cheung et al., 2005; Knapen et al., 2007; Monster
et al., 2010).

The aim of the present study was to isolate hepatic
MT proteins from Asian sea bass (Lates calcarifer)
exposed to CdNO, in the lab and to develop specific
protocols to detect MT mRNA and protein levels using
quantitative reverse transcriptase polymerase chain
reaction (QPCR) and ELISA. The immunochemical
protocols were next applied to determine induction of
MT in feral fish caught from two different locations: one
urban aquacultural area (Angsila, Chonburi Province)
and one industrial area (Map Ta Phut, Rayong Province)
in Thailand.

Materials and Methods

Chemicals

Cadmium nitrate was purchased from Unilab (Australia).
The DNA gel extraction kit was purchased from VWR
(Sweden), RT-PCR kit was from Applied Biosystems
(Sweden) and DNA size marker was from Fermentas
(Sweden). The RNAeasy plus mini kit was obtained
from Qiagen (Sweden). The iScript cDNA synthesis kit
and IQSYBR green supermix used for qPCR analysis
were from BioRad (Sweden). Electrophoresis chemicals
and affinity column chromatography chemicals were
purchased from BioRad Inc. and Amersham Inc.
(Thailand). All other chemicals used were obtained at
the highest purity available from chemical suppliers in
Thailand and Sweden.

Animals

Hatchery Reared Asian Sea Bass

Juvenile Asian sea bass were purchased from Angsila,
Chonburi Province, Thailand and transported to the
Burapha University. The animals were maintained in
2000 L tanks with aerated fresh water at a temperature
of 28 °C and acclimated to these conditions for seven
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days and were starved during the acclimation period.
Five fish were used in each treatment group. For MT
protein isolation, fish with an average body weight of
112 +£0.5 g and Jength of 15 +1.1 cm were used. The big
size of fish was needed to obtain enough amount of liver
in order to yield MT protein. The fish were i.p. injected
with CdNO, to reach a final dose of 4 mg/kg fish which
was an optimal dose to induce MT protein comparing
to 2 and 6 mg/kg fish. The CdNO, was dissolved (6.4
mg/ml) in 50 mM sodium phosphate buffer pH 7.4. For
MT cDNA isolation, fish with an average body weight
of 28 +1.5 g and length of 8 1.1 cm were used. The
fish were i.p. injected with CdNO, to reach final doses
of 2, 4 and 6 mg/kg fish, respectively. Control fish were
i.p. injected with the vehicle carrier alone (1 ml/kg
fish). The fish were kept in 20 L aquaria with aerated
fresh water at a temperature of 28 °C and were starved

n

during the exposure experiment. The fish were sacrificed
by cervical transections after two days for MT protein
analysis and after 1, 2 and 3 days post injection for MT
mRNA analyses. The livers were quickly dissected out,
immediately placed in liquid nitrogen and stored for two
days prior to further processing.

Feral Fish

Fish were caught in year 2011 with hook fishing at
Angsila and Map Ta Phut in Chonburi and Rayong
provinces in the Gulf of Thailand (Figure 1). In total, 15
different species (n = 2 to 90) were collected. The fish
were immediately sacrificed by cervical transections and
their livers were quickly dissected out and placed and
stored in liquid nitrogen prior to analyses. Information
about the fish (species name, dietary preferences, weight
and length) is provided in Table 1.
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Figure 1: Map of the Chonburi province and Rayong province in the Gulf of Thailand. The four sampling
sites are marked on the map. Site 1: Angsila (Near shore; 1-5), Site 2: Angsila (Off shore; 6-9),
Site 3: Map Ta Phut (Near shore; 1-4) and Site 4: Map Ta Phut (Off shore; 5-7).



56 Chutima Thanomsit et al.

Table 1: Western blot and ELISA analyses using mouse PAb raised against Asian sea bass MT in liver of feral fish
caught from four different sites that are shown in Figure 1

Sampling sites Species Dietary Weight/Length MT staining Optical density
preferences (Western blot) of MT protein
(ELISA)
Site 1 Angsila J. carouna Carnivore 73.6-199.7g/ 0.09+0.024
(Near shore) (n=238) 18.0-25.5¢cm.
A. djedaba Carnivore 46.8-93.0 g/ 0.39+0.268
(n=20) 15.0-17.0cm.
S. jello Carnivore 618.5-639.6 g/ 0.05+0.024
(n=2) 51.0-51.2 cm
Site 2 Angsila A. djedaba Carnivore 53.8-97.8 g/ 0.16+0.114
(Off shore) (n=60) 15.3-18.3 cm.
Site 3 Map Ta Phut A. djedaba Carnivore 10.2-43.2 g/ 0.4120.058
(Near shore) (n=60) 10.5-16.8cm.
M. cordyla Carnivore 22.6-40.0 g/ 0.06+0.044
(n=40) 13.0-16.8 cm
I melastoma Carnivore 15.0-44.6 g/ 0.32+0.28
(n=160) 8.7-17.5 cm.
L. fasciatus Carnivore 10.6-29.2.6 g/ 0.07+0.024
(n=90) 7.5-13.0 cm.
S. melanochi Carnivore 33.2.0-79.4 g/ 0.07+0.034
(n=60) 16.0-21.7 cm.
S. maculate Carnivore 32.4-76.8 g/ 0.07£0.024
(n = 40) 14.0-16.6 cm.
R. brachysoma Carnivore 18.2-444 g/ 0.12+0.06*
(n=90) 12.5-15.4 cm
S. commersoni Carnivore 33.8-974 g/ 0.04+0.024
(n=14) 16.3-25.0 cm.
A. dorab Carnivore 180.0-350.0 g/ 0.06+0.014
(n=4) 38.0-48.0 cm
A. chacunda Scarvenger 46.6-60.8 g/ 0.05+0.014
(n=10) 14.8-16.0 cm
T lepturus Carnivore 125.0-240.0 g/ 0.06+0.014
(n=10) 52.0-64.0 cm
Site 4 Map Ta Phut A. djedaba Carnivore 24.1-48.6g/ 0.07+0.024
(Off shore) (n=30) 11.5-14.5 cm
S Jjello Carnivore 65.0-335.0g/ 0.09+0.014
(n=2) 21.0- 42.0 cm
A. indica Carnivore 45.5-145.0 g/ 0.04+0.00%
(n=15) 11.5-22.0 cm
L. blochii Omnivore 14.4-26.4 g/ 0.08+0.00%
(n=30) 9.0-11.5 ecm

- No intensity; + Weak intensity; ++ Strong intensity: Mean + SD, p < 0.05

Comparison of optic density at 490 nm using ELISA detection on feral fish from Angsila and Map Ta Phut areas were analyzed
by one way ANOVA with SNK’s comparison. Different letters (A and B) indicate a significant difference (p < 0.05). Each
value represents mean optical density of each fish species + SE.
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Isolation of MT Protein from Asian Sea Bass Liver
Livers from individual fish were homogenized (35%
w/v) in 50 mM Tris-HCI, pH 7.4; containing 0.1 mM
PMSF, 0.5 mM DTT and 150 mM NaCl in a glass-
teflon homogenizer. The homogenate was centrifuged at
15000 g for 90 min at 4 °C and the supernatant was
immediately applied to a HiTrap™ Chelating HP
column saturated with NiSO,.6H,0. The MT fraction
was eluted using a continuous gradient imidazol (0-50
mM) dissolved in 50 mM Tris-HCI pH, 7.4, at a flow
rate of 1 ml/min. Fractions of 1.5 ml were collected
and each fraction was next detected by separation
using SDS-PAGE and 15% acrylamide according to
standard protocols. The protein bands were stained
with Coomassie Brilliant Blue R-250. The MT positive
fractions were further analyzed using an electro-eluter
and the MT proteins were stored at —20 °C. The protein
concentrations in the MT containing fractions were
determined using the Bradford reagent method using
bovine serum albumin as a protein standard and analyzed
according to the protocol provided by the manufacturers.
The purified MT protein fraction was characterized
by analyzing the absorbance at 260 nm after adding
increasing concentrations of CdNO, from 8, 16, 24, 32,
40, 48, 56, 64, 72 to 80 uM. The A, absorbances were
plotted against CANO, concentrations.

Production of Polyclonal Antibodies

against Asian Sea Bass MT

Four ICR male mice of eight weeks old and 25 g of
body weight were i.p. injected with an initial dose
of 300 ug purified MT protein from Asian sea bass
liver mixed with complete Freund’s adjuvant. Next,
booster doses each with 300 pg MT protein mixed with
incomplete Freund’s adjuvant were i.p. injected after
two and four weeks, respectively. Seven days after the
final antigen boost, the mice were bled from the tail
vein to obtain polyclonal antibodies (PAb). Serum were
collected and stored at —20 °C. The specificity of the
PAb to MT proteins was determined using Western blot
and ELISA analyses (data not shown).

Isolation of an MT cDNA from

Asian Sea Bass Liver

Pieces of liver tissues of about 30 mg were quickly
dissected out and immediately placed in RNA
later solution (Sigma, code No. R0901, purchased
in Thailand) and transported to the University of
Gothenburg in Sweden. Preserved liver tissue, carried
by the air plane which was spending around 15 hours
at room temperature, samples were immediate placed in

—20 °C upon arrival to Sweden. The total RNA fraction
was isolated using the RNeasy plus mini kit with DNA
elimination. The concentration and quality of the RNA
samples were analyzed using the Experion system and
RNA StdSens analysis kit from BioRad. The RNA
samples with acceptable concentrations and quality for
PCR analysis were selected and stored at —80 °C. Total
RNA (1 pg) was reversed transcribed using the PCR kit
from applied Biosystems and universal primers.

The PCR was next carried out using primers designed
against conserved regions of MT genes obtained from
GenBank from four different fish species (i.e. killifish,
Japanese medaka, zebrafish and rainbow trout). The
forward primer was 5'-ATG GA(C/T) CC(C/T) TG(C/T)
GA(A/C/G) TGC-3' and the reverse primer was 5'-CAC
(G/A)CA GCC (T/A)GA (G/T/A)GC (G/A)CA-3'.
Three different annealing temperatures were tested,
45 °C, 50 °C and 55 °C, respectively. The samples
were first denaturated at 94 °C for 5 min followed by
30 cycles [denaturation at 95 °C for 30 s, annealing at
45 °C, 50 °C or 55 °C for 30 s, polymerization at
72 °C for 45 s]. The PCR products were analyzed on
2% agarose gels stained with ethidium bromide and
visualized in UV light. The PCR bands were excised
from the agarose gel and the DNA were purified using
a Gel extraction kit from Omega Biotek. The DNA
samples were sequenced by Eurofins MWG Gmbt
(Ebersberg, Germany). A 150 base pair long cDNA
sequence was obtained and positive identification to
MT was confirmed using a BLAST search against NCBI
GenBank database.

Phylogenetic Analysis

The deduced amino acid sequence of the partial MT
cDNA sequence from Asian sea bass was aligned
using Clustal X2 with MT sequences from 13 fish
species, i.e. Java medaka (Oryzias javanicus), Indian
medaka (Oryzias melastigma) MT, Japanese medaka
(Oryzias latipes) MT, gold fish (Carassius auratus)
MT, chum salmon (Oncorhynchus keta) MT A,
rainbow trout (Oncorhynchus mykiss) MT A, pink
salmon (Oncorhynchus gorbuscha) MT A, coho salmon
(Oncorhynchus kisutch) MT A, arctic char (Salvelinus
alpinus) MT A, European grayling (Thymallus
thymallus) MT A, chinook salmon (Oncorhynchus
tshawytscha) MT A, Atlantic salmon (Salmo salar) MT
and MT A. A phylogenetic tree was next constructed
on the fish MT amino acid sequences using neighbour-
joining analysis with MEGA 5.1 model. The robustness
of the tree topology was determined using bootstrap
analysis with 1000 pseudo-replicates.
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Quantitative Reverse Transcriptase PCR (qPCR)
Analysis of MT mRNA Levels

Gene specific primers targeted to the Asian sea bass
MT cDNA sequence were designed for gPCR analyses
and synthesized by Eurofins MWG. The qPCR primers
were: forward 5'-CAC CTG CAC AAC TGC TCC
TG -3" and 5'-ACG CAG CCT GAG GCA CAC T-3'.
The gPCR was done with IQ SYBR green super mix
and instrument iCycler/MyIQ from BioRad, and 25 ng
of transcribed total RNA template was used in each
reaction in a total volume of 25 ul with 0.5 pM of each
primer. The following PCR profile in 40 cycles was used
[94 °C for 20 s, 60 °C for 20 s, 72 °C for 30 s].

Statistical Analysis

Statistical analysis of MT protein levels from feral
fish were performed by a one way analysis of variance
(ANOVA) procedure, significant differences was
considered at p < 0.05. Statistical analysis of MT mRNA
expression levels from CdNO, Asian sea bass was
evaluated by a two-way analysis of variance (ANOVA)
with SNK’s comparison and significant differences was
considered at p < 0.05. The data are presented as mean
(n=5) + standard error (SE).

Results

Isolation of MT Protein from Asian Bass and
Development of Antibodies

A 10 kDalton protein from juvenile Asian sea bass
liver was isolated and purified using metal affinity
column chromatography followed by electro-elution.
The isolated protein was characterized by analyzing
absorbance at 260 nm upon addition of increasing
concentrations of CdNO,. There was a positive
correlation between A,  and CdNO, concentrations
(Figure 2). This positive correlation supports that the
isolated protein is an MT protein. This protein was next
used for immunization of mice for production of PAb.
These PAb recognized a 10 kDalton protein band in a
Western blot loaded with 40-70 ug MT proteins from
CdNO,-treated Asian sea bass (Figure 3).

Isolation of MT cDNA Fragment from Asian Sea
Bass

A 150 base pair cDNA sequence was isolated using
a reverse transcriptase approach and primers against
conserved regions in fish MT genes. This PCR
product was obtained using the highest annealing
temperature tested (55 °C) but not at the lower annealing
temperatures (i.e. 45° and 50 °C) tested (Figure 4). The

1.2 y=0.0135x+0.0491
R?=0.9959

Abs 260 nm

Cd2+,pm
0 20 40 60 80 100

Figure 2: Absorbance at 260 nm was analyzed in the
purified proteins after addition of 8-80 pM of CdNO, for
MT characterization.
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Figure 3: The specificity to MT of PAb (diluted 1:200)

was analyzed in Western blot in serial dilutions

of MT protein from CdNO,-treated Asian sea bass.

The gel was loaded as followed: molecular mass

marker (MM); MT protein from CdNO,-treated Asian
sea bass 10-70 pg protein/lane (lanes 2-8).

PCR product was sequenced and the deduced amino
acid sequence aligned with other fish and mammalian
MT sequences (Figure SA-B). The Asian sea bass MT
showed 56-65% amino acid sequence identity with other
fish MT genes (Table 2). Phylogenetic analyses further
shows that Asian sea bass MT forms a cluster with the
medaka MT genes (Figure 5C).

MT mRNA Analysis Using gPCR

A qPCR protocol was developed for mRNA analyses
in Asian sea bass exposed to CdNO, (2, 4 or 6 mg/kg)
in a dose-response and time course study (1, 2 and 3
days). There appears to be a bi-phasic dose-response
pattern with highest MT mRNA levels in fish injected
with 4 mg CdNO,/kg. These fish had 7-fold higher MT
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2 3 4 5
Figure 4: Optimization of reverse transcriptase PCR protocol for isolation of a 150 base pair MT cDNA fragment
from the liver from Asian sea bass, using three different annealing temperatures 45 °C (lanes 1 and 4), 50 °C
(lanes 2 and 5) and 55 °C (lanes 3 and 6), respectively. The PCR products were analyzed on 2% agarose gel
stained with ethidium bromide and visualized by UV-light. Lanes 1-3: fish treated with the vehicle
carrier (phosphate buffer); Lanes 4-6: fish treated with CANO, (6 mg/kg fish); Lane 7: Negative control
and Lane 8: DNA size marker.
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ATGGATCCTTGTGAGTGCCAAGAGTGGAACCTGCAACT GCGGGGGATCCTGCACCTGCACAACTGCTCCTGT
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ACCACCTGCAAGAAGAGCTGCTGCGCATGCTGCCCGTCCGGCTGCAGCAAGTGTGCCTCAGGCTGCGTA
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Figure 5(A): Deduced amino acid sequence of Asian sea bass partial cDNA MT sequence.

Asian sea bass
AAB32777
ABAQ03252
ABAO3254
ABA03251
ABAO03255
NPO01117149
ACNOS889
AAP31403
ABAD3250
AEZ55097
AAWB3513
NP001098255
NP001134810
AAP97267
AAA20233
Clustal Consensus

MDP--CECQE WNLQLRG-IL ELHNCSCTTC
MDP--CECAR TGACNCGATC RCTNCQCTTC
MDP--CECSK TGSCNCGGSC KRCSNCACTSC
MDP--CECSK TGSCNCGGSC KCTSNCACTSC
MDP--CECSK TGTCNCGGSC KCSNCACTSC
MXP--CECSK TGSCNCGGSC RUSNCACTSC
MDP--CECSK TGSCNCGGSC RCSNCACTSC
MDP--CECSK TGSCNCGGSC KUSNCACTSC
MDP--CECSK TGSCNSGGSC RCUSNCACTSC
-DP-~-CECSK TGSCRCGGSC RUSNCACTSC
MDP--CDCSK TGKCNCGGSC TCANCSCTSC
MDP--CDCSK TGRCNCGGSC TCANCSCTSC
MDP--CDCSK TGKCNCGGSC TCTNCSCTSC
MDP--CDCSK TGRCSCGGLC RCTNCGCA--
MDPN-CSCTT GVSCACTGSC RCKECRTTSC
MDPGECTCMS GGICICGDNC KRTTTCSCKTC
* ok ok * *

RR-SCCACCP
KR-SCCFCCP
KRASCCDCCP
RRASCCDCCP
RRASCCDCCP
RRASCCDCCP
RKASCCDCCP
RRASCCDCCP
RKASCCDCCP
RKPSCCDCCP
RK-SCCACCP
RR~-SCCACCP
RR-SCCACCP
~TRSCCSCCP
RK-SCCSCCP
RK-SCCPCCP

L hEk kkk

SGCSRCASGC Vemmmmmmmm —mmm 47
SGCSRCASGC VCN-GNSCGS SCOQ 60
SGCSKCASGC VCR-GXTCDT SC-- 59
SGCSRCASGC VCR-GRTCDT SCC- 60
SGCSRCASXC VCR-GHTCDT IC-- 59
SGCSRTASGC VCR-GRTCDT SC-- 5
SGCSRTASGC VCR-GKTCDT SCCQ &1
SGCSRTASGC VCR-GRTCDT SCCQ 61
SGCSRTASGC VCR-GRTCDT SCCQ 61
SGCSRCASGC VCR-GRTCDT SCCQ 60
SGCTRCASGC VCR-GRTRDK SCCQ 60
SGCTRCASGC VCR-GRTCDR SCCQ 60
SGCTRCASGC VCK-GRTCDT TCCQ 60
TGCSRCASGC VCREGRTCDT SCCQ 53
VGCARCAHGC VCR-GTLENC SCCA 61
PGCARCARGC ICKR-GGSDRT SCCP €2

Figure 5(B): Alignment of Asian sea bass MT amino acid sequence with the corresponding region of other fish

and mammalian MT genes obtained from the GenBank database. These MT genes are C. auratus (AAB3277),

O. kisutch (ABA03252), O. keta (ABA03254), O. gorbuscha (ABA03251), O. tshawytscha (ABA03255),

S. salar (ACNO09889), O. mykissgairdneri (NP001117149), S. alpinus (AAP31403), T. thymallus

(ABA03250), O. melastigma (AEZ55097), O. javanicus (AAW83513), O. latipes (NP001098255),
S. salar (NP001134810), H. sapiens (AAP97267) and M. musculus (AAA20233).

wn
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S.salar, MT A (ACN093889)

S. alpinus, MT A (AAP31430)
O. nykiss gatrdneri, MT A (NP001117149)

O. tshansytseha, MT A (ABA03235)
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Figure 5(C): Phylogenetic tree of MT amino acid sequences from 13 different fish species was

constructed using Neighbour-Joining and the MEGA 5.1 model. The tree was rooted with

the MT protein sequences from human (AAP97267) and mouse (AAA20233). Robustness
of tree topologies was evaluated by bootstrap analysis with 1000 pseudo-replicates.

Table 2: Amino acid sequence identity between Asian sea bass MT and MT deduced amino acid
sequences from other fish species according to NCBI BLAST

Fish species GenBank Sequence identity
Accession number (%)

Java medaka AAWS83513.2 65
Oryzias javanicus (MT)

Indian medaka AEZ55097.1 65
Oryzias melastigma (MT)

Japanese medaka NP001098255.1 65
Oryzias latipes (MT)

Gold fish AAB32777.1 65
Carassius auratus (MT)

Chum salmon ABA03254.1 63
Oncorhynchus keta (MT A)

Rainbow trout NP001117149.1 63
Oncorhynchus mykiss (MT A)

Pink salmon or Humpback salmon ABA0352.1 61
Oncorhynchu sgorbuscha (MT A)

Coho salmon ABA03252.1 63
Oncorhynchu skisutch (MT A)

Arctic char AAP31403.1 63
Salvelinus alpinus (MT A)

European grayling ABA03250.1 63
Thymallus thymallus (MT A)
Oncorhynchus tshawytscha (MT A) ABA03255.1 61

Atlantic salmon NP 001117149.1 59
Salmo salar (MT A)

Atlantic salmon NP 001134810.1 56

Salmo salar (MT)
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mRNA levels compared to non-treated fish (Figure 6).
In fish exposed to 4 mg/kg there was a time difference
in MT induction with highest expression after one day
and lowest induction after three days. However, in fish
treated with the lower dose 2 mg/kg and the highest
dose 6 mg/kg there were no apparent effect of duration
of exposure (Figure 6). Although, in fish injected with
the highest dose (6 mg/kg) had hemorrhage and 30%
mortality was evident after day 2 in this treatment group,
which suggests that this dose of CANO, was lethal for
Asian sea bass.

Detection of MT Proteins in Feral Fish from the
Gulf of Thailand

The mouse PADb raised against Asian sea bass MT was
applied to detect MT protein levels in 15 different fish
collected in the Gulf of Thailand. Four different sampling
sites (Figure 1) were selected: Klong Bangprong Angsila
(Site 1, near shore), Klong Bangprong Angsila (Site 2,
off shore), Map Ta Phut (Site 3, near shore) and Map
Ta Phut (Site 4, off shore). Western blot and ELISA
techniques were used to detect MT immunoreactive
proteins in livers from these fish. Western blot analysis
detected MT proteins in three of these four sampling

sites. Besides, of all 15 species tested only two species
had detectable MT protein bands. Thus, at sites 1 and
2, an MT protein band was detected in shrimp scad
(Alepes djadaba). In site 3, an MT protein band was
also observed in shrimp scad as well as in Indian ilisha
(Ilisha melastoma). In site 4, no MT protein band was
observed in any of the four fish species analyzed. The
Western blot results were confirmed using ELISA
showing increased MT protein levels in shrimp scad
from site 1, 2 and 3 and in Indian ilisha from site 3
(Table 1).

Discussion

Biomarkers

The most compelling reason for using biomarkers
in environmental risk assessment is that they can
give information about biological effects in wildlife.
Besides, biomarkers also provide information on type
of exposure in the environment. There are classical
biomarkers such as induction of detoxification
enzyme cytochrome P450 1A (CYP1A), which is a
good biomarker for aromatic hydrocarbon exposure
(Mihailovic et al., 2010); induction of the egg-yolk

0.4 -

0.35 1

0.3 A

0.25 1

0.2

1

0.15

0.1 A

0.05 A

non vehicle 2mg 2mg 2mg 4mg 4mg 4mg 6mg 6mg 6mg
treated control Cddl Cdd2 Cdd3 Cddl Cdd2 Cdd3 Cddl Cdd2 Cdd3

Figure 6: Expressions of MT mRNA levels were analyzed using quantitative PCR (qQPCR) in livers

from juvenile Asian sea bass. The fish were i.p. injected with CANO, at 2, 4 or 6 mg/kg fish and the

fish were sacrificed 1, 2 or 3 days post injection compared with untreated group and vehicle control

group by two-way ANOVA. The values are presented as mean (n = 3) £ SE. * mean significant
difference from untreated group and vehicle control group (p < 0.05).
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precursor vitellogenin is a biomarker for estrogenic
exposure (Hennies et al., 2003); and induction of MT is
a biomarker for heavy metal exposure (Langston et al.,
2001). Theses biomarkers have been commonly used in
various biomarker programmes in temperate waters and
have aided to decrease certain anthropogenic chemicals
into the environment in Europe and North America.
In tropical waters, less has been studied and there is a
need to develop biomarkers that can be used to assess
chemical exposures in these areas. In a previous study,
we isolated and characterized CYP1A from Asian sea
bass and applied it as a biomarker for exposure to
aromatic hydrocarbons such as petroleum hydrocarbons
in the Gulf of Thailand (Kanchanopas-Barnette et al.,
2010). In addition to aromatic hydrocarbons, this area
is also exposed to heavy metals. Therefore, our research
aimed to study MT in fish in tropical areas and to
develop a biomarker as an early warning signal for
heavy metal pollution in tropical fish species.

Isolation of MT from Fish

In the present study, an MT protein was isolated from
Asian sea bass and used to immunize mice to develop
immunochemical protocols (i.e. Western blot and
ELISA) to quantify MT proteins in Asian sea bass
liver with a calculated molecular mass of 10 kDalton.
Moreover, MT protein in CdNO, injected group was
higher than in control fish. A study in the Amazon
fish (Colossoma macropomum) showed induced MT
protein levels 48 h post injection with CANO, and 8-9
kDalton MT protein was isolated using a Hitrap column
and a G-25 column (Honda et al., 2005). It is possible
that there are multiple MT isoforms in fish. In fact,
different MT isoforms of 37.7, 16.5 and 16.0 kDalton
were isolated from hepatopancreas in white shrimp
(Litopenaeus vannamei) exposed to CdCl, and ZnSO,,
using gel filtration chromatography of Wu and Chen
(2005). In addition, two MT isoforms, between 6 and 10
kDalton, were isolated from crab (Portunus pelagicus)
(Ang and Chong, 1998). However, the methods used to
isolate MT proteins also need to be considered and that
exposure conditions needs to be carefully considered.
For example, tissue differences as well as possible
differences in metal ion binding between different MT
isoforms was suggested in brown trout (Salmo frutta)
sampled from two different rivers in Norway, one
contaminated with Cu ions and the other contaminated
with Cd and Zn ions (Olsvik et al., 2001). At this stage,
we do not know if there is more than one MT form in
Asian sea bass. In the present study, we isolated a 150
base pair cDNA sequence from Asian sea bass using

a PCR based approach. This sequence showed up to
65% amino acid sequence identity with other fish MT
sequences obtained from the GenBank database. The
phylogenetic analyses suggested that the Asian sea bass
sequence clusters with the medaka MT genes.

Responsiveness to Cd** Exposure in Lab Studies

Acute and chronic effects of Cd ion exposures have
been earlier described in different aquatic organisms
(Castano et al., 1998). The present study was undertaken
to explore dose response and duration of MT mRNA
levels in Asian sea bass exposed to CdNO, using qPCR.
A bi-phasic dose response pattern was seen with highest
induction of MT mRNA in Asian sea bass injected with
4 mg/kg fish and a higher dose (6 mg/kg) resulted in
toxic effects e.g. bleeding and death, which probably
explains the lower inducibility of MT gene expression
in these fish. In fish treated with 4 mg/kg, highest MT
mRNA levels were seen 24 h post injection. Thus, a
7-fold induction was observed in these fish compared
to control fish. Increased expression of MT mRNA
levels have also been reported in Zilapia (T aurea x
T nilotica) exposed to 5 mg Cd*/kg, where a 15-fold
increase was seen after 24 h (Cheung et al., 2004). In
addition, induced MT mRNA levels also have been
reported in the obscure pufferfish (Takifugu obscures)
after 24 h exposure to various doses of CdCl,, ranging
from 50 to 5000 ppb (Kim et al., 2008). Dose-dependent
differences in MT mRNA have been proposed by others
(Kim et al., 2008). In turbot (Scophthalmus maximus),
exposure to a low dose of CdCl, (75 pg/kg) and the
high dose at 500 pg/kg resulted in different responses
on hepatic MT mRNA levels. Hence, a 4-fold increase
in MT mRNA levels was seen in turbot exposed to low
dose, whereas a 30-fold increase was seen in turbot
exposed to the high dose. In addition to a dose-response
relationship, there were time effects. In turbot exposed
to the high dose, no chance in MT mRNA levels was
observed after 21 days, but in fish exposed to a low dose
lower MT mRNA levels were seen after 21 days (George
et al., 1996). The decline in MT mRNA levels in Asian
sea bass and Tilapia (Cheung et al., 2004) exposed to
6 and 10 mg/kg Cd*, respectively, is probably due
to a general toxic effect. In fact, in the present study
exposure to 6 mg/kg resulted in 30% mortality. Hence,
gene expression of MT mRNA is dependent on dose and
duration of exposure and it is likely that the route of
exposure as well as other factors such as temperature,
season and species affect MT inducibility. Nevertheless,
data from our lab, and from others, strongly supports
the usefulness of analyzing MT mRNA levels in fish
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using qPCR for establishing sensitive and specific early
warning biomarkers in order to assess environmental
exposures to heavy metals.

Induction of MT Levels in Wildlife Fish

Cadmium in the liver of feral fish in this study was not
measured body burden because of very costly, problem
of low-limited detection of equipment and need to pool
many liver samples. Thus, alternatively screening studied
for heavy metal contaminant by using antigen-antibody
based technique having the advantage of high specific,
cheaper, rapidly, and can be applied to many samples. In
the present study, we applied immunochemical protocols
to investigate MT protein levels in feral fish from two
different locations: the urban Angsila area and the
industrial Map Ta Phut area in the Gulf of Thailand. Qur
results imply that feral fish have been exposed to heavy
metals as indicated by the strong MT immunoreactive
proteins in some of the fishes determined by Western
blot analyses. Fish collected from Map Ta Phut (Site 3,
near shore) had highest levels of MT proteins compared
to the other three sites. Cadmium contamination has
earlier been reported in this industrial area. Thus, in
Map Ta Phut, 0.001-0.005 mg Cd*/L was detected in
2005 (Saengsupavanich et al., 2009). The safety limit
for Cd ions is 0.005 mg/L according to the Thailand
national standard.

In the present study, increased MT protein levels were
seen in two fish species of totally 11 species analyzed
near the shore, which suggests that these fish have been
exposed to Cd ions. However, in fish collected off shore
no MT proteins were detected. Increased levels of MT
immune reactive proteins have also been reported in
sentinel fish (Lithognathus mormyrus) collected from
a polluted site in Israel along the Mediterranean coast,
compared to fish from a cleaner site over a two-year
sampling period (Yudkovski et al., 2008). Of all 15
different fish species analyzed, two species shrimp
scad and Indian ilisha had statistically significantly
higher MT protein levels compared to other fish from
the Angsila and Map Ta Phut areas. Hence, both the
aquaculture area in the urban Angsila and the industrial
Map Ta Phut seem to be contaminated by heavy
metals. Besides, in the aquaculture areas increased MT
protein levels were also seen in fish sampled from off
shore. The study implies that this aquaculture area is
also exposed to heavy metals. It should be noted that
dietary preferences may affect the responsiveness in the
different fish species analyzed and this needs further
investigations. However, shrimp scad seems to be a
suitable fish for future biomonitoring programmes of

heavy metal exposure in this area because it is the only
sentinel species that can be found in both areas and it
also had the highest MT protein levels.

Conclusions

Hepatic Asian sea bass MT protein and partial
cDNA sequence were isolated and used to develop
immunochemical protocols for MT mRNA and protein
quantifications. These protocols were used to analyze
MT mRNA and protein levels in Asian sea bass
exposed to CANO, in the laboratory. In addition, the
immunochemical protocols were used to analyze MT
protein levels in feral fish collected from two different
areas in Thailand: one industrial area and one urban
aquaculture area. The data suggested that fish are more
exposed to heavy metals near shore compared to off
shore in the urban aquaculture site. Furthermore, the
results suggest that the shrimp scad may be a good
candidate fish species for environmental monitoring
programmes in Thailand waters.

Acknowledgements

This work was supported by grant from the Center of
Excellence on Environmental Health and Toxicology,
Bangkok, Thailand. Malin Celander is supported
by grants from the Swedish Research Council for
Environment and Agricultural Sciences and Spatial
Planning (FORMAS) Grant No. 2007-468 and the
University of Gothenburg, Sweden.

References

Adhikari, S., Ghosh, L., Giri, B.S. and S. Ayyappan (2009).
Distributions of metals in the food web of fishponds of
Kolleru Lake, India. Ecotoxicology and Environmental
Safety, 72: 1242-1248.

Ang, S.G. and P.S. Chong (1998). Purification of metal-
lothionein proteins from the crab, Portunus pelagicus-
selectivity of hydrophobic interaction chromatography.
Talanta, 45: 693-701.

Castafio, A., Carbonell, G., Carballo, M., Fernandez, C.,
Boleas, S. and J.V Tarazona (1998). Sublethal effects
of repeated intraperitoneal cadmium injections on
rainbow trout (Oncorhynchus mykiss). Ecotoxicology and
Environmental Safety, 41: 29-35.

Castro-Gonzaalez, M. and I. Méndez-Armenta (2008). Heavy
metals: Implications associated to fish consumption.
Environmental Toxicology and Pharmacology, 26: 263-
271.



338743

64 Chutima Thanomsit et al.

Cheung, A.P.L., Lam, T.H.J. and K.M. Chan (2004).
Regulation of 7ilapia metallothionein gene expression
by heavy metals ions. Marine Environmental Research,
58: 389-394.

Cheung, PL.A., Lam, V.K.L. and K.M. Chan (2005). Tilapia
metallothionein genes; PCR-cloning and gene expression
studies. Biochimica et Biophysica Acta, 1731: 191-201.

George, S.G., Todd, K. and J. Wright (1996). Regulation of
metallothionein in Teleost: Induction of MT mRNA and
protein by cadmium in hepatic and extra hepatic tissues
of marine flatfish, the turbot (Scophthalmus maximus).
Comparative Biochemical and Physiology, 113C(2):
109-115.

Hennies, M., Wiesmann, M., Allner, B. and H. Sauerwein
(2003). Vitellogenin in carp (Cyprinus carpio) and perch
(Perca fluviatilis): Purification, characterization and
development of an ELISA for the detection of estrogenic
effects. The Science of the Total Environment, 309: 93-
103.

Honda, R.T., Aradjo, R.M., Horta, B.B., Val, A.L. and M.
Demasi (2005). One-step purification of metallothionein
extracted from two different sources. Journal of
Chromatography B, 820: 205-210.

Kachanopas-Barnette, P., Mokkongpai, P., Wassmur, B.,
Celander, M.C. and P. Sawangwong (2010). Molecular
characterization of cytochrome P450 1A (CYP1A) in Asian
sea bass (Lates calcalifer Bloch) and its application as a
biomarker in the Gulf of Thailand. Asian Journal of Water,
Environment and Pollution. 7(2): 43-51.

Kim, J.H., Wang, S.Y.. Kim, 1.C,, Ki. J.S., Raisuddin,
S., Lee, J.S. and K.N. Han (2008). Cloning of river
pufferfish (Takifugu obscurrus) metallothionein cDNA
and study of its induction profile in cadmium-exposed
fish. Chemosphere, 71: 1251-1259.

Klaassen, C.D., Lui, J. and S. Choudhuri (1999). Metal-
lothionein: An Intracellular Protein to Protect Against
Cadmium Toxicity. Annual Review of Pharmacology and
Toxicology, 39: 267-294.

Knapen, D., Reynders, H., Bervoets, L., Verheyen, E. and R.
Blust (2007). Metallothionein gene and protein expression
as a biomarker for metal pollution in natural gudgeon
populations. Aquatic Toxicology, 82: 163-172.

Lacorn, M., Lahrssen, A.. Rotzoll, N., Simat, T.J. and
H. Steinhart (2001). Quantification of metallothionein
isoforms in fish liver and its implications for biomonitoring.
Environmental Toxicology and Chemistry, 20(1): 140-
145.

Langston, W.J., Chesman, B.S., Burt, G.R., Pope, N.D. and J.
McEvoy (2001). Metallothionein in liver of eels Anguilla
anguilla from the Thames Estuary: An indicator of
environmental quality? Marine Environmental Research,
53: 263-293.

Linde, A.R.. Sanchez-Galéan, S., Vallés-Mota, P. and E.
Garcia-Vazquez (2001). Metallothionein as bioindicator of
freshwater metal pollution: European eel and brown trout.
Ecotoxicology and Environmental Safety, 49: 60-63.

Mihailovié, M., Petrovic, M., Grdovié¢, N., Dinic, S.,
Uskokovié, A., Vidakovi¢, M., Grigorov, ., Bogojevic,
D., Ivanovié-Mati¢, S., Martinovié¢, V., Arambasié, J.,
Joksimovi¢, D., Labus-Blagojevié, S. and G. Poznanovié
(2010). CYP1A and metallothionein expression in the
hepatopancreas of Merluccius merluccius and Mullus
barbatus from the Adriatic sea. Journal of Serbian
Chemical Society, 75(8): 1149-1159.

Montaser, M., Mahfouz, M.E., El-Shazly, S.A.M., Abdel-
Rahman, G.H. and S. Bakry (2010). Toxicity of heavy
metals on fish at Jeddah coast KSA: Metallothionein
expression as a biomarker and histopathological study
on liver and gills. Journal of Fish and Marine Science,
2(3): 174-185.

Okocha, R.C. and O.B. Adedeji (2011). Overview of
Cadmium Toxicity in Fish. Journal of Applied Sciences
Research, 7(7): 1195-1207.

Olsvik, P.A.. Hindar, K., Zachariassen, K.E. and R.F. Anderson
(2001). Brown trout (Salmo trutta) metallothionein as
biomarkers for metal exposure in two Norwegian rivers.
Biomarker, 6(4): 274-288.

Ruangsomboon, S. and L. Wongrat (2006). Bioaccumulation
of cadmium in an experimental Aquatic food chain
involving phytoplankton (Chlorella vulgaris), zooplankton
(Moina macrocopa), and the predator catfish Clarias
macrocephalus * C. gariepinus. Aquatic Toxicology, 78:
15-20.

Saengsupavanich, C., Coowannitwong, N., Gallardo,
W.G. and C. Lertsuchatavanich (2009). Environmental
performance evaluation of an industrial port and estate:
ISO14001, port state control-derived indicators. Journal
of Cleaner Production, 17: 154-161. ‘

Tom. M., Chen, N., Segev, M., Herut, B. and B. Rinkevich
(2004). Quantifying fish metallothionein transcript by real
time PCR for its utilization as an environmental biomarker.
Marine Pollution Bulletin, 48: 705-710.

Vergani, L., Grattorola, M., Donderoand, F. and A. Viarengo
(2003). Expression, purification, and characterization of
metallothionein-A from rainbow trout. Protein Expression
and Purification, 27: 338-345.

Wu, J.P. and H.P. Chen (2005). Metallothionein induction and
heavy metal accumulation in white shrimp Litopenaeus
vannamei exposed to cadmium and zinc. Comparative
Biochemistry and Physiology C Toxicology Pharmacology,
140(3-4): 383-394.

Wu, S.M., Shih, M. and Y.C. Ho (2007). Toxicological
stress response and cadmium distribution in hybrid tilapia
(Oreochromis sp.) upon cadmium exposure. Comparative
Biochemistry and Physiology, Part C, 145: 218-226.

Yudkovski, Y., Rogowska-Wrzesinska. A., Yankelevich, I.,
Shefer, E., Herut, B. and M. Tom (2008). Quantitative
immunochemical evaluation of fish metallothionein upon
exposure to cadmium. Marine Environmental Research,
65: 427-436.



	Title
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Appendix

