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ABSTRACT

Project Code RDG5220069

Project Title Evaluation of Bioaccessibility of Heavy Metals in Oysters using
Physiologically Based Extraction Test Followed by Inductively
Coupled Plasma Optical Emission Spectrometry Technique

Researcher Dr.Marisa Intawongse, Chemistry Department, Faculty of
Sciences and Technology, Suratthani Rajabhat University

Email marisa131@yahoo.com

Project Period 1 September 2009 — 28 February 2011

A microwave digestion procedure was optimized for the determination of total
Cd, Pb and Hg in Oyster tissue by ICP-OES. The optimization was carried out using a
full factorial design and a central point replication involving the factors: components of
the acid mixture, microwave power and radiation time. The optimized conditions were 8
mL of 69% HNO,: 2 mL of 30% H,O, , 1000 Watt and 15 min for the three factors,
respectively. The recoveries of the spike (91.7% Hg) and the SRM1566b Oyster Tissue
(98.0% Cd, 92.0% Pb) demonstrated the accuracy of the method. The relative standard
deviations of the method were found below 11% for the three elements. After total metal
determination, a physiologically based extraction test was optimized and applied for the
determination of bioaccessible concentrations of the metals from oyster tissues. The
optimized conditions were pH 1.5 in the gastric phase, pH 7.0 in the intestinal phase,
and 2 hour digestion time of each phase. The bioaccessibilities (relative to respective
total metal concentrations) of Cd and Pb in the oyster samples were 33.8-59.2% and
28.3-51.4%, respectively. The bioaccessibility of Hg was non-detectable (less than
0.019 mg/kg wet wt) due to the very low levels of Hg in the oyster samples (less than
0.110 mg/kg wet wt).
Keyword Bioaccessibility, In vitro gastrointestinal digestion, Oysters, Heavy metals,

Cadmium, Lead, Mercury
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1. \ATDY Inductively Coupled Plasma-Optical Jobin Yvon Horibaz, Longjumeau, France

Emission Spectroscopy (ICP-OES)
14 JY238 Ultratrace — Ultima2

2. Lﬂ??lm Concomitant Metals Analyzer (CMA) Jobin Yvon Horibaz, Longjumeau, France
3. Lﬁ%@ﬂﬂﬂﬂ%?\l 714 Multiwave Anton Paar GmbH, Graz, Austria

4. Lﬂ?';mmhmuquqmmﬁ Memmert Memmert GmbH + Co.KG, Germany

5. Milli-Q™ Millipore Water Purification System Millipore SA, Molsheim, France

6. pH Meter (SevenEasy) Metler-Toledo AG, Switzerland

7. Centrifuge Tube Screwcap PP 50 mL Sarstedt, Germany

8. Syringe filter nylon 0.45 ym, 25 mm Filtrex Filtration, Singapore
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1. SRM 1566b Oyster Tissue National Institute of Standards &
Technology, Gaithersburg, MD, USA
2. ICP Multi Element Standard Solution AccuStandard, Inc., CT, USA
3. Ar gas 99.999% (UHP) Praxair, Thailand
4. Sodiumborohydride > 99% Sigma, Germany
5. Malicacid disodium salt Sigma, Japan
6. Bile salt Sigma, New Zealand
7. Pancreatin Sigma, USA
8. Pepsin Fluka, USA
9. Lactic acid BDH, England
10. Trisodiumcitrate Prolabo, VWR International, Belgium
11. Sodium hydrogen carbonate Merck, Gemany
12. Acetic acid Merck, Gemany
13. Hydrochloric acid 37% w/w Merck, Gemany
14. Nitric acid 69% w/w Merck, Gemany
15. Hydrogen peroxide 30% w/w Merck, Gemany
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UnegueINNaNazanaudaniLnzidaanean argliazanamniatindszdn wagann

v
o v 1%

HuAsEadeeAanleseudn 2-3 A% uddawmuawan dldldnausiesud

a

UUNR 60 adAEadad Wwnan 72 delue (Henndulnsedsiesay 80.2) wadan

a

D

% v K ) % dll = ¥ % 1 .
@‘LILL‘I/NLL@’J@\?L&’]%J'LI@@QEILF’]‘J‘@\?U@@H@ZL@H@ LATRUAVEIAZININTRURLAULAD  (Seive,

25 0.25 mm) Us9q ldgedilinlliuldluedniamesduiunisiaaziisald

3.3 nMsAnEansimanzaniagldszuunmstassaslaulasion

Anmning devuylalnsnnaalssneudnaunasliiinaaululasion (Magnetron)
Pl 2.45 GHz gnanandiuindwensiedifgegn 1000 W naurussaseting
(Vessel) 79indael TFM (Fluoroplastics) 1un@ 100 faaans sRaudnatdliniaz 12
F9ENN (Rotor 12) #1NN3ntiatfaaeinane A INANgIgA 290 psi LazguUnNgI4n 300
A9ALIALTA

lunsAnEgnN Iz AmuNzaNTIn1saasatne e ssuL i iasan147s

'
¥ o

NIMIFIU EPA 3052 (USEPA, 1996) {uisdege wasdwmesndnAryiinendesiu



AsAnsdMsimnzansl 3 wlwes 1A esdilsznauvesansiildlunnstes
(Components of acid mixture, CM) ﬁflﬁwmﬂgu@‘lﬂ?LQW (Microwave power, MP) a2
e lunnstes (Digestion time, DT) ﬁﬁlqLﬂuﬁfmﬂ?ﬁzﬁﬁﬁn&lﬁ@miumiﬁﬂmmmfs:ﬁ
wrnzanlnsldsruunnssesdaeluingmnm (Santelli, 2006) AR TRe fvanily 3
vl AR SYAUAN thunang WAT4a Fauanslumad 3.2 uazldniseenuuunnImAand
LU Two-Level Factorial Design was Central Point Replication (Soylak et al., 2007) Lﬂ'/d‘\llﬂ
MENEINLaY Faugadluaned 33 Snnsdalilsunsunisliannuteutesssung
datlalnsondananslunnsed 3.4 Ussnaudag 4 duneufe duusniinngs 250 dadidu
a1 2 il dudl 2 vgamsldaadiunan 2 Wil $uil 3 ifnde 250 Sadiiunan 2 unil
wasdud 4 %Ial,ﬂu%uzgmﬁf\ﬂﬁ@zﬁ@qﬁmﬂﬂﬁﬂuﬁwmﬁﬂﬁwmmﬁluiuimmw (Microwave
Power) WAL Wmmm’v”mﬁuLwimmswmmmwﬁ'@xﬂumﬁwﬁ 3.3

Tunnstetfataiiamnaniasiimansanutiveaniu 2 nadifiiae

334 neoiildansdnese 15660 (Oyster Tissue) azlf@1sL3u104 0.5 NFN Fiang
dael 191 uazidiagesnuaninglunimaaaslunsed 3.3 whauda thanssesndlilnge
AENITANIEY Whatman wes 41 lalunaadaiBuimsuazlfuiBumsTils 10 mL uwanas
vhansazaneldmlAns s iunns Cd wag Pb e ldinAtia ICP-OES pussazians
Tudia 3.4

332 nadiildEetnsvenuIy azldfetnsesuasniunm 0.5 NS Aanns
g 1 497 ﬁq'ﬂf;hwmmqwﬁﬁflmﬁﬂmmmq:ﬁ'mmmmLwi@zﬁfmﬂ’m%gﬂme@mﬂu 2
g1t faid gaudt 1 villeieslne e spike #1711A3314 (Unspiked Sample) Lazdaud 2
1n"3 Spike ANTATANENIATINULEY Hy finsrutBunnfiusiuen Ae 50 lulnsniusenianiy
(Spiked Sample) uwanaainlitesdresrunlninnn  AenasnistesmINaniaglinng
nAansluRnIed 3.3 udraainansfesngliniadaenseaEnas Whatman was 41 Il
1psPLFRTuazL i s LS 25 mL udidainansazanasecaildiliRinsesinn
15u10e Hg Ieelweiia ICP-OES mnseavidanlude 3.4 Fa¥anaznsndUALIaq Hg

AU lAANNANNNITIN9ANeT

% o A
IAURSNIINAUAU - Cspiked sample Cunspiked sample x 100

Cadded



Wa C

spiked sample

unspiked sample

Cadded

A519N 3.2 NAme s luntsAneansimsnzanlunfseasfaaszuululasion

A o 1 dl a
AR ﬂ?mmmﬂummm‘mLmummmwmmgm

A dld o 1 dl My a
AR ﬁﬂqm@q?WNlum0@8q0W1N1ﬂLﬁlNZﬁqﬁ‘@Z@qﬂﬂJ'}miﬁ’]u

a dl a o 1
AR Ll?fmmmmzmamma?gmm me\ﬂﬂumq@mq

WI51NADS nuael Lauen () | seaulhunans (0) SEALRFY (+)
‘ﬂ\‘iﬁﬂﬁ‘xﬂ@‘]_l“ﬂ@m’ﬁmmum? mL 4:2:4 6:2:2 8:2:0
¢iagl, CM
(conc. HNO, : H,0,: H,0)

Microwave Power, MP Watt 500 750 1000
nanfildlunnssdes, DT Tty 5 10 15

A15197 3.3 N19ANLLLNNINARBILLL Two-Level Factorial Design waz Central Point

Replication

N1TNAKAY CM (HNO,:H,0,:H,0) MP DT
1 + (8:2:0) + (1000) + (15)
2 +(8:2:0) + (1000) - (5)
3 +(8:2:0) - (500) - (5)
4 +(8:2:0) - (500) + (15)
5 - (4:2:4) + (1000) + (15)
6 - (4:2:4) +(1000) - (5)
7 - (4:2:4) - (500) + (15)
8 - (4:2:4) - (500) - (5)
9 0 (6:2:2) 0 (750) 0 (10)




A15199 3.4 TsunsunislimanuFauaasszuuniseaslulagnn

Tunau Power (Watt) LIA1 (W)
1 250 2
2 0 2
3 250 2
4 500 5
Cooling 0 5

3.4 n15As1zlsunalansninlneds Inductively Coupled Plasma-Optical

Emission Spectroscopy (ICP-OES)

% v o/

#1987489 SRM 1566b (Oyster tissue) fdeeldannda 3.3.1 fretavasungsui
daglfannde 3.3.2 LazfetavetusIIRIINAANTa 5 NuTFUGees 39ldannnis
dot s anasfimnzan gninlliinssiuntinnn Cd Pb waz Hg lneldiazes ICP-
OES TiradnfufuLAaas Concomitant Metals Analyzer (CMA) %ﬂLﬂuQﬂﬂ?ﬂiﬁﬁﬂﬁ
nafisaisanduessis inlisns (Hg) Tusinedsszmanataduladiu (Cold Vapor)
Tneldaninzlunstnnsimuiiszy¥lunsed 3.5 wasinaefifiunmees Cd Pb uaz
Hg Imel473 External Calibration Tmﬂﬁ'mmmmmmgmﬁlﬂumﬁLmﬂzﬁrﬁmm?ﬂﬂﬁ
fenunizaes Matrix Indifeeiu Matrix sesansazangaetnei dlunsiinamsfnniige

sluﬂ%‘aLﬂ?ﬂtﬁﬂﬂﬂ%ﬂ@tﬁ@ﬁﬁﬂﬁﬁLﬂ?’wﬂrLL‘leﬁ (Blank analyses) 2 TwiA A8
Calibration blank Lﬁ@ﬁﬁiﬂiﬂumm?wmwmqmgm (Calibration curve) waz Method

blank  aun U1 lun1mesaun1Uuitauludunaun1mTe N At LaT N1 LAI I

TaenstinAdrynuesuLasA liinaanainAdryn1un ldannnisaipsziisaasig



A15199 3.5 MTmasreaaIed ICP-0OES Nt lunnsimaziuniBuialanzmin

NITNEBT (Mdael) ATl

RF Power (W) 1000

Plasma gas flow (Lmin ™) 12

Auxiliary gas flow (Lmin”) 0.2

Nebulizer model Meinhard Nebulizer Model: TR-50-C1
Nebulizer gas flow (psi) 45.0

Sample flow (mLmin™) 1.0

Drain flow (mLmin"') 4.0

6 M HCI flow (mLmin") 0.6

0.5% w/v NaBH, in 0.5 M NaOH flow (mLmin‘j) 1.2
Rinse delay (s) 30
Number of replicates 3

Wavelengths (nm)

Cd 228.802
Pb 220.353
Hg 194.163

3.5 NM9AFIARALANNYNABIIRIIBILATIZU (Method Validation)

3.5.1 MIWIAMNLNU (Accuracy) u,mﬂ'a'ml,ﬁm (Precision) UR9I8N19ILATIZU
IR B IAENNLATEEN81989 SRM 1566b 91 7 A% @aiside

sratinslaeanisdesdassrusliulnsanmusnsfimunzauildannmmesasluda 3.3

uaziinaeadandilAiaseiniFuin Cd uay Pb #98ie3ed ICP-OES ANaN1Lh

ThAanmasediude 3.4 udauBauiaudfinnmeildfuaifisuses (Certified Value)

WWAATIREALAMNLNLIAINENNAIANZE 415U Hg 1iesain SRM 1566b NiFunans

1 !
o =

a dg/ ! o dJ b4 1 1 ¥ ¥ 4
ANRATUANINU 0.037 ug/g sn\mfaf;lmﬁmmmLmumummmmmmmmwmﬂ?mmim

Q

D

17

(LOQ) a4lERTN15AIZ Spiked Sample NsvAuANNd gL IndAeaAUszAUAR e 11

a

FINBENN (50 pg/g) AU 7 D1



ANTUNANHN NN LA TAEIN13TLATIZFEN981989 SRM 1566b (471150 Cd waz Pb)
waz Spiked Sample (@1115U Hg) 11 7 ATY UAIANLIINAT % RSD LNEMIIAEELIANMN

WesffinaINn1saAsziidn) luan1zinenaii (Repeatability)

3.5.2 memﬁhmfmLﬁuiuﬁ‘iqqmﬁmmenmquuvlﬁ(LOD) LATNITUIAIANN
Lﬁ'uﬁ’uﬁiﬁqmﬁmmsnma@mﬂ?mm"lﬁ (LOQ)

h Method blank Awssesldannimeses o gniesiiwanzaumailéann
nsdnelude 3.3 ld¥insiemsiin 7 ax auAsnensilute 3.4 udaAiuin
mmﬁ'ﬂ (Mean) m@qﬁmmﬁmmﬁmﬁzﬁ (Peak Intensity) 189 Cd, Pb laz Hg WazAn
Lﬁ'mmummﬁm (SD) m@qz@mﬁmmﬁmm:ﬁﬁu AN LOD uaz LOQ @unsnAuanls
A ngun#neansil

LOD = 3SD/m

ez LOQ = 10SD/m

Tl SD A AndeauunIRIgIuIesdtyIMNTRIITinifainnsawne et

Method Blank a1149% 7 A53 LAY m A8 slope m@\m@w\Immgmmmiwwﬁﬂﬁ%mmzﬁ

3.6 NSANBHIANIIENLUNIZANIUAUABUNISEDEAIDENNARTEUL PBET

[

(%
1 1
a
fn

e o

WIINHLADFNAN VQ_,I‘?]IL gadiasiunsAnEannsimunzay 1Eun pH Iaaineloeta
Tunszimnzuazan iEn uazioanidlunnsses (OT) adlgAnEmITmefiily 3 14y Ae
svduA 1unand EN FauandluaNIeh 3.6 UaYIHN1TENULLNINAREILLL Two-
Level Factorial Design Laz Central Point Replication (Soylak et al., 2007) Lﬁlfﬂmmquﬁ

WHNZAN Aauanelumngnei 3.7 n) Lag )



a a a‘dl =2 dl o 1
AN5197 3.6 WITHIASN LT N 1TANEN AN aN NI 1a89T2LILNN T8 RB11Ng

NSRS wiae | sxeus () | szauilunans (0) FEALFY (+)
Gastric Phase
pH _ 15 25 35
e lunnssee (DT) il 1 2 3
Intestinal Phase
pH _ 6.0 7.0 8.0
e lunnstes (DT) T 1 2 3

AN5197 3.7 N19RANLLLNNINARBILLL Two-Level Factorial Design wag Central Point

Replication

n) NITRNABNNIFEREANWIT IUNTLNIZaMNS (Gastric Phase)

Gastric Phase

Intestinal Phase

N1TNA[RAN
pH DT pH DT
1 +(3.5) +(3) 7.0 2
2 +(3.5) -(1) 7.0 2
3 -(1.9) +(3) 7.0 2
4 -(1.5) -(1) 7.0 2
S 0 (2.5) 0(2) 7.0 2

1) N17a1aednIseiasa1sluanl&1an (Intestinal Phase)

Gastric Phase

Intestinal Phase

N1TNA[RAY
pH T pH T
1 1.5 2 +(8.0) +(3)
2 1.5 2 +(8.0) -(1)
3 1.5 2 - (6.0) +(3)
4 1.5 2 - (6.0) -(1)
5 1.5 2 0(7.0) 0(2)




3ans7ild l&un 33 PBET %mnﬁwuﬁumim Ruby et al. (1996) WaARNIEE
gnufunasiluneduney Welfauendazgnfldlunistiamsilufefimnslémt
Imel British Geological Survey (BGS) (Cave et al., 2003) ;ﬁﬁa%ﬂé’ﬁﬁ“ﬁﬁmmﬁﬂﬁaxLﬁu
Fanmennuniensadlavevrinlufnesnaesney  Taan1saaeesTLLINstintann s
Usznaudng 2 dumeundn AenissnaessruLntenlunIYINIYaNINg LAYITILIANTEaY
lugldidn fuandlugLlit 3.2 FeiAsnmenedlnaazidunsels

3.6.1) Fa@n381989 SRM 1566b (0.3000 g) ldlumaaadusifiag (Polypropylene
Centrifuge Tube) waatinldifin Gastric Solution 15u1ms 30 mL @aussanlagniafiu
Pepsin 131101 0.625 g, Malate 1suntu 0.25 g, Citrate U511 0.25 g, Acetic  Acid
1501m3 250 pL wae Lactic Acid Usunmg 250 ul wazinInLFUL RN asdaenintsaann
laaau (DI) WAy 500 mL wazdsu pH lu 1.5 [Iuﬂﬂﬁﬁﬂmmquﬁmmmu: T laeian
pH sz Flusn9 3.7 0] udsAsTlne Iaiin

3.6.2) thanasnasnasaen gl @ aras Shaking Water Bath Taainnuuslst
fnnatnd 100 rpm gaundl 37 °C e 2 Falue [lunnsdnenanaziinzas: B
wagnmai [ lumstieamuiiszy 13 lumeii 3.7 n)

3.6.3) ﬁﬂmaﬁq@ﬂwiﬂmumﬁmé’mwﬁlmLﬁ'ﬁum?‘i?\lﬁ1‘7i 3,000 rpm iuan 10
Wt udnaatlulnansazanasnesnadauiilatBunas 5 mL 8 luaeniusedrsuaziolsn

a

BRUNNH 4 °C (Lﬂuﬁq@ﬂ'wﬁfﬁ@ﬂmnﬁ’]ﬂﬂﬂumzL‘Wﬁ:: Gastric Phase, GP)
3.6.4) thansfetaiimaeainnisteslu Gastric Phase Tuifis Gastric Solution
1301A9 5 mL LazlAd Bile Salts UTuN0d 26.2 mg Wae Pancreatin Usunnd 7.5 mg Lgingns
el U5u pH Faeinsazanadnsa Sodium bicarbonate 114 pH 1w 7.0 [lu
nsAnEanasimsnzan: Tuasuan pH muiiszy 3w 3.7 9]

36.5) tihanedndlldeslumaselldasieios Shaking Water Bath Iag
fvualsfinisaend 100 rpm fouund 37 °C flunan 2 dalug [lunnadnenaniosd
wisnzan: Whaeuaaiig lunisdesmsiissy 15 lumsni 3.7 1]

3.6.6) thanssateldupiasdaaiiiaadusifiad 7 3,000 rpm 1uinan 10
Wit udnaatlulnansazanasnetnadauiilatBunas 5 mL 8 lunaeniusednsuaziulsn

a

1 v
BOUUNH 4 °C (Hlusnatinasiasanntinstasluanl&1&n: Intestinal Phase, IP)

a



3.6.7) WININAZNAUAWMARANNNNEaAIn  Intestinal Phase llsiaeidnsisziil
Tulpnnl Ineldantnenmunzanildannnisdnenluda 3.3 d1azanenleinivualidu

A9U294 Residue

! v
a

3.6.8) tin@nsdiatendesliie 3 alla (a13azany GP, IP war Residue) i

Apnzvinifiunnlanzuingoaesed ICP-OES annasnisnszy ldlude 3.4

3.7 n59tAsIznlsunudaninaunsanaaslansuiinluAag19naau9sy
P [% ~ Ay v o v v & 0 o ' dl
Walganiosimunzannunlddnesluinde 3.6 wWaRINA228NUaUNI9THT
Ianniuifivsaetnems 5 uasldAnelEuind@aniwanunieunuduneunseylily
#iade 3.6.1 D9 3.6.8 laafANTeaaza89lFuTan INANNNEaN (% Bioaccessibility)
aaalanzuinlufas19ra 9T NAINITD AN AN AN NN AUSFIANN1 911989

(Oomen et al., 2002)

% Bioaccessibility = UFunmlaneminfimzildiainszuun1sanaseniseeaanuns (mg) x 100

Psnnulanzuinndeg lusetnsweauiasuneaunistes (mg)



@1381989 SRM1566b 1311014 0.3000 g

A 4

LA Gastric Solution 30 mL, pH 1.5

l

eingilu Shaking Water Bath (100 rpm) 71 37 °C \fluian 2 au.

W liviyunRes 7 3,000 rom lunan 10 wii

\ 4

A 4

tansazaadauinla 5 mL lUAwmsnzsd \As Gastric Solution 5 mL, LA Bile Salt

el ICP-OES

26.2 mg WA Pancreatin 7.5 mg, U5u pH flu 7.0

Gastric Digestion

A4

sinelu Shaking Water Bath 1 37 °C ifluiaan 2 .

W lvguiwies 7 3,000 rpm unan 10 w1

\ 4 \ 4

Pnansazaradauinla 5 mL lUAmsnzsidae ICP-OES YININAZNAUNARAINNIIE asl

u

Tsiassinaszunlulagim

Intestinal Digestion

A 4

Uansavaan e lAmnest

el ICP-OES

Residue

51N 3.2 UHRAYTUARUNNTANABITELILNTERLAUNT MINTELNIZA1NT (Gastric Digestion)

wazan ldLan (Intestinal Digestion)



UNA 4 NANIFIAUULAZIATINA

4.1 msAnsanaziuanzanlngldszuunisdaaasslalasian
Tunnsdnenaninsimanzanlneldssuunnstiesdnalalananlussunda  lunsdl
‘ﬂ‘ﬂ\‘m’]ﬁ‘ﬁmﬂ’]ﬁ’]ﬁl Cd uaz Pb 1441381989 SRM 1566b (‘ﬁmﬁﬂ 0.5 n54) wazlunstiaes
816 Hg ldFnatinamanunasy (ﬁmﬁﬂ 0.5 N3u) ﬁLﬁummmfmmmﬂmmm Hg 10
neuAnutiueuadly Sennemdenistes waansdnede SRM 15660 WATFNREININBEIUNTNYN
ihliAeefifiennBanas Cd, Pb waz Hg #newaila ICP-OES fuilsfitiandesdiy
neRnEan s ivnvan 1Aun eedlszneutesansiidlunistes (CM) SRarARY
Tlasanildlunnseias (MP) waznanildlunistias (DT) WAXAINNNTIIN199BALLLNT
NARAALLLUL Two-Level Factorial Design Wag Central Point Replication L‘Wlﬂmzﬁma:ﬁ
wirnzanldAnfagarnsnauAl (% Recovery) ﬂJmLLﬁi@xm@ﬁ%Lquﬁﬁummﬂummﬂﬁ

4.1 1) ey 1) WelFaUeUNan1AN N LHFAILANITNARN 1-9 WuIN1INAaeIn 1 1§

'
[

ANFREAYNINALALANAR WINTL 91.4, 104.7 Uaz 105.8 43U Cd, Pb Uaz Hg AINANAL

ai % 1 = o ! 5 o 1 dl a a o
wazansazaned lfainnisteaidnuuzla  uansinesdlsznaaeddaasinafiiluansauyae
gneipagaanysnl AeivAsagllidn  aniaeiunnzanduiunistiaadantinaetungsy
AmFuniseaziiniliunalansmin Ae Tidnmdauaasansildtanszdns conc. HNO,
:H,0,: H,0 flu 8 : 2 : 0 mL Mnasaesaaululasian 1000 406 wazldinaluniseas

Wintu 15 W19



i =S d‘ 1 %
AF9N 4.1 NANNTANHIFNIIEN LVNWZ@QJI@ETWW?EI@EI@'JEI?‘Z‘LIUVLNIW?LQW

n) Cd waz Pb
Cd (ug/g, DW), n=3 Pb (ug/g, DW), n =3
nsNaRadn ANTISUSDY = 2.48 + 0.08 pg/g ATI5USDY = 0.308 + 0.009 ug/g
ANTAASIEILA | SREasmSNAUAY | ATNASIERlA | JemasmsnauAy
1 2.266 + 0.067 914 0.323 £ 0.017 104.7
2 2174 +0.142 87.6 0.353 +0.035 114.7
3 2.004 + 0.208 80.8 0.316 + 0.020 102.5
4 2.100 £ 0.252 84.7 0.282 +0.034 91.7
5 1.842 + 0.141 74.3 0.246 + 0.009 79.7
6 1.799 £ 0.209 72.5 0.337 £ 0.010 109.3
7 1.747 £ 0.096 704 0.263 + 0.020 85.3
8 1.548 £ 0.093 62.4 0.219+£0.013 71.1
9 2.014 +0.162 81.2 0.342 + 0.027 111.2
1) Hg
Hg (ug/g, DW), n=3
MsNARDITN ATanlusaasng (C,yqeq) = 0-050 uglg
Cpiked sample Cunspiked sample | o oon YanatiAu
1 0.253 + 0.004 0.201 + 0.020 105.8
2 0.354 + 0.010 0.300 + 0.032 106.4
3 0.333 £ 0.006 0.289 + 0.007 86.7
4 0.287 + 0.008 0.228 + 0.021 118.1
S 0.262 + 0.015 0.212 £ 0.021 100.4
6 0.202 + 0.015 0.145 + 0.014 113.8
7 0.239 £ 0.018 0.209 £ 0.018 60.6
8 0.266 + 0.012 0.233 + 0.008 65.9
9 0.238 + 0.005 0.203 + 0.006 69.0




4.2 MSATIAVALAMNYNABIURIITNIFIATIZI (Method Validation)

4.2.1 NMNFWIANMNUNY (Accuracy) u,azm'lmﬁm (Precision) YBINBNISILATITI
AN9GT 4.2 N) WAY 1) WARINANIIIATIZHENIE198Y (SRM 1566b Oyster tissue)

Lmzﬁqraf;mmﬂmwuﬁLﬁummzmﬂmmgm (Spiked Sample) TnevinnnsaamziEn 7

¥

pxe  AitldannAEnnsimsiinetnsaasaanlnannstiesdas sz lulas i uayains e
msunnd Cd, Pb uaz Hg semnaiia ICP-OES wudnflAn$eeznisnduALaAe 98.0,
92.0 WAy 91.7 AINAIAL me"ufimmummgmﬁmﬁwﬁmﬁu 5.3, 6.0 waz 11.0
wWefldus muanau mefi’ﬁ%mﬁLmﬁzﬁﬁﬁmmgﬂﬁmmemfmLﬁlmmmmm@mi

AATIZAFIAL MDY LNGTH

AN9197 4.2 NaNN93LAZY SRM 1566b (Oyster tissue) Tawzensinatinalnennselassae
sruululagnn wazdmanziundinnn Cd, Pb waz Hg Aaenaiia ICP-OES

n) Cd uaz Pb

Cd Pb
ASafl ANTISUSDY = 2.48 + 0.08 uglg | ANTSUSAY = 0.308 + 0.009 ug/g
AATEU ANTAATIETLA TG ANTIAATIZILE TG

(Mg/g) NN9NAUAY (Hg/9) NNSNAUAY

1 2.425 97.8 0.301 9r.7

2 2.216 89.4 0.266 86.2

3 2.298 92.7 0.263 85.3

4 2.508 101.1 0.280 90.9

5 2.574 103.8 0.295 95.9

6 2.521 101.6 0.305 98.9

7 2478 99.9 0.274 89.0

ALaRAE, n=7 2.431 98.0 0.283 92.0

SD 0.129 5.2 0.017 55

% RSD 5.3 5.3 6.0 6.0




1) Hg

Hg (ug/g, Dry Wt.)
ASad AN lusaa (Copikea) = 0-050 Hg/g
ARTIEW spiked sample | Cunspiked sample Cround i@ﬂfi
MSNAUAY

1 0.361 0.314 0.047 93.8
2 0.319 0.263 0.056 111.6
3 0.321 0.277 0.044 87.4

4 0.311 0.268 0.043 86.1
5 0.356 0.315 0.041 82.1

6 0.304 0.262 0.042 84.8

7 0.364 0.316 0.048 96.2
ANLaAg, n=7 0.046 91.7

SD 0.005 10.1

% RSD 11.0 11.0

4.2.2 NMIMNAIANNITNTUSNgANAINITAATIANL LA (LOD) WasNIsMIAIAN
WantusganaINsansaanlsunala (LOQ)

199N 4.3 wamsArAudnduAnganiannsanaanuld (LOD) war A1ANH
¥ ¥ °I dl % as 1 o/ 1 4
dnduinganaunsonsamiuinld (LOQ) vesiBnsdesrnetnvesuNTAtLITLY

Tulasnnliazamazrmmndsunnulaneuiingaeiasas ICP-OES

A9199 4.3 TARTARI4ATB9ITILAINZI (LOD Uaz LOQ) 1e33bn1stintifnatinanas

wasusaszul lulnsnniazdmszidaeAses ICP-OES

ﬁm‘ﬁlﬁmﬁzﬁ LOD (ng/g) LOQ (ng/g)
Cd 2.8 94
Pb 5.8 19.4
Hg 57 18.9




4.3 maampngilsunalaneninlumiadrarasunssulnamaiia ICP-OES
detihdetnmesnssunnmieusetnelnennstasdanszun lalasnnnuanine
Aumnzanfildanuanisinmnlude 41 A Hemsdiuaesansilddeassming  conc.
HNO, : H,0,: H,O \{lu 8:2:0mL itawesranlilasian 1000 308 uazldinanlunns
siael WAL 15 U7l udsantuAsinfrednefiesl@lRiaseiifienniFunas Cd, Pb uax
Hg Aaewmalla ICP-OES gﬂ‘ﬁ 4.1 uarsdsunnd Cd, Pb way Hg TuFatinavae eI
mmmﬁmmmmLWﬁ:LgﬂqiuéTauﬁngiwwg‘fﬁﬁﬁ Fasua 5 Al ldur S1, 52, 83, 54 uaz
S5 mad 44 wasansuBeuieuaAedsvenBunalansuiinlusaednmesun sy
AINAILINUTINIATE14BY FDA & EPA Safety Levels in Regulations and Guidance
(4.0 waz 1.7 fadnsuseRlanfuiwitinan 43 Cd uaz Pb ANNATNAL) LAZINOLT
NIRTFIULANLTENIANTZNTNAENTTUG Y aifu?i 98 WA 2520 (0.5 HaanFumAanlansy
vnutings &y Hg) wudn Bunasedaes Cd / Pb / Hg e IMRELNITHANNTLT]
S1, S2, S3, S4 ey S5 AL 0.698 + 0.114/ 0.256 + 0.095/0.110 + 0.077, 0.550 +
0.039 / 0.368 + 0.066 / 0.083 + 0.039, 0.430 + 0.044 / 0.300 + 0.076 / 0.106 *+ 0.051,
0.423 £ 0.059/0.218 £ 0.044 / 0.049 + 0.042 waz 0.343 + 0.020/0.233 + 0.071 / 0.031
+ 0.015 Faaniumpanianiy (‘ﬁmﬁﬂm) ANNANAL %Lﬁuﬁdmﬂﬁq@mqmnﬁuﬁLﬁ'u
faeeieia 5 uwisditiunns Cd, Pb uaw Hg Gluim"uﬁ'ﬁ‘i'ﬂﬂfjﬁmmeﬁmma?gmﬁﬁwum%
Langliifiudn eeunTNANUMGIAENTS 5 wiadl Tszdunnstlutienseslansutinge 3

] Y oa

wiiatieglussaunlaendesedisina  wasilefansaunseiunisluwitenreslaneuiinly

a

=T | o & = o o A
NRHUNTHANNUURIALNATINT] WL seaun1luileuaas Cd IﬂﬂL@l@ﬂi‘L&?Z@UWQ\?V}QﬂWU

Gluwaﬂmqmmmmmﬁm S1 @mmmﬁ@ S2, S3, S4 uar S5 AINANAL A1UTLITALNNG

1 1
= =

utauaas Po Tneiaas lussilnganganu lunasunesiaInuuadiaey S2 $9a9d1A8 S3,
S1, S5 uaz S4 ANANAU dau Hg wudRszaunisiudlenineaasluszauinnunn tiuae
AN91 0.110 HaANFUAANIANTN ANFRLNTALUNNTNTIN 5 LAY

TufuANAURUSIaILUAINFIaINUNLIAUFatine Auszsunisdulilauaeslany

¥
o a4

WinNMa 3 ARANANHI WuIFHIUNNwTauaae Cd wlsum N IRaINAIsINAD N0

X 2 X 40X da oo e we X

nstudewingeamulenuniiusoeswag Indiuguan  1999U9RaUNITH LAz
v A a = X = A4 a

NaNues duAaLEnm S1 inmsiluianaes Cd §9N4n 999a9NARLE0M S2, S3, S4 Uax

S5 ANNAAL iaaNalamANIAINNTABENRIANTNTY LAZ1INIUAIGUNTNA AAEY



souTisanNIstedsrasuinAulaetnduarss Taneminanunasuafiundlancwinas) i
o A | ] |9o/ o o o d” = a A

navaey NINMAedus avguitinainaes dufulsununisthutleuasslanzan 2 wiinme
Pb uar Hg th wudnimnuduiusiuuvaadesresunasslinuaaneniuiy Cd As
g S1, S2 uay S3 Tesveglndiuguay 1999ugAaIuNITn wasuinIanEms Azl
seAUNIMTauNgenInUFans S4 uaz S5 avasativinglnaasnun

dll = o dgl o f/ a d‘d f/ dyv a o dl

WewTaumauszaunistudeulavzminie 3 afanAne luafaliunanudaen
HAw) 11 wodaludl WA, 2549 Hsneanunistutlenses Cd luneaunesuwiniy 0.3352 +

o ]

0.5730 HaanFusaflaniy (quns waziseyudad, 2549) uazlull w.A. 2551 {9189 Ul
s1enunNslullanaes Cd Tunesuasuwingy 1.128 + 0.126 Naansusanlaniy (Hiwdn
an) TuaneiluanuddatunudndiBununisiutewaasnes Cd aglute 0.343 + 0.020
0190.698 + 0.114 Faandusailaniu (Wuinan) deldansnagluualiunisulasuula
4 v y . . X . 2o o @ oy a
Antduauld Weasannmenantullsysunisduileniianniutazanas adlusesdinng
= Ao a a oA o & , = o , oA A
AnwddensANiNaguua i slwilauludeanatnaaiuaeusiazll wraluninsues
wriazlluyn Uetnssteiiasiu Tunsiizes Po wudrlull w.a. 2549 Nseanulnaanaie
::ll o = d’j nI/ a 1 v [~
wazAy  NeadunsAnnnsluilenaesnzia lvesunasniFinentiueey
sra1ian 4 1) A9uAl WA, 2542 D9 WA 2545 WUdnHANANIdNdWeAANTY 0.400
Haaniusanlanin uazdlAWdeesludos 0.059 - 0.902 Haaniusenlanin (Fnelelu
Ny1d, 2551) Aaunisaunisdudeuaaaludasszazioan 2 U Ausll w.A. 2546 D9
W.A. 2547 1TuilFunnd 0.1519 + 0.3480 Hadnfusanlaniy (4uns wazilseyudasl, 2549)
wazludl wA. 2551 HneaunanisAanennisduientedlanzminlumnesunesy Ui
WARUNTAENENENEAUAEY  AndngewgFonll (Btyad, 2551) wudHLENIMmiY
0.210 + 0.063 Raansusanianiy (W vings) luwanudduasainudnNBununsdwilen
1eAtU8Y Pb aglumag 0.218 + 0.044 D4 0.368 + 0.066 HadAnFusenlaniy (Wniingn)
win lunnndsuwd aelutaesazinatrane e unInudnssaunisluileuses Pb 1nng
o X L - = Ao a a oA o & ,
Wintuuaranadliuiuey  avsinisAneddiRNiaguulliunisthutlewludagnan
a o 1 a) =l 1 | a| 1 1 dl o o = [ o
weaiuzeusiazl vivalunnsanzeusiazllunn Yetssedieaiuluinuemeaiuiy
Cd dwfuuwalfunistutlenses Hg 1 wudRlull w.a. 2551 As1eeupani1sANEINIg

T o o

v 1
tuitlenres Hg Tunesunesy UnumasnIziaesgnaniyauisy  Sadngaunisi

49 9

o

Winiu 0.069 + 0.002 Raanfusanlaniu (Wnmiinas) (Syed, 2551) dwuiuluwnuiddaild



nanfsUuidlenlusys 0.031 + 0.015 014 0.110 + 0.077 Haansusanlandy (WIviingn)
= o d” 1 o dl OI IS 3 i [ dl v o 1 [~3 I
Hezaunistuilewag luszdunsuaziuuiines lussdunndpesiu - aenelafimupns

nsAnaNEnsEdsszAunTstuteusie lduReaiuiulaenin uazatsuaisaingu

519 4.1 Bunulanzuiin (Cd, Pb uaz Hg) Tufnetenasunastannuiifiuiaesng S1-

S5 aMNN3LAIIZA AL ATIA ICP-OES

n) Cd

1.000

0.800 -
§ —a—S1
g 0.600 - —a—S2
o —a—S3
2 0.400 - —K—S4
8 —e—S5

0.200 -

0.000

1 2 3 4 5 6 7 8 9
Sample No.
1) Pb

1.000

0.800 -
§ —a—S1
g 0.600 - —a—S2
2 0.400 - ——S4
i ——S5

0.200 -

0.000

1 2 3 4 5 6 7 8 9
Sample No.




1.000

0.800 -
% —s-S1
o 0.600 +
= —a—S2
o
2 0.400 - =—S3
%—) —¥—S4

0.200 | —-S5

0.000 -

1 2 4 5 7 8
Sample No.

a o o 1 dgj d‘ < o 1 ?:/ { = [
A1919% 4.4 LFunlavieutin luAae19ua g uNINAINN RN LAREN991S 5 Wiad Uiy

INEUTINIRTFIY
& A F@ e ¢ ﬂ"lmﬁﬂﬂ?mmiauwﬁn + SD (ug/g, Wet Wt.), n=9
NUNLNUADENN
Cd Pb Hg
S1 0.698 £ 0.114 0.256 + 0.095 0.110 £ 0.077
S2 0.550 £ 0.039 0.368 = 0.066 0.083 £ 0.039
S3 0.430 £ 0.044 0.300 £ 0.076 0.106 £ 0.051
S4 0.423 £ 0.059 0.218 £ 0.044 0.049 £ 0.042
S5 0.343 £ 0.020 0.233 £ 0.071 0.031 £ 0.015
WNUNHIATFIU ) . X
4.0 1.7 0.5

Tunuag pg/g, Ynunam

2 mﬁﬁwummummﬁmmﬁmmm FDA & EPA Safety Levels in Regulations and Guidance

b . oo . o
mﬁm‘wummuLﬂmmmmﬂmmmﬂ?:mﬁﬂixmq\‘imm?mm 21U 98 (W.A. 2529)




4.4 N15ANEIUTNIUTININAMANTANURILANLUUN LA DENUB UGN
4.4.1 NMSANEIANIENUNzZANI UL UADUNISEDEAIDEN9A8ITE UL PBET
AngANEEN I RImNzaN LT uRaUNI Tt At fatinaasuNeTN AaesvuL PBET

o = 1 [~ A 1 .

nnsane ipewdaily 2 wa A wanisdeslunssinizenns (Gastric Phase, GP) way

wanseiasluanlddn (Intestinal Phase, IP) Tasifinnsanaadniseas luupazingazisii
= I ) = . . =

NNgANENATeY pH westindesluumAasiig wazan 1N steaaausasing AN9199

4.5 LAANFREALURIL TN TN IWANNNTaNTEY Cd N lsainnnseiasly Gastric Phase LAY

=

Intestinal Phase 1A pH waziaasi1a] nudnluwla GP nsldvineiaeil pH uansineiu &

¥
=2 =

1 4

HaseLFuuTanINANnTaN Aa WeA1 pH aastanuna GP geluaziuu uvin
Y = % v dl dl Y = 1%
AFatazaagBuNEan nAEnTaNanas enduin pH 2.5 Arnfaaazioninaaunian
IndAeaiuiun pH 1.5 vedlanaflunezuanfipneseulidlunssnizaimsiiAag lu
sraunlndiAseiulugae pH Faus 1.5 D9 2.5 WeilAN pH wevddeswindy 1.5 lden
Fnnudan A undangangn Tuaneinisulasuulas pH asstindiasluma 1P fauws pH

¥ 1 ] i
6.0, 7.0 uaz 8.0 AuaftAe 7 pH 6.0 arliAfeaavaeaFuindan weuniaumign
dl = o :’/ dgj dl dl Qadgj rdl 1
Waauiy pH 7.0 uaz 8.0 viaBilesnannslasutlasuerfiofveseuladiiuansing
Audleinsilasuuladsn pH wazAn pH aesingdeswindy 7.0 lHANfesazaesisunn
= % all = ai ] 1 1
FNINANNTANGINGA  UazaNNITANEHATeanf ldlunstetaasusiaziNg  wWudn
Waninnsdesfaniay pH wearu lnelfnaildlunistesseiume 1 uay 3 Falus wuan

o o

zs' , T \ = o , A e aa

nanldlunnsdes ludreilldflnasadiunndninanunianatnelidadAynieads (P >
0.05) Ansunistiasialiuna GP wazluma IP Aauwanslumsned 4.5 saiuasaanldingn
Tunnstiaawindy 2 dqluailasannuaaasniseasluma 1P wudiinannssiasingy 2
dolusaz A i@ nanInFangega vistiszazinanamnseg lunssimzvzedn 14
1 azdAuuAnaNAusEudiayArs 1t uazliunnaeseimsites analdnaisaus
1-4 Falug dAndunnsdeslunssmnzeaning uaz 1-5 dalue dusunistesluanléan fai
=X =R '3 1 ] 9; I 1 o v XK dl
asliAnEtaamuaNdndIuas BN e sRattetiniy 1100 WAdAIMIATT
wrnzanipasldlunngdes ludaa 1-3 dalne wazidantaulavesnanildetesnldinauag
=3 PL9/ dl

ununnsgainlagege Wasanndasnislidayanlitarunsoinllldlselomilusunng

a q
1
a '

dszifiuaudasdadizing  vinlidusinadaeadaninndn  wninastlszanoanlaald

Fnnuaesansienanisngnaatudingsanieléigean (maximum oral biaoccessibility)



= 7 dl 1 o 1 9 = 9/% 1 dl

avagtlddnanasimunzanaanistiassinatefasyuy PBET Aa niglduintand

a1 msuma GP uaz IP ANAWNAL pH 1.5 waz 7.0 ANa1ey wasMnanlunnsdes

Avsula GP uaz IP waaz 2 dalue WesainaniazmanatalfAidsunadaninaqns

¥ -ﬁ' o v o dl v a o = %

wiangegn e lianunsntuaildainnistiassiliunudaniwanunFeunuaning
panannlillsziiumnnuidasgegangislnaazldsuunizinaamsidlavzuinduieu

X ~ ! ~ o pry | Do

wanNanil AnANeR 4.5 ANLBRNTIN A NNF e eTTETIIANE B UNUNIN |

1 £ U

ANtatNINTzaznaNt asndundn luLNgFaatne 1 WUl ANLANANeAWTuE AN
ANTUANGNAIUNINTIGA HAWNES 0.047 pg/g Wit Tvagluto SD 199uanI53tAnzy
Bunnaddanzmininulunesunesuainiaaziiad  Lazataliasniainaanyldifuiie
al o o 1 '8 3 val =l %3 1 V@ dglj al o

Wwennuesseeeine Ny ol DeuglaRnnnenenumTaNFaacna lfdwtafsaiuNn

= v @
NAALAINATN

UNEL8) TUNNIANHIANENIMNIZANTRIRINNIANRBINsteaaNs Ida1981989 SRM
15660 Lusnatinglunisten uazAnuanizans Cd (HiFunns 2.48 daaniusianlaniv)
WasanndBunuaessn lussAunatunmamaiaeils 4 mdu Hg (Hisunu 0.037

Aaanfusenlaniy) waz Pb (J13u104 0.308 Raaninsenlansy) HU3unamindnsyiunay

RPRRATIZ LA e nTunnAmmsiurazaiald SRM 1566b 11uiin 0.3 g



AN519N 4.5 Fa8ar1a93 NN UTININANNNTaNTaY Cd N lgainnnseiasli Gastric Phase

LAY Intestinal Phase 1A pH 4az2a7514°]

Cd, pg/g DW T-Test
Cd Bioaccessibility,
Conditions Exp# | Mean % SD, o (Paired two sample
(0]
n=3 for means)
Gastric Phase, GP
pH3.5,t=3hr 1 0.292 11.8
1=2, n.s. (p>0.05)
pH3.5t=1hr 2 0.303 12.2
pH1.5,t=3hr 3 0.341 13.7
3=4, n.s. (p>0.05)
pH1.5,t=1hr 4 0.386 15.6
pH25,t=2hr 5 0.372 15.0
Intestinal Phase, IP
pH8.0,t=3hr 1 0.095 3.8
1=2, n.s. (p>0.05
pH8.0,t=1hr 2 0.142 5.7
pH6.0,t=3hr 3 0.073 2.9
3=4, n.s. (p>0.05)
pHB6.0,t=1hr 4 0.058 2.3
pH7.0,t=2hr 5 0.144 5.8

n.s. = not significant

4.4.2 M5IATIERUTNINTIMNAMNNSaNaadlans Nl UAD 19 Ua I UINTH

n) Cd

anwaniseaadiuda 4.3 Mnldnsudnliunnuedases Cd Ndagludaatinamas

PNTNANNT 5 UWNAIUAINUNLALARA8N9 S1-S5 HANWINAL 0.698 + 0.114, 0.550 + 0.039,

0.430 + 0.044, 0.423 + 0.059 war 0.343 + 0.020 NAANFUFABNIANTN (WIUNNEAA)

L 1 i
pna1iy Bunatldaunsinhlddudeayaelsufiuanudssseganmaasgusing

o 1 dld o a dyd 1 o 9;/ =X ¥ o =® dl a s
mﬂmqiumn@’]fmuiwwuﬂmumum@ﬂu@q fatiuasl@nInsAnE el ATz BN

FanwanunFanaadlanzminlusacinanasunesy  1agRan1991ae93 LLNNE AT

ANNANENNNIZANN IFannTsAnE luda 4.4.1 A Tduntagnldd1usuinag GP uay IP #

AAWINAL pH 1.5 way 7.0 Auatsy wazldinanlunstesduiuma GP uaz IP waaz 2

Folie wan1sAnEuanIfsluglf 4.2 n) wudrlEunnmaninaunFenvizelFuiui Cd




gnaatulé (Bioaccessible fraction) lusinatevanunssuyianuniAna ludag 0.113-0.376
Raanfusienilaniy (Wninan) uarlugil 4.3 n) waasdsfesazaanfuumioninagiy
wianaed Cd ludnetnanesunesy wudnBununisgednlsaes Cd lwwanistanly
nsznzamsuazanistesluanldidn danegludaadessy 21.0-33.5 uay 11.9-26.5
o o dl a =S 2 :I/ oA [l 1 %
FNNRNAL uaziiaNaNsunTiNaeTNlfuee Cd anviasaianusni et ludaeias
ar 33.8-59.2 @numpnEuudanmaanianlunstirauAnEaNEAINLANFIIAINAT
Total concentration 1 TuFaeene S2/1 AU S2/3 viTe Fetne S3/1 AU S3/3 1asann
Fnnunasuandanlunasuissuiag Tussaundeaunuas IndiAeiuuin Aa 0.598 ug/g
(S2/1) uaz 0.553 ug/g (S2/3) HAuansneiuies 0.045 ug/g Wi Geagludag SD 199
nanisAszdlTunaaslanemininu luveaunesuanusazunas uazluniuaameniu
ANLBNNUTININANNFRNRAWINTL 0.232 ug/g (S2/1) WAz 0.274 pglg (S2/3) Ap HAN
WANANSAWAEN 0.042 pg/g Wit wenainienaiiasnainanuldiduilameniuaes
o ' - =R Py = o . v @ A a o A v @
satinalnsanysnd Dawdldinnswenanuwsandatingiiuidamaaiuninigaudainiu
.Y XX v P T
patlunansAnEtugnsldifiudn diunmiees  Cd iendduviilamingiu
(Bioacessible fraction) aWauiUlfnI Cd Wunanieslunasuesy (Total Cd
concentration) Naw1sngngatNdngianels uarAtiasmasinliiudeyatlszneunig
Uszidupnnuidassaguniwaasgisinasall  suisenadludayaliunmdeauninaadas
Tunsimuannsgaueusniatstutlen etlesiudunmeietaninauuigusing was
aaifluiuanielunistlesiunisiaiunienisdn - wninisdeaanuesunasu ldgalszna

AN ]
a o/ é

A A 9 =~ o
NANNUIRE DU 1/1mummimﬂﬂwﬁﬁ?mmmmwmmwmmm Cd Tunregunasy

wazdnduinatinau wudn Hsrenulag Bragigand et al. (2004) lAnmUFNTNN
AENTaNTaY Cd Tusnatnameanesn AnegludasFeans 44-75 luauzh Metian et al.

(2009) FmeanurnFesazdiuan@on naonuniantes  Cd  luvesuuadg  (Mytilus

galloprovincialis) A8 FELNLTENINNAEUNAILAATLINAE NS NNIUNI91LI9987909

TaaldAuEau wudn WAwinAudesay 72 LAY 34 ANNAYAU H31enuFunnidanan

'
v aw a dl/L?J

AINNNFANTRY Cd lumesuuass]laatinddzananse (Houlbreque et al, 2011) @34

= 1 1 o ndl 1 ¥ % %
L‘].EEI‘LILVIE]U??JMQ’N NBULNANDAANUNDEILNANTN mum@ﬂqqmmﬂmh AIMNTAULLRT

WUAN U9 RANwinAuFasay 79 way 42 AINATSAU aziuledn ANFesardanInAlNm



nianwed Cd Nlfannenuddeil (Fesay 33.8-59.2) @aiilunnsAnin lusnasinanasunasuy
Tlgunastgemsiagldpnuien  HArsandidnldanuasuddedu  lduanin
(hsuinaudeyaainnimasasiviewiy  lasldiatisannliiiunislgsamslagld
% v o 1 . . 1Y a

ANFan) anduludnetinelan Seabass (L. japonicas) WudnFasaziFunndanInaw
wianaee Cd Tulanatiniiianetludaedesas 85-93 (He et al., 2010) ¥i9liaNaLLBINIAN
o dg/ dl ] v o o dgj A A % 1 o 4 dg’

Anwnuzaaaiatlannuansnsiuiudnenzasaiianespeidiunniinanndd vinliiletan
gneiaslasndaslfidnandn uazarswonlane Wy Cd Asgnaveangansazans (Wides) 16

11NN91 depaliiusn TN Buru@an I nAunianaas Cd lusnatinedandAiuinnan

1) Pb

Tuwinuaadeniuiu Cd anuani1meaadlude 4.3 nlinsuindduinieaseed
Pb NietflusinateueauesnaInia 5 unasaasuniufaesing $1-S5 HAinfAL 0.256 +
0.095, 0.368 + 0.066, 0.300 + 0.076, 0.218 + 0.044 uaz 0.233 + 0.071 HaaNFuAaAlanTy

% % o o ¥ o =8 dl a s = 2

@udngn) ANANAL  warldmninnsAneiede s A wANnSan e lany
N luFesinaeeun9st IngA B9 A 89T LILNNTE BRI TANNAN LU ZANT LFan
nsAnelude 4.4.1 uanisAneuanadslugii 4.2 1) wudnBunndan nanunianvise
5N Pb gnaadalsl (Bioaccessible fraction) Tusinatemasunsuisnuaiianag)lutos
0.053-0.147 Haaniusanianin (Wwmiinan) uazlugld 4.3 2) wansdFaaavaasifiunn
al v o 1 1 = k%
FannanFeantes Po Tudaetinaetungs wudnlsununisgetulsaes Pb luanns

daglunszmnzamsuazilanisteeluanlfian Aanetflutdosiasas 16.8-28.1 uay 9.4-

1 v
23.2 PNAIAL  uazidefiansunlEininIgednliaes Pb ainvivaesmanudniiaie

el

|
=

utne¥atiay 28.3-51.4 Al FaUNaU BUN@ININAMNNGaNaad Pb  ALNAINUAS Y
WUIHAN IHanedse iR A IndAeeiuduRRsneanulag Navarro et al. (2008) @ale
= = o ! . L =2
AnwniBunndian naanianaes Po luneaunass] (Mytius galloprovincialis) TQHAN

windusasay 28

A) Hg
FNupa9 Hg Ndag lufaatinamagunasianiia 5 W eanuitiusaesng S1-
S5 NANWNAL 0.110 + 0.077, 0.083 + 0.039, 0.106 + 0.051, 0.049 + 0.042 Az 0.031 +

0.015 Raanfumanlaniy (11minan) ANatsy azwiulddnsesunisluilenees Hg Tu



o 1 dgj 1 [ dlol [ % z// dl ¥ o =2 dl a s =
mamqmﬂmwuu@ﬂmmummmn ﬁﬂuuLN@1ﬁVl'1ﬂ’]ﬁ‘ﬁﬂ‘]:l"1LW@QLF‘W?W%MIE‘N”IMTJQJW’\W
AENFaNTRY Hg  lufled1amesunestingdanisananessuLnIs8eauIsRINAN1E

Ry = P ] o = o o oo P
Lﬁmﬂzmwwimﬂﬁﬂﬂ’]?ﬁﬂﬂﬂumﬂ 4.4.1 WUQW?:@U‘?J@Q‘]J?N’]MTN?@msﬁwiﬂmizmuwmfm'ﬁﬂﬂ

2 o

pndRdunganatnsansamBuiald (LOQ) tuAe Andn 18.9 lulasniusie

Alandn AmFuvesunasnnn Aeteiiinndesed HeneeunisAnslEindanan
paNnFaNaes Hg Tudaetinetanafinsnee 16un Tuna, Swordfish uaz Sardine (Cabanero
a 1

et al., 2004) Wud1 FNNns@aIN nAENFaNaed Hg Tusetedanmaniifidnee lussaud

AN tiuka atfludaeianay 9-17

51 4.2 Psnn@anmasunienaes Cd uaz Pb lusnetamesunesy

n) Cd

O Total Cd concentration

@ Bioaccessible fraction

Cd Concentration (ug/g, Wet Wt)

S1/1 S1/2 S1/3 S2/1 S2/2 S2/3 S3/1 S3/2 S3/3 S4/1 S4/2 S4/3 S5/1 S5/2 S5/3

Oyster samples

2
o
o

O Total Pb concentration

g Bioaccessible fraction

Pb Concentration (ug/g, Wet Wt)

S1/1 S1/2 S1/3 S2/1 S2/2 S2/3 S3/1 S3/2 S3/3 S4/1 S4/2 S4/3 S5/1 S5/2 S5/3

Oyster samples




519 4.3 fauazaanfuimoninanuniantes Cd uay Pb Tufnet ey

n) Cd
140 - O Residue
Intestinal phase
120 - @ Gastric phase
S ] ] - - ] —
2100 4 - - —
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5.1 agUuan193ae

nstszifingan naanundanaaslansuin 3 iia 1Aun Cd, Pb uaz Hg lusaasing

=<y @ o ' A A a = 2 o ' X

neaueTNTeliannIsiusietnain 5 Nuh Ae ST D4 S5 Faduunaunizieees
wsnludwmdngauniantl  lunisfneiaseumguduneunimanIasimnizanlunis
wirensaatnalae ldszuunnseessaeluingun  (Microwave Digestion System) aiflu
i’/ = o 1 dl a s ¥ 1 o i’/ dld 1 o ]
dupeunIsEEeNsee  inaniswszipnudinduseslancminiuanteg lusaating
(Total metal concentration) wazwgNIzNUNNzaNluNTEFaNFas1alae ldsvuunIg
A1a8IN13eleee1Mns  (Physiologically Based Extraction Test, PBET) @NA5nNsizes
o 1 ac o zdv & dl a s = % o ul/ A
et BUAINNIRNUsrasAiNansanseiliunndianinanunienseslanemin Wiae
Tssnnilaneninusazaiinfiazgngadnlilusenianywe (Bioaccessible fraction) 1n

Y a

Yo aid o dil/ il/ dl U
fuslnaladuemsnilavsminduden  Tuduneunismaniasimunzasldnisaanuuy
n1INAaaNLlL Two-Level Factorial Design A Central Point Replication NANITANSN

! ~ = o \ o , 9 A § v
WU gan1asimnnzan lunnsranfaacinalag ldezuunissiassasluinsinnma ldansdqn
2998199 Melaasz1dng conc. HNO, : H,0,: H,0 i1 8 : 2 : 0 mL ldni1dsaspaululagian
1000 506 wazldianlunistias windu 15 wh wazan1nenmnnzanlunismsausiacing
Ipeldrc1unnsanaadnIssiasaaa  Muntasi g 1S UINANI LN LM TLAZINANN S

Y <

aeludnlAATTlAY pH 1.5 uaz 7.0 MR L LLﬂﬂ‘fL'}@ﬂuﬂ’]ﬁ‘ﬂﬂﬂIu%\i’&‘NLW@LVII’]“] i
Aewany 2 dalug

mMemdansignathaeaunsnlagldansimnzausangn et
vaennasufisReldlAinmginBunalanemiinga 3 18n i Cd, Pb wax Hg Taa
wAlA ICP-OES (Inductively Coupled Plasma Optical Emission Spectrometry) Wi
Bunaednes Cd / Pb / Hg et aaENITNANNNLT ST, S2, S3, S4 LAy S5 TiAn
Winfu 0.698 / 0.256 /0.110, 0.550 / 0.368 / 0.083 , 0.430/ 0.300 / 0.106 , 0.423 / 0.218 /

o 1

0.049 uaz 0.343 / 0.233 / 0.031 Haaniusanlanin (Hniinan) ANAIAL TNFating
AINAUMALFRRENY 5 unasiiiizunns Cd, Pb waz Hg TuszAunmAIndnmuaininsgIun
nvuald tupe innusiumsgauzes FDA & EPA Safety Levels in Regulations and

v
Guidance (4.0 kaz 1.7 NaanFuFAaNIaNTNUNUtngn 41150 Cd was Pb AINATAL) WA



a o ]

INEUTTNNATIUTRILTENIANTENIWANBTOUG atlufi 98 WA 2520 (0.5 faAnfusie
Alansusiniings &1msw Hg) Waman VREILNITNANNUMGIAENTA 5 Uumasi Tasdunis
Uuilenasdlanzmings 3 mﬁmﬁﬂghi:ﬁuﬁﬂmmﬁﬂﬁi@é‘]ﬁiﬂm wazilefiansnnsziunis
ﬂuﬁj@ummiwwﬁﬂiumﬂmwmqﬂme{ém&mj wudh szAunsduiiewses cd lag
L@E’IﬂimzﬁuﬁzgﬁzgmwﬂwﬂﬂmwmmLm@'ugm S1 999a9NNA8 S2, S3, S4 uar S5
AMERL FmiLszaunisuileuzes Pb Tneiadelusziufigeiaanyluneeunasuann
WSIAEN S2 $09R9HNAD S3, S1, S5 UAY S4 ANNAAL E9U Hg W szduns ey
Tneiaas lusedufinnun ([ﬁl’m'ﬁ’] 0.110 HAANTNABNIANTH) ANFIRENRENTNTS 5
wiay daunisAnenistlsuiiutioninauniansaslaneminlusnatewesunesy wudn
Fnunsgaanlalumanistiaslunssnzenmns  uazmanisteslualdidan  Neneg
ludeFaray 21.0-33.5/ 6.8-28.1 uax 11.9-26.5 /9.4-23.2 41131579 Cd / Pb MINANAL
wazileRansnnSinnnsgedaldes Cd / Pb anveaeunanuinrerludasdenas
33.8-59.2 / 28.3-51.4 farunantsAniuansliiiuin Banmmes Cd uaz Pb tedou
wikwindu  (Bioacessible fraction) fianunsagnasdadngsrmeld iedeuiupea
T899 Cd / Pb #”Twmﬁﬁmﬂuu@ﬂmwm (Total Cd / Pb concentration) waNANTIEs

1 !

AansanlganFunnsaslansuine 2 atiall Anmanulugiuaay Residue #7anind

g I

wiaaannn1zsias lnanszinnzatrsnasinaan lddn Tenaasludaedas 50.1 - 75.6 WA

kT

44.6 — 789 A FUSIR Cd Uay Pb muansu azwiulidaiaudn tunneslansuingou
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5.2 TalduaLuL
1. ATRNNINAUNATNF/ATRIN TUNTIN1AR9TELILNNTER81YNT (In vitro gastrointestinal
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2. Arsvuuan sl siTeuiiauna lda1naa in vitro gastrointestinal digestion 1138 /n
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(n) Gastric Phase

Cd concentration, ug/g DW

Experiment Gastric Phase (A) Intestinal Phase (B) Residue (C) Total (A+B+C)
Mean SD % Bioacc. Mean SD % Bioacc. Mean SD % total Mean SD
1 0.292 0.108 11.8 0.191 0.045 7.7 2.132 0.070 86.0 2.614 0.135
2 0.303 0.027 12.2 0.119 0.047 4.8 1.950 0.048 78.6 2.372 0.091
3 0.341 0.023 13.7 0.059 0.025 24 1.969 0.043 79.4 2.369 0.092
4 0.386 0.028 15.6 0.105 0.074 4.2 2.085 0.062 84.1 2.576 0.027
5 0.372 0.088 15.0 0.159 0.077 6.4 2.097 0.059 84.6 2.627 0.119
uaELUe): UsNnaae Cd Nilaglua1581989 SRM 1566b Oyster Tissue Wil 2.48 + 0.08 pg/g
() Intestinal Phase
Cd concentration, ug/g DW
Experiment Gastric Phase (A) Intestinal Phase (B) Residue (C) Total (A+B+C)
Mean SD % Bioacc. Mean SD % Bioacc. Mean SD % total Mean SD
1 0.274 0.060 11.0 0.095 0.051 3.8 2.072 0.079 83.6 2.441 0.140
2 0.256 0.054 10.3 0.142 0.095 5.7 2.212 0.112 89.2 2.610 0.111
3 0.378 0.047 15.2 0.073 0.042 2.9 2.291 0.026 92.4 2.741 0.045
4 0.307 0.035 12.4 0.058 0.018 2.3 2.270 0.065 915 2.635 0.088
5 0.317 0.061 12.8 0.144 0.042 5.8 2.219 0.134 89.5 2.680 0.105

uanELUe): UNnaae Cd Nilaglua1sa1989 SRM 1566b Oyster Tissue WMLl 2.48 + 0.08 pg/g




A1919 W-2 Usnnaw (lunsiag pgig wet wt) wazdaaasdanITNAMANSaNTLARALNENLAZALNA LUA2REN19 U8 U19TH

(n) Cadmium
Oyster Gastric Phase (A) Intestinal Phase (B) Residue (C) Total Conc. Total Conc.
Samples Cd, Mg/g Bioacc. (%) Cd, Mg/g Bioacc. (%) Cd, Mg/g Total Conc. (A+B+C) (Microwave Digestion)
SN 0177 21.6 0.157 19.3 0.500 61.3 0.834 0.816
S1/2 0.224 26.4 0.138 16.2 0.558 65.6 0.919 0.849
S1/3 0.199 26.0 0177 231 0.443 57.8 0.819 0.766
S2/1 0.138 23.2 0.094 15.7 0.378 63.2 0.611 0.598
S2/2 0.128 21.0 0.119 19.5 0.354 57.9 0.602 0.612
S2/3 0.143 25.9 0.130 23.5 0.324 58.5 0.597 0.553
S3n 0.146 33.5 0.097 22.2 0.266 60.9 0.508 0.436
S3/2 0.127 32.7 0.103 26.5 0.219 56.5 0.448 0.387
S3/3 0.121 26.2 0.078 16.8 0.307 66.6 0.506 0.462
S4/1 0.131 28.4 0.098 21.2 0.277 60.1 0.506 0.461
S4/2 0.120 25.8 0.077 16.6 0.233 50.1 0.430 0.465
S4/3 0.096 21.2 0.086 18.8 0.257 56.5 0.439 0.455
S5/1 0.070 21.6 0.066 20.4 0.234 72.1 0.371 0.325
S5/2 0.073 21.9 0.040 11.9 0.253 75.6 0.365 0.334
S5/3 0.084 23.4 0.049 13.6 0.228 63.7 0.361 0.359




() Lead

Oyster Gastric Phase (A) Intestinal Phase (B) Residue (C) Total Conc. Total Conc.
Samples Pb, Ug/g Bioacc. (%) Pb, Hg/g Bioacc. (%) Pb, Hg/g Total Conc. (A+B+C) (Microwave Digestion)
S11 0.062 17.8 0.037 10.5 0.189 54.1 0.288 0.350
S1/2 0.064 19.7 0.060 18.2 0.161 49.4 0.285 0.326
S1/3 0.055 18.2 0.055 18.1 0.152 50.5 0.262 0.302
S2/1 0.074 16.8 0.066 15.1 0.294 66.9 0.435 0.440
S2/2 0.091 22.3 0.055 13.5 0.265 64.7 0.411 0.409
S2/3 0.072 19.3 0.050 13.6 0.223 60.0 0.346 0.372
S3/1 0.060 19.5 0.049 16.0 0.242 78.9 0.350 0.306
S3/2 0.063 25.7 0.023 9.4 0.178 72.6 0.264 0.245
S3/3 0.051 18.8 0.034 12.7 0.204 75.9 0.289 0.269
S4/1 0.039 21.7 0.031 17.2 0.081 44.6 0.152 0.181
S4/2 0.052 22.3 0.051 21.9 0.124 53.6 0.226 0.231
S4/3 0.028 18.4 0.025 16.1 0.080 515 0.133 0.1565
S5/1 0.065 21.6 0.049 16.5 0.186 62.4 0.300 0.298
S5/2 0.076 28.1 0.063 23.2 0.164 60.6 0.303 0.270
S5/3 0.083 26.2 0.064 20.2 0.207 65.3 0.354 0.317
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Abstract

A physiologically based extraction test (PBET) was applied to estimate the oral
bioaccessibility of Cd, Pb and Hg from oyster tissues. The PBET measures the fraction
of a metal which is solubilized from the sample under the simulated gastric and intestinal
conditions. Both gastric and intestinal extracted solutions and microwave digested
residue were analyzed by ICP-OES. The bioaccessibilities (relative to respective total
metal concentrations) of Cd and Pb in the oyster samples were 33.8-59.2% and 28.3-
51.4%, respectively. The bioaccessibility of Hg was non-detectable (less than 0.019
mg/kg wet wt) due to the relatively low levels of Hg in the oyster samples (less than

0.110 mg/kg wet wt).
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1. Introduction

Oyster farming is the primary aquaculture process in Surat Thani, southern
Thailand with a production of approximately 13,000 tonnes/year. The oyster farming is
located on the estuary of Bandon Bay, the east coast of Surat Thani Province.
Wastewater discharges of industrial manufacturers and chemicals leaching/runoff from

agricultural uses into the estuary are the possible sources of metal contamination in



oyster tissues. Heavy metals such as cadmium, lead and mercury have been
considered as a threat to human health, even at low concentrations since long term
exposure may result in bioaccumulation of toxic levels. Food safety to consumer is a
major concern since it is usually the most important source of toxic element intake. Many
countries and international organizations have established maximum permitted
standards (based on total concentrations) for the toxic elements in dietary products,

including seafood.

It is well known that only a fraction of a total concentration of a contaminant that
is released from a food matrix when ingested (bioaccessibility) and is important for
exposure estimation and risk assessment (Bragigand et al., 2004; Versantvoort et al.,
2005; Intawongse and Dean, 2008; Xing, et al., 2008). In this context, bioaccessibility
has been defined as the fraction of a compound that is released from its matrix in the
gastrointestinal tract, and thus becomes available for intestinal absorption i.e. enters the
blood stream (Oomen et al., 2002). In vitro gastrointestinal extraction procedure or a so
called physiologically based extraction test (PBET) can be used for estimating the
bioaccessibility of a contaminant in food. Several approaches have been developed to
simulate in a simplified manner the digestion processes in (mouth), stomach and small
intestine (Miller et al., 1981; Crews et al., 1983; Ruby et al., 1993; Hack and Selenka,
1996). In comparison with in vivo method, in vitro studies have the advantage of being
simple, rapid and low in cost and may provide insights not achievable in whole animal
studies. The aim of this study was to provide a realistic estimate of the oral
bioaccessibility of Cd, Pb and Hg in oysters by applying a PBET that simulates human

gastrointestinal process to oyster samples.

2. Experimental
2.1 Sampling area and sample pretreatment

The oyster samples were collected in five different locations along Bandon Bay
on the east coast of Surat Thani Province, southern Thailand in January 2010 (Fig.1).

Thirty live oysters (Crassostrea belcheri) per location were collected and taken to the



laboratory in a cool box. The tissues of the oysters were separated from the shell, oven
dried at 60°C for 72 h, ground and homogenized and stored in a desiccator until

analysis.
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Fig.1 Sampling area map

2.2 Chemicals

All reagents used were of analytical grade and ultrapure water (18.2 MQ cm)
was from a Milli-Q™ Millipore Water Purification System (Millipore SA, Molsheim, France).
Nitric acid, hydrochloric acid, hydrogen peroxide, acetic acid, sodium bicarbonate were
provided by Merck, Gemany. Sodium borohydride, Malicacid disodium salt, bile salt,
pancreatin were supplied by Sigma (Germany), while pepsin by Fluka (USA) and lactic
acid by BDH (England). Trisodiumcitrate  was purchased from Prolabo, VWR
International, Belgium. Argon gas (99.999%) was supplied by Praxair, Thailand. All
glass and plastic ware was soaked in a 10% nitric acid bath and rinsed with ultrapure
water.

Multi-element standard solutions for Cd and Pb, and a single element standard
for Hg were purchased from AccuStandard, Inc., USA. The certified reference material
SRM1566b (oyster tissue) was supplied by National Institute of Standards & Technology,
Gaithersburg, USA.



2.3 Instrumentation

All ICP-OES measurements were carried out with an ICP-OES JY238 Ultratrace —
Ultima2 equipped with a Concomitant Metals Analyzer (CMA) (Jobin Yvon Horibaz,
Longjumeau, France). The CMA uses NaBH, to reduce mercury to the elemental state
(cold vapor) for improving analytical sensitivity. Standard plasma conditions as well as
wavelengths emission lines are summarized in Table 1. A controlled temperature
shaking water bath (Memmert GmbH + Co.KG, Germany) was employed for the PBET
experiment. A Multiwave microwave digestion system (Anton Paar GmbH, Graz, Austria)

with TFM vessels was used for acid digestion.

Table 1 Instrumental operating ICP-OES conditions

RF Power (Watt) 1000
Plasma gas flow (Lmin™ 12
Auxiliary gas flow (Lmin™) 0.2

Nebulizer model

Meinhard Nebulizer Model: TR-50-C1

Nebulizer gas flow (psi) 45.0
Sample flow (mLmin’1) 1.0
Drain flow (mLmin") 4.0
6 M HCI flow (mLmin™) 0.6
0.5% w/v NaBH, in 0.5 M NaOH flow (mLmin'w) 1.2
Rinse delay (s) 30
Number of replicates 3
Wavelengths (nm)
Cd 228.802
Pb 220.353
Hg 194.163




2.4 Microwave digestion procedure

An accurately weighed oyster samples (0.5 g) was placed in a microwave vessel
with 8 mL of 69% nitric acid: 2 mL of 30% H,O, mixture. The digestion program was as
shown in Table 2. After cooling, the extracts were filtered through a Whatman No.41 filter
paper into a 25 mL volumetric flask, then made up to the mark with ultrapure water and

analyzed by ICP-OES. A blank was performed in every digestion batch.

Table 2 A microwave heating programme

Step Power (Watt) Time (min)
1 250 2
2 0 2
3 250 2
4 1000 15
Cooling 0 5

2.5 Physiologically based extraction test procedure

The PBET method was based on Ruby et al. and Cave et al. In the first stage,
0.3 g (accurately weighed) of oyster samples was placed into a 50 mL Sarstedt tube
and treated with 30 mL of gastric solution (1.25 g pepsin, 0.50 g sodium malate, 0.50 g
sodium citrate, 420 uL lactic acid and 500 pL acetic acid made up to 1 L with ultrapure
water, adjusted to pH 1.5 with conc. HCI). The mixture was then shaken at 100 rpm in a
thermostatic bath maintained at 37 °C. After 2 h, the solution was centrifuged at 3000
rom for 10 min and a 5 mL aliquot was removed and filtered through 0.45 pL filter disk
for analysis. 5.0 mL of the original gastric solution was then backflushed through the
filter into the sample tube to retain the original solid: solution ratio. The second stage,
52.5 mg bile salts and 15 mg pancreatin were added into the sample tube and the
mixture was adjusted to pH 7.0 with saturated NaHCO,. The sample was then shaken at
100 rom in a thermostatic bath maintained at 37 °C for a further 2 h when a second 5.0

mL aliquot was removed and filtered. The bioaccessible metal contents of oyster



extracts were determined by ICP-OES. The resultant sample residue was further
extracted by microwave digestion. All the aliquots were stored at 4°C and analyzed

within 24 h by ICP-OES. Gastric and intestinal blank were performed in every batch.

2.6 ICP-OES analysis

Samples of the oyster extracts were analyzed by ICP-OES using an external
calibration technique. A matrix match standard solution was used to circumvent
potential matrix effects. The quality of the ICP-OES measurement data was evaluated by
analyzing the certified reference materials (SRM 1566b oyster tissue). The CRMs were
run in between every 10 sample measurements to check the sensitivity of the

instruments.

2.7 Calculation of bioaccessibility

The bioaccessibility measurements are normally reported as relative
biaoccessibility expressed as a percentage and calculated per digestion according to
the following equation (Oomen et al., 2002);

Bioaccessibility (%) =

Metal mobilized from oyster sample during digestion (ug) x 100

Metal present in oyster sample before digestion (ug)

3. Results and discussion
3.1 Analytical performance

Accuracy of the method was assessed by using the certified reference material
(SRM 1566b oyster tissue). The obtained results and the percentage recovery analyzed
for the heavy metals are shown in Table 3 (A-B). All percentage recovery results showed
good agreement between measured and certified concentrations with values ranging
from 89.4-103.8, 85.3-98.9, and 82.1-111.6 for Cd, Pb and Hg, respectively. Good
repeatability of the method expressed as percentage relative standard deviation

(%RSD) has been also assessed.



Table 3 Total concentrations (ug/g) in a certified reference material (SRM1566b oyster

tissue)
A) Cd and Pb
Cd Pb
Measurement | Certified value = 2.48 + 0.08 Certified value = 0.308 + 0.009
Measured value, | Recovery, % | Measured value, Recovery, %
1 2.425 97.8 0.301 97.7
2 2.216 89.4 0.266 86.2
3 2.298 92.7 0.263 85.3
4 2.508 101.1 0.280 90.9
5 2.574 103.8 0.295 95.9
6 2.521 101.6 0.305 98.9
7 2478 99.9 0.274 89.0
Mean 2431 98.0 0.283 92.0
SD 0.129 5.2 0.017 55
% RSD 53 5.3 6.0 6.0
B) Hg
Hg (ug/g, Dry Wt.)
Measurement Copirea= 0-050 pg/g
Cpiked sample C nspiked sample Crouna Recovery, %
1 0.361 0.314 0.047 93.8
2 0.319 0.263 0.056 111.6
3 0.321 0.277 0.044 87.4
4 0.311 0.268 0.043 86.1
5 0.356 0.315 0.041 82.1
6 0.304 0.262 0.042 84.8
7 0.364 0.316 0.048 96.2
Mean 0.046 91.7
SD 0.005 10.1
% RSD 11.0 11.0




3.2 Total metal concentration

To determine total metal concentrations, all oyster samples were microwave
digested with concentrated HNO, and 30% H,O, and analyzed for Cd, Pb and Hg by
ICP-OES. Fig.2 A-C shows the total metal concentrations (ug/g wet wt.) in oyster
samples collected from 5 sampling locations (S1-S5). Table 4 shows the mean total
metal concentration in the samples compared to the standard limit set by FDA & EPA
(for Cd and Pb) and Ministry of Health Thailand (for Hg). The results indicated that mean
Cd / Pb / Hg levels in the oyster samples collected from S1, S2, S3, S4 and S5 location
were 0.698 + 0.114 / 0.256 + 0.095 / 0.110 + 0.077, 0.550 + 0.039 / 0.368 + 0.066 /
0.083 + 0.039, 0.430 + 0.044 / 0.300 + 0.076 / 0.106 + 0.051, 0.423 + 0.059 / 0.218 +
0.044 / 0.049 £ 0.042 and 0.343 + 0.020 / 0.233 + 0.071 / 0.031 + 0.015 pg/g wet wt.,
respectively. It clearly observed that the metal concentrations in all oyster samples were

well below the standard limits and vary little between sampling sites.

Fig. 2 Total metal concentrations in oyster samples collected from 5 sampling locations
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(B) Lead
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Table 4 Total metal concentration in oyster samples compared to the standard limit

Sampling location Mean + SD (ug/g, Wet Wt.), n=9

Cd Pb Hg

S1 0.698 + 0.114 0.256 + 0.095 0.110 + 0.077

S2 0.550 + 0.039 0.368 + 0.066 0.083 + 0.039

S3 0.430 + 0.044 0.300 + 0.076 0.106 + 0.051

S4 0.423 + 0.059 0.218 + 0.044 0.049 + 0.042

S5 0.343 + 0.020 0.233 + 0.071 0.031 +0.015
Standard limit 4.0° 1.7° 0.5°

° Standard limit set by FDA & EPA Safety Levels in Regulations and Guidance

® Standard limit set by Ministry of Health Thailand Issue 98 (B.C. 2529)




3.3 Bioaccessibility of Cd, Pb and Hg from oyster samples
A) Cadmium

From the results obtained in section 3.2, the total Cd concentrations were in a
range of 0.343 to 0.698 pg/g wet wt. for the oyster samples collected from 5 sampling
locations. The data potentially overestimate health risks to humans since it is recognized
that only a fraction of a metal ingested with food entering the systemic circulation.
Therefore, the oral bioaccessibility of metals from the oysters were studied using an in
vitro gastrointestinal digestion. The samples were treated with gastric and intestinal
juices in the PBET experiment, the gastric and intestinal fractions were collected and
analyzed by ICP-OES. Bioaccessible concentrations together with total Cd
concentrations in the oysters were shown in Fig. 3 A. The bioaccessible fractions were in
the range of 0.113 to 0.376 pg/g wet wt. These values expressed as percentage
bioaccessibility of the metals in oyster samples were presented in Fig. 4 A. The Cd
bioaccessibility was moderate i.e. 21-34% and 12-27% of the total Cd measured in the
gastric phase and the intestinal phase, respectively. The bioaccessibility of Cd were 34-

59% when the solubility in both phase were considered.

B) Lead

From the results obtained in section 3.2, the total Pb concentrations were in a
range of 0.218 to 0.368 ug/g wet wt. for the oyster samples collected from 5 sampling
locations. Fig. 3 B shows the bioaccessible and total Pb concentrations in oyster
samples. The bioaccessible amount was in the range of 0.053 to 0.147 pg/g wet wt. The
bioaccessibility of Pb in the samples was presented in Fig. 4 B indicating that it was
slightly lower than Cd. In the gastric phase, 17-28% of the total Pb was extracted from
the samples while 9-23% was dissolved in the intestinal phase. The bioaccessibility of
Pb in were 28-51% when the values in both the gastric and intestinal phase were

comprised.



C) Mercury

The total Hg concentrations were in a range of 0.031 to 0.110 pg/g wet wt. for
the oyster samples collected from 5 sampling locations. The contamination levels of Hg
in the samples were relatively low. As expected, the bioaccessible amount of Hg was

smaller than the LOQ of the method (<18.9 pg/kg) for every samples.

Fig. 3 Bioaccessible and total metal concentrations in oyster samples
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Fig. 4 Percentage bioaccessibility of the metals in oyster samples
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4. Conclusions

The in vitro gastrointestinal extraction procedure was applied to estimate the
bioaccessibility fraction of Cd, Pb and Hg from oyster tissues. The PBET measures the
fraction of a metal which is solubilized from the sample under the simulated gastric and
intestinal conditions. The simulated parameters include stomach and small intestinal pH

and chemistry, soil-to-solution ratio, stomach mixing and digestion temperature. Both



gastric and intestinal extracted solutions and microwave digested residue were
analyzed by ICP-OES. The bioaccessibilities (relative to respective total metal
concentrations) of Cd and Pb in the oyster samples were 33.8-59.2% and 28.3-51.4%,
respectively. The bioaccessibility of Hg was non-detectable (less than 0.019 mg/kg wet
wt) due to the relatively low levels of Hg in the oyster samples (less than 0.110 mg/kg

wet wt).

The results of the present study suggest that the PBET could be used to
estimate toxicity of the heavy metals in oyster samples. The approach is relatively simple
and economical, requiring only a day and only a small fraction of the cost of an in vivo
study. In addition, the PBET can be used to produce assessments of potential health
risks of heavy metals in foods that are more realistic than other approaches based on
total metal content. However, further research into the development of the PBET to be a

standard protocol is needed and the validation of the approach would be of benéfit.
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