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Health Risk Assessment of Heavy Metals to Thai People through 

Consumption of Seafood from the Eastern Coast of Thailand 

Waewtaa Thongra-ar, Chaluay Musika, Wanchai Wongsudawan and Arvut Munhapon 

Institute of Marine Science, Burapha University, Chon Buri 20131 

Abstract 

This study investigated the presence of Hg, Pb, Cd, Zn and Cu in marine animals collected 

from Chon Buri, Rayong, Chanthaburi and Trat Provinces. A total of 798 samples including fishes 

and shellfish were collected during the year 2007-2009. Results indicated that the concentrations of 

heavy metals in most of the marine animals were within the acceptable limits for consumption. There 

were 21.2 % of total samples containing some heavy metals over the acceptable limits. Those heavy 

metals were Zn, Cu and Cd, respectively, which were mostly found in some shellfish species. There 

was only 1 sample containing Pb which exceeded the acceptable limits. Among 5 analyzed metals, 

only concentration of Hg was significantly positively correlated with the length and weight of some 

species of fishes. 

Overall, the assessment of the risk to human health associated with consumption of seafood 

from the Eastern Coast of Thailand indicated that the heavy metals may not pose a health risk to 

seafood consumers. However, heavy shellfish consumers, especially children may pose a health risk 

from Cu and Zn over the safety limits. Consumption of seafood from Rayong Province may pose a 

health risk than that from other Provinces and shellfish had more risks than fishes. 
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'llflslll'W'hltl tHU1J11 trt'J1:;'J1'Wfl1JU1:; ttl'lf'Wlllflfl\Pllll!!\Plflll t'Yl111J'J11fflfl 'Ylsl'WttJU,Hllfl rn11:;'H'Wfl!1J'W • 

y 
• , 'J/'1 • 

!!\Plff:;ff1J W 'W'Wl 
• y • 

\Plfltl\Pl ~'W ii-:iiii1\PI 1rnzti'1iiu1mw fl11ll!,i'mi''W ~ sllllfl"l ~~:;vh 1 tt'tn\PIO'W \Plj ltl~flff\Pl1'\.J1Ylfllfft1Ud 
y y y 

u!nwt!tJ \Plrtfl\P"l~'W~'Wlff\Pl1'\.Jl'W'W"l m11liflflflfl~1t1 

ff\Pl1'Yl:;rnmmwff~ff1J i rt'H ttti! fl~U'Wtn'fl'W 'l ml11rn:;~tJ\Pl:;mi'W i il wd' u1gu i \Pl 1:.1~1'1..!'YlH 

I ., I o' e,, • ., o' "''> ?I ., ., o' • - I q I 'J/ 
111-:i t9l'fll'Hlj 1rn:;1J'41Jt1'Wt11J'l-.llff\Pl1't1:;rnmuj iflfl!lJ'Wfll'Hn t\P"lrJt'Q'Vfl~ff\Pl1'Yl:;m,n'Vf1fl IJill 1.1 flsl 

!!'flt'J1Utl 1if'WU1'J11J'Yl~m~U01J1J!iflflfl'W1Jlfl fl11fffl111fl11'U'W!n°U'W'lltl-:I i,mt'H'Ufl i'Wff\Pl1'Yltmf,:iij 

fl 111Jff1flt1JUV1sl t-:i !'Vf nz iii 'W fllj fff11!1Ucl t!~lj:; 1-:iu~ mw 1 cl'H :::11 i! fl~ ff::: ffl.J '1 u ff~ 1''YIZ1fl1~0 



2 

• V 'JI 'JI JI 

i1tNf1'Wfl'WW'.i1tHlltlf11'.i'U1lflfl01'111'H'l:::miitlrnilffw i,m:::m!n Ofl'n~V-Hllln'.itl 1iu~im1tltJtVO'W 
,, ' 

'IJO~ iim:::m!n iuumi~tl1 i~~-;w M1niim1i1:::i1J.J iirn:::m!n 'luifw1'Yl:::mi1~tntJn11ri1iiw11w1J.Jtln~ 
"' 

d ~ • , .do d r 1 'j/ '1 o' 
'11 '.i o Jil ~m 'W wnr11mw '.i J l'W 'YI m '11 'W ~ n 'ii::: m r-m m::: 'YI 'lJ w o 'ff m 1::: u 1~ t'l 011 'W 'YI::: t mm::: lJ'lftJ o 

'illflfl'WW'.iltlf1t1uH'llO~TI1l it'l'l1:::'11'Uf1 1~muw1:::~tfltJtfl~mua1'1m.h:::mr1&ilu ,imi irn 
u • 

. ,, 
il'W 1mw::: 'illf)f1l'j 'lJ 1lflfl01'11 l'.i 'Vl:::m ·vmnn ti'W tilo 'Will '.i ti'.i O'YI vh i Mtfl~fl1llJTif11 '.i'IJO~'fflJO~Ui;I::: 

. ,, 
'.i:::'U'Uti'.i:::'ffl'Vl tm::: hr1oiw oiw mm~J.Jl'illflfll'j 'U1lflfl,i'11iitlmilvumrnfl~tlJtllJ ih '1ttlJf11llJ 

H~tln~'IJV~ iwtm:::m:::~n irn:::nmnntl1~m:::~mnn m~m1wi~mh1ii'~H" '1tt'iri~r1111J~ui1 tm::: 

... ~ '1,,,. a.,~~ ,, 
W'.i:::'11'Wt1mm1 "Jf tt'l'tt:::'tttJf)"Jj'tJ~tltJG')WllJJ.Jl~1tl 

,, . . 
tl1 :::nv'Un'U '1 uiJ ,i,iuu m'.i'W\PJJ'WlfJW'fflttm rnn1i;t'~t~'U i w mh~mn 1 'W'W'Wn"lfwr:l~'YI :::mw:::iirnvn 111 

t f ,, ,, I 

'1 
Yd y <j° .., 1 '°' y '°' ~ 1 ,!I d <j° a, 

111Jm1wnm~'llo~ rn11:::11un 'W'ff~u1~t'!VlJ'Vll~'Yl:::rntwlJ'll'W 'W'Ul~W'W'Vltm:::m~q~mt'l it'ltt:::ttun 
,, . 

;~n ivmm:ht1'Vltl~ i ~t.lNl'W 111~ i CJftJ1'11 l'.i '11 ~ omv iomM1rn1iY~'U1lflfl, ~ i~ tl' m.h:::"Jfl'l1'Wl10lfftl 
"'"' 

" ' .:I .11:::l ' vdi 'W 111 nw 'W'W ;~n 1 vmmiYO~'illfltll'.i, ~i''U i '1'11:::tttl' nil::: 'fflJ 1 'Wi l~mo C)f~tll'iltfl~Nt'lm :::'Vl'UWO 

a.1 ,! ~ a, "1 , ~ J dll} Y ?f ' 
'ff'llfllW iu1:::t1:::!1i;llO'W ff'W'tt '.i Otl~ tlJtfl~'IJ'W f) t ~ U'.i::: f)t)'lJ f11Jtll'l17'.i 'Ylttt'ltlJ'W n'Wt:JlJ1'U1.h:::'Vll'U'IJO~ 
• . ,, 

fl'W im, 1 ~ vmw1:::tlmti'.lu m11nnnr1111JfflflqJtm:::n11'Vl'Ul'Vl 1 u m1 ~l'.i ~i1w'Uo~fl'W i 'Vlttmi~u~ 

tl~W11'Wil~i1'il'il'U'W ido~'illflUt'llti'.ltJm'ttl'.i~lJflWfil'Vll~ ifl"lf'Wltll'.iff~tm:::nm1m111111mv•1rw~~" . . .. 

1h::: io"Jfu~oiHmo lJtJ11rf1~111 it'IM:::m'.Tm,i'1rii1~mo 1~om~11d~¥ioN1um~m11J1iflr1vrn11 . "' 
t I ,, JI JI 

tm:::t:ijv ,~r 1Jtll'ttl'.iTiiimnJ'WtVtJ'W 1 utl'imw~~Ol'i)f)tl '1 tttfl~fl17lJti'.l'WW11 ,~TI~1:::v:::ifmm:::1:::t1::: 
,, ,, 

v111~o;juminm1011w:::'Yll~tfllJtm:::mt1fllW'lltl~'ffl'jtfllJ'W'W (fl'.ilJf11'UfllJlJt'ITI11, 2548) 
"' . 

f11'.iU1:::tfl'Wfl1llJt~tl~i.ioiy'llmW ti'.l'Wtll1fff111ltl~Ht'lfl'.i:::'Yl'U'illf1~~U1~aolJIPioq'llfll'W ii 

ti:lum1o~uvmh~wa~ 1 um11it1~ 'iltWtl'UflltlllJ'Ul~ti'.i :::t~'W m1tl1::: til'Wfl1llJt~tl~\l~ti'.lum1 

~ ,1g,1 ~ °" a., , ...-::i ~ .f 4 cu lit • .ca J 1 cu d"I '1 
1tfl':ilt'tt'UOlJt'ltl~f111 fflJNffUt'l::: H'1fl'.it'Yl1JW tlff'llfllW'YIOl'il 'il:::tn~'IJ'W '111 Otl~ tlJtfl~'U'W 'Wtl'il 'il1J'Wf1 l fl .. . . 
'11 lf) Nm iimi O ff'llfllW rr~ iii tflfl ;f 'W ~ 11:::0011011 U'.i::: ti! 'W fl 1llJt ~tl~ti'.l 'W fll1 l1l'W lt.lU~fl111J'U l'il::: trl'W 

• 

'UO~f111tfl~N'1m:::'Yl'Ul9iO~'llfllW (W~fft'YIW 11'fi1i'W:::t~'lf, 2547) m1tl1:::tilt.1r111m~m1 ti:l'Wtfl~tl~flo 
t I I I JI 

llff1flty'lf1tl 1 M ~iflf111fl 1111 t fltl~'Yl1 l'U 1::: imn11J t fltl~nti'.l 'W 0~ 111J'n~ mm 1 tltfl on~ht ij 'WlJl W'.i m 1 

tll1ifltll1fl111Jt~tl~~t'l11Jl:::ff111Jt.l'.f'Wjl'W'Yll~1'YltllillffWfl~~~0011ti'.l'U11ltll1U1:::tfl'W~tlo:JJ11Jfl'W 
,, ' ' " ' ' 

iu1:::iumt1'1 i~tl'um1tl1:::tilur11111tift1~1Pio~'UfllW'llo~1h:::"Jf1"lf'WTI01r'foo~iu'W'WTI'l11t1N~'Yl:::m 

w:::1ut1on'il1nm1 ii11J 1"11:::11tl'n 1 umm1'Yl:::m~tl 1m111tflfl\1~~ 1ti'.lur111 urim1ffn111od1~t~ m11::: 

0 1 ,, ~ <;- ,, .d I "' ,,., <;- ., ~ I .d ., '1 
11:::'Vll '11 'Yl11Utl~U'W1 t 'W1Jf111lJtfftl~W Otll'.i l ~'j 1J t '1'11:::'tt'U tl11ltl01'1111'Yl:::m'IJO~u'.i~"Jfl"Jf'W'YI Oliltl'elQ 'W 

,K ,do, f ~ .., ,d ,!I 91 d 1 y ,d,y ~ 19/?f 
W'W'Ylfl~f1"11111Jtl~1:::f1Ufil111Jm't1~1Jlf1'111V'WOtltWtl~ ~ tmt'IIOJ.!'1'YI fl~ltlf111Mf111lffl1111fl 'lft'U'W 

U'W1'VIHi'Wtll111~ttf-l'Utm:::m1i~m1~~u1~aolJ'UO~fllf1Wt1'WOtltlt~O~lJfl10~fil11lJU'1V~fitlittttfl 

~'Ul!flfil~O hi .. 



,, ,, ,, 

1\sloth tir ~fl'Ut1~m1 ffnmr1i' .:iiHii~~t1 hlu . 
,, ' 

1. 1!rl11tl1fl11'U'WtUtllJ'IJtl~ !rll1tl1'Wfl i#i'un 'U1ffYI \sltf11 UflfltiimJ ff.:Jfltff Urlt 'Yltl.:JUfl~ 
' ii ' ' 

l'W ff\911'Ylttrll1'U UlJ'W 1munnr1 'l 'W'W lJ Vl'lflUri.:J'Yl~I rlfllfl\91~1'W Otlfl 

2. 1m urn'Yiuutl!mwm1irti1lJ'IJt1.:i 1 r11-1~1-1irm1~r1t'lf'Wfl l'Wi\sl1'Yltm 1mttmurn'Yiou'lfiifl 

1-11 m.htm'Yl'll t1~ff\911'Yltm 'l lJ m1 fftfflJ 1 r11-1 ~ 1-1 ir m1~r1t'lfii~#i'10 

3 

3. tmurn'Yiuum1fftff1J'Utl.:J !rll1~l1'Wfl lmY\911'Vl~rn~i#i',nni.:i1-11f!~l.:J") 'l'Wi'W~'lflU~.:J'Yltm 

fllfl\slt1'Wtltlfl 
,, 

4. ffmnr1111-.1 fftl-W'W Ii 'IJ t1~tl! mw 1 r11-1~1-1ir fl!t~ri~ ·1rw fl nu'IJ'W7~tmt/l1 ! t1'W rntl' fl'IJ tl~ff\911 

5. 'U1tti'.J'Ufllff'J11J ! ~f.J.:J1-it1ff'IJflTVHI 1flfl11 i#tf u ! rll'I ~l'l'Ufl!t\Piri~'lf'U~ 'illflfl11 U nflfl01l111 
• 

nt m ~ i $J'l 'W i 'W ~'iflU~~ 'Yltm \sit 11-J t1t1fl t mt ti 1 ~ m'YI 1-1 ! O'lf'W ~ 'll ti~ ff \911'YI t m 1-11 t1 m 1-111 'Ylt rn~ iifl 111.1 

,#v.:iff ~~tlfllj, ~i'Ufl'W \911 lf.J'illfl 1 rll1tl1 'Wfl 'l lJ j tf.J~f.J11trlmhmunnr1m.h~~otdt1~ 
"' 



• 

'I: 

.. 
.. .. V 

fll 'j 'fl'U TI'JUU> mn 'jfllfU'n'UtM 

t)l'j fffl111~ 1'1.J ll7'j th tllJ'I.J fl111Jl~V-!l-it1iy'llfll'Vf'll t),:j'ffl'j V.11 h.1 tll'tt l';i'Yltm, m.h:mff1 'l'W v-in 
himmJn 1mt~vi1m-;;ffnm 1i11'11ri1u imy1tl'u~mnht1'Yl (m11r11u~11:i.rnvi11, 2545 1mt 2548) 

4 

• , Q 'J) d d O "9 , 'J) 'J) i ~ ., . 1d . I ,. I Ji d 

tltJl-1 rn\91111 'lltllJflfl1llll'fftJ-l'Yl'Yllfll'jfffl'lfl 11m1 'WU1l,J1J'I.Jtl11ll1JflV'W!l1Jft-! 1Jlllfl l'Wtl-!1llflllfll';j 
., ' 

'W\PJJ'Wl${l'Wlff'j1Jjfl 1lllfltfJ\9l'ffl'l1m ';ill 'i1ll'l1-lfll:i'llV1Vl>l 1'1Jtl-lllm'i-l']!ll'lfl-J 'YJ 1 i tt ffl';jlJftfil:I i 'Wff -lll1~'10ll 
• ,, ,., JI ' 

'Yll-:J'Yl~tmw11;iu ;,:i~11ilu~ tl-:Jffflm'li' till ftfll'.itl'Wttl tl'W'lltl-:J lft'11~'11'W fl i 'W'ff \911'lJ l!Wll!~1lJ\>1 ti, tl ... 

t11'.iffflm${1unntl-;;t1i'.iur111m~v-:J1>1tl''f'llfll'Vf i utl'J ~mff1 'YlVV-:J" 1:umm!n rvh~tl11no lu 

'.i ltJ-:Jl'\.J ff 1'\.J 1 muil' nvi lfll'j ff fl1111 'I.J fH'l ll'll tl-:Jffl'jfi l:I ~ l'Vf 1fl1\9ltl O lJ \91 ';j ltJ'Yll-:Jfll ';j lf)1;j\9)'j '11~ tlffl'.i ltlU fl 1i ~ " . . 
ff\91:i TI 'lf111nmm-;;~ 1:i.il imm'i'Ylt m 1 ~vm111'Ylv1fflff \91{ m:i 11w'Yl61ilu ~vi 1m1 ffmn rlTtt i' um-;; ff nl:I 1 ... ... 

' ., 
m-;;tl-;; t1i1u t111111iYv-11>1t1iy'llm'Y'l l u nrj11'llt1-:J'ffl:i WY ~1w1n 1 ft11t11i! n 1 u 01111'J 'Yl~rnir uwu11n 

tl-;;1no lu-;;iv-:Jl'W'Utl~ Partnerships in Environmental Management for the Seas of East Asia 

0 Q.I ..J O ,:::r. i'J) <V 

(PEMSEA) 'ill'\.J1'W 2 u1J1J ttf-:J~ll'\.J'\.JfllrnlV \9lfll'iff'\.J1Jff'\.J'\.J'Utl-:J The Global Environment 
' . 

facility/United Nations Development Programme/International Maritime Organization Regional 

Programme (GEF/UNDP/IMO) 1flV'YJlfll'.ifffl'lfl1iiutl-;;t!'YlffTiiltJuuff (PEMSEA, 2001) llftt 
., 

tl'itl'Ylff1'YIV (PEMSEA, 2004) i~u 
' ., 

PEMSEA (2001) fffl'lflfll'jtl'j~!i1'\.J fl1llll ffV-:Jl>ltl"!'Ufl l'Y'IWO'W 1il'V'IJO-lll'4l:I V,Jlflfll'jtllHtl tllJ 

'Utl-11fl11~'11'Wfl lut1Tttl'.i'Yltlft luo1111~'Wfll (Manila Bay) tl'.itl'YlffTiiltluurl' 1~vvi1nUfffl'lfl lu 

0 .I ~ ,l 1 I ,'J) ' I 

Ol'l1l'i'Yl~rn,11w1nvfllttf-lttftllll'illfl\9lfll~ !!ft~ lJflQll'Utl-1 shellfish flllfl 'tttltJllllfl-:JfJllflt'ttOVlJl~'jlJ 
., ' 

!~1J,Jlfl011llt'Wfllm'I~ lumhh Pasig 'YJ1fll'i1!rl';il~'tt!ft'ttt'l1'Wfl 11r1~1nv11 'Yltl~ll~-:J \9ltt11 llll~fll'Uff 
,, ' t ' 

llftttl'.itl'YI lu1ilt11~tlff\911'YJ~rni-:Jmh1 ll'11'lJllllfil'\.J1tl.!'11lfllfl11ll!fftJ~ (risk quotient, RQ) lumwn 

1${fi1 RQ < 1 mrn~-hnr111111*v-:J~l lift~ RQ 2: 1 llff~~11nr111ll!*V~iJ~ f,lflfll';jfffl'lfl 'Y'l1J11 fll RQ 
., ' 

'Utl~ 11;\'tttlf'Wflii'~ 5 'lf'U~ lu~1oeh~tlmn'Vi1m-;;«n111ufi1 > 1 1~wm'Y'll~'Y'l'Ufll"J~'t!~'lltH RQ lu 

1 ctlf ~'YIO-:JU~~,vi1n11 10.72 mrn~i1tlm~ 1 ${ 111no11lJ~ -u mijr111m~v~iJ ~1>10-q'llnTw 1 um:iu1iflt1 

,hulu11t1tJlllJi;\~j)llft~MtltJlJl~'.ilJ'Yllfl1'.ifffll:lllu'Y'll~ 11;\'tt~'tt'Wfl 4 'll''U~ flt) llfl~tnv11 'Yltl~U~~ \9ltA'1 ... ., 
llfttff~fl~ff 'Vftl1lfll RQ 'Utl~ ift'ttt'tt'Wflii'~ 4 'll''U~ijfillllflfl11 1 vmi'u llfl~!ijtJlJ 1~tifll RQ ~-!"!fl 

., ' 

11u~mmhiu1${i-:Ju ir~n~iY > 'Yltl-:Jtm~ > \9l~t11 

luri1u'llt1~t11'.iffmn 1utl1~mff1'Ylo 1$i'-;;wnu 1iiu PEMSEA (2004) 1fltiiimfl'Uflfll'.i 

tl'.it1"'Ufl1llJl*tl-:Jl'lflJl~rJ1t11J'lltl-l PEMSEA (2001) vilf11'.lfffll:llfl1llJl*rJ-:J~tl"!'Ufll'Y'ltlUliJtJ'llO-:J 
., ' 

l.lUY6'il1nm'.ivwilou'llo-:J lfl'ttt11irn iuu~nW'll'lrJH-:J'Yltm i-1111~'ll'cl'U~'.i1lJ 5 u~nw fitl 111-iuffu • • 
,c1 , a., .c:ta., G)31Y ~ .Q ... I ~ ,- a., 61 cv o' 

ff'.i'.il'lfl 011f.?~" 11ttfll.lu'U-I 1m~1mtff'lf-1 t'll''lltllJfll'J\9lfl.f.Jl.lfll'.ivlJt1Jt1lJ'llt1-:J ifltttttun iuff111'Yltm 



5 

y y 

111mw-:i1um'.i1ir.wh-:i"'Jli'-:i,nn11il1tt-:i1u'.i1'lfm'.iUl;ltt0fl'lf'W~oinni-:i IO ii l'l-:Ju~il 2534-2544 vi1m'.i 

1htii1ufl11mi'f tt-:imvnt l ul'l1od1-:i11ottui-:i'.i lJUl;lt1lntm ido-:i111n hiii'li'olJl;lfll'.i ffmn lullmTitm 
"' "' 

i'W'lf1-:J'.ittttnm~-:imh1 fom:~nlfll'.iffmnii 7 'lf'W~ '1~un 'UHJ'Yl Ufl~ti.ittlJ 1fl'.iti.irm 'YlO-:JU~-:J 

\9lti1 ff-:Jfltff trntffl'.i'tt\J 'WU11t11 RQ 'UO-:J 11;lttt'tt'Wfl~l11fll'.ifffl1fliit11u'ottfl11 1 tltl!1'Wt11 RQ 'UO-:J 
y ' ' 

ffl'.i'tt't,d iutjTitnuvi1tl'uviiit"i1"J-:i (RQ = 2.58) iiio-:i111n~mm'.imYtff1Jffl'.i'tt't,d '1i'iu-i1-:in1t1 '1~ 

lJltltl11110tl'Wl-:i'.ilJ !'V'l'.ilttjiimJ~tl'.i'.ilJfll'.ifl'WOl'ttl'.iUUU scavenger i'W'UWt~'ttOtl'Wl-:J'.ilJfl'WOll'll'.i 

uuumrnrn-:i (filter feeder) 
y y 

'W Ofl'il lflt:iv'-:ii.i'.i ltl-:Jl'W'UO-:Jfl'.ilJfl1UfllJlJi;lTI1Jl1lfll'.i fffl'lfl l i'on~1tl ~-:J'W • 
f1'.i 1Jt11Ufl lJlJi;l'W'lJ (2545) i ~l1lfll'.ifftl1J lfl 11tfl 11mi'f t1-:J'UO-:J ffl'.i 1.l'.i O'Yl~ Off'UO'Wl:tJtl~Uriflfl . . "' 

fflJ'Yl '.i 'U'.i lfll'.i ~i;l fll'.i fftl'lJl 'WU11 'U'.it'lfl'lf'Wiifll1tfl 11mi'f t1-:i~Ofl 1'.i, ~i' um'.i 'U '.i O'Yl'illtlfll'.iUriflfl 

11om111fl-:iriufltllfl l'Ylt m iu u1 nw 'lflf.l~-:J'Yltm i-:itt -!11 ffll'Yl'.i'U'.i 1n11odl u 1 t~u~1 i ~ttiifi 1t111m~v-:i 
"' . "' 

I ' I J 
Id. Q.I O Q,/ ' .c::1 ,, l ,, ~ ,d d. d 'l 

Of.J'Yl'.it~U 0.008 Uflt 0.370 1,1111m~u ('ttltlfllfl111J!fftl-:J!'Ul flfl I 'ttlJltl()-:JlJfl111J!fftl-:J'Yl'il:;otJ 'U 
"' "' 

m1tm1 '1 ~i' u ffnllrn'Yltnmhtt u ~) ri1u l uu1nw u fllJt;l~ m11m 111mu1,111111 'WU1Ttht'lfl'l1'W ii 

f111mi'f tt-:i"J-:in111 ~ttiirhm ~tt'Uo-:ifl11111*v-:ilv'iom11 ~i' um11.l 1 O'Yl 111nmn1~iflfltt omimHti Uflt 

tlm'Yltmivi1nu 0.010 Uflt 0.569 \9lllJ(ll~u irloTI111'.iw11i:lu11tt'!f'W11tlm 'Wu11 m11ho'YllmJm . 
d. ' d. ' Q,I 

'Yl'.i WU fl-:JlJ fllfl111J!ff tl-:J "J -:i 'tf 11!'Yl ltlU 1.05 8 

m11fl1UfllJlJflTI1J (2548) i~iht11'.ifft11flfll'.i'lhtiiluf111m*v-:iimto1,1'.i1m1u~1nfl'um'Yltrn • 
' JI ' ,, ' 

l'Ylf.l 111mu'um'W1tf111111irv-:i'Uo-:im11Jriflflff\911thvitluiiloum11.ho'Yl 'illflfll'.ifll'W1Wfl11lltfftt-:i 
' y 

'Yll-:i'Wl1f1'1'Yltll!UO-:J'illtlfll'.illmilo'Wffl'.iU'.iO'Yl (ecological risk due to Hg contamination) ifltJli 
J/ t JI I 

!tlWtt10\91'.ilfll'.i1Jnflflff\911tJlmi1£J 22 nfani'lJ/fl'Wlil Uflt'Wl'tt'Wtll'l1mi1£J'UO-:Jfl'Ul'Ylf.J 57 niflfl1lJ 
y y 

Uflti~,i'mJflt11'.i1.lwilou'U0-:illrn'Ylluff1,11tl1u~nwri11'1'YltJ ii 2538 'OTU1'W 9 'lf'W11 135 ~1'Wu11 

'J/ ... I d. .d ' ,, Cli .d "1 'j/a,, ... I .i:::\ t ' ,, ,, 
'.ifltlflt 67 'U6-:JuflllJfl1llJ!fftt-:i\9lO~U'.i flfl'Yl'ilt tf!'.ilJffl'.iu'.ifl'Yl!tl'Ufll reference dose (fllfl1llJ!'UlJ'U'U 

• y • 

'UO-:JU'.ifl'Yl"J-:J'tf11vio~ty11,1 ltt'iiluff1,11tl11vlom'.i1Jriflfltvi1n1J 0.0001 mg/kg/day 'UO-:J U.S. EPA) 
• y y 

0d1-:i, ':i~flllJfl 1llJ!ff tJ-:J'U6-:JlJ'U1JVl-iOfll':i, ~i' u 'U1 lJlW U':i O'Yl 1 u ff \911'UlrJ-:i;iu odnuil 'ii if.JU H . "' 
y y 

U'.itfll':i !'lf'U 'Wt)~tl'.i'.ilJfll':ilJ11nflff\911'Ul Uflt 'lf'W11'UO-:Jff\911'Wl ti:l'W~'U 
• y 

uon111nm1tl1tii1uf111111irv-:iu""1iim':ifffl1flt11':itluiilou'Uo-:i fotttmfo i'Wff\911'Yltm lu 

u1nw'lf1£J~-:i'Yltrnmfl1,1t1uoon i11vm'W1tnum1tlrn'Yl ido-:i'il1mrJu fo11ttttl'n~iiTI1J!wm-:imn 

.d "' ~ <'i "" ~ "' - 1 ~ t 1 : "' ., ., i i " 'Yl'tf11'1f'W11'11'lJ-:J'iJ-:jlJfll'.i!li'll'.it1-:Jfll'.i1J'lJ!1JO'lJ'Yl-:J 'U'Wl 11'W\9ltflO'lJ Ufltff\911'Yltm 11£Jm'Yilt 'W1J'.i!1W 

'WfllJ0\9lffl'ttfl'.i'.ilJ ,~un • 
y • 

m 1J t11u~ "" fl TI'hl (254 2) 1 w-:i 1u m1 ffl':i 1'ilffl'.i tl 1 o 'YI i m ii oiriuff \911'Ylt mu1 nw lJ11J\91 l'Vj11 
y y 

i-:iu fl111J!'UlJ'UU'UO-:iffl':iU':i6'Ylff-:Jff~ iuttOf.JUlJfl-:j.fl 0.170 lJfliini'111nfoni'11 'Ultt'Wmilvn rn-:icHlJl 
"' . "' 
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1/J '1,1 ' '1,1 ~ ., ., "' ' '1,1 '1,1 ., 
iflun f.)'1!!6JflJ1tJ lHrn Katelysia sp. 11"1lJ Ufl~11mm::arnn lJfllfl11:JJ!'IJlJ'IJ'W'IJt1'111'Hl'YI 0.104, 0.102, 

0.092 1m~ 0.075 :iJftilnfwniflnf11 tlmtl'miJan w111r!hiu ~,:io,:iri,:it1diumw~mm11u 

m11ri1uri1111ftvh1 (2543) i~w11111flri11m,i':u,i''W'IJt1'1m1tl·rn'YI i wif mtt1i1w1J1n~m 1~t1 • ,, . 
W111':iW11lffl';itlrn'Y1 i~ff~fflJ iui1w·hh i in~iuvitilu O'WW':ila~tlfll';iU!t.nfll1~tl ," iflmm tJUtTitJU 

.,., .cl"' . I ~ .& o Y Y . I"' . I 'I 
fllJlJlW'.i jl'W 'Ylllffl'.i 11'WtlJtl'W'IJt1'1m ~ 'YJ';i 1'1ff11il'.i W q'IJ 9f '1flll1 'W flfl1llJl'IJlJ'IJ'W 'IJtl'11J':ilJlW IJ'.itl'YI i 'W 

,, ,, 

mtt1'.ihri'.i,h 0.5 i11 i mni'11~t1ni'11 umtl'miJan l1~t1tl1~mw 1.25 i11 irirnfo~t1ni'11 urntl'm1tt,:i 
'jl c/ jl jl CV o': c:i, C:. 

ifltJf1l'W1W11lntlitljl~m,ilrntl'nmf,:i'l)t1'1ffW1'Wl vrn1wi,:i11~iJ 2539 ffW1'Wllff':i'Ujfl1111lfllJ';it1W 

6JfltJ~'1'Yl~mtttl'1uri11t1wmttm111mum-w~ iiiJ!mw1ht1'Yl1111 o.03 - 1.04 i11 ir1rni'11~t1n-fo • • ,, 
0 "' '1,1 u ll1 'W mm ,:i 

ea ; ' , .d.c1 .: 
9f ,:iw 1n 1lfl 1111 w ';j j l 'W tlll1 l ';i 'Vil! ffl';j 11 'WI ii ti 'W 1m~iuiJ 2541 1/J '1,1 d "' ' .I 

! fl!nlJW1tltJ1'1\l!! fl~ 

ttt1at11Jft'1fl ~ 1u 11-J 4 ~1t1ri1,:iu! nw 6JfltJ~'1'Yl~ml1 u 1-uri 1Jt1Wffll1 m 11111 l1fl1l'i!li'1 -wu11l11 tl'Y1iifi1t1ri 
~ . ~ 

imh,:i 0.02 - 0.01 i11 imni'1119'it1ni'11 Jmtl'nmf,:i ~,:i~1n11fi1mw111w1 '1Jt1'1m~'Yl':i1'1ff11i11wq'IJ 
,, . ,, 

mllfl11JfJlJlJf!W'U (2546 fl) fffl'i:Jlfll';jff~fflJ'IJtl,:j fott~l1tJfl iu1i1mrfoi1w1il1 luiJ 2541-2542 
,, . ,, 

i~affnmm1iJwiJt11-J'IJt1'11hm1 ffl'.il1\{ 1tfl~1iia11 'Ylt1'111~,:i w~ti1 i1,:in~il 1m: ifl11iia11iuu"il1ma 
,, ,, . ,, 

min 1m amnaunufi1mw111um11lu1il t11.J ffl'.i fott :tt tl' n i urw mot1i1w1u1 ~flfll'.iffn'i:l1-wu11 
' ,, ' ' 

11!mwffl'.il1\{ 'Yltl'1!!~'1 li'.itl'YI w:ti1 ff,:jfltff 1ut'Utl!Vtl~1t1Vl'1lic'll iifi1 i:Li1nummjl'IJ'¥lflll1'W~ 
,, . ,, 

i~iam~'Yl'.i1'1ff11i1'.iWq'IJ ri1uuf1~1iiv11lu1umvt11lm111nl11n11:Liil1~1,:i"l 11 1111,:i ih:iu~,:in11fi1 

lJlW'.ijl'IJ~t1l'tt'W~ i~tJffltJfNl'WflWtfl'.i'.ilJfll'.iU11,:j'lfl~11~1tllJlW'.ijTl-.ltlll11'.i'.itl111'1li'.it!'Ylff ff1'1.J 
,, . . 

fll'.ifftffll fott:tttl'n lu1i1mvt1~1t1ri1,:in,:i -wu11 ffl'.il1'W Uflfltiia11 'Yltl'1Ufl,:i li'.itl'YI w:ti1 i1,:in:il iifi1 . ~ . . ,, 
t1dl 'W '.i: i uvhJ c'I tl~fl tJffll11 lJ fll'.i unflfl am 11.J ~,:i !! 'lf'U 1avhnu'.i 111'.i11111 lfllJ ! I 1W lilflU:W'W ll'W'lf'.i'lJ1 

,, ,, .& 
luiJ 2542 iim1iJwilt1ui1,:in:if 160.11 i1flilni'11~t1niflni'11 ilmtl'miJan 91,:i1nun11fi1m1,1111u 

,, . ,, 
1m: 1 u1ut11ot1~1t1d1,:ittt1vtl'u -wu11v,:iii,h ilitn'WlllW'.iill'W vmiu fott:uri~1iiv111 uu1,:iu1nw t'lf'IJ .. 

,, ,, . 
l11nu"il l'Jtll'W'.i l11m11hhtt '1,:ii11u'Yiiifi11numw1 jl'W 

~ Cl.' CV (/ 0 ! 
11111,11 'Ylt1n:m t1c'l:flw: (2548) ffnmm1i1:i111 ic'ltttl1'1.Jfl lui1w1'Yl:1mnvnniJm ~ m 

ttun 1m~m:m 11;11w'UfllJf.l~ffrnm1>Jm11w1l';!~ h1iJ 2546 'W1Jfll'.iff:ff1Jffl'.ili'.itl'Yl\l~~~ 1ulrna ,, 
1..r1~1,:i1gn Cassis pila rrhtiu 0.232 :iJc'liin11J\91t1nic'lni'11 il1tttl'miJan '.it1'1c'l,:imi~uri iJm,h~;i:m1 

,, 

Therapon puta (0.075 :tJc'li'lfli'l1\91tlflic'lfl1lJ 'WTtttl'miJan) tm:1.lmuilulttqj Leiognathus sp. (0.073 
,, ,, . 

:iJc'li1ni' 11\91t1nfon111 il1tttl' miJan) ;i1mhiu i fla11!mw ffl'.i'l.1'.it1'YI 1 u i1;i1l1:mli,:i1111~ii i~t1yl u 

'.it~1J~lic'ltl~fltlff1'1111Jfll'.i1J1iflfl;t11J1Jl\91':iill'I.Jtlll11':i~ijffl'.ili'IJl,]tl'W~'1fl1'11'1.J~ i~Vfl':it'Yl':i1'1 .. 
ff11i1':iW~'IJ 

,. 
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' cSQJ ,vd .ct d 

1. fll'Ufl1JVl16tlHtYVl1'Yl:&tUU'l~fl1UJfl'U0-3fll1lfl1J 

~ ' ~ 

'iffl1J11tUO:J 'il'W'Vl'l.J1 trnt\Pl'.il~ i~ui'W'W'Wn'il:Jlf1~'iffl1J1trnt'.itUO:Jtfi'U\o11oth:J'.i1l.J 2 flf:J ih-iiuq~ 

uJ:J (Q:Umimf-,mnuu 2550) Ufltq~~'W (~mfll.J 2550) ihuiuiu~i:Jtt1~'il'W'Yl1J1Uftt\Pl'.ilfltnu 
~ 

1o11oti1:Jt~U:Jflf :Jt~u1 iuq~uJ:J ~o iui:Jtt1~\Pl'.il~tn'U iu,tfouwq11mfl:u 2551 trn:i:Jtt1fl'il'W'Yl1J1 

d i "I d um umou :umr1:u 2552 

'ifU~'UO:Jff\Pl1'Yltrn~n1m1ffn1111i:luff\Pl1'Yltrn~iiriwri1m:J!f'l'.i11Jn'iluft:uu:utl1mu1infl 

.I 'JI .I ., o' i • "'"'.l"I d 'JI o., ,'JI • 'JI t 
f1'W IJ'jtfl0'U~1U IJcll'Vltrn Ufltff\Pl1'Yltrn 'Wflfl:U'Yll.J!IJft0tlU'U:Jlfllfll\Pl1 (shellfish) ~Utl U tl:J tl-3 

q q cu q 

d Q,I ' ~ , fj/ QI I QI " QJ ' i ' ~ .cl .J,:g O q 

UfttlfOU fll'.ittl'U\Pl10Ul:Jlf10fll'.i ~1Jl'UO:J\Pl10UHff\Pl1'Yltm~:Jtlcl11 'WU\Plftt'W'W'Yl'Ylfftllll~lt'W'Wfll'j 

;1U11i~l:Jci i;ufi 

~ ' ' 
• fll'.i't11'!.ht:IN'W'W,j'l'Wniitiu i'W'Ul!1Wn'Yllfll'.ifftl111 !6lf'W 01'Wi'W 01'Wft0fJ 

~ 4 d .do , ~ ! 
- m1iuotJl'o'il1m1 mh ::u:Jium~rntl'Yl'Yllfll'.i'U '.i :mou i 'W'U'.i 11w uu 

ct, d ct. 4 ' 
- fll'j!~'WttllJ'U'.i!1W'ifltllfl~lf'j0'if7Uih 

~ ' 
- uttri:Jtw1:,ilu:J'if1UN:J 

- fft'Wl'W'Uftl uwtlm,i1:Jci 

4 
-ouci 

.. 

J:Jrl' \911001:Jff \Pl'J'Ylt!cl~ 1; 1Jl'ilt O Oti:l 'W~ 1U'Yl'Wff \Pl1J l~'U '.it'ifl'l1'W i 'Wl'tl\Pl' 'W~6lflU~:J'Yltnlfllfl 

\Plt1'W oontl 1m i itl1: nou mtt 1 '.i u!irtfl i 'W'l11\Pl'l.ht ~ 11u u~ tt 1nmm1 mt1J u ttri:J~1J1'Ufl:Jff \Pl1'Yl:m 

i~utiuounmmrn iiti:l'W'11m.1m.him1tlwrlou ifltttttirn iuif u~i!u 1¢i'~1u 11mf:J ittffoum11 

'lfnu 1::u'3o'3uttri'3~ m,io-31o11oti1:J ff \Pl1n:m¢i'1u'YJnflf-3 

,Cl Q.I I d QJ QJ f QJ ,I 
2. fl111Vl'itl1.JV118tJHUil:fll'i&fl'IJ'iflllltfill'WVl18tJHtYVl1'Yl~U'I 

a, I a, ~ d~ 'JI O 'JI 'j/ : i 9,/ o ct. ~ : Q.I 4 CV 

\Pl1flUHff\Pl1'Yl:rn'YI Afl'Wl1Jlcll-3~1U'Wl'Yltrn ttff:fllfl 'illU'Wtl6lf'W~ 'JH'Wllf'Wtl !tftt/lf'jfl1fl 
~ ' ~ 

fl11:UU11 •1hu lf clt!fll!ll 'Wltff1'W!'Uflni iuiinfl ti'11i'.lu'I.Jmtilvmmt'Ufl'Ul nw ill fl'W fl1'1.Jl1~'3 
' . ,, ,, 

(dorsal fin) 1uo:J 'il1mi:lu1J1 nw vii iti'.lu1o11U'Yl'Wt111 fftff:Uffll'U'Wtilou i 'W'Uclll1-3\o11 iiflfll1 !o 
' .,, ' 'JI ' ,, 

fl'Utl1WH1\o1~n'Yl7~1fJ stainless steel 'Yll\o11fl07:Jt'UO!Vtl ittti:l'W!'Utl!~fJ1f1'W i'-3'Ull1'WtlltlfJtl 'Ul:IJl!fi'I.J 
• 

, :!'<I 'JI ' d _,; ""' • i 'JI 'JI 'i i 'JI ,.j o 'JI 'JI d 'JI 
1 l'W\Pl!!'l1U'U-3'YIOW'Hfl:U -40 ° C !!ilt'Yll l1Ul1:J A~fJ 'if!fl1fl-3'Y11Ul1-3~1Ufl1ll.JW'W (freeze dryer) Uil1 .. . .. 
' ,, JI • ,, ,, t 

i':Jurnirnutt :Jflt1r1f :J i-woM 1'1.J1111w u1 i uiu mvtlff\Pl1'Vltm 
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3. m11m11~tt1t1tt~1-n'rn1utr'~11ri:m1 

ti'!11~11t!o~l'11m·/:11r1'J1~tt'J1lJ 5 'lf'Wfl i~mi UHJYI (Hg) \Pl~t11 {Pb) Ufl~uiiull {Cd) 

ff-.:Jo~ir {Zri) 1rn~ YleHUfl-.:J {Cu) l'llfll'JffflflW10ti1-.:i~1uorn i'W\Pl!m,i'll<u't.Hrn~ i~ tfJ'Jrn'l-.!11'0{ 

Oflfl iCJf11 tf1Ui'-.:JW'JOV1-.:JUtt'-.:J (freeze-dried tissue) 11t!o 0.25 fl'.ilJ !~lJflrn i'W\Pl!f!t<u'lJ,i''W {Merck 

suprapure HNO3) 5 lJi'l. 1rn~ i~ trl'J!'il'U!UO{ooo iCJf~ {Hp2) 2 lJi'l. l'llfll'JVelt1W1oti1-.:i tf1£J1im1tN 

tiomi'1orh-.:it11ufl'Jf!U'U'U'ttc.)ll {Block Digestion System Model AIM600) ~~W115Jii 110 °c 1iJ'W11'11 6 . ,, ,, 
i'11m '11'1-.:J'il1f1t!'Wtl1m1;0,11-.:i~1m.h deionized water !!'1tU'.i'UU'ilJl\9l'J!i'.l'I-.! 50 lJ'1. fl11:IJ!<u'll'U'U 

'UO-.:JU'J0Yl1rl lflt1'litYlfl'Wfl Cold Vapour Atomic Absorption Spectrometry (CV AAS) 'J~'U'U Flow 

Injection Mercury Hydried System (FI-MHS) Model FIAS 100 'li 0.2 % NaBH
4 

in 0.05 % NaOH 

til'W reducing agent 1m~ 3% (v/v) HCl 11'.lu carrier solution !!'1~1rlfl11lJ!,i'lJ,i''W~1tl!fljel-.:J Atomic 

Absorption Spectrophotometer Model 41 IOZL {Perkin-Elmer, Connecticut, USA) ff1'W l'111~11t!f1'lf'Wrl 

g'W1fl hw'lim1o-.:i Inductively Coupled Plasma Mass Spectrophotometer (ICP-MS) Model 7500C 

Agilent 

,, ,, 'I' ., .d 'l ., " ?I : ., "' ..,i 'l" 
fl11'J1tl-.:J1'Wr-.1'1fl11lJ!'lllJ'll'U nmt11'UflYl'W'U 'Wff\9'11Yltrn!U'U'W1'11'Ufl!litlf1 (wet weight) !'Wel 'If 

,, . ,, 
'lu m'.i 11'~ umnuunur111J1\Pl'J 11u t!u l'11 t flt1tl1ri 1f111mi1Ji'W t '111~ 11 tT f1't11fl i ~1il 'W'W 111t! m1tt'-.:ir3w 

,, ,, ,, 
~1tlfl\9'111ff1'W'WTHt!outt'-:iu'1t'W1'11t!miluo (dry/wet weight ratio) 'llO-:Jff\9'11Yltm'lf'Writ!w1 

~ ,! 

4. fl11fll'Ut.}1Jf,}W.fll'Wfl11llfl11t'tt (Quality Control) 

fll'Jfl1'Uf!lJfJOAfl1'Vffll'J1!fl'J1~l1!'111t11t!f1 'lutr\9'11Yltm l'11 lfltl\91'J1~ffO'Ufl11lJ~f11o-:inu 

1i1mtoff\9'11Yl~!fllJ1\9l'Jj1'W~Yl'J1'Ufl11lJ!,i'lJ,i''U (Standard Reference Material) 2 'lf'Wrl flO 1i101toum 
,, . 

Yltm (Dogfish muscle: DORM-2) 'llfl-:J The National Research Council (NRC) Canada !m~ n1moo 

11fltl'W1-:J'JlJ (Mussel tissue: SRM 2976) 'UO-:J The National Institute of Standards and Technology 

(NIST) N'1fll'Jffflll1Uffrl-:J'l'W\9'11'J1-:J~ 1-2 

d ~ ,1,l..,itl 
A11H'YI 1 Ni'lfll'J1lfl'J1~lH'WOWO "1Yl~!fllJ1\9l'Jj1'W (dogfish muscle: DORM-2) 

Heavy Metal Certified Value Measured Value %Recovery 
(mg kg·1 dry weight) (mg kg"1 dry weight) 

Hg 4.64± 0.26 3.67 ± 0.12 (n=5) 79.0 (75.6 -82.4) 

Pb 0.065 ± 0.007 0.082 ± 0.014 (n=2) 126.2 (110.8-141.5) 

Cd 0.043 ± 0.008 0.044 ± 0.007 (n=5) 101.4 (76.7 -120.9) 

Zn 25.6± 2.3 23.5 ± 1.4 (n=5) 92.0 (84.0 - 97.0) 

Cu 2.34 ± 0.16 2.18 ± 0.15 (n=5) 93.0 (83.3 - 100) 
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~ ~ ,I~ 4 
fll"HU'l 2 i:-lftf1l'J1tfl'.il:::'Vlt'WOU'.JO'I-HJtl'Wl-!l'nJlJ1~'Jjl'W (mussel tissue: SRM 2976) 

Heavy Metal Certified Value Measured Value % Recovery 
(mg kg-' dry weight) (mg kg-' dry weight) 

Hg 0.061 ± 0.0036 0.061 ± 0.08 (n=6) 99.7 (86.9 - I 14.8) 

Pb 1.19± 0.18 1.01 ± 0.10 (n=4) 84.5 (74.5-93.2) 

Cd 0.82 ± 0.16 0.75 ± 0.05 (n=5) 91.5 (86.7 -100.7) 

Zn 137 ± 13 128.7 ± 10.2 (n=5) 93.9 (88.2 - 106.8) 

Cu 4.02 ± 0.33 3.24 ± 0.25 (n=5) 80.5 (75.4 - 91.0) 

' 
-• ~ .cl ' 5. m1u1:::1'l1Ufl1l'lllil"O~fl0q''U.fll'ft (Environmental Health Risk Assessment) 

fll'W1W'Vllftlfl111H~tl'1 (risk quotient, RQ) mll'Vl'W-!lifo~ijomnh:::tlJ'Wfl171Jl~tl-!l~l'U 
' ... 

ff-!ltt'J~~Oll H'W1'Vll-!lfll'J'UU'LI~hirni'-u1~ti'1J'i:::1J1JUt1f1'1'Vltll'l'Wt'll~rou,io,:i MPP-EAS (1999) i,:iu 

RQ MEL 

LOC 

,,j 'Jl'JI "i .,d 'l°'" 
!110 MEL= Measured Environmental Level fl1111t'llll'll'W'll0'1 tft'Vl:'Vl'Wfl'Vl'W1J 'Wff~1'Vl:m 

LOC = Level of Concern t1'.l'Wftl threshold value 1110 ftl PNEC (Predicted no-effects 
,d ~ I a, I a, 0 'J)a,, el 

concentration) 9f-!ltlJ'Wfllfl1711'lfoO~fltl~Off'llflTYW'Wllltl'lJO-!lfl'U fll'W1W ,~~-!l'W 
• 

LOC = Tolerable daily intake (µg/person/d) 

Consumption rate (g/person/d) 

= 'U1111W lft11:11irn~ffllll'Jt11Jllflfl ,~1~v,u1n~t1U~'Jltl (111 lmni'11/flU/1U) 

vw·nm'i1J1lnr1m11nTI~m (n11J/r1U11u) 

' . ... 
Nft 'illflfll'ifll'U 1W 'n, ~ W 'ill'iW lftlfl111Jlfftl~ 1 ~i~U 

RQ 

RQ 

<1 
' ' ,c9 .:s ' .c:S 0 

111Jltltl~lJfllfl111JlfftJ~m (Low risk) 

' .c:i ,:t ' ,:t • • 

111Jltltl~lJfllfl1llJ!fftl~~~ (High nsk) 

rll Tolerable daily intake (TDI) ffl'Vl71J fo11:11irn~11h,1w11 (non-essential metals: Hg, Pb, 

'l 'J)r <i • o .., 
Cd) 'lffll'lJO~ United State Food and Drug Administration (http://vm.cfsan.fda.gov) 9f.:Jfll IDI ffl'Vl'i1J 



.. 

im1::;'H'Ufl~t1h.J1h::;iv'111.J (essential metals: Zn, Cu) 1:Jihhm.J~H;"lifll Recommended Dietary 

Allowance (RDA) Ul'l'W i~mi'hmli'UtN Institute of Medicine, National Academies, USA 

(http://www.imo.edu) 

" ffl'H i' 11'0\vl'i 1f11HJnflfltll'H 11 n::;rn'UtMfl'W 1 l'lV'W 'W 

t11'i1JjtflfltJl'Hl'il'l::;rn'Uo"u1::;"111'11'W~odlui"'H1~'111V~"'Vl::;rn1v1d'uoon ci1"iifl\Pl'ilt11'i1Jjlfmum 

'VJ::;rn 13.04 fl!J;\f)jlJ/fl'W/tl Q" 1.79 ni,mi'll/fl\J/U 'Hiifl 3.52 fltftfl'jlJ/fl'W/U 'HOfJ 3.76 nhni'w 

fl'W/U trn::; ~ 3.32 fltftfl'fo/fl'W/U (http://www.fao.org/DOCREP/006N4961E/y4964e0j.htm#bm19) 

" " 
ffl'H'j1Jf)"'W'W i:Jiim1nn1ro ii';" l ifl\vl'iltll'i1J1tflfll~V1f1Uf11JQ" 

~ dV ~A 

6. fll'nAfl11~'ti118\f tlrll·UJOVI 

6.1 11m1::;'tt'Hlfilmgv (mean) trn::;fil'nffV (range) 'UO" tft'H::;'H'Ufltl~ft::;'JfiJ~~lUUfl\vllll'JfWfl 
9' I I I t t 

mi::; u 1::; m l'l 'U o" ff \Pl i'n~ rn l u u ~ ft~ w u vi ihn i' ui 1t1 v1" vi iifl lfl 11m ~ 11~u 1vhni1,i ~ ~ lff ~vi mm 1 o • 
"'iv lvo .k .k , lvl o , .J 1~ ~ (method detection limit, MDL) 'HUlflH'HU"'Utl"fll MDL ll1 '11 Ufll'ifllU1W'HlflltllflV Uft~ 

. " . 
lumwviiifll~"mh1lllfltl1150 % ;iuiu ro~i:Jr11u1W'Hlflltll~fJ (Anan et al., 2005) U~'ilV-ilUfll 

-nimmu 

" 6.2 '11lfl11llffll'WU1i'i~'H11"UjlJ1W im-1::;m.fo lui1v11n::;rnn1J'UUl~'l1~tl'I.Jl'H'Wtli1 i~Vtll'i 

'11lfllffllU'i~ff'Ylf ff11ffll'WUll (correlation coefficient, r) 



,, 

11 

1,11001-:iff\9\'l'Yl~m 'lui-rn1~•1m1J1~-:i1~1J'Olt11J1nwloi1-:i'1 i~uti 1110-:i hn.i 01-:iffm umllluviu 
,, 

rn-:iuffu 'tt1~1ouum 1t11tl;IO£J ff1'.i7'lf7 fft'Vi1m.hrnm""'il'U-:J 1mti~ mi~ u11t1~0 '.i1ll 2 r1i'-:i'lu 

q~uJ-:i (fJll.fl1Til.!1i-lll1flfll.! 2550) 1mtq~Nl.! (\9,}"1flll 2550) 1~1,11001-:il'Y-:iEu 23 'lfU~ nll 301 

1,11001-:i ~1uunoomrlu 'llm 14 'lfU~ 1081,11001-:i ~-:i 2 'lfU~ 201,11001-:i tf-:i 1 'lfU~ 161,11001-:i tj 1 

'lfU~ 53 ri1od1-:i 'ttOrJ 4 'lfU~ 96 ri1od1-:i 1mt'ttiin 1 'lfU~ 8 ri1od1-:i i11u'lui-:i'tt1~'.i~£Jo-:i~-:i1~1J 
,, ,, 

ri1od1-:inll 2 r1i' -:i 'luq~uJ-:i1m~q~Nl.!l'Jfl.!nl.! 1~m~1J'luu111w u1rn'Vi 'tt7fl'Yl'.i7£J'Ylo-:i rn~6n"1-:itl1 
,, ,, ,, ,, 

1'1ntl11'1~ui1{ 1'1nu1-n-:i'.iw1 07llt'U7lliloll 1mt1mtiru i~1,11001-:i11-:iffl.! 24 'lfU~ '.i1ll 221 1,11001-:i 
,, 

~1Ul.!flOOmr!u 'llm 10 'lfU~ 67 \911001-:J 1-:i 1 'lfU~ 12 \911001-:1 n-:i I 'lfUfl 12 \911001-:J tj 3 'lfU~ 43 

~ ' ~ QI ' ~ Q QI ' 

\vl10fl1-:J t!OfJ 5 '!fl.I~ 67 \9\10fJ1-:J lll;l~tlllfl 4 '!fl.If! 20 \vl10fJ1-:J 

tl11-1i'u'lui-:it11flil.!mJ11m~\9\'.i7~~-:i1~u1,11od1-:i1TirJ-:ir1f-:i1~£J1'luq~uJ-:i1do-:i'01mu1htmtu 

~1n~ 1~£Ji.i'1od1-:i'01ni-:i1-11flil.!'YllJ11~u'lu1$iouiimr1ll 2552 ~ rn-:in~i'lf mfl1~1t1m1 1'1nJ1 
,, ,, ,, 

U'Ulll'll.! Yi1u'ilmJ 011~-:im~tul.! 1m~rn-:iri1uciro'01t1\9\m~ i~i.i'1od1-:i11-:iffl.! 30 'lfUfl '.i1ll 149 ., . 
i.i'Tod1-:i ,huunmlmrlu 'Ul;ll 26 'lf'W~ 114 i.i'1001-:i 1-10£J 2 'lf'W~ 20 i.i'1od1-:i 1mtt1iin 2 'lf'W~ 10 

1,11001-:i ri1u 'l u i-:it11~\9\nm~u 'lu1$iou'V'lq1:m1r1ll 2551 '01nu1nw1m""'"l.! u1uo1-:imtile-:i 
. ,, ,, 

')I "' "' 'l ..::.. " " Q .a , • ., lf11t'lf1-:J l'.i001l.!"1fl'Y1"1fl l.!U'.i 11tutll.!11'1J1"1'W-l'U1Ull1Ul;l~U'.i ntu U l1 l;lll-:i0'U 1mt9f0'07mrn1~ '.i H 
,, ,, 

1mt\9\l;l7~Uffl.!i-:i i~i.i'1odi-:i11-:iffl.! 25 'lfU~ nll 127 1,11001-:i ~1uumrnmrlu 'llm 13 'lfU~ 60 • ,, 
i.i'1ed1-:i 1-:i 1 'll'U~ 5 \9110UH n-:i 2 'lfU~ 10 ri1001-:i ~ I 'lfU~ 5 \911001-:J mm 5 'lfUfl 32 i.i'1ed1-:i 

& ~ QI I 

1mtm.m 3 '!fl.I~ 15 \9\10£J1-:i 

O QI di t ,,, Q ,/ ?I I .4 I QI &' 'LI 'j/ o, 

ffll1'.i'Ul1llfll.!l.! ~Uflfl11fl'.i1~tlflflf111Jl.! 2 ff1l.!flfl ff1l.!l119f-:J '.itflfl'U~1fl 1-11 (head) l1l.!1fl 
,, 

(tentacle) tmtU'Ul.! (arm) Ul;l~ff1l.!\911 (mantle) f-!l;lf11'.ifff1'lflii~-:i~e i'llil 

1. m1tlu,1l0wu0~ Yim~,nr n 1u HAin~m 1u,iu~,nuh-:in~mmflA~1u00n 

Ni;1t11'.i11r111~'ttfot1~1-1irn 5 'lfU~ i~uti 'llrn'Yl \9\t~1 ur1~1iimJ ff-:in~il U'1~'Yle-:iu~H luff~1 

V1~m'll1ni-:iw!~'lf'11J1 '.i~rJo-:i il.!'Y11J1 U'1~1vl'.i7fl ~1uun~lll'lfU~ff1v11ui1~-:i ii'lumr1Hu1n n 
,, . . 

m1'llu1ilou 1'1t1~t1irn 'l l.!ff ~1'Yl~m'Yii ~ '01ni-:i1-11f!'lf'11J1 l'f'U17 film ifo~ -:it1~'Ue-:i'llrn'YI 

\vl'.i1'0'Vm'lu'llm11mll1'U1, Tripodichthys blochii '01fll11~1fll.!l.!.fl1 iiflll'Yllfl'U 0.094 Ul;lilfli'll~fl 
,, . ,, 

fi1'1ni'11 'Wltl'Ut11iffln 1m~iifl1~hff~-ff-:Jff~'j~l111-:J 0.059-0.126 iJ'1ilt1i'll~fln1'1fl1lJ tl11-1irmilflt1 'Vi'U . ., . 
'luq~m\'-:i fllmgtt~-:Jtl~'Ufl-:1~~~1 ~'.i1'0'V'l'U'lm.Jmmt'Uflfl, Mugil cephalus 'Olfllll1'1lJUTI'W iifll 

,, . 
1vi1n1J o.309 ""ilni'11~onl nnf 11 u1t1umilvn undjfl1\911ff~-ff-:iff~'.i~1-111-:i <0.005-0.666 ""~nf 11 4 ., • 

,, . 
~oniflflllJ 'Wltl'UfllUtlfl vt11luq~ui\'-3 fi1mifotr-:Jtlfl'IJ6-:!Ufl~tiit.1ll \vl'.i1'0'V'llJ1l.!tiflt.lUflH, Anadara 
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granosa 
., 

,nmifo~1'Hli ihhrvhn1J 2.77 iic1ilfl'.ill~oni,mi'11 ihm!milrm 1\9lvflri1~1'ff~HH'ff\Pl . .. . ., . 
'i:::'1-117~ 2.38-4.65 iictilfl'.ill~Oflfofl'.ill ,hm!milvfl vmh1q~r--Ju ffl'H'.i1Jrlll'il~V\1~'l\9l,nM'IJ~fl:::iY 

tm:::VJ0~U\91~ 1v1-n~vmhrnom.,11~'.ill, Saccostrea forskali ~1mifo~1'Hli flrhrvi1t11J 1,779 1rn::: 416 
., 

ii'1ilfli'11~oni'1fl'.ill ihm!milvfl 1v11mh~1J 1mh.1q~u~~ (mm-nnfl fl mn~ fll-fl2) 
., . 

ri1utl'1v11VJ:::m~1fli~'H1\9l'.i:::vo~i!u W1J17 r11m~V\1~'!1Pl'll0~1.hoV11v111~w1J1utj"'1, Portunus 
., . 

Pelagicus flri11Yi1n1J 0.207 ii'1ilfl'.ill~tlfll'1fl'.ill 'I.Jl'HUfllilVfl l\Plt1flr11~7ff\9l-tHff\9l'.i:::'H17~ 0.098-• .. . ., . . 
0.344 ll'1ilfl'.ill~tlfll'1fl'.ill 'I.Jl'Humilvfl vm1uq~r--Ju~7fl1J!no.um:::1!u rllt'i!~V\1~'l\9l'UO~\vl:::f11 

,, 
\ol'.i1iW1J1uri1u111'UO-rn"flfflV, Octopus sp. lJrl7!l17f11J 0.304 ll'1ilfl'.ill~tlflfofl'.ill 'I.Jl'Humilvfl . ., 
1\9lviiri1~1tJIPl-\1~tl\Pl'i:::'H11-:i 0.008-1.42 ii'1ilfl'.i:1J~anic1fl'.ill 'llrni!milvfl w1J1uq~u~~~7fl1J!nw 

'H7\9lVl'.i7VVIU~ rlll'il~V\1~'!\9l'lltl-:JUfl\9l!lJVlJ\ol'i1~W'U1U'HOV'H17U, Babylonia areolata lJrll!'Yllf1'U 4.00 
., . 

lJ'1ilfl'.ilJIPion1ctfl'.ilJ ilrni!milvfl 1rn:::iiri1~1,rn-ff~ff\Pl'.i:::'H11~ 0.41-15.96 ll'1ilfl'.ilJl9ion1ctfl'.ilJ . .. . ., . 
'll1m!milvfl w1J1uq~u~~1m:::1~~1fl1J!nw'H1\PlVJ'.i1VVJO~ drni'mhmitv\1~'!\Pl'llu~tl'~n:::if1o111~w'U 

., ., 
1u'HUVU1~'.ill, Saccostrea forskali ~7fl!i~Vfl"7-:J'I.J7 lJrl7!l17f1'U 6,050 iictilfl'.ill~onfoflfo 'I.Jl'HUfl 

., . 
1ilvfl w1J1uq~u~~iiri1uy1ui1~1:::'tt11~ 3,751-9,851 ii'1ilfli'lll9ian1c1fl'.ill ilrni!milvfl ri1uri1m~a 

,, 
tHff\9l'Utl~'mMU\9l-:J\ol'i1~W1J 1'W'HUtJU7~'.ilJ!'lfUf1U iiri11Yi1n'U 1,074 ll'1flflf lliun1ctfl'.ilJ 'll1m!milafl .. . ., ,, 

iiri1oy1ui1~1:::M11-:i 626-1,532 iic1ilfli':1J1Pionic1fli':1J tlrni!milan W'U1uq~r--Ju'U!nwtl1fl'll11h::: 
,I 

llff'i (fllfl~'W1fl fl \Pll'.iH fl3-fl4) 
V ~ ~ • 

mn.lu1ilou ic1'tt:::l'lufl 1utl'1o11n:::m~1fli~'H1\9li'W'Vl'l-J1UU W'U11 ri1m~v-;;I~t}\9l'llo~1-''.io'YI 

\ol'i1~W'U1utlc11mm'Hilo~, Sphyraena obtusata ~7fl'U!nwm~nt1'1fiiri11vi1n1J 0.134 llclflfl'.ilJIPiu 
., . . 

nictfl'.ill Ul'Humilan rhmita-;;x~'!IPl'llO~\oltfl1 \ol'i1~W'U1U'HOtJU7~'ilJUlfl\11J, Saccostrea forskali 
., . 

~lfl')17U\l'1'Uiir111vi1n11 0.079 iic1ilni':u1Piunfoni'll Ul'HUmilvfl l\9ltJUrll~l'tl\9l-'r;l~tl\9l'i:::'H17~ 0.052-
., . 

o.132 iic1ilni':u~un1c1ni':u tlrni!milan 1rn:::ri1m~m1~tJIPl'llO~ur1miia:u tl'~nti'Y 1m:::mMu\9l~ 1v1n~ 

1 1 O ..:s, tQI 

W1J U'HOtJ\91::: fl'illfl'illl\917, Crassostrea iredalei llfll!'Vllfl'U 1.01 
,, 

n1ctfll.ll tlrni!milan 1911mh~'U (mr1~u1n fl 917'.il-:J n5) 

ffl'H i'11m1tlu1n'ou l 1;\l'l~'H ,! n 1 utl'1o11ntm ~1fli-:J'H1\9l\ol'.il\9l w11i1 ri1m ga\1 ~t}\9l'llo~1-'rn'YI 
,, 

\ol'.i1nm1ut11;\l'Yl'.iltJU\9l~, Nemipterus spp. iiri11vi1n'U 0.115 ill;\iifl'ilJ~Oflll;\fl'jlJ Ul'HUfl!i!an !1'1t . ,, 
iir11~1trn-ff-:Jff\9l'it'H17-:J 0.015-0.263 iil;\ilfli'll1Piun1ctfl'ill Ul'tt"Wmilafl ,~~lfl!1U01'Wcllfl'Hil'lt'lll . .. . 
~llH'lllUll1 ri1mgm;J-:J"!\9l'llO-:Jfl:::~1 ,111~w11l,moa1hmil\9l, Lingual unguis iiri11Yi1n1J 0.667 ., . 
lJ1;\ilfl'.ilJl9iOfllclfl'.ill UWIUfl!iJtJfl !!cttiirtl~lff\9l-ff-:Jff\9l'.it'tt11-:J 0.547-0.900 iil;\ilflflllPiOfllclfi'jlJ ., .. . 

JI t JI I JI ,r/ 

tl1m!milvfl 1ilui1mh-:ivi91omi1r11o1'11\9lttffu~-:i ri1m~aff-:Jff\9l'IIO-:JUfl\9ltlJtJ:1J1o1'.i1iw111un-:iim11o1u . .. . ,, 
1;ja1, Miyakae nepa tl17f11J 2.97 iictflni':u~on1'1nfo tl1m!milvn l\9lviiri1oy1ui1~1:::1111~ 1.56-

,, . 
3.94 iictnfl'ill~lf)fllclfl'.ill ,hm!milvn ,~~7fl!10tl1Ucllfl'Htl'11'117~1U-!'ll1Ull1 !lcltrllmitv\1~~~ 
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'IJO~i-m:dr llft~'YIO~ll~~ \Pl'i1'ilVmh.111oou1~nn.hn~u, Saccostrea forskali ihhrvhnu 281.1 trn~ 
,, 

33.66 llfti'lnfolvioohnfll 'W1'11'Wmilon mm!hiu (fllflf--l'W1fl fl \Pll'il~ fl6) 

~ 1 ~ .a O CV t/ ~ 'J) '1 
mn.l'Wt1JO'W -a11~11'WmlJO'illt1'Wfl\Pllll1h~m'Yl'IIO~ff\Pl1'Yl~rn 6 1.h~m'YI r10 1.Jm fl~ n~ tj 

1100 u-a~11"n vm11ihhm~mm~~1~1ix~-~~'{~'llo~ fo11~11,!n•1ru~lvi1~"li~ffll1Hlu\Pl11H~ 3-5 



• 

' ., ., 
fl11'Hn 3 tl1lJ1wmnhnuvu'IJtN 1r1-.-Y:;11un'lf-u~~,~G"J ~1uun~1lJtl1:;mV1'1JV~ir~1V1~rn 1u f~w1~'lft'l1J~ (iJ'1~ni'lJ~vn1m,i'lJ ihnumilvn) 

fJtl 

fJt)Uti'~ 

(fl.Vi.· 11J.IJ. 

2550) 

fJt)~ll 

(~.fl. 2550) 

' .I fl1Ultl1Jn1J 

2 fJtl 

1.h::un1 
~ ~ 

ff~nn::ia 

,Ja1 

ti~ 
• fl~ 

tj 
mw .. ~ 

'111Jfl· '111 .. ~ 

'111Jfl • ~1 

i.Ja1 

ti~ 
• fl~ 

tj 
'11t)IJ .. ~ 

'111Jfl· '111 .. ~ 

'111Jfl • ~1 

tla1 

fl~ 
• ri~ 

tj 
'11tl1J .. ~ 

'111Jfl· '111 .. ~ 

'111Jfl-m 

~1ll1'U 

'll'U~ 

8 

2 

2 

9 

2 

3 

14 

2 

4 

hU1'U 

i1mh~ 

38 

10 

7 

32 

48 

70 

10 

9 

21 

48 

8 

8 

108 

20 

16 

53 

96 

8 

8 

Mean 

0.041 

0.007 

0.013 

0.016 

0.009 

0.021 

0.039 

0.010 

0.014 

0.013 

0.013 

0.015 

0.028 

0.023 

0.011 

0,015 

0.010 

0.013 

0.015 

Hg 

Range 

<0.004·0.126 

<0.005·0.010 

0.007-0.018 

0.005-0.025 

<0,003-0.029 

<0.004·0.105 

0,006·0.080 

<0.004-0.014 

<0.005·0.032 

<0.004-0.046 

<0.004-0.028 

0.006-0.039 

<0.004·0. 126 

<0.005-0.080 

<0.004-0.018 

<0.005•0,032 

<0.003-0.046 

<0.004-0.028 

0.006-0.039 

Mean 

0.071 

NA 

<0.005 

NA 

0.093 

NA 

NA 

NA 

NA 

NA 

0.009 

0.014 

NA 

NA 

NA 

NA 

0.049 

0.009 

0.014 

Pb 

Range 

<0.004·0.666 

<0.006·0.124 

<0.005 

<0.005·0.152 

<0.006-0.278 

<0.005·0.034 

<0.006·0.045 

<0.005-0.065 

<0.005-0.025 

<0.005-0.102 

<0.006-0.028 

<0.005-0.066 

<0.004-0.666 

<0.005-0.124 

<0.005·0.065 

<0.005-0.152 

<0.005-0.278 

<0,006·0.028 

<0.005-0.066 

Mean 

0.022 

0,038 

0.027 

0.033 

0.402 

<0.005 

NA 

NA 

0.117 

0.785 

1.01 

0.084 

NA 

0,035 

0.015 

0.066 

0.593 

1.01 

0.084 

d ' ti S, ,, 1 "" .... 1 ; I .di ; ~ -., ,JI ' o 
NA '11lJ11JtH 1Jlflfl1150 % 'Utl~'UtllJtlfl11lJl'IJ1J'Ull tl'l1::'11llfl1Jfl1mfl11'1J~m-q,1nff11J1Hl1fl ~ (~1fl11 method detection limit, MDL) 

Cd 

Range 

<0.004-0.192 

<0.006·0.136 

<0.005·0.069 

<0.005·0.069 

0.038·2.26 

<0.005 

<0.006-0.144 

<0.005-0.031 

<0.005·0.377 

0.012·4.65 

0.54-1.54 

0.043-0.178 

<0.004-0.192 

<0.006-0.144 

<0.005-0.069 

<0.005-0.377 

0.012·4.65 

0.54-1.54 

0.043-0.178 

Mean 

7.84 

17.27 

18.24 

106.6 

655.5 

5.37 

21.69 

15.79 

78.05 

532.0 

18.28 

13.46 

6.19 

19.47 

16.86 

95.31 

593.7 

18.28 

13.46 

Zn 

Range 

3.02-52.41 

13.60·25.40 

14.91-21.36 

28.69-476.7 

7.25-2,964 

3.02-13.96 

15.99-38.26 

0.72-24.91 

29.8-454.0 

10.00-2,474 

16.69-19.72 

12.20-15.57 

3.02·52.41 

13.60-38.26 

0.715-24.91 

28.69·476. 7 

7.25-2,964 

16.69-19.72 

12.20-15.57 

Mean 

0.874 

6.39 

3.60 

12.60 

128.9 

0.348 

27.99 

2.23 

9.71 

29.96 

4.95 

3.55 

0.524 

17.19 

2.83 

11.45 

79.45 

4.95 

3.55 

Cu 

Range 

0.134-7.19 

2.06·11.33 

l.76·8.Q3 

3.21-171.2 

1.12-683.9 

0,078-1.26 

6.79-184.1 

0.098-3.39 

2.78·23.19 

1.36-329.7 

0.95-6.16 

2.58-7.09 

0.078-7.19 

2.06-184.1 

0.098-8.03 

2.78-171.2 

1.12-683.9 

0.95-6. 16 

2.58-7.09 

..... 

.i:,. 



"' 

, V v 

v11'J1~n 4 ,J1mtu m'JUtHil fl'W'lJfl~ 1 n'l1t'11'W fl'll''W,J~l~G""J ~lU'WfWlllJU'J~tflV1'1Jfl~fflil1i1~m 1 u i ~'111,1'J~t.1t1~ (i1nii ni'l.l~ vni nni' lJ tJ 1'11'W milvn) 

t]ij 

t]ijllt\'~ 

(llJ.V. 2550) 

t]ij~ll 

(~.fl. 2550) 

' .. fllllta V'11J 

2 t]ij 

1.h:a.fl'l'l 
w ., 

inrrn::m 

'I.la, 

Q~ 
~ 

fl~ 

~ 
1-rnv 
.. w 

111Jfl·'l11 

.. w 

111Jfl·911 

'I.la, 

Q~ 
~ 

fl~ 

~ 
'11t>V 
.. w 

'111Jfl- '111 
.. w 

'111Jfl·911 

'I.la, 
Q~ 
~ 

fl~ 

~ 
'116V 
.. w 

'1111fl· '111 
.. w 

'1111fl • 911 

,,u1u 

,r,'.i,i 

6 

3 

5 

4 

4 

6 

2 

JO 

3 

5 

4 

4 

,,u1u 

i1nih~ 

27 

7 

5 

28 

46 

20 

20 

40 

5 

7 

15 

21 

67 

12 

12 

43 

67 

20 

20 

Mean 

0.025 

0.009 

0.015 

0.059 

0.020 

0.023 

0.030 

0.030 

O.QJ5 

0.010 

0.039 

0.028 

0.028 

0.011 

0.012 

0.052 

0.022 

0.023 

0.030 

Hg 

Range 

<0.004-0.132 

<0.005-0.014 

0.009-0.019 

<0.003-0.344 

<0.004·0.l 57 

0.003-0.112 

<0.003-0.165 

<0.005-0.172 

0.008-0.024 

0.009-0.011 

0.007-0.089 

0.008-0.049 

<0.004-0.172 

<0.005-0.024 

0.009-0.019 

<0.003-0.344 

<0.004-0.157 

0.003-0.112 

<0.003-0.165 

Mean 

0.047 

0.028 

0.016 

0.050 

0.205 

0.089 

0.021 

0.046 

O.QJ5 

NA 

0.039 

0.129 

0.046 

0.023 

0.010 

0.046 

0.181 

0.089 

0.014 

Pb 

Range 

<0.005-0.213 

<0.006-0.050 

<0.006·0.03 I 

0.008-0.232 

<0.004-0.590 

<0.004-1.42 

<0.004-0.084 

<0.007-0.586 

0.010-0.025 

<0.006-0.023 

<0.004-0.115 

0.030-0.323 

<0.005-0.586 

<0.006-0.050 

<0.006-0.031 

<0.004-0.232 

<0.004-0.590 

<0.004-1.42 

<0.004-0.084 

Mean 

0.005 

0.023 

0.067 

0.225 

1.22 

0.658 

0.090 

NA 

0.014 

0.056 

0.762 

J.15 

0.006 

0.019 

0.061 

0.407 

1.20 

0.658 

0.090 

NA '11111Vn~ 111flfl11 50 % 'llti~'l1e~afl11111-u'IJ,1u la'11::'11Ufl~fi1~1n11;i,1~1ty,i~ff1111rn1,i ii,i' (~1011 method detection limit, MDL) 

Cd 

Range 

<0.005-0.012 

0.009-0.067 

0.039-0.100 

0.004-2.08 

0.053-15.96 

0.018-7.15 

0.011-0.215 

<0.007-0.027 

0.004-0.041 

0.010-0.25 

0.055·5.IO 

0.063-2.99 

<0.005-0.027 

0.004-0.067 

0.010-0.250 

<0.005-5.10 

0.053-15.96 

0,018·7.15 

0.011 ·0.215 

Mean 

6.52 

21.59 

27.98 

432.3 

1,543 

54.54 

68.72 

12.74 

21.49 

24.40 

310.8 

3,155 

10.23 

21.55 

25.89 

389.9 

2,041 

54.54 

68.72 

Zn 

Range 

3.52· l 5.28 

17.26-24.58 

26.74-29.39 

33.97-816.7 

11. 73-9,851 

13.34-415.8 

11.25·432.0 

4.68-35.14 

21.02-22.12 

21.55-26.89 

31.l 9·481.5 

23.20-8,488 

3.52-35.14 

17.26-24.58 

21.55-29.39 

31.19-816. 7 

11. 73-9,851 

13.34-415.8 

11.25-432 

Mean 

0.420 

10.66 

2.71 

95.40 

230.8 

80.73 

16.98 

0.936 

10.02 

2.90 

I l.19 

667.0 

0.728 

10.39 

2.82 

66.02 

365.5 

80.73 

16.98 

Cu 

Range 

0.104-0.876 

6.18-13.36 

2.44-3.04 

3.33-418 

1.25-838 

1.50-659.6 

J.17-223.7 

0.104-2.55 

8.33-11.90 

1.32-3.59 

6.82-15.41 

9.80-1,532 

0.104-2.55 

6.18-13.36 

1.32-3.59 

3.33-418 

1.25-1,532 

1.50-659.6 

1.17-223.7 

-Vl 
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Vl111-:Jn 5 tl~lJ1rum1tlu1iJ V'l..1'110.:J lcll1~l1'U fl'lf'U ~~1-:JG') ~ 1U'l..lfW11lJtl1~1fl'l'l'IJO.:Jff \Pl1'1'l~rn 'l 'W i.:Jl11~i'W'Vl1Jl Ucl::\Pl11~ (lJ cl~fli' lJ~ on1c1ni' lJ 'W 1r1'U rnilflfl) 

f-:i,-rr~ 

it.J'l'l1_J1 

(ii.fl. 2552) 

~,,~ 
('l'Ul. 2551) 

1.h::1fl'l'l 

"' ,I n-,rm::rn 

,Jm 

(J-:i ,, 
n-:i 

tj 

l16f.l 

.di "' l11Jn-l11 

.di "' lfl.Jfl-~1 

,Jm 

(J-:i 
,, 

n-:i 

tj 

l16f.l 

.di "' lflJ0- '1-11 
.di ... 

lfJJn-m 

i1trn.J iTW1t.J Hg Pb Cd Zn Cu 

'lfU~ ~1601-:J Mean Range Mean Range Mean Range Mean Range Mean Range 

26 

2 

2 

2 

13 

2 

5 

3 

3 

114 

5 

20 

10 

10 

60 

5 

10 

5 

32 

15 

15 

0.023 

0.044 

NA 

0.016 

0.019 

<0.004-0.134 NA <0.005-0.113 NA <0.005-0.019 

0.024-0.079 0,035 0.023-0.047 0.616 0.229-1.69 

<0.004-0.009 0.112 0.052-0.219 0.800 0.390-1.28 

<0.003-0.049 0.015 0.005-0.034 0.209 0.025-0.587 

<0.003-0.062 NA <0.004-0.016 0.028 0.004-0.062 

5.01 2.47-12.84 0.463 0.104-1.59 

38.86 30.87-44.93 10.83 7.90-13.68 

399.2 222.2-663.4 38.72 19.38-70.51 

11.22 10.02-12.33 3.46 1.38-7.39 

9.62 8.89-10.00 1.72 0.698-3.35 

0.032 <0.004-0.263 NA <0.005-0.236 NA <0.005-0.012 4.06 2.07-9.66 0.433 0.054-1.18 

7.03-10.45 

10.39-27.44 

8.74-16.86 

0.024 0.014-0.031 0.016 <0.006-0.025 NA <0.006-0.040 11.63 10.30-12.41 8.54 

0.025 <0.004-0.067 0.023 0.011-0.031 2.06 0.949-3.94 33. 72 27.90-49.08 17.95 

0.039 

0.007 

O.Ql8 

0.021 

0.017-0.058 0.021 0.007-0.033 0.339 0.101-0.703 

<0.003-0.018 0.214 0.016-0.900 0.594 <0.005-3.23 

0.004-0.044 0.017 <0.005-0.036 0.233 <0.005-1.13 

0.007-0.064 0.012 <0.005-0.025 NA <0.005-0.014 

38.87 30.27-51.02 12.66 

100. 7 7 .13-440.4 12.29 0.276-46.06 

9.32 0.337-11.99 5.24 0.610-15.38 

7.88 6.58-9.79 2.91 0.981-6.59 

NA l1lJ1f.1~-:J mnn-:i1 50 % '\lti-:i-ri',n,1tlm1JJ1.ri'JJ.ri'u lm1::l11!niifii1~1n-:i1:U~~,iy~~ffllJ17tl1~ 11i' (~1n-:i1 method detection limit, MDL) 
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., .. .d d ., ., d 'I ,, .I .J "I ,, "I"" .d 
ff911'Yl:::rn'YllflU'il1fHl.:J'l11~')Hl'lJ'il1":::'i~tl0.:J !'Ut)~Ur\.:Jllr\~t)~li-l'W t]f,:J 1~nv-:i1mrn !1 !'W911'iH'YI 3-4 . ,, ,, . 
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'IJO.:J 1"11:::11tl'n 'lfU~'lJo.:JiY'911V1:::rn 1m:::io.:J111~~1~ui1od1.:Ji1v i1od1.:J1iu iuio.:J111~'lfrtu1 wu11 • 
tl!mrutlrn'YI 91:::t11m:::1m~1iit11J i u1hn'Yl:::rn 11rt:::tl!mru91:::t1 i u11ov iuq~11t\'.:J~.:Jfl11q~H'W (mw 

~ 1) ff1'W'O.:J'H1~'.i:::tlO.:J WU11 tl!mtutlrn'YI llft:::91:::t1iutlm'Yl:::m i1mr111mmfl~Hfl'l.Jiuq~uK:i 

1m:::q~H'W u~tl!mw11r1~1iit11JiutlmV1:::m iuq~H'W~.:Jn11q~ut\'.:J 11'.lu~u (mw~ 2) 

1rtOW'ill'.iWl~lU'l.Jfl9lllJtl'.i:::lfl'Yl'\JO.:Jif911'Yl:::m~ii'illfl'O.:J'H1~'lfft'lJ1 WU11 flllil~tl~.:Jif~'lJfH 
., 

tl'.io'YI wuiutlmiuq~ut\'.:J (0.041 iJftiini'>J~oiifoni'lJ urntl'milvn) 1m::: Q.:Jiuq~H'W (0.039 
., . ., 

lJftiifl1lJ~UOiftfl1lJ Ul'H'UfllVtlfl) ff1'l.JfllmnVff.:Jff~'lJU.:Jif .:Jfl:::ff (655.5 1Jfti1t1fo~ut1iftt1flJ 'Ul'H'Ufl .. . ., . 
IVVfl) 1m:::'YIU.:JU~.:J (128.9 lJftiifli'lJ~Unfoni'lJ Ul'H'UfllVVfl) wuiu11uviuqrl11t\'.:J ffl'H1Ufllmnv 

., . 
~-:Jif~'lJU-:Jllfl~liiVlJVfUiu11ijnri1u-n'1iuq~H'W (1.01 lJftiini'lJ~Uniftfl1lJ 'Ul'H'UfllVVfl) (9ll'iHtl 3) . ., . 
ffl'H1Uif\911'Yl:::m11ii'illfl'O-:J'H1~'.i:::VU.:J'U'W VfU11 fllmnV~-:Jif~'lJU-:Jtl'.itJ'YI VfUi'W~ iuq~ut\',:i (0.059 

,, ' . ,, 
lJftiifli'lJ~Unit'lni'lJ tlrnumilvn) fllmnvff-:iff~'lJU-:J\91:::fl1 (0.205 lJftiifli'lJ~Uniftnfo Ul'H'UfllVVfl) .. . 

., . 
1m:::11r1~1iit1lJ (1.22 iJftiini'>J~uiiiftni'lJ tlrnumilvn) wuiu11uviuq~ut\'-:i 1m::fl1milv~-:iiy~,iu-:i 

., ., 
iY-:in:::iY (3,155 lJftiifli'lJ~Uniftfl1lJ 'Ul'H'UfllVVfl) 1m:::'YIU-:Jll~-:J (667.0 iJftiifli'lJ~Unhni'lJ 'Ul'H'Ufl 

1ilvn) Vfuhmumiunu u~Vfuiuq~Hu (\911'.iH~ 4) 
• • ' ,, J/ ,, 

lUU-:J'illfl'HUttli'JuiY\911l1UlffV~~minun1m:::mm'.it1 if1i'lu~'lf'UU-:Jim'.itl'WltlO'W'lJU-:Jffl'.ilJftWli .. ., ., ., 

iu1mrl-:iu1 ,i fll'jfffllilf11-:J'Ut-:i'Yhfll'.illli vmnVUfll'.iff:::fflJ im-1:::'H'Ufl iulftJV'Ul-:J'jlJ lf UVUlJft-:Jti 

1m:::11UVUflH~l~1J'illfl1J!nw~1-:iCI) ~-:Jllff~-:J iuml'I~ 3-5 WU11 fll'.iff:::fflJ iftlf:::'l.htJ'VI 9l:::t1 

ufl~tiirm iY-:in:::ii uft:::V10-:iu11-:i lulfuvu1-:i'.i1J~Vf1Jl'W1Jlnw~h-:i!1) iui-:ilf1~'.i:::vv-:iihJlmwiJ-:in11~ 
' ,, ,, ' 

w11iui-:ilf1~'lfft1J1 iuvt1J1111:t:::\91'.i7~ (ml'lii 3) 11ff~-:i11iim'itlu1tlou,io-:i ift'l-1:::lfirfl iu~uiii-:i111~ . ., 
'.i :::vu-:imn n11io-:i111~fl'l.J u un 'illfl'U o-:il'11J11lf uvu 1-:i '.i 1Jiifll'.i ff:::fflJ 1" 11::: lf tl' n~-:in rl11iJ .:Jfl 11 

'HOVll1Jfl-:Jti 111:t:::lfflttllfl'i-:Jflfl~1V 1 ~ttlill'll:::ijfll'j ff:::ffll iftlf :::ff-:ifl:::ffm1:::'YIO-:Jll~.:J i ~vtl'.i:::mw 

' ' ' 11lflfl11 100 l'Yll'lJfl-:J'HflVU11ft-3fJ 11":::'HflVllflH 

fllVf~ 6 11'.lunn1mttmnv1Jfll'.iff:::'tl'1111:tlf:::lf'Ufl'll'U~~l-3!1) 1ufffl1'Yl:::m~l~1J'illfl'0-3'111~ 

.cl a., .ct. ' QI ,I • , ,.d d QI QI .c:::s i 
'lfft1J'.i '.i:::ttfl-:J 'il'W'Yl1J'i Hfl:::fl'.il~ Vf1J11 fffl1'Yl:::lftff1'1.J lfW'Yllfl1J'illfl'il-:Jlf1~'.i:::ttfl-311fll'.iff:::ff11 fl'l-1::: . . " 

., ' ., ,I .d d ., ., A 1 1 .I ., d 1 .I 
lf'Ufllllflfl1lfffl1'Yl:::m'Yllfl1J111'illfl'il-:Jlf1~fl'UCI) ~ttlUVfl::: ft'l-1:::urn'YI ff-:Jfl:::ff 1m::: 'Ylfl-:JU~-3 lJ \I . . 

4 i ., 1 .I ,, .I 4 1 ., ., ' ., ., <!I 
'11Dtl Uft::'1111fl um: r\'11::91::fl'l 'Uur\1 fl.:J u 1m::111Jfl Vf'lJ 'U'il.:J'l11~'.i::ttfl-:J111flfl1l'il.:Jlf1~fl'W . .., 
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:I' 
co 0.JS ... ... 

0.1 5 
u .. O.OS 
8 

0 

1h11 

~ 2 
Cd ~ 

'il 1.6 
:I' 
co 1.2 ... ... 
5 0.8 
u .. 

0.4 8 
0 

Lia, 

? 
2,000 Zn 

'il 1,600 
:I' 
co 1,200 ... ... 
5 800 
u .. 400 8 

0 

Lia, 

.400 

? Cu 

'il 300 
:I' 

-co ... 200 ... 
5 
u 100 .. 
8 

0 

Lia, 

chumrntr~fl 1Jtf11'tltl1zi'U\!'Jffi . .. 
II ll?'ftln'~ flltJV-3 \l 'lfi'IU'i 7.01 'I ' 

I)" Ii" 1J \lilU 

I)" Ii" ,J \lilU 

I)" Ir" ,J \lilU 

I)" Ir" ,J 'llilU 

I)" Ii" ,J \llilU 

\!Sin- 1'1 

\!Sin- 1'1 

\lfln- l\'1 

\ll!ln-l\'1 

B Yllttt 
~r.:u&< 

l!J i11m1i 
■ 11,111 

\l!ln - 51'1 

f;1 Yllttt 
0 ,:ae• 
□ i111111i 
■ 11n11 

\!Sin - 51'1 

r.iln11i 
~ ,:oai 
i;:Ji111111i 
■ 11n11 

'llfln - 51'1 

Ell w11i 
~ ,:n• 
Oi,mtti 
■ 111111 

\l!ln - 51'1 

Cl 'fflli 
0 >:DIH 

l!l iu1111i 
■ 11n11 

23 

J -~ 4 l "' "" t , ., fl ..J d ., QI .et ., .et ,nwn 6 1uw11mt111m·nf::fflJ u11::11un'J1u~~1~•1 Uff~'ln::mnmu11n1~11.~'11U1fS 1::t16~ 1un1p uu:: ~n~ 

bfY,'iJ 
f) 4-~ I 

264639 ~-~ 
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_I':! q "> 'i° V _. V ,! 

2.2 &trUJ'UlfltJ'U'til!vl'Ut>~ g il't'i::: 't'il! mm:::u1:::mn'\10~iw11n::: m 

m'.itmt1rnnt1'lJ'lf'W~'\JtM 1"tt:::•1,n!n~-m~in1iuif\?'11V1:::m 1~t1~'inrn11imn'Vi'.i111,11n1911m.h~ . ,, ' . 
if\?'11V1:::mV1f1'lf'W~ntnmnn'Vl~ 4 i~tt1~ (\?ll'H~'n 6 1rn:::m'Vin 7) 'Vi'U11 if ~ndHh.l11J101m'.iff:::fflJff~ . .. 
~ff~ iuiff!1V1:::rnvimh:::mvi i~mu'Vil:::'Vi'Umff~ imnrn trn::: 1-' \9'11lH11~1.J fott:::m!n~'Vi'Uff ~ff~ 

q q cu q cu cu q 

'.iO~iHlJl i~ttfl VIO~U~~ ~~'Vi'Uff ~ff~ i 'U'l10tlt'lf'Ut~tl1tl'U fll'.i~'Vi'Uli1lJ101fll'.i ff:::fflJ'\JO~ff ~n:::ffff ~ .. . .. . ., 
fiit~ i'Wfffl1'Yl:::mifo ffO~flftO~O'lJ'.ilV~l'U'\JO~ Huschenbeth and Harms (1975) Hungspreugs and 

Siriruttanachai (1981) trn::: 'W'lf'.il t~'lf'.i~'.iW (2531) ii'lm'Vi'.il:::11 if~n:::irttl'Uli1\9l~i6'ti'l'W\911t'S~ 
• • 

1-'ijmt11'Yll~'lf1!flU'\JO~tO'U iCJfJJ'Ul~'lf'W~flltl iu-i Hf11V (Viarengo, 1985) i~t1m'Vi1:::ti'lmn~~'ihttl'U 

, t QI tlo 
~O'.il~flltl'\JO~fffl1~l'Vi1f1'110tl (Anderson, 1977) 

fflttl'U'YIO~U~~~~nm'.i ff:::fflJ i 'Wif \9'11'Vl:::mff ~mmi'.lmfo ~'UffO~';i 0~ ~1nif ~n:::iri! 'U t1'!u .. 
I ?f "· I .,; 0 a, ,9 ?f .,; O a, , ,!I 

t'Wn:::11 'YIO~U~~ tu'UO~fl11'.i:::no'U'Vlfflflt1/'UO~ haemocyanin CJf~tlJ'U pigment 'YlfflfltY umo~'\JO~ 

QI ,/ 0 ,J i Q ti QI ,/ I ,:lit j/.cl fJ/ 0 ~ ,/ 

i1~1V1:::m~wnn ~ fl~ m trn:::ttoo (O'.i'Vit.l'YI ~'W'Ylrno~uff~, 2520) uon~1nu 1~1Jrj'Yllfll'.i1tm1:::1-nn 

Q QI il~, I _:1-1J' d •.ct~ 

1.hmw im1:::tt'Uf1 i'Wt'UOtuOff1'U\9ll~'7'\JO~ttom111~0, Haliotis tuberculata f1'Vi'lJ11llli'.ilJ101'\JO~ . ., 
'YIO~U~~ff:::ffllod~~nix~ iu1tio~'\JO~'l10tl 1~m11 ittttio~ti'l'Uff'lhi~u (Bryan et al., 1977) 

4 0 • I QI ,I i ., QI I ?I QI ,I .,;.,. 

tlJO~lU'Ufl\PlllJIJ'.i:::!fl'Yl'\JO~ff\9'11'Vl:::m 'Wfll'.iff:::ffll nn1:::ttt.1f1 'W'U11 l10tl t1Jt.lff~1'Yl::m'Ylll 
I I I J} JI I 

fll'.iff:::fflJ 1,m:::ttUfll'Jfl'lf'U~'n't'llfll'.ifffl'Ml~~nix~ tim1u1-''.iO'YI (mn~n 6) 'Vl~U t'UO~~lf) ttomi'lu 
QI d'd Q,/ Cl I QI d. I • " 

il'fl1'YIOlfftlfl~O~f1lJ'YI tm:::n'U Olli l';i 1 ~tlfll';if)';j 0~ ;~fflmrnm O~tmff ~~ l~'l 'nU'\J1t.lIIOtl hnh 

11! nw '.i01J'7i1'UO~:U'U i ~ ~~l11f1Uffl'.i'rf'Mt io1-''U odi 'W Jin ~:::t;.1nff:::,n.rndi 'U\911:U'U ,~ ( ff'flfi'W'Wll ., ., ., 
ITTlflt.1it1, 2523) i1mtt~'W ;~:Uf1'UU1JioN1-1omi:l'U~'lf'W'U~'lflJ(lfl11:::'\JO~Umfru1 (Bryan et al., 1977; . ., 
Phillips, 1977; Ikuta, 1987) 1m:::i'W'lJ'.i'.i~ll-lOtl'n'lJllJ1fff1'MlU'U 'WlJ11 'ttOtlt.11~'.ilJ, Crassostrea 

?f "" ,9 .,; a, ii,/ ?f o, ... , a, , I ', "' 

commercialis tlJ'Ul-!Otl'lf'U~'tt'U~'Vl'UtllJ 'lUlJ'U~"ll''U 'Uf11'.i\9l'.i1~ffO'Uffl'.ilJ{l'Vi'M 'Ufl'JlJ i{l'tt:::1-l'Wmm::: . . ., 
ffl'.itmi m 1 t.1fli101u iufli1mrimt'lf£J\9l:::1uoomiiu~ i~ 1i1 o~~lfl'Vi'IJU'Vi-i m:::~1t1111 i1-'iufli1mmm'Uu .. .. 
(Phillips, 1980) ., ., 

fll';jfff1'Mlfll~U'W1.J11 'U'.iO'YIUfll'.iff:::ffll~~it~ iu~ (~"'l ~~1 Uil:::~'Yl:::m) ';iO~iHlJl iiun ilm 
0 ., 1 QI , .d t ' d I QI .ei ... I 91 CV .cl 

ffTl1'.i1.Jfll'.iff:::fflJ im:::ttun u1-1un'W'W 'W1.J11 ttllflff1'W'l11CJf~11'.i:::no1.J~1t1 1-11 ttu1~ tm:::u,iu llfll'.i 
' ' ,, ,, . 

n-:::n-11 ii1'11:::ur1~ti1oumnnff~ w~i1~mfio 1i1tt::: 'Ylo~u~~ tm:::fl:::t11 \91111ih~1.J i~uu!mwn'Vi'Uiu • 
ri1t.1'111l1"f1ff~fl1lff1'U'\JO~i11-1ijfllJlf) 1~mum:::u!1JltU'\JO~Ufl~tUtlll'Vi1.Jiuri1u'\JO~'l111-l"f1ff~fl11 .. .. . ., . 
ff1'W'\J0~9l11-'1:::mw 10 t'th (m'Vin 8) uon~1nuufl~tijt1uifoil'W 1i11-1:::ttirflll'W'U~~mn i'Wfffl1'Yl:::m 

1.h:::m'Ylttijn 1-1ot1 ti tm:::i~ rn~1nflff~fl:::fftm:::'Ylo~u~~vn~1t1 ffO~flftO~O'Ufll'.ifffl'Ml'tlO~ Koli et .. 
.J O <!I , QI ,I "" ' ... ... 

al. (1980) CJf~'Yllfll'.ifffl'lfl t.lil'\9'11'Vl:::m1.J'.intU Atlantic Coast of South Carolina 'Vi1.J1lllfl~tll£Jllllf11'.i 

i1:::n-11 i uif ~1'fl:::m~i1ttl~omt~~ttmh1911 (shellfish) mnni1~'Vi'U i utlm (finfish) Ufl~tUtllJffllJl'.ifl • 
., QI ., 1· I d i "" dt & ,d .,; ., QI 

~'U~1f1'U IJ'.i\9\'W 'Wt9filtf1~t1J'U stable biological chelate complexes 9f~Ufl~llltlll'lfO'U'Yl~::~'Uf11.J softer 
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. ,, 
ligands lJ1flfl11 l'lf'U S-Cd-S System 1m::11f1~1iitJ1Jlli1J'J1l.J~1f11J hh~'Uifo (cadmium binding 

• proteins) 1iJ'U hh~u~inl.JHlflc\~l (low molecular weights) (Cooke et al., 1979 ~H 1~u Koli et al., 
,, . 

1980) Pl~'U'U m1nvm 1 ct'l-1:: 11t1~1iiu1JiitJ! mw ff ~l.Jlfl 1'Uff,t'l'Yl::mmi1JP1~nrl111 ~um ·rn:: 1 'U fll'.i fffl'lfl ., . ,, ,, ,, 
fli'-3u'Vtumn 1u,-dfou'U 

,9 I ?f I 0, ,/ .ct , 

,M'U1'1::11J'Ul'Vt'.il::11ff,t1'Vt1fl shellfish lJ high activity 'Ufll'iff::ffl.J 
' ' • ti 

Ufl~1iiu1J11n::-ti1tJijm tJ1f)1J 11h 9i'Unii 1 l.JmQn9i1 1m:: fll'Jll'Vt1J11fl~liitJl.J, 'U tJmu fltJ'U mh'1::1ilu 
,, . 

1'Vt'.il::fl11l.J119lfl~1-3'Ufl-31l.Jmfln'Ufl-3ff9l'l'Vl-3fffl-3flrll.J11,in~1-3nuu 'Ulfl~ (Koli et al., 1980) . . . 

.,; 
ft11H'rl 6 fl11l.J 1-G'1J-u'u m ~ tJ'U fl~ 1 m-1:: 'l-1 u n •1ru ~~ 1~'1 ~ 111unm111.h:: m 'Yl'U fl~ ff 91 'JVJ:: mi u i-3'111~ ,, 

'lf"1J1 '.ittJfl-3 i'U'Vl'l.Jl 1m::,in~ (mhmiJ'U ""~fli'l.J~flnlctfli'l.J 'Wl'tt'UfllUtJfl) 

ii 
.., .. 

'Jt1.fl'Vlff911 
0 

'11'U1'U Hg Pb Cd Zn 
.., 

' 'Yl::m 911flV1-3 

ila1 349 0.028 0.014 0.004 6.37 
,, 

37 0.019 0.015 0.019 17.55 fl-3 ,, .., 
m 38 0.016 0.013 0.712 25.49 

~ 106 0.038 0.030 0.357 140.7 

'ttfltl 215 0.010 0.139 0.797 783.7 
& ., 

'l-1l.Jfl- '1-11* 53 0.018 0.033 0.528 24.92 
& ., 

53 0.021 0.011 0.051 24.92 ,UJfl-911 

I d 
flll~fftl 0.021 0.036 0.353 146.0 

• tr1\J11111iln 1.h::ntJ1J~1t1111 (head) M'U1FI (tentacle) ua::U'll'U (arm) 

1,000.00 

,-... 100.00 i 
j 10.00 

--: 
bO 

.Id 1.00 
bO s 
Q 

0.10 
= 0 u 0.01 

0.00 . 
thn ,r~ ti~ '1811 ,iiif)- ,i1 

• w 

'1llfl - 911 

. 
mwn 7 1'ITTtl1Jl'nU1JU'Jt1.fl'Yl'Ufl~ff911'Yltm iumrn'tffl.J in'l-1::'l-1,rfl'lf'U~~l-3'1 

Cu 

0.537 

12.04 

7.87 

25.24 

123.99 

23.60 

6.29 

28.51 

BHg 
!!Pb 
BCd 
Ill Zn 
■ Cu 
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100.00 

,...._ 

i 10.00 

j 
-: 

bl) 
.l,( 1.00 
bl) 

..§, 
u 
c:: 0.10 0 u [if] 1 

0.01 

Hg Pb Cd Zn Cu 

_F-! ... ~ .., 'I .; 4 ' ' -• 2.3 llJl tnJITltJ1.J fl11u:: in.I I il't'l::'t'l'U fl l'Ul'U 81tJ8iJ'l'UVI H,'Uo~uillYl::lil 
,, ,, ,, ' 

fll'jfffl'l,m1i'~ilil-l1m1::11l11 i,m::m!n 11.J1ifo1vmh1.J,h~")'Uti~tl,nv1:::m~1v i~tJlllfll'ifffl'lll 

- I .,;.,. , I ... ... - I 
1\l'Yfl::ulll'Yl::rn'Yl1J'U\J1~ myn1J 7 'lf\J~ fltl ulllfflfl Sphyraea obstusata 

Scomberomorus guttatus 'U"1l11~fl11tJ Thysanophrys crocodilus 'Ulllm::Utifl Mugil cephalus 

'Ulllfflflll'l~tl~ Sphyraena sp. tlm~nvi::rn Plotosus canius trn:: tln1n::'Yf~'U11 Lates calcalifer 

A .A .Jo ~ "'i", ,, .l ~ i i' ,, ... 
l\JtlWtl'Utl~'Ulll'Yl::rn'Yl'Yllfllnlfln:::l'I ~Ufl fl'111Jl\Jtl ,IU ,I m::m1:::t11l11l 1rn:: 'U (011J) 

• y 

'Yf1J11 i lllf ::m!nri11.J 1 l1 qjjjm1ff::ff1J1J1nnq~ 1 mhl.l'UtNiu un:: i,i ri11.J'Uti~n"'11J1iJtitln1ii 
' ' • JI JI 

mnY::ff1J illlf::l'lil'n-u'titJ'nf{~ (,JllH'n 7 m,::m'Yfn 9) ~~U\Jfl1'j1J~itlflliJtitln1t~jjfl111J 
• y y 

ti '1tl~fltJ1J1flflf{~ ~lflfll'j tlut iJtilJ i lll'I:: l1 ir fl un::, lJ ff1\J 'U ti~ i 'U'UlllU lJ vhnu 11m1::l11 ~l~ 'Yf 1:: 

1 utJn1l11~f111tJ 'Yf1J11 i ,i,Jn1lf Hf111vjjnun-::irn i nlf ::ff ~n::ff1Jlfl~f{~ 



91111.::i~ 1 Ntim111m1::..f1ti'l1::'11i!n '1u1iltJ1tllri'J'U~1.:i'l'lrn.::i,.hnv1::rn ('Hu 1mflu iitiiini'1J~tin1 tini'1J tl1'11i!mil1.1n) 

'° .I .I ., .I • ,l '" l1fl'lft1ll'11 fffl1'Ul'l/1'Ul'l '11'U1'U l'UOltlO Hg Pb 

ulma-1n 

Sphyraea obstusata 

t1111W11 29.4-45.0 'lt1J. 

2. tla1nul'l1v 

Scomberomorus guttatus 

tl11lJfl11 68.0-72.0 'ltlJ. 

3. U'1111Hfl11fl 

Thysanophrys crocodilus 

tl11lJCJ11 45.3-45.6 'ltlJ. 

4. tla1m::11vn (,i11) 

l\fugil cepha/us 

tl11lJfl11 33 'ltlJ. 

d ... ' ... I 

ln1J9110flH 9l10flH 

01ua1n 

1111amiu~-.. 
mmao 

15 ff.fl. 2550 

fi11~~ 

m::111u 

ium{11 

5 n.tl. 2552 

ll11'1lJllllU/ 

2 VI.fl. 2550 

01'Ufl1fl 

11'Utl~Uv11J-

1'1flflfltl~ 

U1U9l1f11U/ 

17 fl.fl. 2550 

2 

2 

2 

Mean 

mhmJo 0.024 

fllJ 

1,i 

m::1vrn: 

hhJa, 

0.063 

0.103 

0.024 

mhuiio 0.025 

flll 
,91 

n:s::1m:: 

1'1itla1 

0.053 

0.041 

0.022 

" l na11J1uo 0.099 

fllJ 

,fl 

n,::,vrn: 

1'1itla, 

0.835 

0.330 

0.068 

0.024 

mfo,iio 0.010 

fllJ 0.121 

1,i 0.095 

m::rrn:: 0.025 

1'1i1'a, 

Range 

0.031-0.16 

0.039·0.088 

0.086-0.121 

0.014-0.034 

0.Dl5·0.034 

0.042-0.064 

0.027-0.055 

0.014-0.031 

0.066·0. 132 

0.156-1.51 

0.194-0.467 

0.054-0.082 

0.015-0.032 

Mean 

<0.005 

<0.011 

<0.016 

<0.012 

0.ot5 

0.005 

0.007 

<0.005 

<0.005 

<0.007 

<0.010 

<0.008 

<0.008 

<0.005 

0.010 

0.138 

<0.011 

Range 

<0.005 

<0.011 

<0.016 

<0.012 

<0.006-0.026 

<0.006-0.006 

0.006-0.007 

<0.005 

<0.005 

<0.007 

<0,010 

<0.008 

<0,008 

Mean 

<0.005 

0.029 

<0.016 

0.017 

<0.006 

0.295 

0.066 

0.043 

<0.005 

0.094 

0.066 

<0.008 

<0.008 

<0.005 

0.135 

0.123 

<0.011 

Cd 

Range 

<0.005 

<0.0ll ·0.053 

<0.016 

<0.012·0.029 

<0.006 

0.231-0.359 

0.050-0.082 

0.032-0.053 

<0.005 

0.023-0. I 66 

0.012-0.121 

<0.008 

<0.008 

Mean 

0.840 

13.41 

42.35 

10.10 

10.99 

34.47 

33.13 

32.61 

0.721 

8.36 

8.34 

6.44 

103.17 

0.809 

173.11 

11.04 

12.52 

Zn 

Range 

0. 736-0.944 

13.21-13.60 

35.47-49.24 

4.94-15.27 

9.14-12.84 

34.23-34.70 

31.38-34.89 

26.26-38.97 

0.606-0.836 

6.58-10.14 

7.65-9.03 

Mean 

0.030 

4.43 

0.782 

0.696 

0.154 

5.26 

1.30 

0.962 

0.020 

I. 77 

0.811 

6.30-6.58 0.215 

82. I 8- 124.17 0.223 

0.125 

83.37 

1.87 

0.680 

Cu 

Range 

0.027·0.034 

3.75-5.11 

0.680-0.885 

0.648·0.744 

0.142-0.167 

3.95-6.57 

I.I 7-1.43 

0.862-1.06 

0.018-0.023 

0.914-2.63 

0.610-1.01 

0.186-0.244 

0.222-0.224 

N 
-..J 



' .. ' \ll1H~fl 7 (\lltl) 

nv~ti1hn 

5. t.ltnff1fl1'11atl~ 

Sphyraena sp. 

fl'l12JIJ11 39.0-53.5 'b'1J. 

6. Utl1~flVl::lll 

Plotosus canius 

fl'l11JIJ11 44.6-51.6 'b'JJ. 

7. ua,n::vmm 

Lates ca/ca/ifer 

fl'l11JIJ11 49.0-53.1 'lf1J. 

fftll'U~/'l'U~ ~l'U'l'U 

cl 111 1 QI I 

mumtiv1~ mtiv,~ 

tl1'Uel1fl 

11uti~11vlu­

t.l1otrntN 

u1umn1u1 

17 fl.lJ. 2550 

m~n::i,r 

liul'l~11 

5 ii.fl. 2552 

,mmhmrn 

1iuV1~11 

5 ii.fl. 2552 

2 

3 

4 

• l'UtlllJtl 

Mean 

mi'11m'lt1 0.058 

9iu ,~ 
nn:ivn:: 

hhla, 

0.148 

0.150 

0.119 

mi'w1i10 0.013 

9iu ,~ 
m::1vn:: 

i'llt.la, 

0.021 

0.009 

0.013 

" .l fltl11Jl'Utl 0.021 

9iu ,~ 
m::nn:: 

i'llt.la, 

0.005 

0.045 

0.006 

Hg 

Range 

0.053-0.063 

0.090-0.207 

0. 109-0.191 

0.047-0.191 

0.009-0.020 

0.008-0.037 

<0.006-0.017 

<0.009-0.020 

0.019-0.025 

<0.006-0.009 

0.018-0.112 

<0.004-0.008 

Mean 

<0,005 

<0.010 

<0.012 

<0.008 

0.oJl 

0.058 

0.034 

NA 

<0.006 

NA 

0.022 

<0.006 

Pb 

Range 

<0.005 

<0.010 

<0.012 

<0.008 

0.009-0,015 

0.039-0.087 

0.020-0.046 

<0.012-0.088 

<0.006 

<0.008-0.085 

<0.010·0.042 

<0.006 

Mean 

<0.005 

0.089 

0.020 

<0.008 

<0.005 

0,070 

0.073 

0.019 

<0.006 

0.019 

0.208 

<0.006 

NA '112J11JO~ 1J1flfl11 50 % 'lltl~itlJ,!tlfl112Jl'111'1-u 1a11::'11'1iniiti1~1n-M,1~1q,1~trn.11rn1,1 i~ (~lfl'll method detection limit, MDL) 

Cd 

Range 

<0.005 

0.061-0.116 

<0,012-0.034 

<0.008 

<0.005 

0.053-0.095 

0.059-0.086 

0.016-0.023 

<0.006 

<0.008-0.054 

0.145-0.255 

<0.006 

Mean 

0.710 

162.55 

27.32 

6.06 

4.71 

73.16 

42.00 

104.6 

4.45 

16.91 

80.99 

20.40 

Zn 

Range 

0.683-0. 738 

15.12-310 

23.01-31.64 

5.94-6.18 

4.34-5.41 

72.51-74.29 

41.36-42.64 

70.00- 136.9 

3.48-6.23 

15.13-19.59 

58.06-103.6 

14.84-27.28 

Mean 

0.027 

16.95 

0.806 

0.371 

0.234 

19.59 

1.76 

5.97 

0.123 

11.65 

2.80 

0.987 

Cu 

Range 

0.025-0.028 

5.50-28.39 

0.737-0.874 

0.327-0.415 

0.202-0.257 

11.50-24.40 

l.63- l.85 

4.49-8.34 

0. 104·0. 157 

5.87-24.74 

J.87-3.68 

0,780-1.18 

N 
00 
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m·nm V'Ull1V'U'ITT lJlW fll'.i ff:: ff111 im:: 111! t1, 'U ff A1'Yl::m't'Jfl'lfU A~,~ \l lfl { ,:m 1A'lf1V~~l1::m ,, 
fllflA::1'U66tlfi~ 4 i~l11Af1'U117A'.iJl'U'll6~ 1,m::l11.fo luml1n~11111'.i::mffm::l1'.i1~fflfil'.itu"l'll 

f I t ,, I 

~li'Un 98 ('rt.ff. 2529) ll6~ 111A'.iJl'Uml11'.iiJijm'.il1u1i16u d1Mi''U lim::1h6n ~::01 -&~n::ff m,:: ,, 
l16~UA~ ff1'U 1,m::UflAljjtJ1J1.!'U ,,jjjflll1'UA ,-nuiJ'.i::fllfffl'.i::l1'.i1~fflfil'.iWil'll"1 ;~11"V'Ull1V'Uf1'U 

111A'.iJl'U'llt:1~d1irm1uflw::m'.i1Jfll'.iUM~'lf1~11~1v111A'.iJl'U6l'Hl'.i'.i::l111uh::1l'lff (~7'.il~~ 8) ,, ,, . 
'rt1111 t.l1111w t.l·rnl'l 1 u ff A1l1::urrJ t1'Jfu A \lltlfll'.i fffl'lflfl i' ~ u ir~m t>gl u '.i:: i11iil1c1 t>A nvd1,-, i' 'lJfll'.i 

11llnfl ffll1i''lJ lc1l1::l1Utl~A'.i1\l'W'lJlijff~1l1::mt1~1n'U'.i::irn11111iJc16AflVffll1l'Ufll'.i'lJl1m1 

'1U'UflA111U~ll::i~l11AUffA~,-n'UAl'.il~~ 9-12 

i1t:1Ul~ffA1l1::m~jj1c1'H::l1irt1q~1n'U'.i::i'lJfl1711tlcl6AflVffll1i''Ufll'.i'Ullnfl lui~'H1A'lfH1Jl ,, 
'rt'lJ 4 'Jf'UA '.i111 53 i16Ul~ \llfl,l'U1'Ui16fh~TI~'H11A 301 ~1mh~ fiAlil'U!6tJll:: 18.3 ,m~i16Ul~ 
,, . . 

TI~'H11ATITI7fll'.ifffl'lfl 1 u i~l11A'lfll1Jl 1 AV l c1,-, ::l1 ir nil A '.i 1\l'W'lJ \1 ~1n1.n ::iu fl 11111.lc16At1V~6fll'.i 

111lt1flllV~A111ihiui~url l'lfl~UA~ f6vc1:: 13.6 -&~n::ff f6vn:: 9.3 1m::uf1A1jjv11 f6vc1:: 3.7 
.J 

(Al'.iH't'l 9) 

i16Ul~ffA1l1::m~jj1c1l1::l1irt1q~1nu'.i::i'lJfl1111'UH6AfltJffll1i''lJfll'.i'tBlnfll'Ui~l11A'.i::tJ6~ ,, 
'rtU 9 WA '.i111 86 i16Vl~ \llfl'11\J1'Ui16Vl~l'i~'H11A 221 ~1601~ flA1rluf ovc1:: 38.9 'll6~i16Vl~ 
,, . . 

l'i~'M11ATITI7fll'.ifffl'lfl lui~'M1A'.i::V6~ lAv lc1l1::Mirnil~'.i1\l'W'lJ\l~ln'U'.i::iufl11111.lc16AflV~6fll'.i 

u1lt1flllV~A1mhi11 i~url -&~n::ff f t:1vc1:: 34.8 l'IO~U~H f t:1vc1:: 23.5 UflA1jjv11 f t:1vc1:: 6.3 m,:: 

A::~1 f 6Vcl:: 0.5 (Al'.il~~ 10) 
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1-i 10Ul-:Jff\Pl1'Yltm~n im1tl1'W f)ff-:Jlf)lJ'jtitJmllJ'UflO~fi Offll1i' 1Jf)l'jlJ1im1 'l u 'O-:Jl11~'0 lJ'YllJ~ ., . .. 
WtJ 2 •1rw~ 11t1 10 l-i1oci1-:J ,nni1u1ul-i1oci1-:J-n-:J11lJ~ 149 l-i1ociH fi~Llluf oofl::: 6.7 'UO-:J1-i1oci1-:J .. . . 
l1-:Jl1lJ~'nVhnnfff1'M 1 'l u 'O-:Jl11~ 'OlJ'YllJ1 i ~o i fll1 tl1 'Wf1fl\91'j 1,lWlJ ff -:JLO'W 'j :::im11llJ'UflO~no,fonu . .., 

""i d o o, , 'JI I GI d 'JI !J) ,J 
lJ'j flfll'jtJ-:J\PlllJfll~'U ,um ff-:Jf)tff 'jfltJflt 13.4 Uflt'YIO.:Jll~.:J 'jfltJflt 12.8 (\Pll';il.:J'YI 1 I) 

i1oci1-:Jff \Pl1'Yltm~ ij i fl l1tl1 'W f)~ -:JlfllJ'jti 1Jfl1llJ'Ufltl~fi Offll1 i' 1Jf)l'j1J1 i.nr1 'l u 'O .:Jl11 ~\Pl 'j 1~ .. 
rm 3 •1rw~ 11t1 18 i1vci1-:J ,:,1ni1u1ul-i'1t1ci1-:Jl1.:Jl1lJ~ 127 ~1vci1-:J fi~Lrlu!vofl:; 14.2 'llo-:Ji1vci1-:J .. . 
l1-:Jl1lJ~'nv'ilmlfffl'Ml 'l u 'O.:Jl11~\Pl n~ 

d 
(\91l';il-:J'YI 12) 

JI JI I 'JI 'JI 

l1-:J'W ff \Pl1 'Yl:;m'Ul.:J')fW~ i ~m11 ·rn:; 'lul1 OtJlJl-:Jrnn fff1'Mll1-:J l1 lJ~l1' f1W'U1li1l1-:J i ,rn:; ff .:Jndfoflt 

'YIO-:JU~-:J 1 u l1tl01Pl 1l~ v1nui1 th~ -:Jlf) 'UltitJmllJ'Ufltl~fl Offll1 i' 'Ufll'j1J 1i.nr1 

irltin ,ll'j w 11 u fllTI';i'JlJ 'i) 1ni10VHff\Pl 1'Ylt mi-:Jl1 lJ~ ~l~'U ,llf) 4 '0-:J '111~'lfl0~-:J'Ylt m fllfl 

\,l:;')lJtltlfl TI'U11 i1oti1-:Jff\Pl1'Yl::m~i1m1ff::fflJ ifll1::l1'Wf1~-:JlfltJ'jt~1Jfl1llJ'UflO~fiOffll11'Uf1l'j 
.. .. 

1J1i.nr1i1-n.:JMlJ~ 14 'lfU~ i1u1u 169 i1oci1.:J 'il1nifi11.nui1t1ti1.:Jl1.:Jl1lJ~ 798 ~1oci1.:J 111vfi~ii'lu! oo 

fl:: 21.2 ihu1t1ajii'lui1ov1.:Jff\Pl1'Yl::m 1ui.:Jl'l1~1::VO-:J 'jtJ.:JiMtllfltl 'O-:Jtl1~'lffl1J1 \Pl';il~llflt'O'U'Yl'41 

\Pl1mh~'U i~v i,rn::tttl'n~\Pll1'ilTI'U~.:J&nu1:::i1Jr111t1tJmi~noff1t1i'1Jm11J1i.nm10-:Jmmhi111~ 
.. .., d 

~.:J'U 
.. 

1. ff-:Jfltff fi~1i'luf t1ofl:: 18.5 'llO.:Ji1u1u,i1t1ci1-:J-n.:J1111~ W'UltJ t1oou1.:J'ilJ ttoo\Pl:: 1nm 

_,,, qi O .I di I <V di I <V 

mmt11Tu 1.1m 1.:~1 \J'Yl::m t1t1nm::~o.:Jff1t11111rn::11t1nffloff1u\Pl1 .. 
2. 'nO-:JU~H fi~1rh.1f ovfl:: 14.2 'llO-:JiltJ1tJi1t1Vl-:Jl1-:Jtl1J~ vm1tJ tltlVtJHrn 110V\Pl:: im11 

.... 
t1ovt111t1 ,J~1 ,J,11 fl.:JIPlflU\Plt11;iv1 t1jjnm::~o.:J1m::ttiint1v11ri1t1111 ufl::t1ifomvri1ui1 .. .. .. 

3. Uflf!WV1J fi~1uuf oim:: 4.0 'llO.:Jil'W1l.1~10Vl.:Jl1.:Jt11J~ vm1tJ MOVUfl'i-:J tlf)Vl'lffln MOU 

1111\J MOVlJl.:J'ilJ tjJ.11 tyjjflm::~O.:Jff1tJ'l11 m1::Um\Pl::f11'Ulff0~11 . .. .. 
4. 1P1:::n1 wm-no-:J 1 i1oti1-:J&vi1i!u fi~ii'luf or.m::: 0.1 'llO~i1u1ui1oci1-:Jl1-:Jt11J~ vml1..1 ttjjn 

ff1Vff1'W'l11 . .. . 
ti1t11 'UM om'1fi1n n" u r1,11n v11 ff .:J1n 1..11 ::i 'Ur11111t1 fl o~n u1Y1t11 'Um 1 'Ulitl r1 ir u 1 u1..1 u11..1 n 1111 ., 

01v1:::mvlu (visceral mass) ~1V t11mrlm11w1:::ihu~1rlu1gut1ou (adductor muscle) ,:,:::i1fi111i~.:JlfllJ 

111\Pl';ijl'W (fllflf-ll.11f) fl \Plln.:J f16) i.:Ji1'Wf11';i'Ullflfl11tlUL'lfilnf11';iliiomJ~i.nm11w1::ri1u~1rlu1gu .. 
t1omn1tl'u 
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CV QJ d ' -~ ~ QJ QJ QJ d 
3. fl11'1Jtf'IJ'WU1i'l:::'t'i1Hu'l'IJ1W1t1't'i:::'t'iUflflU'UUlfl'U8~iJVl'J'Yl:::m 

flllfffflflffJlllfflJW'Wnl:::l'l'hnJ!mw 1ijtt:::ttt'rn·1ru~~1.:J"7tl'U'U'Wl~'Ue.:Jif1w5'Y1:::mvh 1~vm1 

11m1:::lfl'llfllfflJ1h:::iY'Vliffl'lfflJ'W'W1Jtlmi'el.Jiji1eaHiY\.11'Vl:::m~i~111nm11n1Ji1ea1.:Jrif .:J1~tJ1tl'W ., 

1m:::irmu~1~v1tiu Hijfll'jfffl'hllW1J11 'l.l!mwiJ10Y1ijr111lliY'llwun'Yl1.:J1J1nea1.:Jijtlv1;11¥1tyrivlfft1~tiu 

fl1llltn1'UO~lim11ll 4 •1ru~ fio ,Jm,11~, Johnius belengeri iJmn'.f ~ 1r1u, Sil/ago sihama iJmif uttm, 

Cynoglossus sp. Uij:::lim'VlllfJU~.:J,Nemzpteros spp. ~.:JUff~.:Jll-.!\.1111.:J~ 13 tm::: mw~ 10 

l.'Utll'il'lFl, Johnius be/engeri 

2.utrn'li,i Lfl'W, Si/Iago sihama 

" 3. u,niiumJl, Cynoglossus sp 

4. 'Ulll't'l'.i10U'1.:J, Nemipteros spp. 

5. 'Ulll't'l',rn.lllFl.:J, Nemipteros spp. 

.,l d 
fffll'W'Yltn'U 

~1{)01.:J 

n1mu'1'U ium[i 

ll'YllllJ'tt'W ~'.ilfl 

ff~'Vll'W'Ucllll'YllllJ~li.:J 'lfll'lji 

ff~'Vll'W'Ulllll'YllllJ~li.:J 'lfll'lJ~ 

l'lllii'l'W l'llllllJ'l mlFl 

* iil'l111JiY1J-wuntiuecl1.:iih!ud1t1qJ (p < 0.05) 
.i::f QI QI o'a, I t::I QI O QI ~ 

**1Jr111llff1J'Vl'Wlifl'W{)f.Jl.:J1J'Wf.Jfflflt\jf..l.:J (p < 0.01) 

NS = Not significant 

N 

5 

5 

IO 

IO 

5 

m1mmum 

0.944** 

0.959** 

0.783** 

0.654* 

0.990** 

r 

ihm!num 

0.919* 

0.949* 

0.794** 

NS 

0.923* 

flll~W1Jfl1lllffll'Wl-.!nYll<llJ1m:::l'l1l~lillJ1WlilO'YltllJ'fl1lllfJ11'UO.:Jff\.11'Yl:::m 1~tn\lWl:::tllJ ,, 
liijl'U'Wff'cl~fl~O~tllJfll'jfffl'lll'Ufl~ Menasveta (1976) Cheevaparanapivat (1977) tm::: 

,, ,, . 
Cheevaparanapivat and Menasveta (1979) 'n.:J'Ul'Ufl~1llflflllflli~ffl1lilfl'Ylfl0fl1llfli1iJm1~uhli~ 

V .,j d ., ., .., V ~- I ~ ?I o 1 V -1 ~ ,l "" 
'lfllllfltlJOn1fJ1Jfl1Jfl~'j lfll'j'j 1J (uptake) l'Ul m ,J.:JllJl-.!Hij'YJl l'I ffl1urn'YllWlJ'U'W \.lllJOlfJl'I rn'U'Wl~ ,, ,, ,, 
'Ue~iJmiru"l (Spry and Wiener, 1991) l-.!flfl1llfl'UliijltJ.:Ju1emirn:::irmnnhe'Yll.Jlflfl1lff\.11'Wl . ,, ,, 
fl'W°7'n<l'Yll~\.IH1llfl'Wl'Yl:::ml'l!e'Y11~~flll hu.1~1m-11.:J 1ciimm1 (Keckes and Miettinen, 1972) 

rde.:J111nm11lrn'YIU affinity t1~1um1imiu sulfhydryl groups 1u 1,J1~u~etjl1,1,Jij7 (Spry and 

Wiener, 1991) iJ1:::flfllJtl1J'lhnri1u1t'laju1iJ1~mJ.:Jfl1lff~l'Jll1iJ1:::m'Yltl-.!"1 tm:::fflllilflYl~ff:::ffll 

1uiJmri1ull'laj11:::etj1uiiJ'Uo.:Jtll'Yl'Ylmllfl1fi11 (methylmercury) ~.:Jt~um1iJ1:::neuiJ1e'YIVU'YllO~ . ,, 
U'W'l:Jlllfl'l1ff~ (Francesconi and Lenanton, 1992) ffllJl'jt)ff~ff1Jh1iJn1 ilff~fl1l't.hfl'Ylfl'Ul,l'Yl1v-n~ . ., ,, . 
'illfl01l'lntm:::il1 (Riisgard and Famme, 1986) t'Ufl.:J1llfliir1111Jtff~t.11 tm:::liijlffllllHlthi~iJrn'YI 

.Q. ..c::1 ,I , ,, , , .q ,/.q .c:t j/ a, t tldl 

flU'W'YIWflflfl'illml~fllfJl~~lt.lfl1lt1J'Yl'Ylm1Jmr111~1fJ (Boudou and Ribeyre, 1985) ~H'W'W l.1'41:JfJM 

ffll.Jl'jt"li'ut1J'Yl'Ylmllo!fi11t~1ri-iHmt.1il'illflfll'.i1Jllflflflll'IUl,jl,lri1u1'11ru1~m\lWl:::'illfllimtm::: 
~ u 

"' .... r/ d O - I ' ~ d 11) ""' -1 V ' ' ' "''i _, P--Jij\.lflWcrlflll'llH'l'Yll'illfluc\l flfJl~ llfl~lll flll 1~11Jffllulfl'Yll'Ul~1Hfllt.1Nl'U'Yll.:Jfll'j1J'j lflflum 
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., ., 
'W'U 0'3;j'UOQ01JO~'ilf11'i1J~1flfl'Ucll'IJ0'3U~cl:;'l.Jflflclttcl:;'b''WWl'IJO•:n.hn$t1a (Boischio and Henshel, 

., ., . 
2000) ~'3'W'U ~1Jnflfl'Um 1 'UO~'Jlff '3tmdhn'i'U'UtUfl'U'IJeMffl'i'UHl'YI iuumff '3~1tli'3inmnmifo'3 
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·;; 
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bl) 
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bl) 0.005 ::r: 
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.. .. .. 
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r = 0.944; p<- 0.05; n = 5 
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;l:: 
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• 

UllllMfl lfl\1,Si//ago sihama 

r = 0.959; p<- 0.01; n = 5 

16 

Lenght (cm) 

• 
• 

• 

Ull1"110Uf1~. Nemipterus spp. 

• r = 0.654; p<- 0.05; n = 10 
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' _I .,. -=I t l4 Vv ~ ._, 
4. fll';iu';i:::l1J'UffJltl!tltJ-:tADifUill'rf1llflfll';i &Yl';itJ til't'i:::'t'i'Ufl 

ff\911'Vl:::mnm1 ff:::tnJ 1 cl'tt :::'tt 'Wfl 1lu\91fl~1-H)'W 1 'W ll~cl:::'lf'W~ 1 ~fJ,'W fl~f)lJV'lt]~m 'j'l.Jfll'j nu 

fll'Hl':i tm:::tm ri-:i~flVfllf1fJ ~-nil, ,rn 1 flfllff1 'W fll':i i~f llffl':i ~11\9\fl~l-:Jfl'W 1 cl'H:::'H'Wfl~ff:::ff'JJ 1 u ., 
., 

ff \911'Vl::: H'l'W 'W ffl'JJl ':i ti flfl 1 tr lflfl O 'W \91 ':i lfJ~ fl ff'lf fll'Vi fl'W 1lJfJ'IJ fl-:J 'JJ'W 'hl tJl ~ 'il lflfll ':i 1J n fl flfll'\1 n 'Vl:::rn • • 
-1 J 'i "' 1 "' o' 1 ii, _, ... ct ' ~ ii fll':iu'Wtufl'W'IJfl--l icl'tt:::'H'Wfl 'Wff \911'Vl:::m'Wflfl'illfl 'If 'Wfll':i u1:::mw-mm:::Y11J'Vl7-.l<Jf1fll'Vi\91 flff-:JU1f'lcl fl'JJ 

'JI "' , ii .... I ~ ' a., ~ 9/,=t 'j/ Q.I ' 

Yll--lY1:::mtm1v-:imm1t1 'lfu1:::mur,mm:::Y11J\91flff'IJfl1Vifl'W7'JJfJ'llfl-:J1l'W'hlfJ tf'lflfl~1fJ tm:::v'W\91':ilfJ\9\fl 
• • .,, ., 

ff'IJflll'i'IJfl-:J1J'W'hlV'illflfl11 ilf 1J lcl'l1:::'H'W niJ'WtVO'W 1 '1-Jfll'ttl':iYJ:::m hh-wv--3;iuvdnmH mw 1 cl'H:::'11'W fl 1 'U . . ., 
., ., ' 

mm1 n:::mtfi 1ir u ifo;i u v~n11m11Jo'tt 10019117fl111Jj lflflm'tt 11 n:::m'lf v-rnu i YJfJfl fl~ 1v 

Hclfll':i 'U ':i::: tiJ 'Wfl 111! l~fJ-:J~ oq'IJflll'i 'illflfll':i 1J nnfl Ol'H 1':i YI::: lcllJj nw 'lflfJ~-:JYJ:::mmfl\91:::1'1.Jflflfl 

1'Wi--l'H1~'lfcl1J1 1:::tlfl--l i'W'Vl1J1 tm:::\9111~ Uff~-:Jl'W\911':iH~ 14-19 ~-:Jfl1':i'U':i:::tiJ'Wfllfl111Jlatl--l (RQ) 1u 
,, ,, ' • 'j/ 

fll'jfffl'hllfl1--l'Wfl1'1-J1W'illflfllmnt1rl1l1Jtiu'1Jiu''W 1cl'l1:::'tt'Wfllll'i1J1'Wff\911'Vl:::mmhti'!'W ,Jm ~-:J f)--3 ~ 'Hfltl 

el Q.I ' ... I QI • Cl.I " I Ji " 
Ucl:::'H1Jfl fl1Jfllfl111JuclO~fitl\91flff'llfl1ViO'W11Jtl'IJO-.l1J'I-J'hltl (Level of Concern: LOC) U\9111-Jfl-:J'illfl'IJO'l.Jcl . . ., 

ii 'JI 'i "' d 1 "' o' - I ct d111 I ?I ii 'i 'JI - I "" "' "' 'JI fl111Jl'IJ1J'IJ'U & cl'H:::'11'1-J fl'Vl'Vill 'Wff \911YJ:::mlll--lu':i :::m'V11Jfll'j m::: 'illtl'Vl tllllJ'W lff'W & fl--lu fl\91'11Hl1Jfl111Jlll 

' ' , ,,, .c:t ,Clt, .c::s ' 1"' .d ~ 
fll':i 'll'flllllclt.ll':i'IJlflW\91 (geometric mean) 'il:::1Jfl111Jl'l11J1:::ff1J'JJ1flfl11fl1':i 'lffllmclfJlcl'IJflW\91 (arithmetic 

,, ' ,, ,, . 
mean) (MPP-EAS, 1999) i--l'W'Wfl1':i'l11fl1 RQ l\1~t11'Wfl1':ifffl'hllfl1--l'W ;-:Jfl1'1-J1W'illflfllm~m':i'lllfltu\91 

.,, ' ' 
(RQGeomean) 'UOfl'illfl'WV--lfll'W1W 'ttlfllfl11'JJlfftl--l"J--liy~ (RQMax) 'illflfllfl171Jliu'1Jiu''W"J-:J"!~ ll'Vfll 1'W 

ff\911'Vl:::tmt~cl:::'U':i:::Um i1~1tl 'illflHclfl11'U':i:::tiJ'W '111flfllfl111Jlatl--l (RQ) ~fll'W1W 11tfilf11J'l11 fl 
. ' t .di .cl d. , Q.I d °WI 9la., <i' a., ,Clt, o d I 

1Jlflfl11 1 'tt'l.Jlt.l\N1J'fl')11Jlfftl--l 'W':i:::~lJ~--l'Vl'il::: &~':ill &cl'l1:::'11'Wfllfl'Wfl1'11'W~lm:::m'il1JHclm:::Y11J\910 . . ' lq'j/ lj/.c:lt .d 'j/ t ~d d. 1 c,, 0 

ff'IJfill'i l~ U\91(ll'JJfllfl111Jlfftl--l'WOtlfl11 1 '111JltlfM'JJfl11'JJ1fftl--l 'W':i:::~ll\911 
• 

Hclfl1':ifffl'hll'Vfll11fllfl111Jl~tl--lm~t1 (RQGeomean) tl7'1111Jfl1':i1Jj1fiflfl1'111':i'Vl:::m'Y.!fl'll''W~~ij 
Jt ' 'JI • ' 

fll':i'U'I.UVOl.! lcl'tt:::iJ1v'Vl \91:::t11 Ucl:::Ufl~ljjtl'JJ 1u"WUn'lfltlH--l'Vl:::mmfl\91:::1Ufl0fl ii,11tl'ot1fl11 1 (\91111--l 

~ 14-19) uff~-.l11~1Jjlflfliifl111Jt~t1--ltl' ot1'tt1 t1iifl111Jt~t1-:i 1u1:::f111~11 ~mu'Vf1:::1:::ffo~1mn~1t1~'il::: ., 
., 

ilfu 1cl'l1:::'11'Wfl't1-:J 3 'lf'W~i--lfl''111lfl'I-Jftlfl111J,Jclo~fttl~Off'1Jfill'i'illflfl111Jnfiflfl1'11Wt'J:::m 1~t1 
• 

,, ' t " ' 
,huun ili-:iil ftlfl11'JJlfftl--lmnt1tll'l111JflWUj1fiflfl1'111':i'Vl:::m,JiniJvu lcl'H:::1hovmdn1:::i'U 0.002-

,, t I I I 

o.os8 m111jlfiflm'tt11'Vl:::miJmiJt1u 1,m:::191:::n1iiri1m11Jtfft1-:imiivodn1:::i11 0.0003-0.263 1m:::m1 
,, ' ' ' 

unmm7'1111'Vl:::m,Juiuou 1cll1:::Ufl~tnt11Jiiri1fl11mfft1-:Jmnt1odn1:::i11 0.0004-0.169 ff1'Wfl111Jnflfl ., 
JI I I 1 

01'1111'Vl:::miJutiJou 1cll1:::ff--lfl:::ffUcl:::'VlO-:JU~--ljj'fi7f11l1Jlfftl--llUilt1min1:::i11 0.004-2.66 tm::: 0.006-8.11 ., 

19111Jih~11 'illflNilm11'1:::1iJur1111Jt~t1-:i 'Vfll'll ri1 RQ 'llO--l 'Vlo-:iu~-3 iiri1"J-3iy~ 1t1-:icl-:im ~o if-:in:::ff 
-s .... .,. ?I 

1 
.,; ~ _, 

1 
., .... i . 1 i ~ ct • • 

t'l..!0-:J'illfl'Vl0'3H~-:JUcl:::ff-:Jfl:::fftlJ'I-J cl'11:::'Vll1J'I-Ju':i: tl'lf'W ~--l'W'I-Jfll RQ 'IJtl-:J cl'tt:::'Vl-:Jff0-3CJf-.l1Jfl11Jlflfl11 1 

lgflU flt.I Ol'il001 l itijj m1:t1111Jl~tl-3~ O~'llfll'Vi'IJfl--lfl'l..!1Jlfl'W mrl fllll t11Jt11J fol1::: 'tt'W fl~til 'W~'hlt'W"l 

t'lfU ,J1o'Vl fl:::~11m:::ufl~tiit11J ii'lu~u mh-:ii1~\917'JJ mnri1 RQ t11l1f'U 1cl11:::'ttun~ti'!uiJ1::: 1t1'll''lJ t'lfU 

a., .cl.i::IJ oC:l d =" QI 4 ~ 13/ d d .c:S ' 
'VI0-3U~--l 1m:::ff-:Jfl:::ff 'JJflT~-3lfl'U 10 flfll'illll'I-JffqJf\11Wl\910'1-Jfl-:JU'U1 'W'JJfl11'JJlfftl-:J'VlOl'il'il:::1JHcl\910q'IJm'Vf 
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v V 

'\16-:i~11nm11~ (PEAMSEA, 2001) ~-:ii'l"ut.i'1ifomwm.1mw~t1;-:im,imh11~i1~11!lfw1flm1:::fl11i, 
.. . . ,, 

tffV-:J 1u'.i:::~mhmon'il::: 1~i' 'Ufl'U~'.i7£Hllfl hi11:::11 'Wfl'Vl-:J 5 'lfU~'illflfll'.i'Unfiflfll'tt wn:::m mh:i l'.i~ 
• V 

\9\llJfll'.i'Unfiflfll'tt 7'.i'Yl:::m'UH'lfU~niimnluti!6'U '11 ! tHY:::inJ 1 ,m :::11ir fl, mJ!mw "l-:J (RQMax) tm::: 

""'1 ' I 1 ~ d -. jla., ,d QI 1 CV i "I j/ ' 
11'.i fifl'UtlVOV7-:J~Ot'U6-:Jfl07'il'il::: t~'.i'Ufl17:I.Ht'W-:J'illflO'U~'.ilV'\JO-:J 1;'1'11:::'tt'Ufl'UUC'l t~ t'lf'U 07'117'.i'Yl:::m 

,hV.1fl'tt6V l'f'U11iim·HY:::ff:U'YIO-:JU~-:itm:::i1-:io:::iri'U'u!111wiN 1m1mm::: l'IOV'Ul-:J'jlj '.i0-:Jrt-:J1Jll~Ufl iJ 
"' "' 

,!l 

im:::mm 

'Vlfl,m~-:iii'.lu 11;'1'11:::'111fffi1~~iiiJ'.i::: 1v'lf'W~t1:U'U£1Vi'Um:::1J1'Um'.it~rn-m1ru01m'.i (metabolism) . . ., 

iu 11-:imufl'U iifl11mhtilu ium'.ifff 1-:idj~t~o~u~-:itm:::ttluri1uiJ'.i:::ot111'\Jo-:imu i CJflJ~ihri't1111 mu 

'lfU~ i1-:iu~i1'Vl6-:Jtt~-:i'il:::tiluri1u 1.1'.i :::001J~ihr1 ru'\Jo-:i11-:imu1Ju£1v~~11J m'.i i ~i' 'U'YI t1-:itm-:iiJj111w ., . 
• V 

117fltfl'U iiJ,i:::'Vi11tt'to~67fl7'.ifl~'U iif oitlvu Ul;l:::i!6-:JlffV 'Utlfl'illflU'WEl'\Jtl-:J'Yltl-:JU~-:ia-:i'Vi1, tttfl~ 1 rn 

.Q QI .:k <Cl ~ ... I .e. Q,I i I 

11;lff'U (Wilson's disease) 9f-:Jtn~'illflfl171J H~lJfl~'Yll-:JV'f'U 11m '.ilJ'illflfll'.i 1Jff71J7'.itllH7H"1t1J'Yltl-:JU~-:J 
V 

t1t1fl'il101 i-:imv i ~'Vi11 tt'toflm'.i ff:::fflJ i u1P111mooi1iJo~ 1~viJo~iru 'YI 0-:iu~-:i i:ufioviii1t11mm'.i 

• ti ~ ,d .:k ,d.c::. • ! ..::! " 

ff:::fflJi'U'.il-:Jfl1£1lJ'4£lV l'Utl-:J'il1fllJflH'lf1~ (biological half-hfe) ff'U tm:::1Jm1:::ff1J~l;l£1 (homeostasis) 

~71J1i '.i '.i1J'lf1~i 'Ul 7-:JfllV:I.Jl¾ElV iJ'.i :::fl6'Ufl'UV-:J iiiiiminjl'UO'UV'Ul~£11fl'Ufl1'.i~11-:imv ,~r 'U'Vltl-:JU~-:i 

,, 0 ,, ~ d "' ,, 0 a., a., .c::l t ?I 1 t::I A .& .dt::1_ I 1 ,/ "' 
tm1m1mo~ 1'.ifl:U:::t'.i-:J &fl (Tong et al., 1999) ffl'tt'.i'Uff-:Jfl:::ff'U'UllJ'U 1;l'tt:::t1fl'J$'U~'tt'U-:J'Yl1J1J'.i::: £1'1$'U lJ 

mo 1ui Hfl1VlJ'U£1Vtd6-:i'il1mtluri1uiJ'.i:::flt:i'U'\Jtl-:JtCJfl;l ii111i!1~ttlu cofactor iumu l9flJ'tt"7tl'l$U~ iu • 
V 

ll-:Jflltl fl7'.i'\11~1i1~'ff-:ifl:::ihh1tt'11-:imv'lf:::rom'.irnjtlJ!~'U 1~ (dwarfism) tifo~u~-:i1P11i1 '.i11J'Vl-:JUH1;'1 . ., 

mvi1~1v 1ilu~u (O'Neill, 1985 ~1-:i 1flv Chongprasith et al., 1999) 

trlt1'rf'il1'.iW7fllfl11:I.H#u-:ii1uuo~11Jfll;J1ltllfJ (~7'.il-:J~ 20) V'f'U17~'Unfifl~!tl'Ufll;J1lt#t1-:i (RQ > 

, ""'1 ., , ?I , "' ,A .,, j/ j/ j/ ""'1 
1) um'.i'U'.i fiflmm'.i'Yl:::m~-:io"nmuoi:i1Jtflmt..rn-:i'il1flllfl171J~1umuuvv vm1um'.ill'.i mmmJ 

I d ,d i d ~ I ,, J i I ""'1 QI I ~ - I O QI 4 

fli:}1Jtffv-:i11:::1J'Yl-:it~mm:::~ l'ttt1J w;im11~u 1110 1Jll'.i fifl07'111'.i'Yl:::mfl-:iom111Ju1J'.i:::,mJn1u11'.i til;lfl 

fl171J~1m:::iJ!mwm'.i1J11mrn-:i ~'il:::1;l~t1111J1~v-:i111nvu~-nu'\Jv-:i 1,rn:::~-:imh11~ 
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,et 
fl11Hfl 14 fllfl111Jl*O~ (risk quotient, RQ) 'IHN fo11:::'11'Wfl l'Uff~1'Vl:::m~1~,nni~111~·1rn1fnu 

~ .., " 
t)~!HH (fllJn1~'U1HlJ'lflO'U 2550) 

Marine Heavy MECGeomean MECMax TD! /RDA LOC RQGeomean RQMax 

Animal Metal (mg kg·' wet wt.) (mg kg·' wet wt.) (µg/person/d) (mgkg.1
) 

tl,n Hg 0.026 0.126 16 0.45 0.058 0.281 

Pb 0.017 0.666 6-75* 0.17-2.10 0.008-0.101 0.317-3.97 

Cd 0.008 0.192 55 1.54 0.005 0.125 

Zn 6.41 52.41 3,000-13,000* 83.96-363.8 0.018-0.076 0.144-0.624 

Cu 0.573 7.19 340-1,300* 9.52-36.38 0.016-0.053 0.198-0. 756 

~,i Hg 0.006 0.010 16 3.27 0.002 0.003 

Pb NA 0.124 6-75* 1.22-15.31 0.0004-0.005 0.008-0.101 

Cd 0.019 0.136 55 11.22 0.002 0.012 

Zn 16.85 25.4 3,000-13,000* 612.2-2,653 0.006-0.028 0.010-0.041 

Cu 5.84 11.33 340-1,300* 69.39-265.3 0.022-0.084 0.043-0.163 

ti~ Hg 0.012 0.018 16 3.27 0.004 0.006 

Pb <0.005 <0.005 6-75* 122-15.31 0.0003-0.004 0.0003-0.004 

Cd 0.013 0.069 55 11.22 0.001 0.006 

Zn 18.12 21.36 3,000-13,000* 612.2-2,653 0.007-0.030 0.008-0.035 

Cu 3.2 8.03 340-1,300* 69.39-265.3 0.012-0.046 0.030-0.1 I 6 

Hg 0.015 0.025 16 1.76 0.009 0.014 

Pb NA 0.152 6-75* 0.66-8.24 0.001-0.008 0.018-0.231 

Cd 0.024 0.069 55 6.04 0.004 0.011 

Zn 60 476.7 3,000- I 3,000* 329.7-1,429 0.042-0.182 0.334-1.45 

Cu 7.715 171.17 340-1,300* 37.36-142.9 0.054-0.206 1.20-4.58 

mw Hg 0.007 0.029 16 1.55 0.005 0.019 

Pb 0.072 0.278 6-75* 0.58-7.28 0.010-0.124 0.038-0.477 

Cd 0.198 2.26 55 5.34 0.037 0.423 

Zn 67.3 2963.6 3,000-13,000* 291.3-1,262 0.053-0.231 2.35-10.18 

Cu 9.96 683.92 340-1,300* 33.01-126.2 0.079-0.302 5.42-20.72 

• tl11uFluutl1'IID,ifi1 TDI I RDA 'IIUDgtiun~uD1q,rnnh::'lf1m rnm::16t1fl11tnH 1umt1F1u1n; Geomean: fi1mat11'J'lllflWfl 

, ,, ,,,,, ia,..s.-:,.c:1: dA .. ,, 1 •, ,. 
NA: 1Jlflfl11 50 % 'lltN'll6J,!tltl11111'111J'\JU u11:::11Ufl1Jtl1~1fl11'11~Wll"Xfl'l'llfl'j6~ff1111Hl1fl . (MDL) Ufllltl1U1Wtll Geomean IN 

1'11th MDL 1vufi1m1u1,i'u,i'u li111::'11Ufl~'l't1J1utlfl1l1::ltl 
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~ 
fi1r111m~t1-:i (risk quotient, RQ) 'IHM fo'H::an!n l'1-Jff~1'Yl~m~1~,11ni-:i'tt1~•1rn11~i'I-J fll"H-:Jfl 15 . 
q~N'I-J (~mr111 2550) 

Marine Heavy MECGeomean MECMax TDI/RDA LOC RQGeomean RQMax 

Animal Metal (mg kg.1 wet wt.) (mg kg.
1 
wet wt.) (µg/person/d) (mgkg.1

) 

t.hn Hg 0.013 0.105 16 0.45 0.029 0.234 

Pb NA 0.034 6-75* 0.17-2.10 0.002-0.030 0.016-0.202 

Cd <0.005 <0.005 55 1.54 0.003 0.003 

Zn 4.9 13.96 3,000-13,000* 83.96-363.8 0.013-0.058 0.038-0.166 

Cu 0.262 1.257 340-1,300* 9.52-36.38 0.007-0.028 0.035-0.132 
,, 
fl-i Hg 0.027 0.08 16 3.27 0.008 0.025 

Pb NA 0.045 6-75* 1.22-15.31 0.0003-0.004 0.003-0.037 

Cd NA 0.144 55 I 1.22 0.001 0.013 

Zn 21 38.26 3,000-13,000* 612.2-2,653 0.008-0.034 0.014-0.062 

Cu 13.43 184.1 340-1,300* 69.39-265.3 0.051-0.194 0.694-2.65 

fl.:J Hg 0.009 0.014 16 3.27 0.003 0.004 

Pb NA 0.115 6-75* 1.22-15.31 0.0003-0.004 0.008-0.094 

Cd NA 0.031 55 11.22 0.0004 0.003 

Zn 11.07 24.91 3,000-13,000* 612.2-2,653 0.004-0.018 0.009-0.041 

Cu 1.57 3.39 340-1,300* 69.39-265.3 0.006-0.023 0.013-0.049 

Hg 0.011 0.032 16 1.76 0.006 0.018 

Pb NA 0.025 6-75* 0.66-8.24 0.001-0.008 0.003-0.038 

Cd 0.047 0.377 55 6.04 0.008 0.062 

Zn 50.6 454 3,000-13,000* 329. 7-1,429 0.035-0.153 0.318-1.38 

Cu 8.64 23.19 340-1,300* 37.36-142.9 0.060-0.231 0.162-0.621 

'IH>fl Hg 0.010 0.046 16 1.55 0.006 0.030 

Pb NA 0.102 6-75* 0.58-7.28 0.00 I -0.009 0.0 I 4-0.17 5 

Cd 0.257 4.65 55 5.34 0.048 0.871 

Zn 72.2 2473.6 3,000-13,000* 291.3-1,262 0.057-0.248 1.96-8.49 

Cu 4.651 329.66 340-1,300* 33.01-126.2 0.037-0.141 2.61-9.99 

.. 
'H1Jfl- Hg 0.010 O.o28 16 1.66 0.006 0.017 

11') Pb 0.007 0.028 6-75* 0.62-7.78 0.001-0.011 0.004-0.045 

Cd 0.963 1.54 55 5.71 0.169 0.270 

Zn 18.26 19.72 3,000-13,000* 311.2-1,349 0.014-0.059 0.015-0.063 

Cu 4.42 6.16 340-1,300* 35.27-134.9 0.033-0.125 0.046-0.175 

d 
'H1Jfl- Hg 0.013 0.039 16 1.66 0.008 0.023 

i'l Pb 0.007 0.066 6-75* 0.62-7.78 0.001-0.0ll 0.008-0.106 

Cd 0.o75 0.178 55 5.71 0.013 0.031 

Zn 13.41 15.57 3,000-13,000* 311.2-1,349 0.010-0.043 0.012-0.050 

Cu 3.36 7.09 340-1,300* 35.27-134.9 0.025-0.095 0.053-0.201 

• fl')llJNllllU'i'lltHfil TDI / RDA 'lll16~flllfltjmnq'll6-it.l1::,nm nm:1::1efJrtlltYrt.:J 1llmf1Flll'lfl; Geomean: ftllUUfll'i'lllflW91 

' ,, ,, ,, 1 .. ""' ~ '.ct : .d: .A .. ,,, , • • .. 
NA: 1Jlflfl')l 50 % '116-i'll6\jflfl')11Jl'IJ1J'IJll t'll1::'Hllfl1Jfl191lffll'llrt911{lrtl'llfl'i6~tY11Jlrn'lrt rt (MDL) llfll:ifllll'lWfll Geomean '1-i 

Wth MDL 1;'Juti1fl'll1JI..Yu.«u 1n11::11un~,m1uff91'~TI:an 
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' 
fllfl17m#v~ (risk quotient, RQ) '\Jfl~ !"1'11~l1'Wfl 1utY~1'Vl~m~1~,nni~l1'1f'l'J~tlfl~ h.J "" fll"HHl 16 

!JI 
tj~llft~ (ll.l'lfltltJ 2550) 

Marine Heavy MECGeomean MECMax TOI/RDA LOC RQGeomean RQMax 

Animal Metal (mg kg·' wet wt.) (mg kg·' wet wt.) (µg/person/d) (mg kg. 1
) 

1h11 Hg 0.014 0.132 16 0.45 0.031 0.295 

Pb 0.029 0.213 6-75* 0.17-2.10 0.014-0.173 0.101-1.27 

Cd 0.005 0.012 55 1.54 0.003 0.008 

Zn 6.05 15.28 3,000-13,000* 83.96-363.8 0.017-0.072 0.042-0.182 

Cu 0.351 0.876 340-1,300* 9.52-36.38 0.010-0.037 0.024-0.092 
,, 

Hg 0.008 0.014 fJ~ 16 3.27 0.002 0.004 

Pb 0.020 0.050 6-75* 1.22-15.31 0.001-0.016 0.003-0.041 

Cd 0.018 0.067 55 11.22 0.002 0.006 

Zn 21.46 24.58 3,000-13,000* 612.2-2,653 0.008-0.035 0.009-0.040 

Cu 10.36 13.36 340-1,300* 69.39-265.3 0.039-0.149 0.050-0.193 

ii~ Hg 0.014 0.019 16 3.27 0.004 0.006 

Pb 0.010 0.031 6-75* 1.22-15.31 0.001-0.008 0.002-0.025 

Cd 0.062 0.100 55 11.22 0.006 0.009 

Zn 27.96 29.39 3,000-13,000* 612.2-2,653 0.011-0.046 0.011-0.048 

Cu 2.70 3.04 340-1,300* 69 .39-265 .3 0.010-0.039 0.011-0.044 

Hg 0.025 0.344 16 1.76 0.014 0.196 

Pb 0.040 0.232 6-75* 0.66-8.24 0.005-0.061 0.028-0.352 

Cd 0.048 2.08 55 6.04 0.008 0.344 

Zn 352.1 816.7 3,000-13,000* 329.7-1,429 0.246-1.07 0.572-2.48 

Cu 28.34 418.0 340-1,300* 37.36-142.9 0.198-0.759 2.93-11.19 

l160 Hg 0.011 0.157 16 1.55 0.007 0.101 

Pb 0.153 0.590 6-75* 0.58-7.28 0.021-0.263 0.081-1.01 

Cd 0.394 15.96 55 5.34 0.074 2.99 

Zn 204.6 9,851 3,000-13,000* 291.3-1,262 0.162-0.702 7.81-33.82 

Cu 24.30 837.5 340-1,300* 33.01-126.2 0.193-0.736 6.64-25.37 .. 
Hg 0.013 0.ll2 16 1.66 0.008 0.067 mm-

'H1 Pb 0.018 1.42 6-75* 0.62-7.78 0.002-0.029 0.183-2.29 

Cd 0.146 7.15 55 5.71 0.026 1.25 

Zn 25.02 415.8 3,000- I 3,000* 311.2-1,349 0.019-0.080 0.308-1.34 

Cu 6.63 659.7 340-1,300* 35.27-134.9 0.049-0.l 88 4.89-18.70 .. 
Hg 0.014 0.165 16 1.66 0.008 0.099 mm-

i1 Pb 0.010 0.084 6-75* 0.62-7.78 0.00 I -0.0 I 6 0.011-0.135 

Cd 0.064 0.215 55 5.71 0.011 0.038 

Zn 25.55 432.0 3,000-13,000* 311.2-1,349 0.019-0.082 0.320-1.39 

Cu 4.94 223.7 340-1,300* 35.27-134.9 0.037-0.14 1.66-6.34 

• f111JJfiu11t.l,,rn-uh TDI I RDA 'llUV~nun~JJ01~'1lo~il,::'lf1m ,1oa::160~11t'l'tN 1umflFIU1fl; Geomean: fl11~ftUl'l'll1flWfl 

, ,, ,, ,, 1 ., .,., ; ,..,. ; d A ., ,,, , • , ,. 
NA: JJ1flfl11 50 % 'll6~'1l61Jtlfl11111'1lJJ'll'U tll1tl1Ufl1Jfl1fl1fl11'1l~fl1f(~'l'llfl'l6~t'1'1111':i01~ ~ (MDL) Ufl11fl1U1Wfl1 Geomean 'IH 

Hlth MDL 1'1uti1f111JJ1~11,u lal1::l1un~vm1uti,i1m:m 
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,,l 
rllfl17lJ!~tl~ (risk quotient, RQ) 'UO~ 1"11:::ttirn hHY\,\1'Yl:::m~1~'illfli~111~1:::t10~ iu m1H't117 

q~f-1'1.J (~"7fllJ 2550) 

Marine Heavy MECGeomean MECMax TDI /RDA LOC RQGeomean RQMax 

Animal Metal (mg kg·' wet wt.) (mg kg·' wet wt.) (µg/person/d) (mgkg.1
) 

1hn Hg 0.017 0.172 16 0.45 0.038 0.384 

Pb 0.021 0.586 6-75* 0.17-2.10 0.010-0.125 0.279-3.49 

Cd NA 0.027 55 1.54 0.005 0.Dl8 

Zn 11.48 35.14 3,000-13,000* 83.96-363.8 0.032-0.137 0.097-0.419 

Cu 0.749 2.55 340-1,300* 9.52-36.38 0.021-0.079 0.070-0.268 
,, 
ip Hg 0.014 0.024 16 3.27 0.004 0.007 

Pb 0.014 0.025 6-75* 1.22-15.31 0.001-0.01 I 0.002-0.020 

Cd 0.010 0.041 55 11.22 0.001 0.004 

Zn 21.48 22.12 3,000-13,000* 612.2-2,653 0.008-0.035 0.008-0.036 

Cu 9.95 11.90 340-1,300* 69.39-265.3 0.038-0.143 0.045-0.172 

ti.:i Hg 0.010 0.011 16 3.27 0.003 0.003 

Pb NA 0.023 6-75* 1.22-15.31 0.0004-0.005 0.002-0.019 

Cd 0.o3 0.25 55 11.22 0.003 0.022 

Zn 24.35 26.89 3,000-13,000* 612.2-2,653 0.009-0.040 0.0I0-0.044 

Cu 2.78 3.59 340-1,300* 69.39-265.3 0.010-0.040 0.014-0.052 

Hg 0.028 0.089 16 1.76 0.016 0.051 

Pb 0.023 0.115 6-75* 0.66-8.24 0.003-0.035 0.014-0.174 

Cd 0.339 5.10 55 6.04 0.056 0.844 

Zn 211.1 481.5 3,000- 13,000* 329. 7-1,429 0.148-0.640 0.337-1.46 

Cu 10.91 15.41 340-1,300* 37 .36-142.9 0.076-0.292 0.108-0.412 

'IHltJ Hg 0.026 0.049 16 1.55 0.017 0.032 

Pb 0.111 0.323 6-75* 0.58-7.28 0.015-0.191 0.044-0.554 

Cd 0.632 2.99 55 5.34 0.118 0.559 

Zn 773.8 8,488 3,000-13,000* 291.3-1,262 0.613-2.66 6.73-29.14 

Cu 267.8 1,532 34D-l,300* 33.01-126.2 2.12-8.11 12.14-46.42 

* fl111JRllUtlnm-nii TDI I RDA 'llllSdoufl~1J6lfl'llD.:itl'.i:'ll10l '.i1tJt1:10tJflllfffl.:i1umflflll1fl; Geomean: th111at11'.i'lllf1W~ 
, ,, ,, ,, 

1 
., .... , ; . d : ..,: A ... ,.. 

1 
. , ,. 

NA: 1J1flfl11 50 % 'IJS.:i'IISJ,!tlfl111Jl'll1J'llll tl'11:'11llfl1Jfl1~1fl11'1lfl~1t{fll'llfl'.i8.:iff11JTHl1fl fl (MDL) llfl1lfl1ll1Wfl1 Geomean u.:i 

H'th MDL 11'.luti1f111111i1J'li'u 1n'lf:m!n~vm1ml~1'1'1:m 
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\j)TH~~ 18 ~lft'J1:ut~t1-:i (risk quotient, RQ) '\HM 1~'11~'11'Wfl lut1~1n~m~i~,nni-:iw!~iU'Vl1J~ 
• 

(i1uw111 2552) 

Marine Heavy 

Animal Metal 

,Jm 

'11tltl 

.. 
'11110-

111 

.. 
'11110-

911 

Hg 

Pb 

Cd 

Zn 

Cu 

Hg 

Pb 

Cd 

Zn 

Cu 

Hg 

Pb 

Cd 

Zn 

Cu 

Hg 

Pb 

Cd 

Zn 

Cu 

Hg 

Pb 

Cd 

Zn 

Cu 

MECGeomean 

(mg kg·' wet wt.) 

0.015 

NA 

NA 

4.67 

0.374 

0.041 

0.034 

0.453 

38.30 

l0.61 

0.004 

0.102 

0.760 

382.8 

37.42 

0.009 

0.012 

0.116 

11.18 

2.79 

0.012 

NA 

0.019 

9.61 

1.52 

MECMax 

(mg kg·' wet wt.) 

0.134 

0.113 

0.019 

12.84 

1.585 

0.079 

0.047 

1.69 

44.93 

13.68 

0.009 

0.219 

1.28 

663.4 

70.51 

0.049 

0.034 

0.587 

12.33 

7.39 

0.062 

0.016 

0.062 

IO 

3.35 

TD! /RDA 

(µg/person/d) 

16 

6-75* 

55 

3,000-13,000* 

340-1,300* 

16 

6-75* 

55 

3,000-13,000* 

340-1,300* 

16 

6-75* 

55 

3,000-13,000* 

340-1,300* 

16 

6-75* 

55 

3,000-13,000* 

340-1,300* 

16 

6-75* 

55 

3,000-13,000* 

340-1,300* 

LOC 

(mg kg-1) 

0.45 

RQGeomean 

0.033 

RQMax 

0.299 

0.17-2.10 0.002-0.030 0.054-0.673 

1.54 0.003 0.012 

83.96-363.8 0.013-0.056 0.035-0.153 

9.52-36.38 0.0 l0-0.039 0.044-0.167 

3.27 0.023 0.045 

1.22-15.31 0.004-0.052 0.006-0.071 

11.22 0.075 0.279 

612.2-2,653 0.027-0.116 0.031-0.136 

69.39-265.3 0.074-0.284 0.096-0.366 

1.55 

0.58-7.28 

5.34 

291.3-1,262 

33.01-126.2 

1.66 

0.62-7.78 

0.003 0.006 

0.014-0.175 0.030-0.376 

0.142 0.239 

0.303-1.31 0.526-2.28 

0.296-1.13 0.559-2.14 

0.005 0.030 

0.002-0.019 0.004-0.055 

5.71 0.020 0.103 

311.2-1,349 0.008-0.036 0.009-0.040 

35.27-134.9 0.021-0.079 0.055-0.210 

1.66 

0.62-7.78 

0.007 0.037 

0.001-0.006 0.002-0.026 

5.71 0.003 0.01 I 

311.2-1,349 0.007-0.031 0.007-0.032 

35.27-134.9 0.011-0.043 0.025-0.095 

* fl11llAUllill'IJtHfl1 TD! / RDA 'UU6Ut11JO~ll61~'Utl-nh::'lnm 11tlt'lt16tlillltYil./l 1umtlFIU10; Geomean: fi1mat11'S'UltlW91 

. ,,. ,, ,, 1 .. ,::t I : I d : d A .. ,11 , • ' .. 
NA: 1110011 50 % 'UfH'Utll;Jt'lfl11lll'U1J'UU n'l1::'11U01Jtl1m011'Uil911'i'(il'l'lltl'S6.:iff11J1Hl1il i'l (MDL) U011tl1U1Wtl1 Geomean IN 

Hfi, MDL 1ilufi1t111111-u'11,i'u la'l1::'11uo~'l'luluif911n::m 
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d 
filfl11:1.Hi°ft11 (risk quotient, RQ) '\I01 !"'11:::'11'Wfl '1utl'\,l1'Vl:::m~i~'illfl'01'111~\,J'Jl~ Vll'Hnl 19 

(l'li)lltnflll 2551) 

Marine Heavy MECGeomean MECMax TD! /RDA LOC RQGeomean RQMax 

Animal Metal {mg kg·' wet wt.) (mg kg·' wet wt.) (µg/person/d) {mg kg°
1
) 

1.hn Hg 0.017 0.263 16 0.45 0.◊38 0.587 

Pb NA 0.236 6-75* 0.17-2.10 0.002-0.030 0.589-1.41 

Cd NA 0.012 55 1.54 0.003 0.008 

Zn 3.753 9.66 3,000-13,000* 83.96-363.8 0.010-0.045 0.027-0.115 

Cu 0.334 1.179 340-1,300* 9.52-36.38 0.009-0.035 0.032-0.124 

.. 
Hg 0.023 0.031 16 3.27 0.007 0.009 fl~ 

Pb 0.013 0.025 6-75* 1.22-15.31 0.001-0.01 I 0.002-0.020 

Cd NA 0.04 55 I 1.22 0.001 0.004 

Zn IJ.61 12.41 3,000-13,000* 612.2-2,653 0.004-0.019 0.005-0.020 

Cu 8.42 10.45 340-1,300* 69.39-265.3 0.032-0.121 0.039-0.151 

ti~ Hg 0.013 0.067 16 3.27 0.004 0.021 

Pb 0.022 0.031 6-75* 1.22-15.31 0.001-0.0 I 8 0.002-0.025 

Cd 1.759 3.937 55 11.22 0.157 0.351 

Zn 33.17 49.08 3,000-13,000* 612.2-2,653 0.013-0.054 0.0 I 8-0.080 

Cu 16.89 27.44 340-1,300* 69.39-265.3 0.064-0.243 0.103-0.395 

Hg 0.◊35 0.058 16 1.76 0.020 0.033 

Pb 0.018 0.033 6-75* 0.66-8.24 0.002-0.027 0.004-0.050 

Cd 0.278 0.703 55 6.04 0.046 0.116 

Zn 37.99 51.02 3,000-13,000* 329.7-1,429 0.027-0.115 0.036-0.155 

Cu 12.31 16.86 340-1,300* 37.36-142.9 0.086-0.329 0.118-0.451 

'IHltl Hg 0.006 o.oi8 16 1.55 0.004 0.012 

Pb 0.011 0.900 6-75* 0.58-7.28 0.002-0.019 0.124-1.55 

Cd 0.186 3.23 55 5.34 0.035 0.605 

Zn 34.70 440.4 3,000-13,000* 291.3-1,262 0.027-0.119 0.349-1.51 

Cu 3.99 46.06 340-1,300* 33.01-126.2 0.032-0.121 0.365-1.40 

.. 
Hg 0.oJ5 0.044 16 1.66 0.009 0.027 lUJfl-

'111 Pb 0.016 0.036 6-75* 0.62-7.78 0.002-0.026 0.005-0.058 

Cd 0.042 1.13 55 5.71 0.007 0.198 

Zn 7.82 11.99 3,000-13,000* 311.2-1,349 0.006-0.025 0.009-0.039 

Cu 3.97 15.38 340-1,300* 35.27-134.9 0.029-0.113 0.114-0.436 

.. 
111Jfl- Hg 0.018 0.064 16 1.66 0.011 0.039 

i1 Pb 0.011 0.025 6-75* 0.62-7.78 0.001-0.018 0.003-0.040 

Cd NA 0.014 55 5.71 0.001 0.002 

Zn 7.81 9.79 3,000-I 3,000* 311.2-1,349 0.006-0.025 0.007-0.031 

Cu 2.52 6.59 340-1,300* 35.27-134.9 0.019-0.071 0.049-0.187 

* tn111Fiu111ln1tNti1 TDI / RDA '11Ufl901lfl~lltl1Q'llfN1l1::'Y1m rn.m::16Vflllfffl~,ufl1flFIU1fl; Geomean: fl1l\lUfJl'.i'll1flW9l 

• ,, ,, ,, 
1 

~ .,.. , ; , .::I ; ..,; A ., ,~ 1 . , .. 
NA: lllflfl'll 50 % 'lltl~'lltllJtlfl111Jl'lllJ'IIU tll-!tl1Ufllltll911fl'l1'11fl911'1!fl'l'lltl'.i6~ffl1J1Hl1fl (MDL) Uf11'.itllU1Wtll Geomean IH 

i-v'fi1 MDL 1i'h1ti1t111111..Yu..Yu 1nl1::l1Ufl~Yl1Jiutr~'l'l'l:an 



Vll'.il..'.I~ 20 ti111111.11~tM (risk quotient, RQ) '\Hl..'.l lc111t'l1'Ufl iuff\,11'V1ttll~1U'I.Jfl\Pl1llfl~mn~ 

ff911 

'Vl::m 

,.hn 

~ 

'IHW 

i.:J'l11~ 

'lfll1.J1-q~un.:i 

7::tJtN·i)~Un.:J 

1::ve.:i-q~P-lu 

m1,i 

'lflltJl·i)~un.:i 

'lflltJl·i)~N'U 

1::oe.:i-q~un.:i 

1::oe.:i-q~P-lu 

'lflltJl ·tJ~un.:i 

'lflltJl·i)~N'U 

1::oe.:i-q~un.:i 

1::oe.:i-q~P-lu 
., .. 
\J'U'Vl1.J7 

9l'J'1fl 

~ ., V 
'11>.Jn-'111 'J'::fJfJ.:J•i)~llll.:J 

~ ., jJ 
·1nm-m 1::ve.:i-q~ur1.:i 

RQGeomean 

d ~ ' ,~n ~ 111ty 

0.101 0.008 

0.173 

0.125 

0.030 

0.008 

0.008 

0.061 

0,035 

0.124 

0.009 

0.263 

0.191 

0.175 

0.019 

0.029 

0.016 

0.014 

0.010 

0.002 

0.001 

0.001 

0.005 

0.003 

0.010 

0.001 

0.021 

0.ot5 

0.014 

0.002 

0.002 

0.001 

Pb 

RQMax 
d ~ ' 

1~0 J:jL'l1tlJ 

3.97 0.317 

1.27 

3.49 

1.41 

0.231 

0.038 

0.352 

0.174 

0.477 

0.014 

1.01 

0.554 

0.376 

1.55 

2.29 

0.135 

0.101 

0.279 

0.589 

0.oI8 

0.003 

0.028 

0.014 

0.038 

0.871 

0.081 

0.044 

0.030 

0.124 

0.183 

0.0ll 

RQGeomean 
d 

l~O 

0.076 

0.072 

0.137 

0.045 

0.182 

0.153 

1.07 

0.640 

OEl 

~~ 

~m 

2~6 

1.31 

0.119 

0.080 

0.082 

Nlmy 
~ 

0.oI8 

0.017 

0.032 

0.010 

0.042 

0.035 

0.246 

0.148 

0.053 

0.057 

0.162 

0.613 

0.303 

0.027 

0.019 

0.019 

Zn 

RQMax 

d ~ ' 
1~n J:lL'l1tlJ 

0.624 0.144 

0.182 

0.419 

0.115 

1.45 

1.38 

2.48 

1.46 

10.18 

8.49 

33.82 

29.14 

2.28 

1.51 

1.34 

1.39 

0.042 

0.097 

0.027 

0.334 

0.318 

0.572 

0.337 

2.35 

1.96 

7.81 

6.73 

0.526 

0.35 

0.308 

0.320 

RQGeomean 
d ,~n 

0.053 

0.037 

0.079 

0.035 

0.206 

0.231 

0.759 

0.292 

0.302 

0.141 

0.736 

8.11 

1.13 

0.121 

0.188 

0.140 

~my 

0.014 

0.010 

0.021 

0.009 

0.054 

0.060 

0.198 

0.076 

0.079 

0.037 

0.193 

2.12 

0.296 

0.032 

0.049 

0.037 

Cu 

RQMax 

,~n ~my 
0.756 0.198 

0.092 

0.268 

0.124 

4.58 

0.621 

11.19 

0.412 

20.72 

9.99 

25.37 

46.42 

2.14 

1.40 

18.70 

6.34 

0.024 

0.070 

0.032 

1.20 

0.162 

2.93 

0.108 

5.42 

2.61 

6.64 

12.14 

0.559 

0.365 

4.89 

1.66 

.i::,. 
--.J 
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\91711'1~ 21 LV'I-JflllLIDt11H'Yit1'1.J'lf1'1'UeMri1r111m~t1'1 (RQ range) 'U0'1flll'I.Jnfiflell'l1ln'l:::m . . ,, 
'lt.1 4 io'1111~'lf1t1N'1'Vl:::m~:::1t.1oon ~o 'lfi:l'IJ~ 1:::t10'1 '0'1-J'Vl'IJ~ im::: ~11~ i~t1'1f1'1'Uo~ri1r111mi1t1~ihl::: . . ,, . . 
l:::1Ji~u~ri1m~t1 (RQGeomean) 'il'I-Jil~rilf;l~tl~ (RQMax) 'UO~ im-1:::'11'Wfl'Yivm'lt.1.i~1'Vl:::m 

'U o~ u~ 1:1::: '0~ '111~ ido'1 'illflLflWcnm~1i1t.1r1111JiJml~.fltl~O'i!'llfll'WO'\.Jl:Ut1'U0'1ll'lfhlV (human health . ,, . 
criteria) mw1:::ihttf'IJ i,m:::~:::ti1 'tf'1fl:::fftm:::'VI0'1U~'1 'Wt.I UU'1\9llllfl'flllelltl i~t1fl'fllJH'IJ1infl'riiio1t1 

q q q cu q 

jl .a ' d & A \I} I lit 'J)a., ~ A I 

'I-JOtl'l'110fHJllL~fl9l''1llfl1llJ t1'1J:'1'i!~~Oflll t~l'IJ'f1'11'W1:I (most sensitive age group) 'il:::mn TDI 

9/ t I 3/ .Q,. ,J A ,a I !JIG} I .& ,d 'J) 

(Tolerable daily intake) 'I-JOtlfl1lfl"JllPj'I.Jl tfifl'VlllellQ1Jlfl'l'110fl"JllPJ mty 9l''1'il:::llfl1llJ~l'I-J'Yll'Wf;l'1 
,, I ' ,, 

(least sensitive age group) i'1'Wt.1'lt.1moHitilt.1m1iJ1:::tijmh1>111mfft1'1'1JO~ fott:::M'Wfll1'1 3 'lf'W~ 

i~ncin :U~~l'i!~'ll0'1'1f1'1fl1lll!~tl'1~'1tilmh RQGeomean ;'1ti!t.1i1u'Ylt.1ffl'ttf'I.Jntjll~'lmy trn::::U~ 

,k ~ • ?I "' o "' ii ""'i , d 
'f:!'1"!~9l''1L1J'I-Jfll RQMax L1J'I-J~1U'Yl'I-J'f1'1'1'1HJPj'I.Jl tfiflfl"Jllt~fl 

.Q ti ) !)} ,d ~) ,d d t 

'illflf.l'flflll 1tfl 11:::mt t.11 t 'WlJ'll0'1fl1llJLiHJ~'illflflll'IJ1 tfifl01'1'111 'VI::: nl'Yl'il:::llf.l'fl~ Off'llfll'W . 

,, . 
ffl'ttf 'I.Jflll'IJ nnr111 Otl'W t.1riomj'1'1iifl 1llltfft1'1'illfl i 'fl'l1:::lrnltl'lf'W~ 

i~mi ~::;~1 tm~uiit1ll .i~n:::i1 tm:::'VI0'1U~'11~m,m1:::ttot1~t~'IJ'illfl'0'1M1~1:::t10~ ihu'luMi1m!mm 

fl17mi'it1~'illflflll'I.Jnflfl'l'1lfori1m111Jlflfl11ff1'1-Ji1'illfl hM:::~::;~1 L!flfltiitlll ff~fl:::ff m1:::'YJO~Ufl~ 
t ,, ,, • 

t'lf'Wt~t11ti'IJMOt1 iflt1mw1:::Mijn'Yit~'IJ'illfl'0~111fl1:::t10~ i~iliomff'tlo~m1tnflfl11mirt1~'il1nm1 

~ J Q.I QI ' " fj} • d ' 'J/ I 

u1 if11>1mM11'Yl:::miJwilou i'f'IM:::M'Wflfl~nm1'tlH~'W'il:::'W'IJ'lt.1n"Jlltflfllllflfl17PJ'lMty tm::: iommm~ 

~ .d ef ,, di , Gt ,.ct , v , l ~ J 
fllltflflfl11lltfftl~'W'il:::'I-JOtllllfl (t'I-JO~'illfl RQGeomean ff1'W t'l'1tyllfll'I-JOtlfl11 1) tfltl'il:::tflfl'lll.!m'Vn::: . ,, ,, . 
fi'I.JflllUnflflOlml'Yl:::m 'lt.1ntjuriiimnlt.1ttlO'I-J i'fl'l-1:::M'Wfl 'lt.11:::iu~-m-ii'Wt.1 (mm:::'Yiiiri1 RQMax > 1) 

t J/ JI I 

trn:::'Yirl1ti'ty'illflflll fffl'l:llflf ~n iii'WUfl1llJLfftl~ 'l ~'l ~O'i!'llfll'WO'W 'il:::tn~ 'illflflll i ~f 'IJ i'fl'l-1 :::'llrn'Yl L l.! . ,, ,, 
mM11'Yl:::mfJmh:::m'Yl'Yi'Yi1m1i101:11fli'~u 

' ,, ,, ,, ,, 
1 ~tlTI1 i 'll 'illflf.l'flflll'll1:::ti11-.1 'l '1-Jflll fffl'lflfl'j ~n;, tt1il '1-J 11m11liuilot.11 'fl'l-1:::'1'1 'Wfl 'l t.101'1'111 
,, . . 

'Yl:::m 'l t.1 'Nl.!TI'lfltlH~'Yl:::mmfl~:::11-.1oono~ iii no 'l tt1n~i1ty111~ O"!'llfll'W'UO~tl1:::'lfl'lf'I-Jl'Wtl~U~ii . ' ,, ' ,, 
'i 'JI "' "' "°' <!i "' "°''i "'"' - I ~ 'i .., 'I U'W1 t 'I-JlJ'll0'1fl1llJ!ff tl~'Ylm'il 'il:::tnfl'll'I-J Mlflllflll'I.Jl tflfl 01'1'111'Yl:::m'Ylllflll1Jl.!l1J 0'1-J t ,m:::Ml.!fl t 'W 

a., .cs .d .a QI ~-,. .a , i d o Gi 'JI .ci. 'l , 
1:::~1Uff~tm::::t.JT111:t.Jt1Mrno~nm1u1 1flflff~wrnmrnflnn'il:::'Yl1 mmflflllff:::ffll 1-.111~mt1'ilt.101'il'il::: 

~ ~ 

d I lf}'J) ,: I .Q QI QI .cl <t'J/ 
1Jf.l'flm:::'Ylu~off'llfll'W &fl 1-.1on'il1nt.1 wu11 fllllJ'.i lflflom1n1:::m'illfl'il~M1f!1::;00~11uu11'W1J'il::: • 
no 'l tttflflfl1llJL~tl~~ml'llfll'WlJlflfl1101'1'111 'Vl:::m 'l t.1 '0~'1'11fl gt.I i 'flM:::mfo~'il:::1iJuiJ'il'Otlt~tl~~O • 
ff'llfll'Vi ~o 'VIO~Ufl~U'fl:::ff~fl:::ff 1m:::m11J1lflflff~1'Vl:::m 'lt.1nrl11~ii1tJi1iom1~~ir11thi1 ,~un '1100 

• q q ,, 

~ Q~ 1m:::tti1n'il:::Uf111m~c.1~~oiy'llmwmnn11m'.i1J1lflf1Vm ~1t1m~n;~fl1'.il1t.11J1'Wt1ll1J1lflfl 
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ii1 'll:iJ'I.J~l 1m:::ff11 U1'11111 'I.J 1.Jmiii;..n'IIPiOfll1'W\P!J'I.Jl'j Vlflltl'llO-:J:IJ'I.J'},JU • 
~ d ~ a1 ..::::::i. I _,d ~1 t cf ~ 

O'I.J-:J:IJ'llO'ff -:Jlf)\ol,llf)J:-H'lfll1111 :::mmllfl11lH 'ff tl-:J 'illflf)lHfi .f)flU1'1111 'Vl:::m 1 '1.Jfl'j-:J'I.J C)f-:JUl'il'il::: 

" 1fl~fl11:IJ iiiuum)'I.J (uncertainty) 'UO-:Jfll'.i'l.h:::1ih.Jfil RQ ;'I.J ,~,:nnmnvmw t'lf'I.J fll'.it~Of) 1imwcn 

:IJl\91'.ijl'I.Jfl11:IJiJ'1o~ifolPio~un.f1fl'llO-:J US. EPA tm::: Institute of Medicine 1.h:::mi'l'ffl1f jO!:IJ!fll 

~-:ittlumwcn'Y1'1 i iJ iii1 'lftf1WC}'l:1Jl\91'.ijl'I.J1'irrn:::ffll1f Ufl'I.J i 'Viti '.i1'.IJO-:Jf11'.i 1 it1\9l'.ilfll'.i1Jn.f1fl01'111'.i 

'Vl:::mm~m~t110'1.JO'U'l.h:::'lflm'Vlflf)rim:nt1 rdo-:i,i1m~flU'1:::Hlmuiit1\911lf111'Unmrn11111'Vl:::m~ 
q q ct <u tJ 

U\9lf11Pi1-:iti'I.Ju1Piv-:i iimnu 17tl-:J7'1.J i 1 ~-:Jff 17:IJ i"UU'I.JO'I.Ji-:imh1ilm,iii~rnlPiom1iJ1:::tihuhr1111Jtit1-:i 

(RQ) ,~ 

i-:iil"O:IJ'1~i~'illf1fl11fff11'llt-ii-:iilttl'I.Jt'Wtl-:Jfl1111fl17:::l10-:Jf111:IJ'U7'il:::ttl'I.J'UO-:Jfl111f1~H'1 ., 
,, ' . ' 

m::: 'Vl'U IPioff'll mi"l 'il 1 n m11J nm1011111 'VI::: m 1 'I.J v.'I.J vi'lf1t1 i'.1-:i'VI::: m mfl\91::: 1'1.J o om w tntl 'I.Ju 'I.J 1m-:i 1 'I.J • 
'JI _, ... , 'JI , 'JI ""1 , ll)_f , 11) a "9 dll) v ,:¥'! 

f11117-:JUH'I.J~:1Jfl10-:Jfl11:IJIJ'10~.f1tl l1ttn~1J1 .f)fl\910 rn Vtll-:J t1fl\911:IJ 'illflH'1f111i'l'fl'lfl'VI t~'.i:::'4 1 t'I.J 
" . 

\910'1.J~'I.J'll0-:J17tl-:Jl'l.Hl'IJ'U'W i"l'U11 u!mw 1'1'11:::'11'Wfl'n'Vl'U11.Jff\911'Vl:::mri11.J1muoa1'1.J1:::i1JU'1V~.Otl " ., . " " 
ffll1f 1JflU1Jn.f1fl\917:IJ:IJ1\Pl1il71.J01'1171'YliiffUiJ'I.JtiJo'I.Jt1l'l11.J~ i11~wm:::'Vl11-:Jffl1i71Wff'll i-:J'W'I.J 

~ . ,, . ,, ,, 
1 Ofllff'IIO-:Jfl11 !fl~ H'1m::: 'Vl'UIPiO'tl'll.f17i"l'illflfll'j'lJn.f)fl07'1171'Vl:::m 11.J'W'I.J 'Yl'W 'il:::iitl'vt1:1Jlf) 11:IJll~ 

~u!irir1m:1J11t1~1ti~r111:1J~11!0'1~1.l!mwn111J~1flr1011111V1:::mu1~'1$ii~~ttlunri:1Jtit1~~'il:::ii ., . 



Vtl'H~~ 21 m11mt1rn'Yit111fi1fl11mrit1-:i (RQ: r11m~t1 - r11~-:i~~) 'l!O-:J l'1l1~1-n!nlmY\P'l1'Vl~m~lf1 

111n11! nw <Jf1t1~-:i'Vl~ mmfl1,1~ iu oon 

Marine 

Animal 

Heavy 

Metal 

Hg 

<0.1 

., A 

11 'W 'VI 'l-J '.i 

RQ 

<1.0 

Pb ----------------------

Cd 

Zn 

Cu - -----------------· 

Hg - ... -

-
~ - ----------

Cd - --· 

Zn 

--
Cu 

Hg 

--
Pb 

--

1-10 10-100 
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,,t 
fll':iH'fl 21 (~fl) 

Marine 

Animal 

'IHIO 

Heavy 

Metal 

Cd 

Zn 

Cu 

Hg 

Pb 

RQ 

<0.1 <1.0 1-10 

----------~-

-1--------------

Cd - .- - - - - -

Zn ------ -----------

Cu ----------------

Hg 

-
Pb 

···············~·-··· 
Cd 

Zn 

................. 

Cu ---------------- -------------
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l0-100 



Marine 

Animal 

.. u 
111.m- ·tn 

Heavy 

Metal 

Hg 

Pb 

Cd 

Zn 

Cu 

Hg 

Pb 

Cd 

Zn 

Cu 
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RQ 

<0.1 <1.0 1-10 10-100 

--

----------

........ 

--
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"1tJ~mm,nmn 

' ,, ' ' 
m '.i 1h ~ 1 ii 'W fl 11 m ifo-:i ~off 'lJ mvnn n fll '.i 1 ~ ·fo 1 l;l 11 ~ 11 uni 'W 0111 n 'VI~ m 111 nru -w u vi 'Jf lf.l 'i'.1-:i . 

vi~mmfl~~im:nm n1m'.i ffn1111 ~ m 011'.i 111'.i 111\oi1001-:iff ~1'Vl~1mnm1-:i111~~1.:ici i uiu~'!f1t1~.:i 

vi~mmri~~1uoom111 4 i.:i111~ ~o 'lfl;l1J1 '.i~t10.:i 'il'W'Vl'l.J1 Ui;l~~'.il~ lu'i~1111.:iiJ w.ff. 2550-2552 
,, 

1~aiui.:i111~'lffl'l.J1Ufl~'i~t10.:i1011\oi1mh.:i'i111 2 rif .:i iuq~m\',:i (fJ11flTW'Wn-mmau 2550) 1m~q~ 
,, 

H'W (\9Jfllfl11 2550) ,hu i ui.:i111~ 'il'W'Vl'l.J;Ufl~~'i1~1011\oi1001-:i1'Yft1.:irif .:i1~t11 luq~m\
1
-:i 1~ai.:i111~ 

,, ,, 
~'jl~lfl1Jl'W1$iouwq11mri11 2551 llfl~'il.:!111~'il'WVl'l.J1lfl1Jl'Wt$iou ii'Wlfl11 2552 1~1oi1ori1.:i'i111li'~u'U 

,, 
798 loi1ori1~ mj~1i'.lutlm 349 loi1001~ ~~ 37 loi1mh~ n~ 38 loi1ori1.:i ~ 106 loi1ori1~ 11ot1 215 

,, 
loi1oriH Ufl~11ifo 53 loi1ori1~ loi1oriHff~1vi~mi~fnh1tl1m11ri'i1~..f 111m'itlu1tlou'tlo~ 1fl11~11un 

' ,, 
.c:. a ... I Q,I .c:s Q.I .c:s .di ... 1'1 'j/OI .c:s 

5 'Jf'W~ flO IJ'iOVl ~~fl1 llfl~lmm ff~f)tff Iii;!~ VIO~U~~ ~i;lfll'jfffllllff'jIJ l~~~'W 
• 

1. ifl11 :11u n~ wu 1 t.1ff ~1vi:m ri1u l my o~l u 'i~iuuflo~n t1d111i' 11m'i 111tflfl~111m~ 'i Jl'W . ,, 
mm'i w11\oi1ori1~viiim'.iU'WIUO'W lfl'ttt'tt'Wfiff-:ilfi'W'iti1JUflO~fltlff1'11'.i1Jfll'j1Jnflfl'.i111 14 'Jf'U~ .. ,, 
i1u1u 169 loi'1ori1~ ~~1i'.lu!ot1flt 21.2 'llo~i1u1uloi1ori1~li'.:i1111~ d1ul11aj1i'.lt.11oi1ori1~ff~1vi~mlu 

i~111~'i~f.lo~ rn~fl.:im~o i~111~'lffl'l.J1 ~'il~llflt'il'W'Vl'l.J1 ~1mhi11 i~u 1fl11:11un~11'i1iY11JiJ~1nu 

'i~i11ri111Juflo~nm1u~~1mh~11 1~mi ff~n~if ~~1i'.lu!oufl~ 18.5 vio~u~~ f oue1~ 14.2 II flt 

.c:I 9J J c:, d CV I I : !J) .ck Q./ ,/ t 1 t.:i.c:t 

Ufl~lllf.111 'iOf.lflt 4.0 ff1'W~tfl1'W1Jl'Wtl~ 1 ~10tll~IVl1'U'W ('iOtlflt 0.1) 9f.:Jff111Vltlflff1'W 11f\1Vl1J 

tl!mru 1e111:11u'niJ~1nufi1m~'iJl'W i~mi 11ou tj llflt 11iinm~'lfii~ 1~mllw1:11omi'.luff~1vi:m~n 

fll'jff~ff111fl11~11'WflVlfl'Jf'U~~l'llfll'ifffllllff~~ff~ . .. . 
,, . 

2. fll'illlif.11JITif.11Jfll'jff~ff111 ,mt'tt'Wf) lu1uoivori1t.1~l.:!'7'llO~Ui;llVltrnw1111 i Cl11t11'Wflij 
I 'JI I j/ 

fll'jfft ff111Jlfl'nff~ l 'Wff1'W'llO~loirnm~ 1 ~ ff1'W fl~l111'UOUmiim'ifftff1J i Cl11 ~ 11 um!ounu~ fl~'W'W 
• • ,, . 

fll'j1J7lflfll'UOUC1l;.:inri11111'iio~fltllllfl'n"!~ 

1 o, 1 QI ,I d. I Q.I ;f ICU Q 1 o, 

3. fll'ifftff11 Cl11t11'Wfl 'Uff~1Vl~lfl~l11(}~fll'111fl1111U~fl~l~fl'W'll'WO~fl1l'lf'W~'ll0.:J it11::11'Wfl 
.c:. o., r/ ia, cudd QI, j} 

U'itlfl'YlUfl::'Jfu~u~1vi:m 'i111·m,1~111~vim11~1001~~1t1 

4. fll'jfffllllfl1lllffll'W'Wn'llO~Ulll10! tfl11::11'Wflll~fl::'lf'U~fl1J'll'Wl~'llt:}~ff~1Vltlfl 'Yt1111ll'fl:: 
,, 

fl111Jff1J'W'Wnvi1.:i1.J1nori1.:iiiuad1ttt11vi1~«o~'i:1111~111mru1.1'iovin11f11111a111m::tl111un'llo.:i1.1"'1 

vt::m1.JH'lf'U~ 
t j/ I I 

5. m'i'U'i::1fiufl11111frt1~fh>it'llfll'W'Uo.:i i"c111::11un'il1flm'i111lrtflm11Trn::m 1'W'W'W't1'lflf.lH~ 
• . . . 

QI t 'j/ .c:.i .c:1 .ct G) 01 o d lr) 'j/OI i o, <> I 

vi::mmfl~t1'W00fl l'l1111 ~1J'j flfl11fll1~fl111llfftl.:J l'W'i~~1J~l1Jlfl'Yl,Jt l~'ill '111t11'Wfllfl'Ufllfl1111 
. ,, 

tliio~tit1~off'llflll'l'illflfll'i1.J11flrim111'ivt~m am1um'i1.Jllrtflm111'ivt:mm~'lfUflnnm'itlu1tlou 
• 

11~0«~«1J iiitt~11un lutl!mruu~ 1~umw1~ncim~n:1hi~ui'.lu~111irtrimfo1~0.:i ci1~ lom«'Uo~m'i 
• <tJ 'I CU Cl . ,, . 

lfiflfl111Jlff f.l~'U ih! t:}[11Jlf) fll 'j 1171.fl fl 6111l'i Vl~m ,I lfl 'il.:J'H 1~'j: oo.:in 11 in 1 'l! 11 ,i: flt:} 11\' lfi~fl111llfftH 
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9iflff'Ufll-Wmnn11m'tt n 'VI::; m 1 l! i,m 1fl tu 1 ,m ::;mfo~ ,1::;1rlu il,i im ~t1~9iflff'Ufll'W flfl 'Vlfl~Ufl~U'ft::; . . 
Q,I -==s d~ I d ~ d.cs_.~ d ,, 0 ~ i" ' _, 91 11!9 

ff,m::;ff 1m::;m'l1Trn::;m'Vlm1.Jn'Jmfft1~flfl'W1f1'Vlm11'flflmt'U~ll"m~1 flllf1 'ttfltl \! fl~ 1m::;'tt1Jf1 

1 fltll'il'Wl::; himJf111ll!~ ti~ ,l 1 f) f)l'j 'Unnrimm1 'VI::; m~ ,i::; vi 11..r, ~ l 'lJffl'j th fl'Vllfl'I.J f11'111.J fl 
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y • 

t1rnr111Jfllllll;l'W'l:I. 2542. ·nrFnu 1 fl Hfll'.i rl1n,ir1wmvrw 1Y1:::m1J1 nw 6lfl£JH.:J'Vl:::m iu ~ 1iruu"::: 011 • • 
l'Yltl~l'U\91:::1'U\9ltl. 'il1J1J~ 4/5, 530 'U. 

tirnfl 11Jf'.llllll;l'W'l:I. 2543. '.i 1 t1.:J1u m1 ilt1111tl1 mw mnJ nm 1 u ~ .:Jtn~ft011m-rn:::tmrn.:J1h :::mffl 'Ylf.J. 
y 

t10.:Ji~t11'.i'i'.]Wfll'VfWl m:::'Vl'.i1.:Jffl'fil'.iW~'U. 24 u. 

m11m1J'i'.jlJlJl;l'W'l:I. 2545. 1m.:Jmnh:::1:iJum111mm10 ium11t1.:Ji'1JlJl;l'W'l:l!m:::mnh:::1:iJur111111~£J.:J 

' .Q .Q Q,,I -=:. .c::i, ,, 

\910'1.J!1ff'Vll.:J'Vl:::rn. tl'.illfl11J'i'.jlllll;\'W'l:ltl'.i:::'Vl'.i1.:J'Vl'.i'YW1m'Ii'.irn6lfl\91Uft:::ff.:JU1~1;\t)lJ. 217 '1..1. 

,, ' " ' 
tl'.illfl11J'i'.jlllll;\'W'l:I. 2546 tl. fftll'I.Jfll'j whttt:::'tt'W tl i 'j,J~'I.Jlvl:::fltl'l..l!m:::1'WO!Utl'ft\911'Wl1J1 !1W'lflf.JH.:J'Vl:::m 

'Utl.:Jtl'.i :::t'Vlffl 'VI t1. m11r111Jf'.l 1111ft-w11m:::Y111-:J'VI iv.vim 'Ii '.i '.i 1J'lf1~1m::: ~ .:J1n~ftt111. 36 u. 
y y 

m11r111Jf'.lllllft'W'l:I. 2546 'U. 'Vl:::m l'V1£J ... iu-w. ri1wmri.:Jtl1Y1:::rn m11r111Jf'.llllll;l'W'l:lm:::Y111.:J 

Q,,I .Q d ,, 
'Yl'.iwmm'Ii '.i'.i 1J'lf1lvl1m:::mu1~l;ltlll. u .29. 

• y 

t1rnr111Jflllllft'W'l:I. 2548. m1'1.J1:::&wr111111i1£J.:J1m:::vlvl11m11J111mtlm'Yl:::rn l'Y1£J. ri1u1mri.:Jtl1 • 
y 
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A,,,_, nl i.Aii1m'tai.1t,,nl'ntuiG1i'VltLa-:i1n-:t,n.riG11la~1tu(l6JU.c!l'3 (fllJm~ufi-LlJlflau 2550) 

Location Marine Animals No.of Weight Length Hg !!!:g g·1 wet wq Pb !!!:g g·1 wet wt,2 Cd !!!:g g·1 wet wt,2 Zn {!!;g g·1 wet wt,2 Cu !!!:g g·1 wet wt.) 
SamEle !g2 !cm2 Mean Range Mean Range Mean Range Mean Range Mean Range 

LSliNl'l-lli 1 \1il£JU1'3j>J 8 24.8-46.1 5.7-7.0 0.016 <0.005-0.029 0.054 0.017-0.120 1.23 0.81-2.26 1,779 893.7-2,964 416.1 270.3-683.9 
Saccostrea forskali 

ii1;JAa1 l 1la1G1tn-ruLlaG11'l 5 87.1-214.3 14.4-20.5 0.053 0.017-0.105 0.034 <0.005-0.078 0.126 0.062-0.192 6.44 5.92-6.77 1.41 0.47-2.48 
Scatophagus argus 

2 'IUlEIU1,lj>J 8 11.7-30.0 4.3-6.2 0.012 0.006-0.025 0,038 <0.006-0.098 0.77 0.64-0.99 2,099 1,713-2,652 350.9 277.4-418.8 
Saccostrea forskali 

U.\1cUJU.viU l iJa1Glilfl\1lJ1fl 5 30.5-52.9 12.9-15.0 0.007 <0.004-0.011 0.059 <0.006-0.248 NA <0.006-0.012 9.51 6.82-16.33 0.46 0.22-0.62 
Gerres fllamentosus 

2 1.la1n1tuan 5 22.0-50.7 12.8-17.8 0.009 0.006-0.013 0.309 <0.005-0.666 NA <0.005-0.035 17.93 7.15-52.41 2.33 0.88-7.19 
Mugi/ cephalus 

3 ,Jii, 8 83.7-112.3 10.7-11.9 0.012 0.005-0.017 <0,005 <0.005-<0.00~ 0.030 <0.005-0.060 42.02 37.26-49.35 6.10 3.79-9.84 
Portunus pe/agicus 

111,'JU.flU 1 \1ilEIU.>Ja'3rj 8 13.2-30.1 5.1-7.3 0.007 <0.004-0.016 0.081 0.048-0.126 0.089 0.068-0.123 11.86 9.06-17.37 1.70 1.12-2.24 
Perna viridis 

'1-11Gl'lilUUll1 1 t'j,lU.1lU'lEI 5 20.6-27.5 15.5-17.0 NA <0.005-0.032 <0.006 <0.006-<0.00{ 0.017 <0.006-0.035 19.49 14.42-25.40 7.91 4.36-11.33 
Penaeus merpuiensis 

2 1.la11l1'lLi.i1u1~fl 5 22.6-37.7 10.9-12.7 0.056 0.034-0.068 0.041 0.022-0.055 0.007 0.006-0.009 5.31 4.55-6.19 0.63 0.51-0.90 
Sargocentron rubrum 

3 1.la1i'lfl1>JL111 5 32.0-47.9 14.3-15.7 0.094 0.059-0.126 0.042 <0.006-0.082 0.011 0,008-0.017 5.63 4.16-7.84 0.79 0.61-0.94 
Tripodichthys b/ochii 

4 ,Jii, 8 45.3-80.7 9.0-10.2 0.017 0.014-0.025 0.08 0.046-0.152 0.046 0.017-0.069 31.99 28. 72-41.16 5.32 3.21-8.01 
Portunus pe/agicus 

Lfl1taau 1 \1iltJU.>Ja'3rj 8 11.5-24.3 5.0-7.1 0.005 <0.003-0.007 0.087 0.061-0.119 0.057 0.038-0.070 12.95 9.21-19.07 1.54 1.37-1.75 
Perna viridis 

2 ,Jii, 8 70.1-117.4 9.7-11.0 0.019 0,011-0.024 <0.005 <0,005-<0.00~ 0.018 <0.005-0.053 233.4 36.88-476.7 8.67 4.89-12.06 
Portunus pe/agicus 

~nt11 1 \1 il El U.>J a'3rj 8 14.7-29.4 1.3-7.6 0,013 0.008-0.018 0.118 0.081-0.221 0.190 0.149-0.256 21.45 14.57-28.38 1.88 1.44-2.19 
Perna viridis 

O'I ..... 



r;'l1'51'1 f'll (Gia) 

Location Marine Animals No.of Weight Length Hs tl:!:S s•l wet wt.} Pb tl:!:S s·
1 

wet wq Cd tl:!:S s·1 
wet wq 

Sam le cm Mean Rane Mean Rane Mean Rane 
s11:::w1uilin 1 i.J~1L Gl'tRU 5 17.5-27.7 13.0-15.0 0.021 0.016-0.026 0.017 0.014-0.020 0.012 0.011-0.013 
LLllilUlwll'\'l Sil/ago sihama 

2 ~"fl~1Gi1 5 15. 7-31. 7 13.5-16.6 0.009 0.008-0.010 0.045 <0.005-0.124 0.060 0.011-0.136 
Penaeus monodon 

3 tjii, 8 71.3-88.5 9.5-10.9 0.014 0.008-0.023 0.017 <0.005-0.060 0.019 0.015-0.060 
Portunus pelagicus 

4 il~1V111 ti LLGl\'l 3 83.1-99.5 19.5-21.4 0.070 0.060-0.078 <0.005 <0.005-<0.00~ <0.005 <0.005-<0.005 
Nemipterus spp. 

5 i.J~1~UlllJ1 5 137.5-212.6 26.7-32.0 0,015 0.008-0.027 NA <0.004-0.005 0.010 <0.004-0.027 
Cynoglossus sp. 

Lfl1t'bJ 1 tf-1n1:::1,nu 7 l l.4-82.2 7.9-16.0 0.013 0.007-0.018 <0.005 <0.005-<0.00~ 0.027 <0.005-0.069 
Thenus orientalis 

U1Lfl~il 1 lliltlLLlJ~\'ll.) 8 11.5-24.3 6.1-9.4 NA <0.003-0.0 l 0 0.178 0.114-0.278 0.075 0.054-0.105 
Perna viridis 

NA lllJ1t1t'\-1 ll1flfl'l1 50 % '!.lil'11lil)J~Fl11iJLilm1u'i~ll:::llil'nSlc-i1~1ni1flG1~1~~1'0l~1m1ri1'G1'LGi (~1fl'l1 method detection limit, MDL) 

Zn tl:!:S f I wet wq 
Mean Rane 
4.59 4.38-4.79 

15.04 13.6-18.4 

118.2 28. 7-401 

5.68 3.17-10.2 

4.81 3.02-8.82 

18.24 14.91-21.36 

9.07 7.25-11.29 

Cu tl:!:S s·1 
wet wq 

Mean Rane 
0.27 0.21-0.34 

4.87 2.06-6.69 

30.3 7.04-171.2 

0.37 0.35-0.40 

0.16 0.13-0.25 

3.6 l.76-8.03 

1.50 l.29-1.94 

O'I 
N 



A1'i1'1 n21.A"incu't,n1:::lnl'ntuiG1iV1:::La-:i1n~"l-l-rG1t1a~tu(lijNU (G)a11u1 2550) 

Location Marine Animals No. of Weight Length Hg (i:g f I wet wt.} Pb {i:g g·' wet wq Cd {i:g g" 1 wet wq Zn (i:g g"1 wet wq Cu {i:g g·' wet wt.) 

Samele {gl {cm} Mean Range Mean Range Mean Range Mean Range Mean Range 
L!ID"tml 1 l-liltlU1'11ll 8 14.5-41.1 4.2-6.6 0.007 0.006-0.010 <0.006 <0.006-<0.006 0.89 0.72-1.14 1,735 I ,244-2, I 93 158.6 19.6-329.7 

Saccostrea forskali 
2 l-liltlLLFl1'1 8 10.5-24.2 3.2-4.6 0.034 0.020-0.046 <0.006 <0.006-<0.006 2.77 2.38-4.65 27.2 24.3-32.1 1.76 1.36-2.29 

Anadara granosa 
ii1-,Aa1 1 l-liltlLLlla,uj 8 7.8-25.5 4.7-6.7 0.004 <0.004-0.007 <0.005 <0.005-<0.005 0.08 0.059-0.093 13.0 10.00-13.94 1.76 1.46-1.95 

Perna viridis 
2 l-1 il tlU1'11ll( Glt'tf11llfl~ 8 24.1-82.8 4.9-7.7 0.006 <0.004-0.011 <0.006 <0.006-<0.006 0.87 0.71-1.06 1,389.6 699. 7-2,473.6 14.1 6.75-20.06 

Crassostrea commercialis 
LL l-li:U.ILL viu 1 tla1~Ul-lll1 5 94.0-176 24.7-29.9 0.006 <0.004-0.009 <0.005 <0.005-<0.005 <0.005 <0.005-<0.005 3.45 3.17-3.91 0.24 0.078-0.83 

Cynoglossus sp. 
2 tla1L\1G1't1-1u 5 36.1-51.0 16.5-18.4 0.035 0.010-0.066 <0.007 <0.007-<0.007 <0.007 <0.007-<0.007 4.64 3.84-5.46 0.15 0.080-0.25 

Si/Iago sihama 
3 tla1v.i 5 37.4-52.9 14.5-17.0 NA <0.005-0.007 <0.007 <0.007-<0.007 <0.007 <0.007-<0.007 8.3 I 6.03-10.58 1.18 1.14-1.26 

Rastrelliger neg/ectus 
4 tla1':i'lGll-lU'lGI 5 27.8-48.1 13.2-15.5 0.019 0.015-0.026 <0.007 <0.007-<0.007 <0.007 <0.007-<0.007 7.24 4.57-13.96 0.38 0.24-0.48 

Sciaena russel/i 
5 tla1tl1n1-1i1 5 25.2-78.2 15.1-23.0 0.007 <0.004-0.010 <0.006 <0.006-<0.006 <0.006 <0.006-<0.006 4.37 4.00-5.47 0.14 0.12-0. 18 

Saurida spp. 
6 tla,lflUVlil-' 5 55.8-73.1 16.3-18.0 0.037 0.026-0.050 <0.006 <0.006-<0.006 <0.006 <0.006-<0.006 7.23 6.06-8.36 0.46 0.29-0.63 

Caran;x ma/am 
7 tla1vint1LLG1'1 5 98.0-130.0 18.5-21.5 0.029 0.019-0.048 <0.005 <0.005-<0.005 <0.005 <0.005-<0.005 3.16 3.03-3.44 0.37 0.17-0.61 

Nemipterus spp. 
l-11Gl'lilUUfl1 1 tla1L\1G1'tAU 5 21.3-32.7 14.5-16.5 0.035 0.0 I 0-0.05 I <0.008 <0.008-<0.008 <0.008 <0.008-<0.008 9.17 7.41-11.62 0,21 0. 15-0.28 

Si/Iago sihama 
2 \lil1 8 19.7-61.6 7.0-10.0 0.010 <0.005-0.022 <0.007 <0.007-<0.007 0.151 <0.007-0.298 47.1 39.7-52.2 10.32 4.36-23.19 

Portunus pelagicus 
3 l-liltlLLlla'1rj 8 15.9-36.0 6.0-8.6 0.008 <0.004-0.015 <0.005 <0.005-<0.005 0.073 0.046-0.107 13.6 12.16-14.99 1.79 1.57-2.12 

Perna viridis 
Lf11l::Riltl l \Iii, 8 48.3-101.4 9.0-10.6 0.014 0.007-0.075 <0.005 <0,005-<0.005 0.022 <0.005-0.069 38.7 33.4-47.1 9.47 6.83-17.04 

Portunus pelagicus 
2 l-1 il ti LLll a'1rj 8 15.7-52.6 6.2-8.7 0.010 0.006-0.014 <0.005 <0.005-<0.005 0,028 0.012-0.037 13.6 11.0-16.7 1.75 1.47-2.04 

Perna viridis 
0\ w 



onn,1 n2 (Gia) 

Location Marine Animals No.of Weight Length Hg (!:!;g g· 1 wet wt,l Pb {l:!g g'1 wet wt,l Cd {1:!;g g·1 wet wt.) Zn {1:!;g it wet wt.) Cu (i:g g·1 wet wt.l 
Samele {Bl !cml Mean Range Mean Range Mean Range Mean Range Mean Range 

~tW1Utli'11 1 ·- ~Slflfl~'UJ- llU'lGI 8 35.1-108.7 16.5-26.5 0.013 <0.004-0.028 0.009 <0.006-0.028 1.01 0.54-1.54 18.28 16.69-19.72 4.95 0.95-6.16 
U. llRlJ\llJ(I lli1flfl~'ltl- ~'l 8 35.1-108.7 16.5-26.5 0.oI5 0.006-0.039 0.014 <0.005-0.066 0.084 0.043-0.178 13.5 12.20-15.57 3.55 2.58-7.09 

Lo/igosp. 
2 ,Jih 5 75.1-153.6 10.0-12.5 0.022 0.008-0.032 0.010 <0.005-0.025 0.214 0.084-0.377 190.5 29.8-454.0 9.12 2.78-12.93 

Portunus pelagicus 
3 ~"flR1Gi1 5 29.8-59.4 15.7-19.4 0.064 0.030-0.080 0.014 <0.006-0.043 0.060 <0.006-0.144 25.5 20.42-38.26 46.9 9.73-184.1 

Penaeus monodon 
4 ~" u.till'l t1 5 23.3-36.9 15.3-17.3 0.013 0.006-0.018 NA <0.007-0.045 NA <0.007-0.014 17.9 15 .99-21.13 9.05 6.79-14.16 

1:_enaeus merguiensis 
5 fi" fl1tGl1U 9 43.9-170 11.6-19.3 0.010 <0.004-0.014 0.017 <0.005-0.065 NA <0.005-0.031 15.79 0.72-24.9 2.23 0.098-3.39 

Thenus orientalis 
6 1.IR1~'lGI 5 33.8-55.1 13.1-16.2 0.027 <0.004-0.041 NA <0.006-0.024 <0.006 <0.006-<0.006 3.93 3.45-4.24 0.31 0.27-0.35 

Johnius sp. 
7 1.IR1'll1"Lll:lil" 5 28.9-37.0 13.5-14.0 0.012 0.008-0.021 <0.007 <0.007-<0.007 <0.007 <0.007-<0.007 8.99 6.96-11.67 0.63 0.60-0.67 

Caranx /eptolepsis 
8 1.IR1VlntJU.GI" 10 51.5-162 16.0-21.5 0.049 0.016-0.105 NA <0.006-0.034 <0.006 <0.006-<0.006 3.94 3.12-4.68 0.28 0.19-0.59 

9 
Nemipterus spp. 
1.IR1~UlllJ1 10 100.3-213.0 25.5-32.0 0.008 0.004-0.021 NA <0.005-0.021 <0.005 <0.005-<0.005 3.41 3.02-3.82 0.12 0.080-0.21 

NA 'l,llJ1EJrl" ll1flfl11 50 % 1lil"'llillJRFl'l1lJL'illl'ilU'ts'llltllil'flSIFi1G11ni11li;iG11~G1'V1iif1lJ11C1iG1'LGi (G11ni1 method detection limit, MDL) 

i 



• 

f;'l1'51'1 n3 l.A"J.J1rn'ici'\.-lt'\.-11l'ntuiG1iV1:a,:r:nn~-.1,,rrG1,tt1il"tu'1GJLLii-:, (LJ.J:it1t1u 2550) 

Location Marine Animals No.of Weight Length Hg !!:!g g·1 wet wq Pb !!:!g g·1 wet wq Cd !!:!g g·1 wet wq Zn !!:!g g" 1 wet wq Cu (!:!g g· 1 wet wq 
Samele !gl (cml Mean Range Mean Range Mean Range Mean Range Mean Range 

'\.-1161V111tJVlil\l l '\.-liltJWl1U 8 15.1-55.6 5.0-7.4 0.060 <0.006-0.157 0.152 <0.004-0.439 4.00 0.41-15.96 2,029 982-4,170 413.4 19.1-838 
Babylonia areolata 

2 '\,liltJLllJcl\lf,) 8 12.0-56.9 6.7-10.5 0.010 <0.004-0.033 0.310 0.134-0.478 0.073 0.053-0.095 20.1 11. 73-36.36 2.12 1.55-2.89 
Perna viridis 

3 ',jVltLcl 5 110-266 8.5-10.9 0.026 0.005-0.039 0.047 0.028-0.080 0.006 <0.005-0.009 491.l 453.9-574.6 9.08 3.56-11.18 
Scylla olivacea 

4 ,Jil1 7 59.9-97.6 9.0-11.0 0.003 <0.003-0.007 0.050 0.033-0.081 0.024 0.004-0.124 203.6 33.0-399.5 4.46 3.33-8.04 
Portunus pelagicus 

5 l1S1n'\.-lillJ- '\.-IU-:J61 5 68.6-355 23.8-49.5 0.032 0.003-0.112 0.012 <0.004-0.030 0.153 0.026-0.614 16.49 14.47-22.34 133.8 2.18-656.8 
l1S1n'\.-lilll- 1-:i 5 68.6-355 23.8-49.5 0.044 0.005-0.165 NA <0.004-0.084 0.035 0.011-0.107 12.48 11.25-14.69 4.23 I. 74-12. 71 
Sepiotheutis sp. 

7 '\.-IS1flflfl'ltl- '\.-IU'J61 5 85.3-117.3 34.6-37. 7 0.014 0.010-0.018 0.011 <0.005-0.015 0.787 0.535-1.18 20.9 15.87-39.29 2.83 1.76-5.15 
'\.-IS1flflfl'ltl- 1-:i 5 85.3-ll7.3 34.6-37.7 0.008 0.005-0.013 NA <0.005-0.005 0.135 0.104-0.159 12.19 11.74-13.06 1.34 1.17-1.52 
Photololigo sp. 

8 '\.-IS1nn,tGlil\l- '\.-IU'l61 5 194.7-842.4 29.7-61.0 0.043 0.019-0.105 0.029 0.020-0.043 1.67 0.068-7.15 165.2 22.91-415.8 184.3 7.01-659.6 
'\.-IS1nn,t61il\l- 1-:i 5 194.7-842.4 29.7-61.0 0.061 0.037-0.105 0.013 0.009-0.019 0.052 0.017-0.125 22.91 20.81-27.49 11.08 4.73-17.56 
Sepia sp. 

9 '\.-IS1m1'1tJ- '\.-IU-:JGl 5 37.1-58.2 14.5-17.0 0.004 0.003-0.005 0.304 0.008-1.42 0.020 0.018-0.023 15.58 13.34-17.50 2.05 1.50-2.85 
,..,11mm1-l-:i 5 37.1-58.2 14.5-17.0 0.005 <0.003-0.007 0.049 0.026-0.077 0.138 0.093-0.215 227.3 24.75-432 51.3 5.67-223.7 
Octopus sp. 

l 0 tlc!1'\.-ll;IILLt'ilJLLGl\l 4 32.9-82.0 13.0-17.0 0.Gl8 0.009-0.027 0.075 0.039-0.130 0.005 <0.005-0.007 4.04 3.52-4.64 0.37 0.18-0.82 
Lethrinus nebu/osus 

11 tJc11iU'\.-llJ1Lfl~Glt'l-ll\) 5 83.0-123.7 21.0-26.0 0.023 <0.004-0.052 0.041 0.028-0.058 NA <0.005-0.005 5.30 3.77-8.28 0.124 0.104-0.166 
Cynoglossus macrolepidotus 

L~~tlnt'n\l\t1 1 '\.-liltJU1\11lJ 7 12.8-39.9 4.0-6.2 0.020 0.017-0.022 0.183 0.121-0.249 0.156 0.122-0.219 6,050 3,751-9,851 585 355. 741 
Saccostrea forska/i 

1.hntt11.l1tLL~i 1 '\.-liltJLLA,\I 8 11.6-43.2 0.52-3.0 0.012 <0.005-0.028 0.193 0.032-0.276 2.01 0.850-4.87 26.46 22.63-30. 79 1.72 1.25-3.03 
Anadara granosa 

2 '1-liltJGl~'iJ 8 20.8-35.2 4.0-4.9 0.005 <0.005-0.011 0.243 0.037-0.590 0.151 0.123-0.186 20.22 17.64-22.47 2.21 1.87-2.54 
Meretrix meretrix 

3 tlci, fl1't1J il fl 5 52.5-68.3 16.6-17.6 NA <0.005-0.008 0.076 0.023-0.213 0.007 <0.007-0.012 6.35 5.22-7.55 0.65 0.49-0.88 
Muf!il ce ha/us 

O'I 
Vl 



~,,,_., n3 (Gin) 

Location Marine Animals No.of Weight Length Hs !1:s s·1 wet wt.) Pb {1:!;S s•l wet wt.} Cd !1:s s·1 wet wt.} Zn ((;!S s" 1 wet wt.) Cu !l:!S s·
1 

wet wt.} 
Samele !sl {cm} Mean Ranse Mean Ranse Mean Ranse Mean Ranse Mean Range 

i.Jimh~ll'i1Gl 1 1.l R1 Gl :!fl,-lJLtit il Gl11 5 64.5-160.2 12.2-17.5 0.020 0.008-0.052 0.058 0.029-0.087 0.007 0.005-0.010 5.08 4.32-5.56 0.49 0.36-0.73 
Scatophagus argus 

2 1.lR1nGl\/l:!LR 3 119.3-258.8 24.9-31.0 0.093 0.030-0.132 0.023 0.011-0.046 <0.006 <0.006-<0.006 13.35 11. 79-15.28 0.52 0.46-0.62 
Netuma thalassina 

3 llR1L~Gl'tAU 5 24.0-35.9 14.7-16.3 0.019 0.013-0.033 0.005 <0.005-0.008 0.005 <0.005-0.009 7.23 6.49-8.62 0.40 0.24-0.63 
Sil/ago sihama 

4 \Ir.ii 6 104.3-209.5 6.0-10.9 0.044 0.024-0.071 0.058 0.033-0.094 0.295 0.026-1.11 659.7 582.1-816.7 219 16.1-418 
Scylla olivacea 

5 \Iii, 5 72.2-99.0 10.8-11.6 0.040 0.031-0.052 0.077 0.027-0.232 0.152 0.046-0.323 433.4 362.4-515.2 155.3 17.9-211 
Portunus pe/agicus 

6 ~"Ll!1U1FJ 7 17.6-26.0 14.0-15.5 0.009 <0.005-0.014 0.028 <0.006-0.050 0.023 0.009-0.067 21.59 17.26-24.58 10.66 6.18-13.36 
Penaeus merguiensis 

7 ~ilFJU1"'jlJ 7 14.4-41.5 4.2-5.8 0.014 <0.006-0.025 0.121 0.056-0.227 0.866 0.617-1.03 1,916.7 1,398-2,516 484.9 344.3-547.3 
Saccostrea forskafi 

Ln1:!ll'U 1 ft"n'j:!Gl1U 5 64.8-107.2 13.0-17.0 0.D15 0.009-0.019 0.016 <0.006-0.031 0.067 0.039-0.10 27.98 26. 74-29.39 2.71 2.44-3.04 
Thenus orlentalis 

2 \Iii, 5 149.1-257.6 12.2-14.5 0.207 0.098-0.344 0.018 0.008-0.043 0.673 0.063-2.09 419.5 323.4-474.4 100.9 11.7-258.7 
Portunus e,elaB_icus 

NA ~,nt1n" innni, 50 % !lil"'ililJJRA11lJL'iJJJ'ilU'tR'l-l:!'I-IUnflA1Gi1ni1i!G1Gil£1Gll'i~,11,'jf11'Gl'l.Gi (Gi1ni1 method detection limit, MDL) 

0\ 
0\ 
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G11-s,,, n4 tn-inru.'ta111t111unt,ufG11VltLir-11n-:f\'JwrG1,:::£Jil'1tuciG.J~U (GJA7AJJ 2550) 

Location Marine Animals No. of Weight Length Hg {I:!:& g·1 wet wq Pb {I:!:& g·1 wet wq Cd {I:!:& f I wet wq Zn {I:!:& g· 1 wet wq Cu {I:!:& g· 1 wet wq 
Samele {g2 ~cm} Mean Range Mean Range Mean Range Mean Range Mean Range 

lJ1UL'l'l I ,Ji11 5 110.9-186.l 11.2-13.5 0.081 0.075-0.089 0.041 0.004-0. ll 5 1.49 0.20-5.10 420.6 385.8-481.5 11.51 6.82-15.41 

2 
Portunus pelagicus 
tr\'J01tGl1U 7 63.3-139.3 14.0-18.3 0.010 0.009-0.011 NA <0.006-0.023 0.056 0.010-0.250 24.40 21.55-26.89 2.90 1.32-3.59 
Thenus orientalis 

3 1/lil£J1/l'J1U 7 I 7. 7-31.3 4.7-5.7 0.039 0.033-0.049 0.174 0.086-0.323 0.111 0.063-0.162 28.20 23.20-33.43 34.35 9.80-137.0 
Babylonia areolata 

tl1m.l11.h:::u,d 1 111il£JU1\'J1JJ 7 12.7-24.2 4.0-5.5 0.029 0.024-0.039 0.072 0.030-0.098 1.15 0.86-1.64 6,830 5,265-8,488 1,074 626-1,532 
Saccostrea forskali 

2 LlmLl1Gl'tAu IO 11.4-18.6 11.5-13.5 0.029 <0.007-0.042 NA <0.010-0.135 <0.010 <O.OI0-<0.010 11.76 10.09-14.43 0.55 0.37-0.98 

tl1n,,h~'111Gl I 
Si/Iago sihama 
~\'JUt!U'ltJ 5 16.4-21.9 14.0-15.6 0,015 0.008-0.024 0.015 0.010-0.025 0.014 0.004-0.041 21.49 21.02-22.12 10.02 8.33-11.90 
Penaeus merguiensis 

2 111 il £JU1\'J1JJ 7 11.7-22.7 4.0-5.6 0.017 0.008-0.030 0.141 0.071-0.278 2.19 l.68-2.98 2,608 1,566-4,404 892.4 520-1,449 
Saccostrea forskali 

3 ,Jil1 5 43.8-75.8 9.0-10.5 0.022 0.012-0.031 0.065 0.041-0.081 0.165 0.074-0.251 100.08 31.l9-363.6 11.6 I 0. 10-14.32 
Portunus pelagicus 

4 tla1iu111m 5 53.3-160.0 19.4-27.9 0.024 0.017-0.038 0.039 0.025-0.048 0.006 <0.005-0.009 6.65 4.68-9.60 0.20 0.104-0.45 
Cynoglossus sp. 

5 tlmuilu 5 15.6-19.3 10.5-11.6 0.119 0.078-0.172 0.191 0.083-0.586 0.013 0.008-0.027 26.06 16.98-35.14 0.67 0.49-0.91 
Leiognathus blochii 

6 LIA1flLLA111~\'JLiJ£J'l 5 13.5-17.8 11.5-12.6 0.020 0.011-0.029 0.02 O.Oll-0.035 0.010 <0.009-0.01 I 15.26 13.13-17.89 l.68 1.50-1.88 
Llisha sirishai 

7 tla1v,i 5 30.7-51.0 13.7-15.0 0.008 0.006-0.0 I 0 0.053 0.028-0.091 0.007 <0.007-0.008 11.21 7.61-15.8 1.15 0.95-1.62 
Rastrel/iger neglectus 

iiTUJt'lJ7)JililJJ l ,Jil1 5 207.8-224.6 13.3-14.4 0.015 0.007-0.025 0.010 <0.004-0.019 0.63 0.055-2.03 411.7 357.8-466.3 10.42 8.21-13.41 
Portunus pelagicus 

2 tla1v,i IO 23.1-46.2 13.0-15.0 0.008 <0.005-0.021 0.012 <0.007-0.025 <0.007 <0.007-<0.007 9.61 7.05-16.50 1.35 0.87-2.55 
Rastrellis_er nes_lectus 

NA 1-l)J1t1n\'J l.1100'11 50 % !Jil\'Jiiill;JAA'l1JJLiiJ.Jiiu'ta111t111uni'llii1Gi1n'l7ilGlGi1~Gl9\R1JJ1,riiG1'lr:i (Gi10'l1 method detection limit, MDL) 

°' -...J 



G\1'5'"1 fl5 i.Birnu.'bllltlluntuic;rSVltUil':11n;\',n-,-rG\;\'UVJlj1 (ihmnJ 2552) 

Location Marine Animals No.of Weight Length Hg {mg k!{1 wet wt} Pb {mg kg·1 wet wt} Cd !mg k1{1 wet wq Zn (mg kg· 1 wet wq Cu {mg kg· 1 wet wt.) 
Samele !Bl {cml Mean Range Mean Range Mean Range Mean Range Mean Range 

111"nt'Lt1 1 1.hnG}n'VltL& 3 475.6-785.5 44.6-51.6 0.013 0.009-0.020 0.011 0.009-0.015 <0.005 <0.005 4.71 4.34-5.41 0.234 0.202-0.257 
Plotosus canius 

2 1.l&111mllSlil" 1 2,462 86.0 0.134 0.009 <0.005 5.66 0.213 
Sphyraena obtusata 

'll1Gl'li1lllim 1 1.l&,lf!U'Vlil" 5 63.2-82.4 17.9-18.9 0.011 0.005-0.015 0.011 <0,006-0.037 0.01 0.006-0.012 6.18 5.71-7.40 1.08 1.03-1.14 
Selarboops 

2 1.l&1llt1U 5 50.4-63.3 17.3-19.5 0.022 0.019-0.030 <0.006 <0.006 0.007 <0.006-0.019 5.12 4.35-5.50 0.807 0.721-0.908 
Selarkalla 

3 1.l&1n·mrnn 2 67.9-99.5 18.2-20.9 0.006 0.004-0.007 0.012 <0.005-0.021 <0.005 <0.005 4.37 3. 73-5.01 0.684 0.491-0.876 
Mugil cephalus 

4 1.l&1n'5t'W"'ll1" L'llSlil" 4 51.6-66.8 15.4-17.0 0.034 0.022-0.043 0.018 <0.006-0.039 <0.006 <0.006 2.90 2.79-3.07 0.344 0.250-0.534 
Lutianus /lneolatus 

5 1.l&1'll>JILL1'1lrn6l" 4 48.6-184 15.1-22.0 0.031 0.019-0.050 0.010 <0.005-0.031 <0.005 <0.005 2.95 2.47-3.95 0.215 0.166-0.259 
Lethrinus nebulosus 

6 1.l&16liln'llinnF111.1v1, 5 42.4-72.4 14.3-16.6 0.022 0.010-0.036 0.015 0.012-0.016 NA <0.006-0.010 7.11 6.00-9.36 0.388 0.357-0.434 
Pentaprion /ongimanus 

7 1.l&1611\ll1U 3 84.6-104 18.2-20.0 0.016 0.012-0.021 0.013 0.006-0.025 <0.005 <0.005 3.4 3.12-3.93 0.288 0.267-0.303 
Priacanthus tayenus 

8 1.JR1l~iltJUnL'111 2 116.3-120.9 20.2-20.3 0.036 0.034-0.038 0.019 0.019-0.019 <0.005 <0.005 3.23 3.10-3.36 0.279 0.260-0.299 
Plectorhynchus pictus 

9 1.JR1'V1'51tJLL6l" 5 88.6-125.2 18.8-21.2 0.068 0.050-0.082 NA <0.005-0.006 <0.005 <0.005 2.79 2.63-3.06 0.342 0.288-0.389 
Nemipterus spp. 

10 1.l,nn'5t'W"'lh11.l1u 5 64.9-84.3 16.1-17.4 0.028 0.017-0.055 NA <0.006-0.039 <0.006 <0.006 3.1 2.81-3.51 0.24 0.175-0.297 
Lutianus russelli 

11 1.lR1'U1"L'llSlil" 3 51.1-54.6 17.8-18.1 0.046 0.043-0.051 NA <0.006-0.016 <0.006 <0.006 8.2 7.64-9.07 0.561 0.545-0.580 
Caranx leptolepsis 

12 1.lR111nL'llSlil" 1 586.2 49.0 0.055 <0.007 <0.007 10.44 0.164 
Sphyraena obtusata 

13 1.JR1n'5t'W"'111l 4 1,703-2,414 49.0-53.1 0.021 0.019-0.025 <0.006 <0.006 <0.006 <0.006 4.45 3.48-6.23 0.123 0.104-0.157 
Lates calcarifer 

14 1.JR1Gl11.Ji11l 2 349.4-555.2 47.2-54.3 0.023 0.018-0.028 <0.008 <0.008 <0.008 <0.008 6.08 5.78-6.39 0.364 0.264-0.463 
Chirocentrus dorab 

1.l1mhLL'll1J'll\! 1 ,J>i, 5 128.6-239. 7 5.8-7.4 0.044 0.024-0.079 0.035 0.023-0.047 0.616 0.229-1.69 38.86 30.87-44.93 10.83 7.90-13.68 
Portunus pelagicus 

'Vi1LLiUIU 1 1.JR1LLlll 5 40.3-50.0 17.0-18.5 0.031 0.022-0.038 <0.005 <0.005 <0.005 <0.005 5.33 4.19-6.01 0.24 0.187-0.273 O'I 
00 

Engrau/is malabaricus 
2 1.li11':llGI 5 36.6-50.4 14.2-16.2 0.029 0.005-0.049 NA <0.005-0.025 <0.006 <0.006 5.57 4.29-6.72 0.304 0.258-0.342 

Johnius belenaeri 



" 

.. ,,,_, n5 (Gia) 

Location Marine Animals No. of Weight Length Hs; {ms; ks;·1 wet wq Pb {ms; ks;·1 wet wq Cd {ms; ks;· 1 wet wq Zn (ms; ks;· 1 wet wq Cu {mt;1 ks;· 1 wet wt.) 

Samele !s;l {cml Mean Rans;e Mean Rans;e Mean Range Mean Rans;e Mean Ran!lie 
3 ti A1";116l LCitJUL ii tl1 5 47.5-60.5 17.0-18.0 0.019 0.016-0.023 NA <0.005-0.023 <0.005 <0,005 3.27 2.85-3.78 0.166 0.147-0.200 

Otolites ruber 
4 1.lA1G1::n~mlilG111 5 38.0-87.0 11.0-14.0 0.019 0.013-0.027 0.033 <0.006-0.113 <0.006 <0.006 5.25 4.77-5.74 0.488 0.359-0.648 

Scatophagus argus 
5 1.lA1VJ 5 29.9-36.1 13.8-14.6 NA <0.005-0.005 0.013 <0.006-0.023 <0.006 <0.006 7.64 6.02-9.70 1.02 0.890-1.15 

Rastrel/iger neglectus 
6 tlA10'$1:'l'hl'lJ11 1 1,482 48.8 0.037 0.018 <0.005 3.72 0.115 

Lates calcarifer 
7 1.lA1n•mJiln 10 2.56-229.2 23.1-28.0 NA <0.004-0.007 NA <0.005-0.011 <0.005 <0.005 3.54 0.338-4.14 0.424 0.021-0.593 

Mugil cepha/us 
8 UA1ilOU'$Fl11tJ 5 35.2-51.0 14.2-16.5 0.007 0.005-0.007 NA <0.006-0.010 <0.006 <0.006 7.71 6.55-9.13 1.42 1.07-1.58 

Clupea (Alosa) macrura 
9 1.lA1lF1n 5 25.5-42.3 12.1-14.0 NA <0.005-0.006 0.012 <0.006-0.021 <0.006 <0.006 5.37 4.46-6.43 0.576 0.462-0. 730 

Anodontostoma chacunda 
10 tlA1L.lSl!JlJ 4 170.2-280.2 27.4-32.9 0.045 0.033-0.053 NA <0.005-0.005 <0.005 <0.005 3.67 3.23-4.26 0.389 0.340-0.454 

Chorinemus /ysan 
11 UA1fjLA1 5 88.5-122.6 21.0-24.5 0.014 0.011-0.020 NA <0.005-0.109 <0.005 <0.005 4.55 3.78-6.49 0.341 0.295-0.412 

E/eutheronema tetradactylum 
12 UA1L~61LFIU 3 44.7-53.9 16.4-18.5 0.021 0.006-0.042 NA <0.006-0.008 <0.006 <0.006 5.48 4.01-6.59 0.175 0.130-0.217 

Si/Iago sihama 
13 '11il!l61t'ln,11nni11;i1 10 12.2-70.4 3.4-7.6 0.005 <0.005-0.009 0.144 0.071-0.219 1.01 0.797-1.28 472.2 248.8-663.4 44.85 28.39-70.51 

Crassostrea iredalei 
14 '11ilt1u1,mJtl1n~1J 10 9.0-33.4 3.3-5.5 NA <0.005-0.006 0.079 0.052-0.132 0.587 0.390-0.713 326.1 222.2-415.6 32.58 19.38-40.81 

Saccostrea forskali 
ii11ilj.:,nnL1JU 1 tlA1:5U\ll1d 2 1,945-2,598 68.0-72.0 0.025 0.015-0.034 0.015 <0.006-0.026 <0.006 <0.006 10.99 9.14-12.84 0.154 0.142-0.167 

Scomberomorus guttatus 
~il61A161 1 "11Slnn,111- \.\'1 5 152.9-261.3 28.0-37.4 0.004 <0.003-0.006 0.013 0.005-0.026 0.381 0.257-0.587 11.94 11.61-12.33 1.51 1.38-1.65 

'11SlnnR1u- ~1 5 152.9-261.4 28.0-37.5 0.005 <0.003-0.007 NA <0.004-0.015 0.047 0.040-0.062 9.82 9.65-10.00 1.02 0.698-1.31 
Photololigo duvovcelli 

2 '11tln'11e11J- \.\'1 5 117.9-193.1 22.3-25. 7 0.028 0.015-0.049 0.017 0.010-0.034 0.038 0.025-0.043 10.50 10.02-11.56 5.41 3.11-7.39 
'11SI n'l1 il1J- ~1 5 117.9-193.2 22.3-25.8 0.033 0.021-0.062 NA <0.004-0.016 0.009 0.004-0.013 9.41 8.89-9.97 2.42 1.65-3.35 
Sepiotheutis lessoniana 

NA mnt1rl" ll10fl'l1 50 % 'lliWilill,IAFl"l1ll~ilm'JulAllt'l.nlnfl!ii1&!1ni1ilm&i1ti461'0!a1imc,1m't~ (&i1ni1 method detection limit, MDL) 0\ 
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a,n" n6 l.A,nru.'h1\1::l•nlntui&rivi::~a·:nn~"\1tlillil'f1G1 (YUli:ttnAl.l 255 l) 

Location Marine Animals No.of Weight Length Hg {mg kg"1 wet wq Pb {mg kjf 1 wet wq Cd {mg kg· 1 wet wq Zn {mg kif1 wet wt.) Cu {mg kg·1 wet wt.} 
SamEle {g2 {cm} Mean Range Mean Range Mean Range Mean Range Mean Range 

c11ui;nn l tl6l1':1161 Lm tJUL ii tn 5 44.1-119.2 15.5-21.6 0.032 0.004-0.08 I NA <0.005-0.006 <0.005 <0.005 2.92 2.07-4.03 0. I 97 0. 162-0.233 
'llii1Ltnili1u- Otolites ruber 
LtnLLl.11 2 tl6l1':1161 5 45.7-120.6 15.1-21.5 0.042 0.012-0.080 NA <0.005-0.006 <0.005 <0.005 2.92 2.07-4.03 0. 197 0.162-0.233 

Johnius belengeri 
3 tl6l1V1'51tJLL61'1 5 48.3-219.7 15.0-25.0 0.115 0.015-0.263 0.010 0.007-0.013 <0.006 <0.006 2.32 2.09-2.55 0.307 0.231-0.377 

Nemipterus spp. 
4 tli11~1n I 151 31.2 0.021 <0.005 <0.005 2.13 0.174 

Sphyraena obtusata 
5 tl6l1'111'16111tl 5 74.4-172.7 22.8-29.6 0.039 0.031-0.043 NA <0.005-0.018 <0.005 <0.005 3.08 2.69-3.54 0.178 0.099-0.369 

Thysanophrys crocodilus 
6 tli11QU'111.11 4 77 .9-150.3 22.0-32.0 0.030 <0.004-0.071 0.005 <0.005-0.008 <0.005 <0.005 2.57 2.25-3.51 0.087 0.054-0.128 

Cynog/ossus macrolepidotus 
7 tli11'iAn 5 34.9-42.67 13.2-14.l 0.016 0.010-0.025 0.041 0.021-0.062 <0.006 <0.006 4.36 4.08-4.67 0.531 0.380-0.655 

Anodontostoma chacunda 
8 tjl'.h 5 67.2-260.8 10.3-14.6 0.039 0.017-0.058 0.021 0.007-0.033 0.339 0.101-0.703 38.87 30.27-51.02 12.66 8.74-16.86 

Portunus pelagicus 
9 ~,i.in~n 5 15.4-38.2 13.8-16.4 0.024 0.014-0.031 0.016 <0.006-0.025 NA <0.006-0.040 11.63 10.30-12.41 8.54 7.03-10.45 

Parapenaeopsis hardwicki 
IO ,t,ilnLL5lULilt11 5 35.4-50.5 14.2-16.3 0.045 0.027-0.067 0.024 0.019-0.028 2.97 1.56-3.94 35.3 27.90-49.08 20.16 11.01-27.44 

Miyakea nepa 
11 'llil!JLtfilR ('11lJil'l'!1,t1l1!1lU) 5 30.8-37.3 8.0-8.2 0.006 <0.003-0.012 0.164 0.108-0.234 2.32 1.99-3.23 9.26 8.09-9.96 0.395 0.276-0.444 

'lliltJLtlilR ( L.1'1'11tL:lu ) 5 24.2-37.9 7.4-8.2 NA <0.005-0.005 O.Q38 0.024-0.089 0.13 0.015-0.279 14.25 13.69-15.81 0. 169 0.130-0.265 
Amusium pleuronectus 

12 'lliltl'l'liln, 'lliltlt'IU 5 83.8-ll2. l 69.7-74.3 0.009 0.008-0.0I 1 0.024 0.016-0.043 NA <0.005-0.012 47.61 26.85-55.46 1.23 0.991-1.56 
Ge/oina erosa 

13 \ISi nt•lil1.I· \.\'1 5 62.1-231.0 17.6-27.0 0.020 0.012-0.027 NA <0.005-0.0 I 0 <0.005 <0.005 8.97 8.41-9.47 8.30 3.73-15.38 
'IISI n'II il11· 611 5 62.1-231.0 17.6-27.0 0.022 0.013-0.033 NA <0.005-0.006 <0.005 <0.005 6.96 6.58-7.40 2.69 2.36-3.23 
Sepiotheutis lessoniana 

14 'IISlnnili1t1- \.\'1 5 36.2-81.5 17.2-23.7 0.013 0.011-0.015 0.015 0.013-0.019 0.433 0.131-1.13 10.19 9.65-10.82 2.17 1.69-2.75 
'IISlnndi1t1- 611 5 36.2-81.5 17.2-23.7 O.Ql5 O.Qll-0.019 0.007 <0.005-0.01 l NA <0.005-0.007 7.49 6.79-8.23 1.45 0.981-2.17 
Photololigo duvovcelli 

15 '11Slnn'5tflil'1nu'l'lli:i· ~1 5 153.2-241.l 13.3-19.6 0.019 0.004-0.044 0.021 0.012-0.036 0.304 0.054-1.13 8.98 0.337-11.99 4.64 0.610-7.21 
'11Slnn'5t5lil'1t'IU'l'lli:i· 611 5 153.2-241.l 13.3-19.6 0.025 0.007-0.064 0.016 0.011-0.025 NA <0.004-0.014 9.2 8.22-9.79 4.58 2.69-6.59 --.J 
Sepiel/a inermis 0 
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1n,,-.1 n6 (Gin) 

Location Marine Animals No.of Weight Length Hg {mg k1f1 wet wq Pb {ms kg"1 wet wq Cd {mg ks· 1 wet wq Zn {ms k1{1 wet wq Cu {mg kg·1 wet wq 
Samele {gl {cml Mean Ranse Mean Ranse Mean Range Mean Ranse Mean Range 

LL'IUllJflU 1 °"iltJUFl1'1 5 16.1-24.7 2.6-4.3 NA <0.004-0.007 0.082 0.062-0.100 0.237 0.13 7-0.507 12.2 11.47-12.96 1.07 0.856-1.26 
Anadara granosa 

2 1h11n1ni.in 5 77.6-186.6 18.4-27.1 NA <0.004-0.015 NA <0.005-0.010 <0.005 <0.005 3.61 3.02-4.31 0.496 0.427-0.611 
Mugil cephalus 

3 'l.la11i.1F1'b1u 5 23.6-30.4 14.3-15.8 0.024 0.014-0.042 0.Ql8 <0.006-0.042 NA <0.006-0.006 6.00 5,82-6.29 0.404 0.234-0.561 
Sil/ago sihama 

4 'l.li11VJ 5 25.5-55.6 13.6-17.0 NA <0.005-0.005 0.019 <0.006-0.019 NA <0.006-0.007 8.14 6.99-9.66 1.07 0.978-1.18 
Rastrel/iger neglectus 

L1'"illJ,3iltJ· I tf,3•fou,iurl'm:fl1~u 5 18.6-48.3 12. 7-17.4 0.005 <0.004-0.012 0.053 0.017-0.105 0.141 0.949-1.62 0.034 29.98-36.32 15.74 10.39-25.91 
.i1u1nn Hariosquil/a raphidea 

2 'l.lil1lJ,3U'l.l 4 41.3-129.2 12.3-19.7 0.017 0.006-0.038 NA <0.006-0.019 0.008 <0.006-0.012 4.77 4.53-5.05 0.624 0.537-0.748 
Carangoides ciliarius 

3 'l.la11lu'Vl1d l 82.6 22.5 0.007 <0.005 0.006 6.22 0.539 
Scomberomorus guttatus 

Ln1t~hl l 'l.li11VJ 5 29.9-44.3 13.5-16.l 0.027 <0.004-0.111 0.053 0.017-0.036 0.006 <0.006-0.012 0.034 3.98-5.34 0.874 0. 702-0.973 
Rastrelliger neg/ectus 

flil1fl,.-if'1 l 'l.li11°">Jlut'\lJUfl,3 5 136.7-141.9 19.5-20.0 0.039 0.019-0.052 0.055 <0.006-0.236 NA <0.006-0.008 3.21 3.10-3.34 0.262 0.237-0.295 
Lethrinus nebulosus 

ll1ui11,:rn,~ll1N l °"iltJU1,31lJ'l.11n~tJ 10 16.7-66.6 4.4-6.6 0.006 <0.004-0.014 0.071 0.036-0.117 0.543 0.443-0.692 281.8 156.6-440.4 33.66 25.58-46.06 
Saccostrea forskali 

flil1f1Ui1Ui;'j,3 1 '".it1'1.11m!'.IF1 7 2.5-4.8 7.0-12.5 0.01 l 0.007-0.018 0.667 0.547-0.900 0.110 0.093-0.134 8.26 7.13-9.78 6.19 5.62-6.88 
Lingula unguis 

NA ,-,,nan" JJ1nn11 50 % t1iNilillJilFl'l1JJ~t111t1ula'l-'t\-11l'nSlfi1&i1n11ilG1&i1~G1\11~111TnrrG1'l.GI (&i1n11 method detection limit, MDL) 
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Recommended Dietary Allowances (RDAs) for Individuals, Elements 
Food and Nutrition Board, Institute of Medicine, National Academies 

Life Stage Group Copper (µg/d) Zinc (mg/d) 

Children 
1-3 y 340 3 
4-8 y 440 5 

Males 
9-13 y 700 8 
14-18 y 890 11 
19-30 y 900 11 
31-50 y 900 11 
50-70 y 900 11 
>70y 900 11 

Females 
9-13 y 700 8 
14-18 y 890 9 
19-30 y 900 8 
31-50 y 900 8 
50-70 y 900 8 
>70y 900 8 

Pregnancy 
14-18 y 1,000 12 
19-30 y 1,000 11 
31-50 y 1,000 11 

Lactation 
14-18 y 1,300 13 
19-30 y 1,300 12 
31-50 y 1,300 12 

Source: http:/ /www.iom.edu/Object.File/Master/2 l /3 72/0.pdf 

Tolerable Daily Intake (TDI) 

Mercury 
Cadmium 
Lead 

Heavy Metal 

- Children ages 0-6 yr 
- Children over 7 yr 
- Pregnant women 
-Adults 

TDI (µg/person/day) 
(http://vm.cfsan.fda.gov) 

16 
55 

6 
15 
25 
75 

73 
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Annual per capita consumption by species and region (Coastal Provinces) 

Species East Inner Gulf Eastern South Western 
South 

1. No. of households 60 61 120 61 

' 2. Quantities by species (kg) 
Marine fish 13.04 11.26 19.06 10.94 

- Indo Pacific Mackerel 3.77 6.58 10.74 3.28 .. 
- Others 9.28 4.68 8.32 7.67 

Freshwater fish 2.88 8.76 2.77 0.96 
Shrimp 1.79 8.50 7.12 3.02 
Cephalopod 3.52 2.80 4.83 5.17 
Mollusc 3.76 6.89 4.85 4.06 
Crab 3.32 3.08 3.98 4.66 
Dried Fish 4.76 15.89 9.54 2.93 
Total (Incl. dried fish) 33.07 57.17 52.14 31.75 

Source: Piumsombun, S. The impact of international fish trade on food security in Thailand. 

(http://www.fao.org/DOCREP/006N4961E/y4964e0j.htm#bm19) 
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