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Abstract 

This study attempts to provide a better understanding of the behavior and fate of mercuty (Hg) in 

the sediment-water system of the Map Ta Phut industrial estate, Rayong Province. It was designed to 

include Hg distribution in the water and sediments, its geochemical and bioavailable fonns of the 

sediments and adsorption-desorption phenomena by the sediments as well as the accumulation of Hg in 

marine animals. 

The samples of water and sediments collected from 8 stations in the dty (March 2003) and wet 

(October 2003) seasons were analyzed for total Hg. The average concentrations of water Hg ranged from 

2.42 - 5.67 and 1.52 - 11.77 ng C1 
for the dty and wet seasons, respectively. Those were still within Thai 

coastal water quality standard. The water Hg showed a positive correlation with DOC fluorescence. Total 

Hg in the sediments ranged from 0.006 - 0.130 and <0.0023 - 0.224 µg g·
1 
dty weight for the dty and wet 

seasons, respectively. The highest concentrations obtained exceeded the acceptable levels of sediment Hg 

set in some countries. Also, the sediment Hg showed a strongly positive correlation with Fe oxides 

suggesting that Fe oxides was a major adsorbent in the sediments studied. Fractionation of Hg in the 

sediments indicated that the major geochemical fonns were 1) bound to organic matter and sulfide and 2) 

residual fractions which were unlikely to be bioavailable. This result agreed with a direct analysis of 

bioavailable Hg which mostly gave vety low concentrations (<10% of total Hg) and the maximum 

concentrations found in the wet season were not more than 22 % of total Hg. In addition, total Hg in tissue 

of marine animals collected from the surrounding area of the industrial estate was found to be within Thai 

national standard for food consumption. 

In order to understand Hg adsorption ~pacity and its remobilization in the sediments, Hg 

adsorption and desorption experiments were conducted at 4 salinities of 0, 15, 30 and 45 psu using a batch 

equilibration technique. The adsorption of Hg decreased with increasing the initial Hg concentrations, but 

also depended on the sediment texture. Salinity had no effect on the adsorption and desorption, except a 

slight decrease of Hg adsorption at high initial Hg concentrations was observed at 45 psu salinity. 

Adsorption and desorption characteristics of the sediments indicated Hg was irreversible adsorbed. 
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'fll~11 i-:i111111::ut1-:i (a) ti~u-a'-:i (31 lJ'UlfllJ 2546) m,:: (b) ti~~'U (2 ~'fllfllJ 

2546) 
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iu~u91::m,umnihiw1 (a) ffmilimii:l-:i (b) ffmu111-:i~-:i U'fl::~fl111JIRlJ 

'fiw:inu 

Freundlich isotherms '\Jfl-:lfl11~11CJf'lHY11Urnn 111u~'U91::fltJ'UlJ11J'fl1~1lffmu 

'fi1s11 (a) ffmilin~-:i (b) fffll'U'\11,:J~,:j U'fl::~fl111JIR1J'fiw=,nu 

_f':! "" I 

11n U1Jll'IU1Jfll Freundlich adsorption parameters (a) K
0

,Lr ll'fl:: (b) lln
0

c1s '\JV-:! 

~ 'U 91:: fltl'U 11 'fi 'fl::ff tl l'U i 'U fll 'j ~ 1]C)f1J ff11U1tll'l~fl 11 lJ IR lJ'fi ls! "1 

'lf'U11'\Jt:MU16l'l (Hg species) ~1::i1Jfl111J1ilum~- ~HU'fl::fl'flVhYi'evau 

'fiH"')f1'U 

U11J1W (a) mnn tm:: (b) U1Jslfl1Uffi'Uff11'fl::mun~'fl6slfffl'lflfll'j~~cir1Jff11 

u1an 111u~u'fl::fl6'Ufft11u'fiH"')~fl1llJIRlJ o 1m:: 45 psu 

U11JlW (a) 111nn U'fl:: (b) ummuffi'Uff11'fl::mun~'fl6slfffl'lflfl1'jU'fl~Urlau 

n-111.han 1~u~u'fl::fl6'Uffmu'fi1s11~m11J1RlJ o 1m:: 45 psu ,, 
fl111JfflJ'NU'fi1::l111s!U1lJ1WU16'Yl11lJf11JU1l1Ufl'\J6-:JU'fl1fJll1 
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... ... 
tJ 'i g 1 W \-A r1 iJ el YI m 'tt m 'i iJ '"1 tJ YI l'Vffl 

q q 

tlfll!l 

1ht1'Yl dJu 1r111:::11ufl'lf'U'fl'Hi1-:i~iim1111iluih:1~-:i-q'fl~t1~-:ijj:\}:j~i1-:i11l!im:::ium1rn'li11'1iu 

vi~, iifl111Jfl .:ii 1~ -:i i w:rn wm 1'fl~t111 mm1 on-:::ir1111r1:::1~11'Uu1uV11-:i,hn rn i m-h-:i 1 'liv11115 

(biomagnification) 1 ~ ~ '1 tl'fl'1'U 'Vil i Mlfl'fl fl'U m 1 uf lUll'S-:J~tl ty'll fl l'VW'U 11JU'Utl-:J1Jl¾ 116111 fl fl l'S 
' ,, 

un flfl tJ 111 l'S 'Y1 :::rn vi iimnhutlti'U mnhti'Yl i-:i11:::tM'U 1~'1lfl1J'tt'U~.f1 uf lUll'S .:J'Utl.:J 1 rniJ'U 11Jl ~:; 

~tn'fli'U1.h:::t'Ylfl~~'U 1ilm{u 
,, ., 

,J 'Stl'Yl ffllJ n 01'1i 1 riu 11rl-:itl 1 i ~ n-:i111flm :::u 1um1 'Yll-:Jli'S'S 1J'lf19i 11r1:::111fln11m11J'llt1-:J1J'U 116 1 m::: 
V q 

lfl'fl Miu11mu1u11uu (chemical forms) m:::U1'Ufll'Sfl'U'liuit1'U'Yll-:J~l'UvliYmf tflii 1m:::,h1'Y1U1 ri .:ir-rn 
V 

ty'fl'Vl 1u itt' m1u1t1V1ri1u imy1'\i' 1 i uff:::ff11t1diu~u~:::flt1'U t1ci1.:i i 1 n~111 ffl'SU'Stl'Yl iu~u~:::ntiu 

mm 1 tl\} flUi'l'fl u rl v umfo~1111 rl-:itl 1 M~ fl 1 'flum :::u1u fll'S .,j w1 m1u<st1'Yl~\J flUi'l'flU rlt1ut1t1fl'11 n~ u 
~ ,, 

~:::@umm10'1'i1uu~11u~m1~1tl1 1m:::ff:::ff1Ji~imh-:i iciit111111 i-:itl'u ~'U\;l:::nauu~1mt1umilau 
w w ., 

1ilun~u11a~tfl1J (sink) 11a:::1111a~t.laat1 (source) ,ia~il'l'iU'it>'t'llu1111a~,h ~1Ul'l1~'U 'Wt]~fl'S'S1Jlm::: 
I , JI I 

m11u~ uut 1ur1-:i'llt1-:im1u1t1'Yl iu ~u ~:::flO'U i-:i i ~ i' um111n-u i ,i iu m1 ff fl1111vi1Jmfl;iu i 'U'lh-:imnvi 

~l'UlJl 
,, ., 

'li'm.1r1'llo-:in-1n.ht:1l'l iutl mn:::~u~:::nouli'-:i iut1~~1m:::ifo~uu V11J11ri1u imy 11u-:i1u i i'iu 

!U'IJ6-:JU1lJlWUHll'l'S1lJ (total Hg) ~-:i,1:::1J.itiouiiu1::: LU'll'l.JlJlflUfli'Ull~'IJt)-:Jfll'SU'S:::1fimmm:::l'l1J~ 

ii'fit:1~-:i111'flii't:11J n'lo.:i,11nt.l1mw1.hom11JiJ.ii,hrluiJ1mw'I.Jrnl'l~~.:iii;ii~mm1oi'rniu'1ti11-:imu 
JI 'JI I I 

1~11-:J'l1lJ'fl ffl'S 1.J'SOl'l UH'S 'I.Jl'Yi1tl'uvimmrn1'\i'1ri11-:ifllU'IJO-:Jff .:iii•fj~ 1~ 11ro11 Ufl11 "bioavailable 
V .. 

.d I 1/J 'J}e!l a., ~ ,q QI 9) ' I ,q \'I.,. I QI t 
form" C))'-:J,J:::ffl1Jl'Stl1J.:J1Jt)fl l'fltl-:J'S:!:'fl1Jfl1llJ11J'U'W11 (toxicity) 'Hlfl'SUl'IJl~'Sl-:JfllUlJlfllfl'U IU 'fl-:J'U'U 

'lim,Jn'llt:1-:i'I.J11J1wurnm11J11.,j1vlu-:iaci1-:i1~u1 1J.in-1mrn,j,:i;}ij,:i bioavailability 11n:::m1111rJuvi11~ii 
I I ,, I 

I .. ...... i "1 SI "' ~ !'lt .. - I "' 1 .. "' 
~tlff-:JlJ'lf1~ 'fl"] IYilrlU l'Utl.:J'1lfll'l.:J bioavailability llrl!:fl1llJ11J'U'W1l'IJtl-:J1J'Stll'l '11'Stl 1'1'11:!:'lf'U'fltl'U"] 
., ., 

;iut1dnuiu111J1Jl'1Nlflii (chemical speciation) 'IJt).:J 1"11:::'ll''U'flU'U"] (Luoma, 1983; Bryan and 
., ., 

Langston, 1992) ffl'Hl'Ul'UUll'l:::mtl'u l11aniuiiJn:::mu (dissolved Hg) i'fl111tlu bioavailable 
., ' 

form ihuiu~m1:::m:iui.!u UHll'll'U'SUYimm1oa:::mut:1tJfl'1lfl~'U~:::flO'UM~,u (more soluble ., 
., ,, 

fractions) 1Yi1tl'u ;i,:i,i:::i,utlu bioavailable form ~1ut'l1~'U ffl'SU'StJl'lim,Ji-:inrl11i.:iiim1mf1riru 
q V u 

., ., 

m1 uri m1 ¥Yn11111-:i i u tl 111a:::~m1:::nt1u 
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ivivl'Y111hH1J1ru i,n1!m!n iin11Y1!m ir-:itrnmurilJ ivivm!1.J1'Ufll'.i~rl1r1ru 1~ufi fl'.i!'I.Jl'Ufll'.i 
" ' u 

~'fl'M'I.J (adsorption) llft!fl'.i!'I.J1'Ufll'.i,Jft'fl'I.Mam1r'f.lm'.ifllfJ (desorption) fl'.i!'I.J1'Ufmi-:iffe.J.:J~.:JfHll1lJ 

'I.J'l'l'I.Jl'l'l~ fflfiqjlJlfl~e.lfll'.ifl'.i!1llfJ llft!fll'.ilfl~'f.l'U~lfjfHl'I.Jl,JmiulJl (remobilization) 'IJe.l.:Jffl'.i,Jrn'l'l i'U 
,, j/ I jl 

o ~ d. QJ I d.21 CV J/ .:1 .c1.C.::.. ,::i, I QI 'j} \J1 'j/ I 

'Ul llft!'fl'U'fl!fle.l'U 'Ue.lfl1llfl'UfJWl'I.J11 lJ1J1l1lfJll1mmlJ'f.l'U"1 lJe.l'l'l1iWft'fle.lfl'.i!'I.J1'Ufll'.i'l'l.:Jffe.l.:J'fl1fJ l~Hlfl 

nm,J~fJ'Ull,Jft.:J'IJe.l.:JfllllJl~lJ fllllJlil'Umvt-~h-:i ti1fl'mflvHh (redox potential; Eh) ,J!lJltuffl'.iB'U'l'l1u 

"" ?I V 
lift! chelating agents 'I.Jl.:J'b''U'fl l1J'U'fl'U 

I I JI I 

1-u e.J.:i ,i 1 n,J '.i ! l'l'l R'l 'l'l v 1 ~ ,J'.i! ff'I.J ilqJmfll'.i 1-nlJ'U'U'IJ'f.l.:Jffl'.i ,J'.i e.J'l'l i 'U u! nru 'll'1vr'.l.:iY1!lft au 
l'Ue.J.:JlJ11llflfll'.i'W \ill'Ul~'flffll1 m '.i lJ llft!fll'.i"J'fll1ll~;llCJf1i'.i'.ilJ'b'l~imh1 l 'l'lfJ ( Chongprasith and 

" ' " 
Wilairatanadilok, 1999) ~.:JU'U fllllJf llft!fllllJl.,j'l i,i i'U1re.J.:J'.i11'1Je.l.:Jffl'.i,Jrn'l'l i'UUlllft!~'U'fl!fle.l'il ~" 

" 
mi11-u'1-:i1-i''U 1l!'lf1fJl'lli-1fo11-u'1i,i~t.:ief'U1~fJ1t1'1.Jfll'.i'U1Wl (transport) llft!lir''U'l'll.:Jl~'U (fate) 'IJe.J.:Jffl'.i 

" " 
,Jrn'l'l l1~.:J1ll fl\)fl,Jrie.JfJe.l'f.lfllJ11llflUl'Yl.:J'IJe.l.:J i '.i .:J.:JllHJ91ffll1fl'.i'.ilJft.:J~'Vl~m '.i1lJt1.:J bioavailability 

lift~ fl1llJlil'UfiEl'IJ e.l.:Jffl'.i ,J'.i e.l'Vl~e.l 11l lJ~e.lff911tlll116~ ,:iil,}191t'U ~ ,:i,i''e)lJft~.:J nrl11iJmi~1fiv1 l1 r e.l 
" " 

tl'e.JUlJlfl i'U,J'j!l'VlrY1 'VlU 

'UfllJQ91ffll1fl'.i'.ilJlJl'I.J91l'~'fl i.:Jl11'fl'.i~U'fl.:J ii1if6~,J'.i~lJlf.U 8,000 11 1iJ'U~,.:J'IJ6.:JQ91ffll1fl'.i'.ilJ 

11,! n~ir1ti'ruu! nw 'b'lU~.:J'Vl!lftfllfl91~1'U66fl 1h~fl6'1.J~1U691ffll1fl'.irn~ir1ti'ru 1~ufi i rnmnn1CJr u • u 

1i'.i'.ilJ'b'l~ Q91ffll1fl'.i'.illili91'.ilflii Q'ilffll1mrn~mt1ii Q91ffll1fl'.i'.ilJ 11-:imt'UJ1JJ'U 1il'U1-i''U llft!'b'lu~-:iir.:i 
JI I I JI 

iivi1116tl iii mrfo ift'U'u-uthuii'U~lflfl~'JU (fll'Yfri 1) 'I.Jl l1W'UfllJQ91ffll1fl'.i'.i1J'UUfll'.i91'.i 11JW'I.J1liiffl'.i 
' " ., 

,J1'fl'Vl~ -:i1nu n11m911 JllJ~ ti111uvi iu rn-:in-mil11c1~rn-:iil n.:iil 1~ii1 w.:i1u fll'.i91'.i11lW'I.Jffl'.i ,J16Y1 iu 
., 

ll1Y1~mu111wilt11JQ91ffll1fl'.irnlJlu911'Vjvt iu1~1111.:iil 2538-2541 iiti1'fl~iui1.:i1~1111.:i 0.01 - 0.48 

µg C1 
~-:i~-:i1nun11ti11J191'.ijl'U'IJ6.:],Jrn'Vliuill'V1~m'b'1U~-:i'IJ6-:iiJ1~l'VlR'l'VltJ~flll1m111iifiiti1 

hhnu 0.1 µg L
01 

i'flv,J1mwm1'1.J16'V1~91'.i1'1W'I.J~.:]6dim~1111.:iil 2538 - 2539 (Chongprasith and 
., 

Wilairatanadilok, 1999) 'U6fl1llfl'UU.:J91'.i11l'Vm'I.J!mw ff1'.i'I.J'.i6'Vlfi6Uiu'1-:i~ -:i iu~lJ91~fl6lJ'I.J1 l1W'UfllJQ91 

ffll1fl'.i'.ilJlJl'I.J91l'Vj'flflfl~1V (Chongprasith and Wilairatanadilok, 1999) ,J!mrum'.i'I.J'.i6'V1~91'.i1'1W'I.J~.:J 

ii " ., ., <> ~ V "" i iV , ~ .d 
'V1 .:J lJ'U l'Vl~lclllft~'fl'U91~fl6lJ'I.J'.i llf.U'U fl1JQ91 ffll1fl'.i'.ilJlJl'I.J911'Vj'fl llJlJ'IJ61916lJ 1l l1l1'U1tJ.:]l'U'IJe.l.:J'.i j'Vl 
.d ,., ,, 
mu1'1Jo-:i hwmrn::m lJfl 1uri 1J1Jc1vi1:1 hi'm~m:r nil-:iiJrum m1,Ju1tlm.J'IJO-:i ffl':i',J·rnvi i 'U u~ 11w 

• u 

'Ufl lJ'fl91 i1111m'.i1Juc1~timu'il1111'.lu ilrum i'U '.i~~mn~~,i~~6.:i~11il'U m1-l16.:itiu11ft~uti'i 'll '.i1lJ 
' u 

" ,, ,i:::::i, .;., ,dd,.::::it, 

91 ftO'flt1.:Jfll'.i ~'fl91 llJ91'.i11lfftJ'I.J fll'.i ,Jwilou'IJ6-:iffniJrn'Vl iull1 llft~'fllJ91 ~flO'U 91fttJ'fl'il'U ff .:JlJ'b'191 
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~ 

• • 'II • 

lllV'fn 1 ni-:J'IIO-:J~flt'l'll1n'i11JTifflfltyl1.m1rnuiit1JJ~flffll1n'i'i1JlJ11Jflll1,l i-:Jl1'l,l'i::tm-:i 

(i,l111..ln-:imw111n Pimoisut et al.. 2005) 

v ,J d ct 
'1\l'IQ 1::a'-:Jfl'IJ6..:Jnl1flfl'Yl 

1,iq1h::tY-:Jfl'IJt)-:Jnl1flfl11l l,lt1i1 iii ,~o ~~lO,ltl'lllJr tl'llJJ,,, 111 ~~,'Ul~tl'lfl1Jff{J;n'i'ilJ . . ,, 
11n::m'i11..lnm.m1..ln-:iiil111J1J'IIO-:Jtll1U1tlYlljjtll-u'1~,l111n::~Ufl::miuluu!nwiit1JJ~flffll10'11lJlJl1J 

,, . ,, 
flll1~ 1..l!mw1..l1eriluu1 11n::~Ufl::fltlUTiffllJUtU-u'1~1Hflltltlfl1Ul,~ (bioavailable form) 1.h,nt1 

~ QI I 'fl fl I 

fll'iW fll'j~,l'))'lJ un:: m1,Jn,ltJat1t1'1JO-:Jffl'itJ'itJYITilO,l;iu lu~Ufl::fltJU 'i 'lJJli-:ii11io111,la'tl1Jl1jj . ,, 
ijfliwn ,im:,,1,iu,J! 1J1w 1..l1oriii tY::tYJJtJ~luti',i1r1::m ti111f u1flq1..l1::ff-:it1911w1::tY1m109111un ,~~-:iu 
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" 1 . f1 nm m rn '.i :; ,l ltl'IJ t1,nnnJ rn 'V1 hn.h 'V1:; m 'IJ 111 ru l1 fl lJ t1 ~ m 11 m '.i lJ m rnnv-i vi . . 
2. f1nm fll rn'.i:; ,11t1'1Jt1-:Jffl'.i U'.it1'Vl11-1~1.rn:; nt11-1 11c1:;m1lJ 1'YlJ'Wl-l 1i n11 i1-:i !.EilJ 1ru ,J '.i t1 'V1 '.i 1lJ 

1m:;i'.l ru fflJu; 'IJ t1-:i~u ~:; nt11-1 m-:iu '.i:; m'.i 

3. ffmniuu'IJ'IJ'Vll-:Jli'.itlhflii (geochemical forms) 'IJt1-:Jffl'.iU1t1'Vl1l-l~l-l~:;fle)l-l u-a:;u1:;1:uu 

fll bioavailable form '\Jt1-:J'ff11Urn'Vl 1l-l~l-l~:;f101-1 

4. fff11:Jlf)'.i:;'IJ1l-lfll1"~vlCJf'I.Jlm:;m'.iU'1v1Urit1u'IJt1-:Jff11'U1tl'V1 1m:;u1:;1:uuri1m1lJ~11rom1lJ 

ffl lJl'j fl (capacity) 'IJ o-:i~ l-1 ~:; f)t)l-1~ ,1:;~vici'rnm:;uc1viuri t1Uff11U1 tl'Vl tltl f)lJl ~ U 11 ri-:itl1 ~ cltlvl ,ll-1 fl11 lJ 

fflJ'Wl-l1i'.i:;1111-:ifJWfflJU;'IJo-:i~1-1~:;noum-:iu1:;m'.i~i:i9iom:;mum1J-:iirn-:i 

5. ff f11l 10'Vl fi 'Wcl'\Jtl-:Jfl 11 lJ!fi lJ~ ii 9i t1m:;m1-1 f111"vlvlCJf 'IJI m:; f11 '.i U cl vi Uri ti Uffl1" U '.i tJ 'V1 1<l tJ-:J ,l lf1 
" 

fl1llJlfi lJi:iHc1~t1f111lU~Ul-lU'Ucl-:Ji'U!1'1.J'IJ'Vll-:Jlflii'IJt1-:J'UW'Vl (Hg species) ,Jlf1'1J'IJ'J'U f111 chloride 

complexation ~,:i,1:;ri-:ir-ic1iom1viviiuffl'.iU'.itl'Vlltlff~U~:;no1-1 
" " 

6. fff11l 1u1 mru fll'.i ff:; fflJ'IJt1-:Jffl'.i U'.iO'Vl 1 u ff~1V1:;m~iii'.jw ri 1V11-:imrn i n,1'1.J111ru ~-:i nri 11 
,, 

uc1:;f111lJfflfltJ:J'.i:;1111-:JU1lJlfl!U1"tl'Vlt1'1J'\Jl-llv1117tllll11'Uf1'1Jtl-:ii'Y911'Vl:;m 
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. ' 
"'"' !II fll 'J'YI U'YI 11-U el fHlT':i'YI! fU.11 'lJ 6..:1 

,Hmru lcll1t'j1lJ i1hY1mrni;.:iuoni'i.:ivH'lmt'YIU'IJO.:J lcll1tl1Uf1~1Jloio~.:in;191 i#\' 1,m~lu 

'j'LJ'IJO.:J "bioavailable form" 1vi1i!u ~~.:in;191'ffllJl'j[lfrn'li'1rii1.:imt1 l!t'ltl1liM1n~"W1'l 111mr~irniu 
"' "' ' ., 
11.:Jf)l(J'IJO.:iE.:in;191UU") i#\' (Waldichuk, 1985) iuuUU'IJO.:J lcll1tl1Uf1i.:imh1 l~tl'Uf)~,J~l11Jltll1.:J 

' " 
iuuuuvit'ltt'IW,#J (dissolved) 11101i'.Ju;oou (ionic species) OQiUl.Jl'Yl~m 1110t'ltt'lltlOQiml'll 

" ' 
t'ltflltl~U (soil solution) Ut'ltfttt'lltlOQimlutwh.:i1fi~~u (pore water) 1110 lftl1tviim11Ji1tiu~u 

i . I"' . I "' .,i d , ~ d , 
91tf10U ~wmtu1umrnt'lf1!ut'ltJUu'it~ (cation exchange) lJf11'j'Yl~t'IO.:Jl1t'lltl!lO.:J'YIU'ff~.:i l1!l1U11 

'U11Jllli lill1tl1Uf11ttff911l1'Ul~U (benthic organisms) hinr1111Jtr1Jimfi~") tlU'U1lJllli lcll1tl1Uf1 

nlJ 1 u~u 91 tnou u~ ,idim11J irmf u n tiu ri1u 'IJO.:J 1 t'll1t~ iui 1tiu~u 91t nouu t'lt ft'ti~oo nm Mi ~a 

~ltl (easily extracted fractions) !'!ft! f11'j'Yl~t'IO.:J'IJO.:J Luoma and Bryan (1978), Langston (1980) !!t'lt 

Tessier et al (1984) 1i:lu~u 

l~tivi-1, 'U!!t\'1'j'LJ!!lJlJ'Yll.:J!i'llJ'IIO.:J lt'll1t~ofi1tt~U91tmJU'ffllJlHl!l'U.:JOOf1,#Jvi.:iu'ff~.:J iUflll'l~ 2 
"' "' 

T 

0 

T 

A 

L 

L.. 
______ I_n_p_o_re_w_a-te_r _____ __.r-----!:::::, 

Weakly adsorbed 

Associated with carbonate 

Associated with Fe, Mn oxides 

Complexed by organics 

Associated with sulfide 

In the mineral lattice 

Free 
aquoion 

Inorganic 
complexes 

Organic 
complexes 

and 
chelates 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ! 
i 
! 

-----1 

m'Vi~ 2 'j'LJ!llJlJ'Yll.:J!i'llhrn.:i lcll1t~ofi1u~u91tf10U (Gunn et al., 1988) 
"' "' 
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ti'1'hitl'unlJ 1"11::~'1::'11UelQl'\.Hf11::1111-:idJ\Pl~'U (pore water) uK:i fo11::~t1Q'lutn1Jruuuu 

mn1uml'i~ 2 1l\91111tl'U "potentially bioavailable forms" l~el-:J'illflilllJ1'.itl\]fl'U'1\Pl'Urit1Ut1elmllfl~'U 

vi::flel'U 1~1 \PlU~lU muivi' ff fl11::ll1\PlftellJ~l'U~U'Ul!1fo-:i l'lf'U fi1llJ!tl'U m\91-~l-:J ff fl11::fll'.ilJ'tlelfl'Jf!'il'U 

111u 1½'uunirnu 1tlmYu ri111fmuuuuff\PlY11u u\Pl111,:Jmuuuu~1,HM'uvi11ulliu~-:iiJ,}ivi 
'U q 'U 

(unavailab~ form) l~tM'illfl 1'111::::'il::H-:J\911 111el'.i1lJ\911fl'U 1flHff11-:J'llel-:Jll'.r1ilVl~elV1'U~'U (lattice 
q 'U 

structure of minerals) 

" 
~-:JU'U fll';jfffl'l,Jl 111el1lfl'.i 7::l1111'U11J1W'U'.iel'Yl'.i 11J1'U~'UVl::flel'Ullllil'WU-:JelUl-:Jl~U1 i-:i 1,j 

JI t I JJ 

illlJ1 rnu-:i,}o-:JO'U VI '.i 1Ul1 'il::1Jllit1ff-:J1J,}1vi 1'U'U111W U l ~ 11'1::ell'il l111 JllimllJ11 lJlU'llel-:J r•rn m ::'\'1 u\li el 
' ' ,, 

ff-:J!l1\PlftellJH\Pll'i'11\Pll'U \911elUl-:J'llel-:Jfll'.iffmn'lu11t1-:iu l~llf1 fll'.ifffl'lfl'llel-:J Thongra-ar (2001) Vi'U11 

'U1lJ1W'U'.itl'Vl'.i1lJ1'U~'UVl::m:n.Ji1fl 0-2 195'U~!lJVl'.i 'lJ1!1W'UlflU,jtl71J1-:J'U::fl-:J ~fftllU11'!!71\Pl'IJ'UlJftl 
" . . 

~ -:io.:i 0.94 µgig tl111tl' nuJ.:i cl1-:iuri1~ .:J!fi'Ufl11lJ1Vi';i jl'U'llel-:J'U'.iel'l'l 'lu~'UVl::fltl'Ul1fll11'U\Pl H'lum-:i 

1h ::::1 'Vlff 111nlli fl 11lJ 1 uvi 11J'li'ti].!tt'llt1.:iu! mw ,J1 um 1lJ~Vl'.i 111Viu 1u u ! mu i.:i nri11 ~Uff\Pl-:i11u ! nw 
" ,, 

,! uuilru1111Jft'VhJ'llt1.:iu '.i ti'l'l l u;uvi::flti'U!n\Pl;iu ulli111flfll'iffflll 1iin 1 u '.i iun::tB V\910.:!'.i ,Ju uum.:itfl iJ u 'U ,, 
'llt1.:i1l'.it1'Vl l'U~'Uvi::nti'U Vi'U17 mnn11 90% 'llti-:iUrn'l'l 1'1-1u111wu'U ud1m11'l-l'llt1.:i 1rrHcr½'1.:i'llt1.:iu'.i 

'U 

1i1"J omnY1111 nm ::u1'U m11in lJ'll'7~ mnn11m111nn,i m 11J'llt1.:!1J'4lltJ 111t1111n 11 .:i.:i1'UfJV1 m11 mm 

fl1'.iffflll7'!1luuul'IHLflU'llti.:i 1 n11 ::::1111 n 1 'U~'l-lvi::nu'U ~uulJvi1ti'U ii'n Him flu fl m1 fffl\Plt1u1.:i 

, Ja o Q,I' d.c::1 , .:k .c. QI a1 , QI 

~tll'Utl.:J~1lJfl1YllJ l'll'.iUfl11 "sequential extraction" (Tessier et al., 1979) 'lf.:Jl'l'lfl'Uflfll'.iffflYIYl.:Jflfll1U.:J 

"'~ "' " • ., '!I • 'I !I 'I ., ' ' 1'I d " dlll" "'. I 1 " lJIJU.111111'.itl'\Jtl,JlflYltltllJH um:: L'lfl1flllJ1fl L'Ufll';jfffl\Pl l!VltltJl.:! 1rnV11lJ'\JtllJfl'l'l l\Pl1l:::lJ1J';j:: tJ'll'UlJlfl 
u . ~ 'U 

n11n111lfl '.i 1:::ti' 111iJi mw 111 t:i '1'1 '.i 1 lJ ulli 1-w v.:it:i d1 .:i 1~ 01 

'U tl fl,J 1fl11.Jl i tl.:J'\Jtl.:J'i 1' 11 lJlJ '1'11.:Jlfl lJ'll tl.:! 1 fl 11:::: 11 ,1 fl~ 1 i1tl 'Um tl lJ 11 'U 1 fl 11 lJtl\Pl'\Jtl.:J.:J 1'1-1111 mi t).:j 
,, I ,, tJ 

ilm\'1 m::U1'Ufl11l1lfiYl;j'U'.i:::111HlJ!l1W'.itltJllit:i'lltl.:JH1;'Ulm::tl1 (sediment-water interface) l\Plti 

mm:::m:::u1um1~Y1CJ1'u 1m::m::u1um'.ii.Jn\Pli.Jrlt:iv iim11Jri1ticylm14'llt:i.:im1f111J~lJ'UjlJ1W 
I 'II I ,, I fl 

1 n11::vit1dl utl 1 fl1UfllJfl1'.i tfl~tl'U~lfl 1"11::111ntl11'li'1ri;'I-I 111t:i1fl~t:iu~iu i n11 ::tit1 n,i m;'l-1 i 1'ritl 1 
" • 'U 'U 

' " " 
ci1 .:im fll'ilJ 11~u lJj nw t!u c-i ii~w fflJU~i'l-1 m1 ~\Pl9Tu 1"11:: 1 Ji'~ 1m::ti'1cr1mrnuuuil'U nu 1"11:::i!'U 

• " 
il-im:iJJucivomtuflut1\111ci.:i1h ilPlu~w ~uu~11ru~-:inci11~11:ai:lu111-1ci-:iN-:ii111iluvo1-:im11 

'U 

(permanent sink) ,rn.:i in1-1::11Ufl'll''U\Pli!uc-i 

n 11 fln1:11 l u1iu.:ii.:i nri 11ri111 i' uu'.i:: I 'Vlfl', 'l'lfli1 nu fln1:111 i'1 u ui 11wulitl1u 1nl::n.:i 

(Thongra-ar, 2001; Parkpoin et al, 2001) Vi'U11~'1-!1Jjl1Wili11fom1rn~.:ilum1~Y19flJilll,J'.itl'l'11'1-1 

UjlJltu ~.:i (good sink) 11fl.:J'il1fl~\Pl-9flJH11ft1 iumff~'il:::Urit:iflflfl'Ufi1.J~iutl1Bmi:lui1'1~ti1fllJ1fl 

~ c(d 4::( I ~ ~ QI ! .:9 " I ~ 
llJ'U'U'i1f1Qfl1'.iW'l'l !Wfl11lfl\Pl strong irreversibility 11'.iel hysteresis ~.:!'I.J'I.J111f1ffflll1llfl1'W'I.J11\Pl'U 

~::nt:i'U u ! nru ,1 fl lJtl ~ m11 nn lJ muvi 7Vil9l i'i1fomnwcr .:i i u fll'.i\Pl\919f'U ill'.i 1'1t1'1'1 ~11::1i:lu ,J1:: fo,n1 llit:i 
q q ,qJ 'U 

" ' ,, f ,., 

ti'vi1tl 1'tlel1 rfoe1di 'I.J 'LI j 11W 'W'I.J Vlfltl\Pl'1'1.J ,J ';j ::'lfl'b'U 'titl 1ti'vi1tl 1 lJllJ n.nfl 
'U 
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'U () f1 'il 1 nil 1 u 1J 111W 'lfl fl~-:J'l'ltm ff-:i iitlqJ11 l l'Ulr ()-:J'IJ()-:Jf1l'j I U~fl'UII Ul;l-:Jfi 11 lJl~ lJ'IJ v-:itll'l'ltm 

'11-:ifi 11:1.11~ rn ilu iJ 'il -o m111'1ftV:1.J11if-:i~ iifl'l'l 1il'l j;jlJ·!n~vmtmu f1111'11'19fUlll;lt n 1 '.i u l;l\PI u riv vm1 u1 v 'V1 
" 

l\Plfl~'U\,ltf1tl'U fi1llJl~lJ 11rtJfij;j()l';i~fltltl'U 'O\Pl1llil'U complexing agent i111rl-:i~lJ1J'V11Jl'Vlfflfit\J 

~ () f11 'j l;lt l;l lmrnt f11'j lfi ~tl'U ~'IJ()-:J in 'ju 'j tl'\11 l ~ j-:1111\Pl~()lJ ...; , 1,m i:-m~ () f11'j IU~fl'Ul'l t)~ m 'j lJ f11 'j ~\Pl 
,, ,, 

9f1Ji'1'11Urn'l'l (Hahne and Kroontje, 1973a) '11-:J'Uf:JW fflJ'lJ~'IJtl-:J~'U\9ltf1tl'U1Jl-:JU1tf111V-:JlJfl'1'11il'll;l~tl 
,, 

~ "" 'J) 1 ... IQ ~ d o' .c!t Q d 
mtU1'U f111~1'1'151Jtlf11'11fl l'lmll mtu1mw in1vu m v lll;ltl'UV\Pl'Ul11'Ufl1 (clay) 

,, I I I I 

9/ .c:I~ ~I c! d I 9 t ,:.::i, d ~ ... 1..:::1 ... I ,. I .. I 
\Pl 1m 11 \lJ'U 'il-:JI u'U 11()-:J'l'l'U lff'U l 'iltl fll-:Jfj-:J 111 f)lJf11'j flf11flf1l'j ! lJJ;lfJ'UII ul;l-:Ji ull U U'IJ ()-:]{1'1'j lJ rn'\11 

1 u tl11rnt~'U \9l t nvu u 111w ufi lJfJ\9l t1111 m rn:1.1T1J\9l l'Vjl'I v1 i;ltJl'l'il'U f1j;j I f111J;lt mtu1u m1 ~ W') ~ 1nl'I 
I I )I j,I 

'lf-:Jfi11:1.Jf fi11:I.Jl'1Jll'il l'Ulrv-:i'IJV-:JYlt)~f1HlJ'IJ()-:J{1'1'jU'j()'\11'11-:Jl'U'Ul 1mt~'Uvltf1tl'U 'ilt 

i1v 1un1111-:i11r1u 1rnt 'Ol'lf11'.i iJqJ111~ -:iu 1\Plt1t1:1.1ou1~ tl-:JlJl'illf1f111 "W\lll'U lrJv1in11m1:1.11 uu1 mu ~-:i 

nrl111.J{1 flu mJ,-:i~ 1rnt'ilt1tluu 1v1 m rn i 11 l.f'IJtl-:Jf111fff11flilqJl11~ -:1111v1fttl :1.1~ 1 JJ1 i1iluu~1wv-:i m1 
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" ' o ~ ~ o .c::!Q' V l 

1. fll 'Hl'l 'i 1 ii 'Y'l'l-01 II i;'I ~ fll 11 U vi 1:rtll U !fl U YI 1 tl !'.J H 
'JI ' ~ 

ll 1 fl1 'j ffl 'j 1,rvh.1 Yi 1 ~a1h~m1..1-rn . .1 flUffl'U n:111..!'U i'llJ'El\91 ff TH m 'jlJlJlU\91 l'Vl~ f-:ir11~'j~ff[).:j l'VH) 
' ' ,, ' 

n 7 H'U~ ff tl TU 1nu i1mh-:i 11..1 u~ 11ru 'Ui'l l.J'El\91 ffl'l-1 m 1 lJlJl'IJ\91 ll"l~ 1-n' i'l 1 ou fl i;l l.Jvi'U Yi 'tJ o-:im1 'Ui'l l.Jt1\91 
q q q q 

JI '' SI 'JI 

m H m 1 l.J mu \91 rn~ 1m~vi1..1 Yi 'ti 'M'f uii'Yl liVrn ,nnil 1vi-:i'tlt1-:J'Ufl1Jt1~ ffl'l-1 m rn m u~-:iHJ;l ~u fl lJti\91 mH 
' ' ' " " ,, 

mrn\91~11..!tltlf) 1~an~~l~'IJ\ll1t1Vl-:J'l'l-:Jl1lJ~'j11J 8 fftll'U '1'1-:J'U!~m .. i-:i~~lfi'IJ\ll1tlV1-:Jtltlf1!fJ'U 2 U'U1 

;fe:, 1~a~1mi'11-:i 500-1000 !l.J\911 (crmil 1-4) UJ;l~1~a~ini;l~-:Jiu1n'U 5 fi!J;ltl.Jm (fft11i1 5-8) 1~e:i 
'j/ 'j/ 'j/ I 'JI 

irn mn nil M'l'llfll 'i lfi'IJ\ll 1tl v1-:iil l't1-:J'IJ'U H-:J'IJ ~ nru fl J;ltl-:J 1 ~'I.Jltf'U 1 

d I ~.c:::t d.3) .:::t .ct .c::t.d CV I 

lli;l~~~m~'I.Jltfj;l.:jt!'YJ~!J;l!'V'llJtlf) 6 fftl11..!~1tf (fftll'U \VWl - WW6) 'iltfi;l~ltltf~ffm'Um'IJ\911tltfl-:J 

Uff~-:iHi'U~l'il-:J~ l !!J;l~fll'V'l~ 3 

-=i O I .c:::td Q.I I : ~ ~ ~ 
v11nn1 1 v11u H'U-:Jfft11'Umuv11e:i t11-:i'U l'Yl~mtm~fl'U \91~mJ'Um nru 'U fl l.JQ91crrnm111 l.J 1u \911~~1 m~ 

u~nru 1mi'1ifo-:i i--1111~1~t1e:i--1 

Station No. Latitude Longtitude Remark 

1 N 12° 39' 57.8" E 101° 07' 13.9" 

2 N 12° 39' 29.9" El01° 08' 04.2" 

3 N 12° 39' 39.4" E 101° 08' 49.3" 

4 N 12° 39' 21.3" E 101° 10' 36.7" 

5 N 12° 37' 30.8" E 101° 06' 25.2" 

6 N 12° 37' 38.6" E 101° 07' 41.9" 

7 N 12° 37' 38.8" E 101° 09' 55.8" 

8 N 12° 37' 56.1" E 101° 11' 25.9" 

WWI N 12° 40' 14.1" E 101° 07' 25.0" wastewater sampling station 

WW2 N 12° 40' 08.9" E 101° 08' 09.0" wastewater sampling station 

WW3 N 12° 40' 09.9" E 101° 08' 09.7" wastewater sampling station 

WW4 N 12° 40' 0.3" E 101° 08' 55.8" wastewater sampling station 

WW5 N 12°40' 17.5" E 101° 09' 38.8" wastewater sampling station 

WW6 N 12° 39' 44.6" E 101° 10' 59.6" wastewater sampling station 
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4 cad ., t : ~ .._ • 

llll'tfl 3 t'l'tl1Ulfl1.J911tll.lH'Ul YI:: mun::~u91:: m:n.nn l1tll U fl1J~91t'l'll1 f1111J1J11J911}1~ 

un::11111w lt1a'1iim1 i-rn1~1::t1t:i-3 



av,: oC\. uG 
2. tn'ilfl1JV116t1Hlfl'n~lil ~'UVl~flfl'U lltt~iJVl1'n~lil 

,, ,, ,, ' 
l~'l..li1t1u1-:itl1n::m11n::~u91::mru 'nlJ 2 fll-:J tfo iuq1:1tl1tl'm.1l11Vt)l:)U~-:iiu1uvi 31 nulfllJ 

JI I JI JI I 

2546 1m::ql:)tllJJ1fl'l11t1t)l:)~'Ui'U1'Ufi 2 ~alfllJ 2546 ffll11'1..li1VU1-:Jtl1Yi-:it~'l..li'U1'Ufi 12 'Vlt)lHllfllJ 
' ' t JI 

2546 1m::1uvi 30 nwrnm 2546 1wt1fffl'j,jl6'Yli'Vln'llv-:iq1:1mnvin~vfll';iff::ffJJffl'nJrnn iutl1un::~u 

91::fl{)'U iu11~n::ffmili~11u-:ivt1m1:lu 3 sub- stations i~t1ih::t1::111-:inu1h::mw 5-20 llJ91';i l~t1i'lfn 
" ,, " ,, 

'1TU1WM1'\Jt1-:Jfll';il~1Ji1t1u1-:iffmiln~ 3 CJfl 'nlJl1-:Jl1JJ~ 24 sub-stations l11V 24 CJfl i-:J';iltl'1~1Vtl~ iu 

Ur-lUN-:J 

Station 

Sub-station 

(replicate, r = 3) 

Q Q □ Q □ GJ GJ GJ 

+ + + t t t + t 
0 0000000 
0 0000000 
0 0 0 0 0 0 0 0 

n = 24 replicates (sub-stations) 

,, . .,, . 
9i'1mh-:itl1n::m1~1J 1~u,~Lfl1{)-:l"'t"Jl~1J9i'1t1fh:itl1n1ii1~vi,~1t11am: (Niskin non-metallic 

convertible water sampler) ~f111JJ~fl 2 1::~11 fiv H1il1 m1::mifo..fu~u 9i'1mh,3il1~,~,i::1~111u 

'IJ1~llfl1hufo~~ij~1';;V'31'UL1J'U Teflon -n¾'m1tr,31;1JflHl 18 iv1';if1?1t11m'li'mi'u L~niif pH '\Jt1'3ll1~1 

• .c!t • QI ,, ,, Q i d QI ,d er,,,. ., 
fl11l1'it1ll'llfl'I..I 2 (pH ~ 2) "111JmllQ-:J'Vlnlff9lfl 2 'lfU un::m'l..li'UO-:Jll'lflf.l'U 'U6fl'1lfl'U ~l'llfll';i9l';i1,l'lvl 

" " " ,, 
f!Wfl1Vitl1'1iuw'Ujl'U ,~Ufl ~Wl1f.J" fl11lJl~lJ fl11lJL1Jum~-~H fl1llJ hH-:iuff-:i t1t1ncirnun::mutl1 

un::ffUfl'U'Yl1U~?l::fnml1iui1.J'\Jt1-:I Fluorescence intensity unit (DOC Fluorescence) 9lllJ1fi'lltN 

Hayase and Tsubota (1985) '\J{)-:Jll~?l::ffm'UH$i'1t1 

~U91::fl6'U l~'I..I i~t1,~lflj6-:Jl~'l..li1t1Ul-:J~.'U~i~11,Jn,:im,11nu'l..l1J'IJV-:J Petersen grab l1il-:i'1lfl 

:; 0 cl IIJ~ ,, 1 cl o i" ,, i" d o ,, ,, cl 
'U'UUllJllfl'l..l l 1 l'U9'1U'JfU'IJ-:J 1m::m l1Ul1-:J i~ti 'lHfl'rn-:J'YllUl1-:J~1tlfl1llJlllU (Freeze dryer) .. ,, . 

ffll11'1..lff911'Yl~m 1~mi1t1UH i~t1'\J6'lft1'1lfl'lfl'lli';i::1J-:ivivu'l..lll1W'UfllJt191ffll1mrn un::91fl ., . ,, ,, ' ,, 
1ilvim-:i l1 il-:J1llflUUtl 1i 1vu1-:im~,-:i~1t1tl l'Yl::m i ..r ff::6lvl '1 lll'U fl'll''Uvl i-:itlll1U mrn::/l11t11~fl11JJ 

,, . ,, 
I I "I ""i,, ""'\' i ,, ?I "I A o, o cl llJ "i ,, I cl o i ,, 

t111 1m1mmm::ff1u1Uffl'l 'll'm i.flfl 1m::11~ muu1um~u1nu mmm11 n u~u'!fu'IJ-:i 1m::m l1 

,,.,. ,,, .. O ,,,, cl 
lll1-:J l~U 'lflfl'rn-:J'Ylllll1-:i~1Ufl11JJIU'U 
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3. fll'i11fl"n~,-hnujtnfl.lthan (Mercury Analysis) 
., 

u1mwurnY1 hnhvi~mvi1m:nYt1~llcl~!9l~ u11i1tJd1.:i h1u1.frili BrCI oxidation 11t11n~1-1i~u 

, j} Q 0., 'JJ ii " ~ 
'lf!Vlfl'Ufl Cold Vapour Atomic Fluorescence Spectrometry (CVAFS) llcl~1~fl111J!'U1J'll'U~1U!fl'itl.:i 

Atomic Fluorescence Spectrophotometer Model Merlin (P.S. Analytical Ltd.) 
~ o GIJ/ I ~ 

~'U9l~fltl'UVllfll'ifffWlmUff1'U~HYlJ'Utl-l 9: 1 HNO/HCl 91llJ1li'lltl-l Randlesome and Aston 

(1980) 11m1~1-1i~u1.fr1V1fl'Ufl Cold Vapour Atomic Absorption Spectrometry (CV AAS) Ji'1u1~1J1J 

Flow Injection Mercury Hydried System (FI-MHS) Model FIAS 100 1i 0.2 % NaBH4 in 0.05 % 

NaOH 11'-u reducing agent llcl~ 3% (v/v) HCl 11'-u carrier solution llcl~1~fl1llJ!'li'mi'uJi'1mfl~tl.:i 

Atomic Absorption Spectrophotometer Model 411 0ZL (Perkin-Elmer, Connecticut, USA) 

o QI QI a' o o., " I ~ 
ffll1'j1Jff911Vl~m Vllfll':i fffl~~1Uff1'Uf\lff1J'Utl-lm~ HNO/H2SO /HCl 91llJ1li'lltJ.:i Louie (1983) 

..,. "i 1" I 4:1 QJ Q Ucl~1lml~l1 ~ti 'lf':i~1J1J Flow Injection Mercury Hydried System l'lf'Ul~U1fl1J~'U91~fltl'U 

QI I I Q QI I J) SI o .::::., t/QI I 

911tl Ul -Ill 91 cl~ 'lf'U ~~.:i flcl 11'\J H 91 'U VI 1fll':i1lfl11 ~l1911tl Ul-1 cl~ 

., 
2 <]j'l 

ii 
fl111J\j fl91 tJ .:i'UtJ-1 f\lcl fll'j 

1lfl':il~l1 ffll1l1Ji1tJd1.:itl1V1~lcl9111\lfftl1J i~um1mfi1 % recovery l1tl.:i\l1fl~l9i1Jffl'Icl~cllUlJl91'IJ1'U . ., 
,J .ct ii ii , QI I o I ,d, I •, I I 

'lltJ.:i 'ItlVIVIVl'Il1Jfl111Jl'll1J'll'Ucl-l 'U9'11tlU1-l'UlVl~m 'n1J11 % recovery 1JfllVQ mn.:i1~1-111.:i 88.44-. 
102.49 % (91111.:ili 2) 

' 
., .. 

% Recovery ,rn.:im111m1~1-1tl1mwtlrnnlu,hvi~m mnrn2 

Sample Hg Added (µg L. ) Hg Found (µg L. ) % Recovery 

A 0 0.0042 
A O.Ql 0.0130 88.44 

B 0 0.0042 
B 0.01 0.0135 93.64 

C 0 0.0026 
C 0.01 0.0114 88.44 

D 0 0.0083 
D 0.01 0.0182 98.85 

E 0 0.0026 
E 0.1 0.0999 97.28 

F 0 0.0068 
F 0.1 0.1046 97.80 

G 0 0.0078 
G 0.1 0.1056 97.80 

H 0 0.0036 
H 0.1 0.1061 102.49 
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t Cl.I I A Q.1./ Q.I'~ ,d_ sJ'J} 

ff1U9l10Ul.:l\91U9l:::flOUllcl:::ff9l1'Yl:::mvi11,1ff01Jfl\J\91lJ9l::;flOU'Yl:::m1Jl9l'l"jllJ'Yl'Yl'l"l\Jfl111Jl'\11J'\IU 

(Marine Sediment Reference Material: MESS-3) ur1:::1ifmgm..lmV1::::mmmJlU~'Yl'l"l1Jfl1llJl'li'1J'li'u 
,, 

(Dogfish muscle: DORM-2) 9lllJ'1l'f11J ,rn.:i National Research Council of Canada U0fl'11flt!9l11'1 

ff01Jfl1llJLUjuih'Uo.:ii:mnni1m1::::11 (precision) l\91UftllJ1tul11fll % RSD (Relative Standard 

Deviation) 'fl.:lllff\Pl.:!iuvi111.:i~ 3 1m:::: 4 9lllJ'1l'f11J 

..J ~ ,le,,. 

Vll'H3'YI 3 ~Mn11m1nt\91U9l::::fl0m'l::::mmvi111u (MESS-3) 

Heavy Metal 

Hg 

Certified Value 
(µg i 1 dry weight) 

0.091 ± 0.009 

Measured Value 
(µg g·1 dry weight) 

(n = 9) 

0.087 ± 0.008 

% Recovery 

81.32 - 109.89 

.J A "A a 
Vll'lH'YI 4 ~'1fl111lfl'l"l:::11llJfllUO'U'1l'Yl::::mmvi111u (DORM-2) 

Heavy Metal 

Hg 

Certified Value 
(µg g·1 dry weight) 

4.64±0.26 

Measured Value 
(µg g·1 dry weight) 

(n = 6) 

4.28± 0.19 

% Recovery 

85.28 - 97.76 

%RSD 

9.2 

%RSD 

4.4 

4. m1nmn1tl11utml.:Jfi'iWlflii,ia-urm.hanluAUV1:mau (F~~tionation of Mercury in Sediments) 

1tlu111Jl'll.:!1i'l"W mihm.:iff11tlnm lu~u91:::nmnhm1fin1:11 l \PIU i.frmfliit1 sequential extraction 

- ..,,. .I, ,,, ' -1 ,. 1 i .. ,,, .I," ' 
9lllJ11i'\IO.:i Tessier et al. (1979) 'lf.:J \91ll1H!1Jll1J1J'Yll.:Jlfl1J'\lfl.:J '111::: 'U\91'U91:::flfl'U 1 5111 ~um 

Fl exchangeable 

F2 bound to carbonates 

F3 bound to Fe and Mn oxides 

F4 bound to organic matter and sulfide 

F5 residual 

fll'jfffl'l:ll~ll'U'Ufll'j l,wu1i1mh.:i~'U9l::::flfl'U'\lfl.:JU9iri::::fffll'U~Yhili'u-n'.:iuii'1 lJTVilfll'jfffl\91 

oci1.:i9iot~fl.:J9111J'1l'f11J 9111J11i~i~otmuHiu Tessier et al (1979) i.:iuff,Mi'U91111.:J~ 5 'Yi1m1 

ffn,1i1mh.:ir1:::: 2 ci1 1rn::::11m1::::11mtl1111w1hfl'Ylimn1r1::::r11u l\Plul.f/111 BrCl oxidation 'li'fll.J'1~i$i' 

0 l" .,, .I "" .. .I l "" " Uflfl'1lfl'1::::'Yll 11m11Jt1.:J'l"1Jll1J1J'Yll.:J1i'jtulfllJ'IJfl.:Jffl'ju'jfl'V] 'U\91'U91::::flfl'Ull'11 U.:JffllJl'jt) iii'Ufll'j 
" 
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.,; 
Vll'll.:J'YI 5 fl1':ii:Yfl~l'H1pJ111J1J'Vll.:Jli'llJ'UV.:Jffl':i'U'Hl'l'lil-l~'U~!:fHll-l iY1t11l sequential extraction 

Fraction Extracted Component Extractant Process 

Fl Exchangeable 8 mL of 1 M MgCh, pH 7.0 Shake for 1 h 

F2 Bound to Carbonates 8 mL of 1 M NaOAc, Shake for 5 h 
(pH 5.0 with HOAc) 

F3 Bound to Fe-Mn Oxides 20 mL of 0.04 M 96 ± 3°C for 6 h, Occasional 
NH2OH. HCI in 25% (VN) shaking 
HOAc 

F4 Bound to Organic (a) 3 mL of0.02 M HNO3+ (a) Heat to 85±2°C for 2 h 
Matter and Sulfide 5 mL of 30% H2O2 with occasional shaking 

(pH 2.0 with HNO3) 
(b) 3 mL of30% H2O2 (b) Heat to 85±2°C for 3 h 

(pH 2.0 with HNO3) with intermittent shaking, 
then cool 

(c) 5 mL of3.2 M NH4OAc ( c) shake for 30 min 
in 20% (VIV) HNO3 
And dilute to 20 mL 

F5 Residual 9:1 HNO3 /HCI mixture 1 h digestion at 50 °C 

ffl'ttllJi'l'll:IJ~fllo.:i'UtNn sequential extraction m1\JtYV1J iY1t1'Ul~l-l~!:fl6l-l'Yl!:!t'l:IJ191':i!ll-l~ 

J/J/ o a., J/ GIG.I I 

'Yl':i11Ji'111:1Jl'U:IJ'Ul-l (Marine Sediment Reference Material; MESS-3) :1Jl'l'llfl1':ii:Yfl~'W':i6:1Jfl1J9116t.rn 

J/o ! ~ cvl J/J/ 
lll!1l-11Nm1JJ'UV.:J'l'l.:J 5 fraction lJ11llit.11Jll'ltllJfllJi'lli'111:IJ1'\llJ'Ul-l'U6.:J'lhm1 (certified value) 1u~u 

' 
"" i "' 91:; @u l'I:; mm m ! 1 u Nn m rnmn u tY~ .:i u 911 ':i 1.:i n 6 

. . 
"" . ~ "' " ,, mnrn 6 Sequential extraction 'UV.:Jf!U~!:fl6Ul'l!:!t'l:1Jl~':i!1l-ll'll'l':i11Ji'l11lJ1'\llJ'Ul-l (MESS-3) 

Fraction MESS-3 (µg g· dry weight) 
2 3 

Fl 0.0023 0.0007 nd 
F2 nd nd nd 
F3 0.0028 0.0037 0.0033 
F4 0.0076 0.0059 0.0029 
F5 0.1077 0.0916 0.1012 

Sum 0.120 0.102 0.107 

Certified value 0.091 0.091 0.091 

% Recovery 132.31 111.98 118.02 

-I C IV 

'HlJ1fll'H1l: nd = 0.0003 µg g dry weight ffl'Hrn F 1 11'1~ F2 

4 

nd 
nd 

0.0029 
0.0020 
0.1074 

0.112 

0.091 

123.41 

Mean±SD 

(n=4) 

0.111 ± 0.008 

0.091 

121.43 ± 8.63 
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. . 
v -~ ,J 'I "°' "" V '""' """"""' l4V 5. fll'H\'flvl't11u'nl1W 'lfl'YI l'Uvl'UVl:::flfl'UYlt'l'Ufl'Hll'IJlitl\'IJJ'tf1Vl lvl (Extraction of Bioavailable 

Form of Mercury in Sediments) 

_1 '1 _, '1 "" 0 
.. i '1~ u'.H)'YI 'U'.iu'IJfl.:J bioavailable form 'Wl'U11::fltl'U 'Yllfll'.ii'l'fl'lfl 1v1t1 'If selective dissolution .. 

. .J GJ a, I jJ -=:t.d • o ..::. o> 
technique CJl'.:J'ffflvl111tHJHv11tl 0.5 N HCl 111lJ11i'Ufl.:J Chester and Voutsmou (I 981) 'Yl1fll'.i1lfl'.i1::'H 

., 
i1mh.:i":: 2 i1 

~ d ~ ~ • • 
6. m111m1:::'Hf,!Wt'l'J.11JVl'llfl-lvl'UV1:::mrn (Sediment Characterization) 

11m1::11fJtu'ff1J,j'9i,iu.:i~1-111::mru111.:iih::mH1.:i11'ffv1.:i'11-111111.:i~ 7 9i1ofi1.:ift:: 2 J, t~o't.fr'tu 

fll'.i'Hlfl11lJfflJVi'U1if11JU1lJ1tuU'.ifl'Yl'.i1lJ~flYl'U~'U11::flfl'U iv1t1fll'.ii'll'U1tu'H1rilfflJ1h::iY'Yli 

'ff'HfflJVi'l-11illlJ1Jl'WU'Jff'U (Pearson correlation coefficient, r) ~1tl 11.hummh~,it,J SPSS 

Parameter 

pH 

Cation exchange capacity ( CEC) 

Organic matter 

Calcium carbonate 

Total Fe and Mn oxides 

Amorphous Fe and Mn oxides 

Particle size distribution 

Sediment texture 

Method of Analysis 

pH meter (1:2.5 sediment: water) 

Ammonium acetate saturation * 

Acid-dichromate oxidation 

Gravimetric method for loss of 
carbon dioxide 
Dithionite-citrate method 

Acid ammonium oxalate 

Hydrometer method 

Textural triangle 

Reference 

Nelson and Sommers (1982) 

Goh et al.(1993) 

Ross and Wang (1993) 

Ross and Wang (1993) 

Sheldrick and Wang (1993) 

Hillel (1998) 

* 11fln::1flflo fllf11'1flt1Jfi1·t101 fltu::1m1fl'ifTTiYfll JJ1111"V101timm1fl'.ifflfffll 
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7. 
44 

V ti ti' ti 1 ... fl1'1l1~i.ltl-:ll'Wtlflfllflfll'l~~"l1Ulli.l::::fll':i i.l~ i.ltltli.l'l':i ':itlfl ~tl~l-l~::::fltl'U (Adsorption and 

Desorption of Mercury by Sediments) 
t:!a QI a' A ~ .c::i. QI 

f11':i'YlvtcH>-:J'UlJ1~otl1::::ff-:ituvrnfl'n'l:l1m11JffllJ1':ifl'lltN~'U~::::mru1um1~v1'lfu11a::::m1tlav1 . .. 

iJ cit1uff11tlrnV1 ua:::ttn1:116V1t'Wct'llt1-:im1JJ1fi 1J111utrnu '1 Htuuuu ~jj'fium::::'1..11-u rn':ilT-:iffu-:i ':i1lJ 
,, ' ,, 

l1-:Ji'l1llJfflJ~'U1ifl'l..ltJW fflJU9l'lltl-:J~'U~:::: f)tl'U ~atJ~'ilU na i n'ii1-:ia,Yi1nv1;iu i U':i::::'1..1'1..1 

' 
7 .1 fll':ifl~Dtl-:llfl£J1flUfll':i~~CUU .. 

JI d dd QI 

vi1rnrn~au-:in'l..l~U~::::frnuV1::::rn'l..l1muiil'l1Jti~m11m11JlJ1'1..l~lll~l1-:i 8 ffmumm::::nm'l..1~1 

' , !J) i" .c:ir, .d.c1 • i"QI ' .c::i. mmm uq~mt-:i fll':i'Ylvtau-:i 'lH'Yli'IUl'IVIIWtnl batch equilibration technique 'lftl~':ilff1U~u~:::nuu 

'iiumrn:::mu I : 10 1v1uiim1a:::mu 0.01 M Ca(N03) 2 1ilu background electrolyte "¥T-:iif1~t:ia~rn':i 
' ' ... 4 i" ~ QI ci, A i ... 4 

lflvt non-specific adsorption ua:::l'Wtl 11111:IJtJUf)'I..Jfffll'W'ilH'lltl-:lffl':ia::::aiu~u U1i':i':ilJ'lfl~ 1uu-:imn 

lli'lcll~UlJ 1tlUUtltlU'I..J1f)~'W'l..li~i1'1iJ11a::::jjt1filJ1niu~u (Bohn et al., 1985) ff1UiUl~lVl666UffllJ1':ifli'I..I .. 

"' _, 4 "' -• "' v 111 V V "' 111 '"' n'l..lurn'Yl!tltllfl~ffl'l'u'l'::::nurn'lf-:i'lft:iU (complex formation) 1~uuumn1116U'Yl'l..l 1lJlJlcW (Newton et 

O d Q QI ..:!f. 

al., 1976; Sarkar et al., 1999) mmrn~at1-:i'Yli'l11JJlfllJ 4 1::::vt'I..I flt! 0 15 30 ua::: 45 psu (practical 

salinity unit) 1~ui4f1'1fl~UlJflclt!h~ (NaCl) 19llJct-:iiuff1rn:::aiu background electrolyte iifl~fl11:IJ 

d ' !JJ 1 i!JJ lfllJ~HC)~llJ~tl-:Jfll':i ua::::~':i1'ilfftl'I..I vtU 'If hand refractometer 

fll'l''Yl~au-:iiuu~ct::::fl11lJlfllJvi1iu11aav1 polypropylene centrifuge tube (Nalgene) 'llUl~ 50 

A A.C. .c6 o J} , .C:. d JI J/ 'I IA a., QI 

1Jc1aa~1'll'-:in1m11Jm:a1~~1umv1 u~rn11umuuuc11 1ff~u~::::naum.rn 2.00 nm 1m::::mrn::::mu 

<C1i .c::i.A .d.c1 JI fJ) I a., 1 4 1 jJ 

background electrolyte 20 lJctaamV1lJff1111'l't1Vlfl11JJl'lllJ'llU~H C) nu ~U'Yl~fl6.:tlfl6n'lf1.:tfl11lJl'lllJ 

,i'u~111lJ1:::fflJffl111'1..l~U~::::nuuu'fic1::::'lfii~fit1u "¥T.:iif m1c1::::c11utl16'Yll~;tllJlJ1'illn Hg(NO3)r~O . . ,, ' 
... ,,,, ,,,,d ,, -4o .q ,,,, a OOI I a 

llJ6 vt'lf1.:tfl11lJl'lllJ'IIU'Yll11lJ1:::ffJJllf11 'il.:t'Yl1f11':i'Yl~fltl.:t'ilHfl11JJl'lllJ'IIUfl::: 2 '11'1 llcl:::U1~1tltJH'YI 

""' d !JJ ' ,A , v_ I •, i 1 i • i ,A l~'l'tJJJLtr'l''ilUct1lJ1L'llU1l'W6 11u'l'6'YltJQ umn1:::ffJJijfl umrn:::c110 (equilibrate) ~tJ u,N u1ma.:i 

l'\101 (shaker) ~fl11JJL~1 100 16'1..l'fi6Uln fl1'1..ltJJJ~W111JlJ~ 27 ± l 6.:tflll'll'fll~Uff 11'.hmctl 24 i1 

1 ~ ,, , .d .:, '1" .: ,, A QI QI .d,, 
lJ.:t fll'l'lfl6f)i'lf11flliUfll':il'llUl'YI 24 'lf11JJ.:t vtlJl'illf)fll':i'Yl~fl6-31'1..ltl.:t~Ul'W6111'l'::::tJ:::l'lcllffJJ~ff'Yll'll1 

, " "' .!, • I d "' 'i 'i na1~ffJJijfl'llt1.:tfll'l'~vt'll''I..I (equilibrium time) '11'-:iurn'Yl'Yll11fl66ij umrn:::mua~ umn1:::ffJJijfl 
I t JI JI I 

1116 iU1.JllJ1Wnfl-:ln 11~.:t'illf)fl f)~~'lf'l..ll,i'l i 1.JiU~U~::::nt:iU vi.:tu1 ~ tJfll'l' l~JJffl':i1.J'l'6'Ylni'l11JJl'UJJ'UU "' .. 

2.0 i1c1nni'JJ'ii6n~1 c1.:ilu~u~:::numm::::tl1'1iJ1'\IUl~':i::::U:::11m'iiHa, fl6 l, 2, 4, 8, 12 1m::: 24 i11JJ.:t 

11~1~n'il1~tl1mw1.haV1~111~uuuium1c1:::c110 'il1n~ctn11V1~c1u.:ivt'l..l111::o:::11c11~111m:::uJJ fie ~ .. . 

24 ci11JJ.:t 

1flt11'1':i'l..lfi111U~mn1utn'l'l'\1Uli1t1UH (24 ci11:IJ-:J) vilfll'l'UtJnffl'l'fl::::clltJff1Uifflm::::~'U 

~::nuuat1n'il1nnu 1~uii1i'l~t1.:i~u111iu.:i (centrifuge, Tomy Seiko Model CD-100-R, Rotorno. RT-

7-A) ~1'111111~1 3,500 rpm 1ilu11m 15 mli tl1mrn:::mu~i~ma.:i~1om:::~11:1ma.:i Whatman 

No. 2 11~1'UllJ11lfl':il:::l1'111tlllJlWUHl'Vl 1~ui'M1:::'l..l'I..I Flow Injection Mercury Hydried System 
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(FI-MHS) 1~fl111Jl'li'1J'li'lJ~1tllfljfN Atomic Absorption Spectrophotometer Model 41 IOZL (Perkin­

Elmer, Connecticut, USA) 1m:::i'l1i1t1u1-:iti1u11rl-:i1,uii pH H~1u ti1u1wmti11l1mw1.ht1'Yl~\Jf1 

~~ciru 1~u~u\Jl:::nt11-Jil1mm~H:i:::l111-:i'l.J~mw'l.J1t1V11~1J,i'u~1~mHi'l.Juc1:::,J1mw,J1t1V1~mifot1u1u .. .. . ,, . 
m1c1:::mmi'.it1ff'Uty~mrn~c1t1-:i (equilibrating concentration) t11,i'mJc1'fii~1Jlfffrnu°unnv.J1~u1im.1u 

~1M-:im1~~ciu1unl'l.lt1-:Jff1Jm1 Freundlich isotherm 1vlt1liuirnum:::u1um1~~ciru i-:i1m~-:i1u .. .. .. 

ff1Jf11'Jvi (l) 

x/m KC11
" (I) 

ff1Jf11Ji-:inrl11ff11J1!tll'l.J~ U'U 1 tt'tiu1 'U 1'1.J'l.Jtl-:JfflJf)lJ lff'U91!-:J i $Ji-:iuff~-:J l 'U fflJf)l!~ (2) 
"' .. 

.,j 
llJtl 

log x/m log K + 1/n log C (2) 

x/m 

C 

11! lJlW '1.Jrn'Yl~\Jf1,J~cim'li'1 i 1llu~u91:::nt1'U (iu 1 flrnf mit1ni' 1J) 

" " • I .d "' •, f11llJl'l.llJ'l.l'U'l.Jtl-:J11!tl'Yl'Ylll1'1UtlU 'Uffl!cl:::cl1U fl! fffll1:::fflJ~'1 
"' . 

(i1J 1flrnf1J~t1ii911) 

K 1m::: 1/n 1iluti1 Freundlich constants 1~u K 1iluti1 intercept 'I.IU-:Jff1Jm1li 

11 ff ~-:iti lfl111J~l17 ti fl 111JffllJ11 o lu m1 ~~C)f'I.J'l.ltl-:J~'U 91:: fltllJ (adsorption 

capacity l11tl degree of affinity of the solid phase/ degree or strength of 

' ~ ' 1" ' ., d adsorption) ff1'U 1/n l1J'Ufl1 adsorption isotherm slope 'll'Uff~Hfll tl91111'.i1 

'l.ltl-:Jf111,Jflci7'1.J (rate of adsorption l11U intensity of adsorption) 

'Ylfl fftl'I.Jfl 111Jll11Jl:: fflJ'l.ltl-:J fflJ f111 Freundlich isotherm ~ i $J1 ,iu'Vi ill !fl! 1 ill fl ft 1 ffl1 tYlJ'N'U 1i 
(R

2
) 1m:::V1flfftl'I.Ji1UfflflW'Yll-:JffO~'l.ltl-:Jft1 R

2 
~1U fll'U1tul11ft1 K 1m:: 1/n 'l.lfl-:Jf11rnf1CJ71J (K c1s lm:: 

u "' a 

Iln.ds) 1~u1~ regression analysis ll'l.J'l.J power model ~1U l'l.J1um1J SPSS 1m::: EXCEL 

7.2 m1'Yl(jltlt1-:i1~rnnmnn.hw11.Jrlaa 

vi1f1l!'Ylfl'1U-:Jfff11-Jlf)1J'l.Jcl~,Jrlaum1,J1a'Ylt1flf)iJlf)~'U91:::f1U'U~fllilfl-:iillf1f)l!'Ylflclfl-:Jf)l'j,JflC)f'I.J 

l,im~1Jmrn:::mu background electrolyte ~,lmmnJrnV1c1-:ii1ll'U~'U91:::mrn mhu,hh'l.JU11'U 

1flia-:i1'l.lu11i'lu11m 24 i'11m ,i11iiumrn,ic1a-:imul~mn1:::tlurn~u1tium1nm,nm1~,iciu 1,iu 

l~tlnvi1mrn~c1tl-:J~f11llJl'li'1J'li'lJ 2 niuc31-:iu91f1~1-:Jfl'U fff)'j,Jlf)n1lc1,11lrltlUn'l!UJ'en,uelf1illf1~'U 

, , Q,I !JJ v .d a ~ 
91:::@'U 'Ull91'1:::1:::fl'I.Jf1111Jt'l.11J'l.l'U'.i11J 7 !fl'l.J (7 desorption cycles) m1:::'Ylfl'1tl-:J'Ylfl1llJ!fllJ 4 1:::,11.J 
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~ j/ o V dll( 31 Q,' 

tltlfHllfWl'U,t~fH)'Ullrl1 'Ul'UtllJrl'Yl lvi1Jl'Ylvifftl'Ufl1llJ!lt1Jl~fflJfl'I.JfflJfll'.i Freundlich isotherm 11'1~ 

fll'U1W'l11ftl K llrl~ 1/n 'IJtJ,rn1nlr1vitlcim1 (Kdcs 11'1~ 1/ndes) l~tll'lnurnlifl'I.Jtl'I.Jfll~l~'illflfl'j~'IJ1'U 

fll'rnvicfo 
" 

ii ii .tliJil., 1 d 
'IJ1-:i,iu n-iu 1viv1-:i11ffv1-:i unwm 4 

Adsorption Experiment 

Batch Equilibration Technique 

Equilibrating Dry Sediments 
Containing Hg 0.1- 4.0 mg L-1 

l Sediment : Solution Ratio = 1: 10 
Background Electrolyte: 0.01 M Ca(NO3) 2 

Shaking 24 h, 27 ° C, 100 rpm 

Reach Equilibrium 
Desorption Experiment 

Centrifuge 

3500 rpm 15 min, 
and filter 

Supernatant 

l Measure pH 

Hg Analysis (FI-MHS) ◄ 

7 Desorption Cycles 

Sediments I 
Add 0.ot M Ca(NO3)2 

with No Hg 

Equilibrating 24 h 

Centrifuge 

Supernatant 
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1. t11':ifl'J::illt.l'UtHll'l':i'U'Hll11UJ1 
,, . 

f-HH11'J fffl'!:I 11.Ji lJlf.U 1.h ti Vl'J 1lJ 1 lJ'U 11.ti l1f.U'lflfJ~-:JVl::lll'Ufl lJtl~ ffll1 fl'J 'J lJlJ11J~lW~ W1J11fl 11 lJ . . 
' " " " ,,i' m!u vitbtl 111rt::111 Ut1'W'U~U'Ut1-:tl1-:tfft1-:tq~iifi1 i,ju~ n~1-:iti1..rnrh-:iih!rJ-a1tiqJV11-:tffo; (p > 0.05) 

I j/ JI t 

(mwl'i 5) 11ff~-111tl1n::miim1r--1fflJf-lffl'Utiut1uN~~flt1~fl1llJiini-:ifft1-:tq~ 1~afi1m~t1'1Jt1-:itJrnn 
. " " 

'j11Ji'iihtl11m::111ut1'WU~U'Utl-:tffmil~1-:t"'} 1uq~m\'-:iiifi1n1111-:i 2.42 - 5.67 ng C1 
llrt::q~f-luiifi1 

1::1111-1 1.52 -11. 77 ng C
1 

(~l'Jl-3~ 8) ~-lfll~~n'ilwrni-:inri11~lf1111Jl~'JJ1UtJf.Uil1Wtl1Vl::m'lfW~-l 
,, 

'Ut1-:ihm11mml'i1 (fi1m~'ji1um1tl1t1n1utl1n::m'lltMh1mil'H'U~ H1,fiifi1i,j1riu 0.1 µg C1 
111t1 

100 ng C
1 

) fl11m'li'1J,i'u'Ut1.:imnht1n1uq~f-luiiuu11u'JJtJ"-:tf1111uq~m\'-:iu~wmria-:irn-:imni11l'i1 

du 1~amm::m11il~ 6 1m:: 7 (mw~ 5) ~-11fhJiYmil~t1dinrt~.:i1m::t1d1u11i11w9!uunm-:i'llt1.:i 
" " ,, . 

'UflJJtl~ ffl'H m 'J wt i-:iil t11'il1flu i t1i~11tl 1f-lu i~li~mm1tJrnn'illfl1J'U~-:tt1t1 min::m . ~ 

" . .. 
vnnrn 8 ui lJlf.U U'Jtl'Yl'J 1lJ 1utl1111 l1f.U'lflfJ~-:JVl::miifl lJ~~ ffl'H mrnm1J~l'tl~ i-1111~ 'j ::ae-:i 

,, . 
1uq~mi'.:i (31 ii'UlfllJ 2546) 1m::q~N'U (2 ~mflJJ 2546) 11JJi-:ifi1m~a~rtt1~il 

(ml1mflu ng L·
1
) 

Station Dry Season (March 2003) 

2 

3 

4 

5 

6 

7 

8 

Surface Bottom Mean± SE 
(n = 6) (n = 6) (n = 12) 

2.50 2.33 2.42 ± 0.75 

3.83 

5.67 

4.33 

5.33 

5.67 

4.17 

4.00 

4.00 3.92 ± 1.14 

3.67 4.67 ± 1.12 

5.33 4.83 ± 1.29 

6.00 5.67 ± 1.51 

1.83 3.75 ± 1.65 

2.67 3.42 ± 0.74 

4.33 4.17 ± 0.68 

Wet Season (October 2003) 
Surface Bottom Mean ± SE 
(n = 6) (n = 6) (n = 12) 

3.30 2.82 3.06 ± 0.70 

2.07 

1.13 

4.00 

9.15 

12.90 

10.00 

3.15 

2.25 2.16±0.38 

1.90 1.52 ± 0.35 

4. 78 4.39 ± 0.55 

5.93 7.54 ± 0.83 

10.63 11.77 ± 0.75 

7 .30 8.65 ± 1.07 

1.23 2.19 ± 0.67 

'111JllJl'l1FJ : Method Detection Limit (MDL) = 1 ng L°1 

Year 
Average 

2.74 

3.04 

3.10 

4.61 

6.61 

7.76 

6.04 

3.18 
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35 ~---------------------------~ 

30 

25 

~Dry season 

j-Wet season 
1, --- Average 

.....l 20 
00 
s 
00 

::c 

-1~-I _ww_2 _ww_3_ww_4_ww_5_ww-➔6 -I~'-----~­
flllflm:1mnl1/ 

2 3 . I , 6 7 , ·I )I,< 

im,~~ 
1flAit, 

Station 

. ,, 
y y ,. .I i • ., ., i J' 

l m:: tn l JJ l 'll JJ'll 'U nHW'll fl~ u 'j ij 'Yl:i 1 lJ 'U 'Ul 'YI:: m 1J 'H 1 W 'U fl lJ Q 91 ff l 11 m rn 1Jl 1J91 l'Vjfl 'U q~mM Im:: 

q~~u 1m::ti1m~t19l't'le11il 

,, ,, . 
d111111r111JJ1-u'JJ-u'u'lle~tJ1en11JJiu111nwt1't'le~1::mml1vi~1111ih::111t1't'l~~V1::m -w1111 iu 

" "" ' -1 i .I ,. • -1 d .J " y .., 
t)~U't'l~lJtll 2.22 - 7 .00 ng L 1m:: 'Ut}~fi'UlJtll 6.14 - 31.53 ng L ('r111H'YI 9) 'lf'3tl111Jl'UJJ'll'Ufl~ . ,, ,, . ' ' .. i O "' i .I ' " " d .... • I nm1tJ ~mrnm111-wu uu1n::mn~n-e~q~1m:: u t}~fi'W'Y'l1JtJ ~m1q~u't'l.:i111t1 1fl'Yl'Y'11Hl ~fie ulfl 

,, ct d ~ : ~ I : 

fl't'lfl~1Jl'U91 lfl1'U { fffll'U WW6) CJf ~llJ'U tl't'lfl~':i::1Jltl'Ul'Yl~1llflU11 't'l~'J1lJ'lt'U1Jl1J9ll'Vj\PI tm::fl't'lfl~'Ull;! 
,, ,, ,, ,, 

1e~'t'l~mtie fl't'lfl~1::muti1vi~'lle~m1iit1JJ~9lffl11mrnu't'l::ti1111m1'31::mrnh~u (ffmil WW5) 
I 'JI ,, '1 I fl 'JI 

(fll'Y'ln 6) ~'3'U'Ut11':itJu1tle'U'\JtJ,un11.Jrn'Yli'Util'Yl::m i..:nl11m11nn11mrnuui-l:i fit) ti1vi-:i111nu11~-:i 
l JI JI I 

'!IlJ'lf'UU't'l::~91ffl11fll1JJ 601'3, ':i ~9lllJ fl11JJ!-u'JJ-u''U'U6'3tJrn'Yln91111l'Y'l1J iu fl't'lfl'31::1J1t1ti1vi~ff ,:i,i1 
,, ,, ~ 

n11ti11n911 Jl'W f>lWfl rnti1vi -:i111n 1 ':i '3~1u Q91ff111mrn11't'l::i1r1JJ"Q9lffl11m11Jcit~ii111u1P1Hiiriiti11ii 

1nu 5 µg C' (111mvi1tiu 5,000 ng C1
) (fl':iJJf111Jf>llJJJ't'lvi1'l, 2543) 1m::'111n11ti11J191':ijl'Wffl':itJ1en 

,, 
iutil'Yl::m'Ue-:i 1 'Ylt1;1t1 



,,; <> f ,l .,j I fa p 
vnnn1 9 1hmonJ'.iO'Yl'.i11J1mrno-!l'.i~1J1tJ1.J1m/~~·m~rntJM~'Yl~m Ul'l~fJWfll'Y'ltJ1ouci iuq~m,.:i (12 'Y'l(]'!:lfllfl1J 2546) ui=,~ 

Station 

WWI 

WW2 

WW3 

WW4 

WW5 

WW6 

(]~~1-J (30 f1UtJ1tJU 2546) 

Location 

• • 
flfl'eN1J1~lU\il tl1nn1nufl1J~9ln'll1 

fl'i'i1Jfnll\il~llfl::Ufl1J~9ln'll1f11'1J 

91::'l'U Vflflll fl::'J11l'lf'U1Jl1J'lf:: {)\ii 

J,ff~111n1::uuil11iYv-d1untrn'lln~ 

iifl1J~9ln'll1f11l1J1Jl1J9lll'j\il 1AV9lH 

111JnuJ1111m1~1::111vJ1FJu 

J,ff ~111m::uutl11iYv-d1unn1~'Un~,1fl1J 

~9ln'll1f1111J1Jl1J9lll'j\il 1\i!V9l1~ (1~1Jlllfl 

i.lti1vnnrinun~~rn,::mv,l1Flu) 

J,ri'~111m::uuu1u\iltl11ilv111nn~1J 

11~~1uouu 1o 1;,1 ~~1ilu hmu~v 

,m::n:: 1rn,~n 111Jnutl1111m1~ . 
1::111vil1flu (tttl'1ul1'in n11101::oo~ 

~lfl\il Rayong Bulk Terminal Co, LTD.) . . 
fl fl n~ 1:: 111vtl ,ii~ 'II n ~ m1 ,1 fl 1J ~91 n'1'r1 

m11J 1m::tl1111m1~1::111v,l1flu 

"U1flmlV~9llf11'U ll1fi~lllfllltta~'J11l . 
'lf'U1J11J9l1l'j'1 flfl()~Ul'lj 

~ 
• : ± fl111JtHll\illflflD'U1J19l1!l'U (n = 9) 

Salinity 
(psu) 

IO 

8 

4 

3 

20 

4 

Dry Season (May 2003) Wet Season (October 2003) 

pH DOC Fluorescence (Unit) 
Humic Acid Fulvic Acid 

Total Hg* 

~ 
Salinity 

~ 
pH DOC Fluorescence (Unit) 

Humic Acid Fulvic Acid 

7.9 2.27 189.08 2.22± 0.06 5 7.7 3.50 204.96 

7.0 3.46 198.03 5.44± 0.83 3 6.7 1.28 128.92 

6.8 2.08 689.80 6.67± 0.22 2 6.9 2.17 882.53 

7.1 3.86 218.86 7.00± 0.38 7.5 2.53 150.01 

7.7 1.85 143.34 5.56± 0.06 7.4 7.00 167.35 

7.9 5.33 344.82 3.44± 0.17 7.1 l l.96 151.38 

Total Hg* 
(ng L"1) 

6.94± 0.17 

6.14± 0.52 

13.72± 0.38 

8.40± 0.58 

22.39± 0.43 

31.53± 0.77 

N 
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,r fl:1Jcl 'Yl1 ~ nw mV1uc1::1fl U'\l tJ ,nf 1V1 ::mi 1 ~ttl'Y 1 i ,Ji 1-1 u 1 mu '!l'ltl~~ii fl l.lf.Jlvl tnl1 nn· l.l m Ulvll'Vj~ 

iuq~11a~11c1::q~~U mrn~1Ulvll11~~ 10 1rn:: 11 V1U1liljijfl1ll.Jlllvlf1~l~f1Uim::~Ufl1llJilf1 Ucl:: 
,, ,, 

rJW.nwnl1i~fft1~q~~iii11(,lt1~1~nu1J1ntl't1¢11t1 

' " ' . 
Vll'H3'n 10 -u't1lJclVll~f1ltlfllV1Ucl::lfljj'\lfl~'Ull'l::lcl fatt'l11 ii.JU111W'll'ltl°i1~ 'Ufll.Jtl9,ffll1f111lJlJ1UlvlWI~ " . . 

\1~1-11m::t1tl~ iuq~ua~ (31 UUlfllJ 2546) 

Station Depth Transparency Temp. Salinity pH DO DOC Fluorescence (Unit) 

(m) (m) (o C) (esu) (mg L·1
) HumicAcid Fulvic Acid 

4 2.1 Surface 31.5 31 8.2 8.3 0.34 9.28 
Bottom 31 31 8.2 7.5 0.36 9.80 
Average 31.3 31 8.2 7.9 0.35 9.54 

2 4 1.5 Surface 32 30 8.2 8.3 0.25 7.45 
Bottom 31 30 8.2 7.8 0.31 8.52 
Average 31.5 30 8.2 8.1 0.28 7.98 

3 11.9 2.4 Surface 31 30 8.3 8.6 0.29 7.34 
Bottom 30 30 8.2 7.2 0.26 8.08 
Average 30.5 30 8.2 7.9 0.28 7.71 

4 3.9 1.4 Surface 31 30 8.2 9.5 0.36 10.50 
Bottom 31 31 8.2 9.0 0.33 9.75 
Average 31 30.5 8.2 9.3 0.34 10.13 

5 16 11 Surface 30 30 8.1 8.4 0.22 6.19 
Bottom 29 31 8.2 8.0 0.25 6.61 

Average 29.5 30.5 8.1 8.2 0.23 6.40 

6 14.5 7 Surface 31 30 8.2 8.2 0.27 6.77 
Bottom 30 31 8.2 8.0 0.24 6.17 
Average 30.5 30.5 8.2 8.1 0.26 6.47 

7 12 1.5 Surface 31 30 8.2 9.0 0.40 15.20 
Bottom 30 32 8.2 7.5 0.23 6.46 
Average 30.5 31 8.2 8.3 0.31 10.83 

8 11 2.1 Surface 31 30 8.2 8.4 0.32 8.71 
Bottom 30 31 8.2 8.0 0.32 9.44 
Average 30.5 30.5 8.2 8.2 0.32 9.08 



rn\!nmitt)-l~ )J'\1liVltnn1liJ1Vl"a 
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'1.llt't\Jft'IJ tJ.l"tl~ ,l.'l1lll.J120131 

VITlH~ 11 'Ii' o:y c'll'l1-:ifllt1.fll'Wllf'l::lflii'\lo,nl1vi::m favi11uu111W'lfltl~-:i ,1 fl1J~9lffl11fl'.i'rnlJl'I.J9ll~~ 

U-:iM1m::t10-:i 1uq~~'U (2 "Jf'llfllJ 2546) 

Station Depth Transparency Temp. Salinity pH DO DOC Fluorescence (Unit) 

(m) (m) co C) (esu) (mg L"1) Humic Acid Fulvic Acid 

4.3 2.1 Surface 31.2 27 8.2 8.0 0.22 8.77 
Bottom 30.8 28 8.2 6.5 0.20 7.62 
Average 31.0 27.5 8.2 7.2 0.21 8.20 

2 4.7 3.2 Surface 32.6 27 8.2 6.4 0.18 6.86 
Bottom 30.2 28 8.2 6.3 0.20 8.36 
Average 31.4 27.5 8.2 6.4 0.19 7.61 

3 10.6 2.4 Surface 31.3 28 8.4 9.6 0.22 8.37 
Bottom 30.3 29.3 8.2 6.0 0.19 7.58 
Average 30.8 28.7 8.3 7.8 0.20 7.98 

4 4.5 0.8 Surface 31.2 26 8.3 8.6 0.36 13.62 
Bottom 30.7 27 8.3 7.9 0.25 9.34 
Average 31.0 26.5 8.3 8.2 0.30 11.48 

5 8.2 5 Surface 29.9 27 8.3 6.5 0.22 8.71 
Bottom 29.6 28 8.1 6.1 0.16 8.63 
Average 29.8 27.5 8.2 6.3 0.19 8.67 

6 14.5 6.2 Surface 30.3 25 8.2 6.8 0.20 8.07 
Bottom 29.6 24 8.2 6.4 0.16 5.95 
Aver~e 30.0 24.5 8.2 6.6 0.18 7.01 

7 9.5 3.4 Surface 30.0 28 8.3 6.9 0.22 8.13 
Bottom 29.6 29 8.1 6.5 0.16 6.20 
Average 29.8 28.5 8.2 6.7 0.19 7.17 

8 11.2 4.5 Surface 30.3 27 8.3 6.4 0.19 7.44 
Bottom 29.9 30 8.2 6.0 0.17 6.42 
Average 30.1 28.5 8.2 6.2 0.18 6.93 

'II II ti ' JI 

iJ1111wiJrnV1111111.nl111::nma::11.nhii-:iviflat1-:i1::mml1 
Id o,a,,/ I 

'W'I.J111Jfl111Jt1'1J'W'Uti'Yll-:i1J10flfl'U 

,, °' d , .ci. 4 ;d : di' , ,, • QI • , !"I . I 
,.rn11-:in1J Humic acid l'lflQt1'11fl'Ul'IWVlc'l::mvm 'Jf-:i ~Vllfl111~fll 1 l'Ulu'\lfl-:i DOC Fluorescence 

1 I JI ,, I t/ I 

( fl rnvi 7) 1 ~um m::w11 fl 1111.i11i u 11vici~1\l'U mnnutl 1vi-:i vi fl mN1 ::mml 1111 fl~ ~vi 1 ::mua-:i ~Vl::rn 

iu £1~ Nu ,i 1 nfl 111JtYJJ~'W 1i-:imh·:11urn-:dnl1~jj Humic acid iuffU6'WV1l v°n-:i,i::wuiJ1mw uni vi ., .. " 
'J) ~ i Jc: . , : ~ d ~ .::t cid : i . . 

111111-:i91111~1u ua::,i1nmnrn111flH'WOl'f1J11 mnvi-:imnn1uvi1t1V1mmiuu1m Hum1c acid 1m:: 
., 

Fulvic acid 11-:iw.hiutl1vi::mmn~1u 
• I JI JI 

?I _._ I ., "' ,, "" "' _. ., , • "" 
Humic acid 1m:: Fulvic acid llJ'Ut1-:iflu1::nt1'1.Jl1c'IOVlflQ 'Wt1'11tl'U'Yllt.lVl-:i 'U'U111'1::~U9l::Ofl'U 

1m::i1m11Jt1'11J1Hl 1 'W 011 \l1Jfl1JtY1ltlrnV1 ,~~il ~um vn:: iu t'l'UU'Ul'l16~jj S-containing functional 

groups mn (Wallschliiger et al., 1998b) 01111i"W1Jfl111Jff1Ji'U1i1::11'h-:im1tl1m1nu Fulvic acid iu 
flllfffllllflf .:iil 01\l!i'1t1-:i1J1\lln hwi11,J Humic acid iitNt1tl1::nou,io-:i fl11J::O'U (S) 1m::1u 19111'11.J 

(N) mnn11 Fulvic acid (Nissenbaum and Kaplan, 1972) i-:iv'h1if Humic acid i11JV1'1.J1VlfflfitJji'Uflll 

u~,nn 
n; /tt)) 

~- lp 
249052 
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,, 
~ ~ _, , "'°" I 

'il'I.Jfl'I.Jff11IJ1tl'Vl 1Wlfl11 Fulvic acid .c::tG.t ' " 'JI ... I .c::t T" 
'U tlfl'ill fl'UU-:J'W'IJ11fl11lJl'\llJ'\l'U'\l'tl,11:Y11 lJ rn'Vl lJ!l'U1 l 'U mw1ci-:i 

A a :<QJ d .J ~ .a ":a a1.c::1 

llJtlfl11lJlfllJ'll'tl-:J'U11'WlJ'll'U (fl Wl'Vl 7) 9>'-:J!l ff~-:J(l-:Jfl11 \! fll'il 'tl'ill-:J~ 1U'U11fl lJ !lcl~ ff11 U ';itl'VlU-:JlJ!l'U 1 

i 1foci~ci-:i1rlvf111lJ1iJ'U m~-~h-:i'llt1-:itl11-.4 lJ;f 'Uv n~1u (m'W~ 7) mrn ~t.i 1 'il~1~u1,r'fl-:Jfl'I.Jm ~'IJ1'U . 
I f I 'JI 

fll';j Hydrolysis '\J't),:jffl';iU';i'tl'Vl l'U'tl-:J'il1fllU'tlfl11lJliJ'Unrn-1h-:irwlJ;i'U11cl~lJ1flfl11 6 ffl';iU';i'tl'Vl'il~'tlU 
" 

, - I .J "' I , , ~ " ,... 11) ""' 'UiIJ'lltN Hg(OH)2 (Hahne and Kroonte, 1973a) 9l'-:JlJfl11lJ1tl-:J 1 'Ufl11~~"1$'1Jl'\11~~'U~~fltl'U 1~~ 
I 'JI I f 'JI 

(Yin et al., 1996) i-:ivi11iru1mtuU';i'tl'Vl'Yirn ~'tl'fly1'Ui.l7cl~cl-:J!lfom1miJ'U m~-~1.:Jl'WlJ;j'U 
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40 

r=0.772; p<0.001 
n = 44 

30 
♦ 

---:...i 
Oil ♦ .s 20 Oil 
:r: 
i ♦ 
~ 

► 10 ◄ 
► ♦ 

~ ·~ ~ <> ► ◊ 

(a) 

I 
<> Dry season I 
♦ Wet season 

0 

0 5 10 15 

Humic Acid (Fluorescence Unit) 

40 

r= -0.547; p < 0.001 
n=44 

30 I-'. 

---:...i 
"° I-'. .s 20 "° :r: (b) 
! A A ~ 

IO 

IA Ital ti. 
A Ji,. 

ti. 0 I ti. Dry season I 
ti. ti. .A Wet season 

0 . . 
0 IO 20 30 40 

Salinity (psu) 

40 

r = - 0.483; p < 0.01 
n=44 

30 • 
---"'...i 
00 • .s 20 • "° (c) :r: 
!! • ~ • 

10 •• 
eo0 o .8 ~- I

O Dry season I 
8 eWetseason 

0 
6.5 7 1.5 8 8.5 9 

pH . ,, ' ,, 
fll'Wn 7 fl111Jff1JiU1i'I::111Hffl'ith6Ylhnhti1.J (a) ffl'I6'UYllVlin::trnnhlupJ'l.l6.:J Humic acid 

(b) m11J1~1J um: (c) m11J1r!unnMh.:i 
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2. fll':ifl':i~illtl'lltl.:Jtn':it.han1u~UA~flt>Ullil~fl1lllffl.lTIU~fl1JtlOUYl.11ffl~UA~fltll-! 
q 

fll'iflm:ntJ11rn.utJrnvrn:u1u~u11::flti'U1uq~11ti'.:i l"11J11iiti1f:lQ'i::1111.:i o.006-0.130 µg g·1 

" ,, . 
l1111irfl11M.:i 1m::q~r-Juiiri1'i::1111.:i <0.0023 - 0.224 µg g·

1 
l1111irn11M.:i (111'i1.:ivi 12) il11J1tuil'ifll'l . . ,, 

'i 1:u iu ~ u 11::miu vi 11n11n1Jiim1:u1111 n~ 1.:inuvu1.:iiiirvri1fi' tyU.:Jl'll.:Jffo ~ (p < o.oo 1) ;iuvQn1Jq~ mr1 

1m::mni1 iu1J111rumni11m\1l.:itJ11J1ru11::11.:in11mni11flr1~.:i (mn~ 8) 1~vri111.:iir~vf .:in-v.:iq~l"l1J 

1J111ru11vuiu'llv.:i-ufl:u~11m11m'i:U1J11J111~~ (mni1~ 3) 1~m~m::~~~l"l1J1J:.:imnvy1J111ru11tl'1 

h .:i.:i1uil111'i 1flii1m:: iuq~r-Jun1Jt1 .:ifl11q~uti'.:i (ml"I~ 8) ti1utJ1mruil'ivm11Jiu~u11::flvu~t1r1v.:i 

'i::mmf1if.:ic;.:i1~1Ji1mh.:i1~1vlv.:i 2 mni1 l"l1J111J111ruil1flfl1lfl.:J1JHLU~ (ffmil WWl) c;.:i1i'.lu~~~f1J 
,, " ,, ,, 
o,c:t, .::i. .c::tt. GJ oc:i. .c::t 

'U 1l'l.:J111 flU fl lJ ~ \Pl ff1 'H m 'i lJ f.1111 ~.:ill r,:;u fl lJ~91 ffl 'H fl'j'j lJ91:; 1'U f)f) fl llcl ::u ll'l .:J,ll fl'Jt:U'lf'U lJ11J')j':;~~ lJ 

tJ1mruilrnl'ln:uiu~u11::nvu11.:ifl111J111ruil1flflrlfl.:J9lltn'U (ffmil WW6) c;.:i1i'.lu~~~frnf1if.:i111fl 
,, ,, 'JI t I 

1111 rl .:i 'Jt:U'lf'U :u 11J11 ,.~~1111 ::ti 11v.:il11~ li.:iil iii lJltu 11mm 11J i u~u11:: flfl'Ul191'i 111l"11Jt11u imy ii ri 1,i 1 

fl1 llfltu en m11'i jl'U'llfl.:J n-nil'ifll'l iu~u11::flfl'U'llfl.:Jm.:iil'i::ll'lfl' vm1uti 111 .:iir~~l"l1J 1 u q~ r-Ju,1 uiiti 1 
fl I I I 

1! .:Jfl1 llflf.U en'liu,i ,vi Ol'H'U~911lJlJ191'ijl'U'llfl.:Jil'i::ll'lfl'flf)ffl91'j l~ VI m::-u 1CM1lcl'U~ ( 11111.:ivi 13) ri111f 1J iu 
,, ,, 

il'i::1nfl'1nuiru iu'Uru::ilri.:i 11iiim11111u'IJ6.:J fo11::11ir fl lu~u11::n6ufi111u~ i 1 

Al"IH~ 12 ti1m~vtJ1mwtJrnm1:u (± fl'lllJfl1ll~tfl~fl'U1J191'IJlll; n = 6) 1u~ll91::flflll1J1l1tu'll"1V 

~.:in::m 'Ut11J~\Plffl'Hmrnm1J\Pl1~~ i.:iwi~1::vfl.:i 1111::tJ1mwil1fll'l~ff1m1m,,~ 

~.:iii;111 i~ luq~uti'.:i (31 iiu1f1:u 2546) 1m::q~r-Ju (2 91mt1:u 2546) 

D!}'. Season {March 2003} Wet Season { October 2003} 
Station Total Hg Bioavailable Hg Total Hg Bioavailable Hg 

(µg t 1 dry wt.) (µg g·• dry wt.) (µg g·• dry wt.) (µg g·• dry wt.) %ofTotal %ofTotal 
H H 

0.056 ± 0.007 <0.00025 <0.4 0.094 ± 0.019 0.00026 0.3 

2 0.013 ±0.001 0.0016 11.9 0.076 ± 0.013 0.00086 1.1 

3 0.130 ± 0.013 0.0016 1.2 0.224 ± 0.068 0.00052 0.2 

4 0.006 ± 0.0009 <0.00025 <4.2 0.015 ± 0.0009 <0.00025 < 1.7 

5 0.013 ± 0.002 0.00051 3.9 < 0.0023 0.00051 <22.2 

6 0.013 ± 0.001 0.0014 11.0 0.011 ± 0.001 0.00151 13.7 

7 0.043 ± 0.002 < 0.00025 <0.6 0.025 ± 0.003 0.00079 3.2 

8 0.020 ± 0.001 0.0009 4.5 0.008 ± 0.0004 0.00143 17.9 

WWI* 0.129 ± 0.026 0.0007 0.5 0.087 ± 0.039 0.00060 0.7 

WW6* 0.009 ± 0.001 < 0.00025 <2.8 0.052 ± " "08 0.00109 2.1 

• t'lcia,m:motl11~~nl::1JWM~'t1::m 
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. " 
~l'H:J'fl 13 lflf.U"l'llJlmJlU'\J0.:Jffl1,JH1l'l 1U'Ull'l:mum:::~ml:::fl0U 

Standard/Guideline 

Thai Coastal Water Quality 
Standard 

ASEAN Marine Water Quality 
Criteria 
- For protection of aquatic life 
- For protection of human health 
from seafood consumption 
- For protection of human health 
from recreational activities 

Average shale 

Earth's crust 

Average crustal abundance 

Sediment Quality Standard for the 
State of Washington 

Draft Interim Canadian Marine 
Sediment Quality Guideline 

Draft Interim Canadian Freshwater 
Sediment Quality Guideline 

Florida DEP1 Sediment Quality 
Guidelines - Threshold Effect Level 

Florida DEP2 Sediment Quality 
Guidelines - Probable Effect Level 

HongKong3 Draft Sediment Quality 
Guidelines - Lower 

HongKong4 Draft Sediment Quality 
Guidelines - Higher 

Australia and New Zealand Draft 
Interim Sediment Quality Guidelines 
-Lower1 

Australia and New Zealand Draft 
Interim Sediment Quality Guidelines 
-Hi her2 

Total mercury 

Seawater Sediment Reference 
(µg L-1

) (µg g-1 dry wt.) 

0.1 Pollution Control 
Department ( 1997) 

0.16 

0.04 

21 

0.4 

0.08 

0.08 

0.41 

0.13 

0.174 

0.13 

0.7 

0.5 

0.15 

Deocadiz et al. (1999) 

Turekian and Wedepohl 
(1961) 

Riley and Chester 1971) 

Taylor (1964) 

Ginn and Pastorok 
(1992) 

Environment Canada 
(1995) 

Environment Canada 
(1995) 

MacDonald ( 1994) 

v'1./Jfllll flUJf111JfJ111J?IYl11 

(2546) 

HKGS (1998) v'mn1J 

fl'rnf'l11JfJ1Jll?l'n11 (2546) 

ANZECC (1998) v'mn1J 

fl'rnf'l11JfJllll?IYC11 (2546) 
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11lJltu'l1~ 
1 

= fili'l111Jl-iJ'lJ'f{u~11iiim11J1iJuvhJ~eJif-:ii'.i<ii1~ (Threshold Effect Level, TEL) 

2 
= fi1m11J1-iJ'mi't1~ellllll~iim11J1,JuvhJ~eJif-:iii:Ji1~ (Probable Effect Level, PEL) 

3 I j/ " .d O .C,, vi jl = i'lli'l111Jl'IJ1J'\IUVl'cl'l1Jlrn'Yllf11'J'lJflrlelfl~~fleJUflU !fl 

4 I SI JI ..J ..::i, b'JV V I ~ ~ SI 
= i'lli'l111Jl'\11J'IJUVlffl1JlHl'ljflclelfl~~flel'\.lfl'\.l lfl 1 flO~el-:J NlU fll)l'lfllJlr•mm ~Vl1Jff-:Jll1flrlel1J 

0.3 
E::J Dry season 

0 ■ Wet season 
~ 
c 0.2 

'"O 
-;-

!)I) 

!)I) 
::1. .,__., 

!)I) 

0.1 ::r: 
til 
0 
E-

0 

1~ WWI ~!I • ·I • ·I I 2 3 5 6 7 
4( 4( 

1nm1-:i 1m1~-:i t1tum::1mnh/ 

1fll'h::mva~tiY1::1a 

Station 

mn~ 8 fi1m~m.J1mun..lnll'lnJJ (± f111JJfml~lflgtl'UlJ11l'l"Jl'U, n = 6)1u~'U1l::nvuu111ruiiflJJ~~tY111m1JJ 

lJ11J1ll'tl~ 1-uq~U~-3 (31 jj'UlfllJ 2546) Ufl::q~r.Ju (2 ~fllfllJ 2546) 



29 

., ., ., 
1H mw u 1 um 1111 utl 111c1::~u1o1::fluuu111w 'Wfl 11~1o1ff1'11m11Jmu1o1 ltj~,n flfll! fffl'l:l lflf.ru 

J I I ,, 

1:i'.lutl 111hmuurviuutimw-:i1U'il'U1JfllJ (<;rn1-:ivi 14) 'V'IU'Jl fl'lllJl'UlJ'UlJ'lltl-:J'Urn'YlnlJ 1utl1iifi1c1~ 

cl-:J'illfl 1mh-:i IO fl11il~fi1um ffll'H'IJ'lltl-:Jfllrn~c1-:iil1'il::1J1,J1fliifll'j ui'u1li-:i~fll'j1lf1':il::l11lni 
J ' " ,, 

fl 11lJfl fl~ tl-:J lJ 1 fl'll lJ llcl:: iifl 1111 'j ::lJ~'j:: 1-:J, lJ fll 'j I nu \l11 tl Vl-:J I vi tl cl~ fl 11 'U lJI UtllJ, lJ 'YI fl'U lJ 'II tl lJ " . 
ri1u 111'tim1111u ~u 'II ::re'tluii'-:ifl-:iiith 1mi'1fiu-:itiu 1 w1h-:i 5-6 iJ ~ fi1u m1m~ 1flu ~ff-:Jlfl'll 17Urn'VI 1u 

"" ,k , -1 "' . I .I "' ' ' , 9' vllJlil::fl'tllJCJl'-:J'V'IU lJ ()~HlJ'lntlucllU()~HlJ'il::lJm~ -:Jf111 lJ (l~l!M 

~ ., 
Vll'H:Jfl 14 1murnviuuu1mw1l!'tl'Vln1J1utl1'V!::m1m::~U'll::fl'tllJ1Jl!1W'UfllJ~'llffll1m111 

., ., . 
,c::i Ol.-:::1.0I QI ,a 

lJ 111 lil l'Vj~ 'il 1 flfll 'j fl'fl'l:J lfl 1-:JlJ flU 11 U-:JllJ 'il 1J U'tllJ 

Year of Study Water Hg Sediment Hg Reference 

(ng C1
) (µg g _, dry wt.) 

1987-1990 < 200- 800 fl'jlJfl11JfJlJlJcl'Vi'l:J (2535) 

1995-1998 10 -480 < 0_005 - 0-134 Chongprasith and 

Wilairatanadilok (1999) 

December 2001 3_0- 63 0.001 - 0.293 fl'jlJfl1'UfJlJlJcl'Vi'l:I (2545) 

March2003 2.42 -5.67 0.006-0.130 
., ., 

fll"jfrfl'l:llfl'j-:JU 

.di 
., ., ., .. 

October 2003 1.52- 11.77 < 0.0023 - 0.224 fl1 rn fl'l:11 fl HU 

March2004 1.1 -19.1 0.007 - 0.116 u111o11 cmnn-11 u-:i ,"~vilJ'n) 

August2004 6.0- 23.0 u111o11 cmnm1u-:ii"~vilJ'n) 
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,, 

m1fln1:11f11U1t11Jiun1::1111-:iil1mru ilrnl'l 1 utl1uc1::~u \,I:: mm i ~ vm11il1 urn vi fJ1J ~rn 

, d .c:t , .c:td " Y 1 ~ .c:t " .dd. 
~, nmm flll91 flfl~U V11J11 n-oml'l'Vl1Jfl11J.Jl'UJ.J'U'U'Ufl-:t m1 ilrnl'l u~u91:: flfl'U ff -:tJ.JU'U 1 i u J.Jl'lJ.J 

" 
S) S) 1 : : , .q .d d, ii' d. ~ I d 

fl 111J1'U1J'U'U'Ufl-:t ffl'i'U'ifll'l 'U'UHll mi::ilrnl'l u~u 1>1:: flfl'Ul'l 1:Ymu nc1r:i-:i1Jil 1 mru 1:Y-:im11:Ymu 
" • I J/ I I I I I 

inc1?:i-:i iu'Uru::viiJrnV11utl1vilm\'r:l-:iihhtl't1vn11viinc1?:i-:i ~-:1111:Y~-:i 1w1rnvi 9 

0.20 20 

~
i~~~~ 
ter 

---:- 0.15 15 
~ 
c ~ 

-0 
....l 

Cl) Cl) 

Cl) 
0.10 10 5 

,.:!, Cl) 

Cl) ::r: 
::r: .. 

" i: ~ " e :a 0.05 5 " en 

0.00 0 

. 
flfltws::mou1/ 

1il;i1::moa~~11::m 

Station 

. ,, .,j 
nTnn 9 1m trmvi trmhm ii ti~ flfl~li'Ufl-:!Ul 1JlWUrnl'l 1 'U 'U lllfl::~'U 91::flfl'U 1J 111W ii fl 1J~~ ff111 fl'i'j 1J 

1J11J~ll'!~ luil 2546 
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,, . 
ti111f u~n11ru::,rn-:i~u~::mrn-¢iu~t1-:iV1::mu111wilfl1J~~m11m11J1Jl1J~lVjvl'Vlff111'ilwuiu 

tJ~u~-:i 1m.1ii1uit1aj11'.lu~m11wui1::~u·hmJumw u1i1t1~umifo1rit1u-u1-:i~1t1~1::w:i1-:i 2. 7 -

- l<Q ..:::.. d "''1 <Q I " " .i:9 '<i ' .c::i I ~ 20.6 % IJ11Jlf.Uff11tl'U'Yl1U t'Uv!U~::f)tJUWlJfltlU'Ul-:JUtlU fltltlU L'U'lf1-:J 0.38 - 2.43 % 1Jfllf1111JllJU 
" 

mv1-vh-:i t1ai'U'lh-:i 7.9 - 8.3 1Hmruuflt11~u1Jm{ut1m~t1ai'U'lh-:i 0.83 - 17.46 % 1m::ri1m11J'il iu 
'U 'U , " 

mrni1m1.l~um.h::~1J1f1'Utl-:J~U111tl CEC t1~1::1111-:i 0.87 - 15.27 centimoles per kilogram 

(cmol kg.
1
) (~111-:J~ 15) ii1ulutj~NU~f)1Jf.U::'Ut1-:J~m1::nt1u1i'.lu~um1mm::mu1.luV111U u1i1t1~U . ,, 

d <Q 4 'J,/ 4!I I 1 ..,1..:::.. ~ do' I I 1 

111UU11WlJ'UU'illf)tj~ll'c1-:JfltltlQ1::1111-:J 1.9 - 42.5 % urnltuff11tJU'Yl1UtlQ1::l111-:J 0.24-2.05 % fll 

fl111J1i'.lunrn-vh-:i'llt1-:i~m1::nt1ut1a1::111H 8.0 - 8.9 i1;mruuflmcifu1Jm{ut1m~t1aimh-:i 1.20 -
" " ,, 

13.81 % 1m::ri1 CEC t1d1::1111-:i l. 13 - 12.77 cmol kg· 
1 

ti111fut1t1n 1"1f~'l.lt1-:J111~ni-:itrn-:ii1.ltfo 

Total Fe oxides 1rn:: Amorphous Fe oxides iut]~NuuiJ1mtu"'!-:Jf111t]~ll~-:J ff1Ut1t1n1"1f~'l.ltl-:J 
,, . 

lllJ-:Jf)lUff'UU wu11lutj~ll~-:Ju1.l1mtu"'!-:Jf111t]~NU (91111-:J'fl 16) 

'illf1fJtu~n11ru::'l.lt1-:J~u91::nt1ui-:imh1 1flt1~111um.h::lfl'Yl~U (soil classes) 911:1.J US.EPA 

(Boulding, 1994) wu11 ~U91::f1tluu;nruilfllJ~91ff111mrnmu911Vjv1li'.lu~u~um1vuV11orit1u'li'1-:i 

JI 4 QI JI .. I ~ d. a.,<Q .?I ' GI QI 

UtlU1Jlf) (0.5 - 1.0 %) O-:J1::v11JUtJUu1Uf1"11-:J (l.0 - 2.0 %) v!U91::f1tl'I.UJfJWfflJ1J91llJUv!H Ll-11::vllJ 

1.l1unm-:i (pH 7.9-8.4) ii-:ivll-:J"'!-:J (pH 8.5 - 9.0) un::uti1 CEC t1dhn::i1J~l (< 12 cmol kg.
1
) um1u 

n-mil~ 3 ci1-:it1du111w91t1uiu'llt1-:Jl!fl1J~Affll1m11Juti1 CEC t1diu1::iu1.l1unm-:i ( 12 - 20 cmol 
,, ,, . 

kg.
1
) i-:ii11iltH'illt1~u91::trnunn-11vuV11ou't1u i-:il'i1111'iiti1 CEC u't1uA11.111.l~1u 1wn::m1vuV110 

1i'.lu~Ufllll!vl'Utl-:Jfll CEC 1u~u 1viuiim11.h::1J1tu111Jlf)f)11 80 % 'Utl-:Jfll CEC 1u~U1Jl'illf)ffl'j . ,, 
VU'Yllfl (Sparks, 1995) 'illt1~m,1w::nd1tity 1v1mum::1.l11J1tuff11VU'Yll0 l'Utl~Ul11Utl1 1m::ti1 CEC 

~ , " ' ~ .ca. Jo. QI ! A , ,, ,, 
'i)-:Jfllvl vl11vlU91::f1tJU1J1L1WUlJfl111Jff11J110 lum1v1v1"1f1Jffl'j1.l'jtJ'Yl111JVl-:J 1n11::t1U v-.1-rnu .. 



\lll'H-1~ 15 tJtlHY1J~;,m.:i~u11::;nolJ1Jl•Uh::;m1hJ1.Jll1W'lf1fJ~.:J'Yl::;U, 'Ufl1J~11t'l'l'Hn'irnlJ11.J111Vj11 i.:iwrm::;m:i.:i 1uq~uii'.:i (31 nmt11J 2546) 

Station pH 

8.0 

2 8.3 

3 7.8 

4 8.1 

5 8.1 

6 8.1 

7 7.9 

8 7.9 

WWI* 7.7 

WW6* 7.6 

CaCO3 
Equivalent 

~ 
17.46 

2.57 

0.86 

5.29 

2.06 

2.14 

4.70 • 

2.21 

1.34 

2.72 

Organic 
Matter 

~ 
1.15 

0.38 

1.75 

0.36 

0.52 

0.76 

2.43 

0.76 

1.08 

1.35 

* r1nfl•m:mutl11~r1~'l:arnin..itin::rn 

CEC 
(cmol kg·1) 

4.27 

0.87 

15.27 

1.33 

2.60 

2.00 

11.67 

4.07 

4.53 

1.07 

Total (Free) Oxides 
!mg_gj 

Fe Mn 
4.39 2.23 

1.37 

4.52 

1.16 

0.94 

0.89 

4.07 

1.67 

6.41 

2.07 

0.82 

1.32 

1.02 

0.77 

0.73 

1.76 

1.16 

0.080 

0.026 

Amorphous Oxides 
!mg_gj 

Fe Mn 
0.207 0.130 

0.060 

0.071 

0.068 

0.046 

0.028 

0.091 

0.052 

3.13 

1.00 

0.051 

0.057 

0.054 

O.Q35 

0.025 

0.069 

0.036 

0.057 

0.019 

Particle Size Distribution 

00 
Texture Class 

Sand Silt Clar 
82.9 8.0 9.2 Loamy Sand 

95.9 

27.0 

94.7 

92.2 

94.4 

39.6 

85.4 

90.6 

91.8 

1.4 

52.4 

1.3 

4.5 

1.9 

49.5 

8.2 

1.8 

3.7 

2.7 Sand 

20.6 Silt Loam 

4.0 Sand 

3.3 Sand 

3.8 Sand 

10.9 Loam 

6.5 Loamy Sand 

7.6 Sand 

4.5 Sand 

w 
N 



m·n:i~ 16 fJUHYlJ'U~'lltH~i.rn::m:n..Jm.:i1h::m11u111nru'.lfw~.:i'Yl::m iit1JJ~~t1111mrnm11~1'Vj11 ~.:i111111::trn.:i 1utJ~~u (2 ~mm.J 2546) 

Station pH 

8.3 

2 8.3 

3 8.3 

4 8.5 

5 8.9 

6 8.8 

7 8.0 

8 3.8 

WWI* 7.9 

WW6* 7.0 

CaCO3 
Equivalent 

~ 
6.88 

4.60 

2.04 

13.81 

3.14 

1.76 . 

1.20 

1.46 

5.22 

0.28 

Organic 
Matter 

~ 
2.05 

1.29 

1.34 

0.55 

0.24 

0.45 

0.76 

0.90 

5.04 

1.72 

* flflv-:manuii'11~fl~':i::1J1an..itin::rn 

CEC 
(cmol kg"1) 

4.40 

7.89 

12.77 

1.87 

0.87 

1.47 

9.00 

1.13 

12.78 

6.00 

Total (Free) Oxides 
{Jngfl 

Fe Mn 
5.03 0.243 

5.43 

4.87 

2.57 

0.31 

0.88 

27.80 

1.58 

22.80 

7.92 

0.239 

0.067 

0.068 

0.010 

0.028 

0.073 

0.026 

0.404 

0.230 

Amorphous Oxides 
{mg_gj 

Fe Mn 
2.30 0.137 

2.68 

2.03 

1.45 

0.60 

0.65 

1.27 

0.95 

7.81 

3.79 

0.165 

0.057 

0.041 

0.008 

0,031 

0.049 

0.028 

0.181 

0.209 

Particle Size Distribution 
00 

Texture Class 

Sand Silt Clar 
77.8 13.2 9.0 Sandy loam 

78.9 

40.7 

91.7 

97.4 

95.5 

10.2 

96.6 

77.3 

54.3 

12.7 

33.2 

2.0 

0.7 

2.1 

47.3 

0.8 

13.7 

27.3 

8.4 Sandy loam 

26.2 Loam 

6.3 Sand 

1.9 Sand 

2.4 Sand 

42.5 Silty clay 

2.6 Sand 

9.0 Sandy loam 

18.4 Sandy loam 

w 
w 
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1h~m1 l'l1J11 1uq~ufl,11HJ.J1ru tlnivtiif11l1Jff1Jwuivi1-:imflfiou,i'1-:iir-:i1J1flnuoo fl i 'l!'~,io-:i111 ~ fl 

'.iO-:J,MlJl fit) m1m1il-:i ~'Ull1'UfJ1 ffl'.iVUVllU 11'1~'frnfli'll't,,o-:iummuff m1Jc11iu (,nn:i~ 1711'1~ 

mwvi l O) ff1'U'U1lJlW tlrnvtnlJ1uq~~'Uiifl111JtllJWU 1i'Vll.:J1J1 fltlOU'UNl!-:Jf11JOOfl 1'11';,,o-:i 

d , .I , 'J/ • _!lj "' "",I"' "" , ,I 
ll1'1fl uiu,io-:i amorphuus Fe oxides rn-:ic1.:i1J1 ~lllfl 'Vl'.ilflUu.:i mrnuviw ~umua111'1~00fl '11'~ 

,io.:i111J.:imuff ,111Jc11iu (,1111.:i~ 18 uc1~flll'I~ I I) ,11flfl171Jff1J-WU1i~.:imh1 uff~.:i111'111u11 

oofl i 'l!';'lrn.:im ~mi:lu o.:iri'tl1 ~ flou11rl' fl 1 u~u,i ~flouui 11rumu,irn~~ iiuvimvtff .:imfl 1u fln~~ . .. " 
ium1tlrnvimflfl110.:ir1 tl1 ~floutu 1u~u,i ~@u vY.:iil1ilo.:i,11floo fl i 'l!';\ltM111 ~ fl nJJl'Y.:i,io.:i 

,, . 
.:::t. .::::ii d. .c:& .i::!:i A..::.. •, "' 1 . I 

lllJ.:Jf11Uff Ucl~O~~lJIUfJlJ lJl'IU'VIP-11 (specific surface areas) l!.:J:Ulfl l'l1JO~ U~U uiu\10.:J suspended 

.ci. ,Q d " ,4 '1 _ 1 particles ll'1~1f11~1JUP-11\IO.:J clay minerals 11'1~ tYl'.ifJUVl'.ifJ (humic substances) 11'.ifJO~ uiu mixed 

gels (Sparks, 1995) 1ilrmnfliit111:u10.:ii1 (reactivity) ff.:JlJlfl i.:i1rlui1~~9f1J (adsorbent) ~iil'lrl'.:Jff.:J .. .. .. 
lJlfl (Bourg and Loch, 1995) 1um1~~9f1J 1n11~11'Wfl1110'1fl'1~flOU71:U (coprecipitate) nu cations 

" ,, . 
un: anions 1um1c1:mt1 (Alloway, 1995) UfJfl,Jlfl'U OOfl i'll';,io.:i 1c111:mci1umm1tutlfivuutlc1.:i 

1'1:, i~'11:Utll\lfJ.:Jf111lJli:!Uflrn-~H (pH-dependent charge) ~.:i 1~u..t1 i tl,i:iitl1:1c1u1uff11c1:mt.1 

~1rlu~1.:i uc1:iitl1:1u1fl 1um1c1:c1w~1rlum~ u9iri1fl11mrlum~-~H~n1111'oofl i'll'~,io.:i 1c111: 

"" - I - I I .., "" I .J • .., ,- I , ,I I 
:uu1:,u1nuc1:u1:1c1rnn1flUl1t.lfl11 pzc (point of zero charge) 'l!'-:IU9lfl91HflU u911J.Jflflf1 CJS~U9lcl: 

.:::1t, 4 4 4 ~Id. 5'f I d o 1 'J/ , ,I cl 
'Jj'lJ~ (Alloway, 1995) lUfJ.:J,JlflP!U9l~OfJU1J1l1tuU1Jffflll'll1JUYIH,J.:Jfll 1166fl 'l!'Yi,,6-:lllrnmrn: 

u1J-:imi1 ffiitl1: 11 rlu c1u11c1~ m m1 o~Y1cium1 tl10V1 ~, flu 1.h: 1111 fl i ~~ . ,, 
tl!mru tlrnn'1l'l1J't1-:I 2 q~u.:iiim1mY1J'WUIVl1-:11J1fltlfJU'Ul.:Jl!-:11Jlfl01Jtl1 CEC ,io-:iAUfl~flf)U 

,i'1u (91111-:i~ 17-18 1m:ml'l~ 10-11) \i-:im,11rlu itli~11m1Y1Y1ci1Jff11tlnm 1u~u91~@u11111wil .. . ,, 
lftl11,i'o-:inum~1J1Uf111 cation exchange flii'1t.1n1Jf111fff11fl'llfJ-:!(Semu et al., 1986) U6fl,Jlfliiu-:il'l1J 

,, 

fl 111Jff1JWU l'Yl Hcl1J1 :111H'U11J 1W ti rnnnufi lfl111JLrlu flrn-~1-:i,i o-:i~u 9l~fl6U 1un.:i 2 tlij60,i'·m 

ll ff yt.:j 11tlrn 'YI 1 u ~U9l~ nou ,J~ff-:!Lrlflfllfl 111J1rlu f11P!-~1-:l'll6.:J~U cl YI~ lei-:! fft)y!fl a'tM01Jf111fff11:l 1'llfl.:J 
" 

Yin et al. (1996) ~.:il'lu11tl1tlnff1m10Y1Y1ci1JM~1u~u~iim1c1:mmi'lumY1 1ilo.:i,11fl~m1mi'lu .. 

flHl-~N~1,i::vm'lf'UYl'llfl-:l'U16'Yl~ii1h~,u1n (positively charged Hg species) lJlfl n1111'n-1nJrn'Yl 
,, 

~Y1ciui,i'mfl,iu 



g-aTn:i~ 17 ti1ff'111h::ih1ii111ff'11-wu1f 'lJv~,J~mru1hv'Yl11111u~u\91::mn.mn::fJru ff1J,j';'ll0~~u\91::m:iurn,nh::m1 t uq~n~~ (31 iiu1fl1J 2546) 

" (n = 48 tlfl11'U CEC = 24) 

Total Hg Avai. Hg pH CaCO3 Org. CEC Total Fe Amorp. Total Mn Amorp. Clay Silt 
Matter Oxides Fe Oxides Mn 

Total Hg 1.000 

Avai. Hg 0.157 1.000 

pH -0.719** 0.188 1.000 

CaCO3 -0.013 -0.483** -0.091 1.000 

Org. Matter 0.570** -0.068 -0.629** 0.040 1.000 

CEC 0.820** 0.117 -0.768** -0.150 0.820** 1.000 

Total Fe Oxides 0.804**. -0.217 -0.696** 0.343* 0.726** 0.796** 1.000 

Amorp. Fe 0.452** -0.414** -0.537** 0.658** 0.618** 0.473* 0.795** 1.000 

Total Mn Oxides 0.294* -0.442** -0.292* 0.875** 0.265 0.143 0.642** 0.869** 1.000 

Amorp. Mn 0.327* -0.439** -0.302* 0.750** 0.339* 0.204 0.657** 0.857** 0.915** 1.000 

Clay 0.653** -0.177 -0.601 •• 0.032 0.302* 0.543** 0.615** 0.205 0.150 0.144 1.000 

Silt 0.747** 0.035 -0.679** -0.162 0.852** 0.980** 0.747** 0.442** 0.108 0.173 0.492** 1.000 

Sand -0.808** 0.027 0.737** 0.121 -0.783** -0.963** -0.796** -0.421 ** -0.134 -0.185 -0.711** -0.962** 

•,""": Significant at p = 0.05 and 0.01 respectively 

Sand 

1.000 

w 
VI 



v.1-aH~ ts t11.i11tl':itffnfff'Hff1J'Wt.11i'IJt1-3tllmrutl·rn'Yl':i1'lliu~u\Pltm1uuci~fJWff11,j'~'IJV-3~t.t\Pltflflt.trn-3th~m1iuq~H'W (2 9Jmf>l11 2546) 

(n = 48 tlfll~'W CEC = 24) 

Total Hg 

Avai. Hg 

pH 

CaCO3 

Org. Matter 

CEC 

Total Fe Oxides 

Amorp. Fe 

Total Mn Oxides 

Amorp. Mn 

Clay 

Silt 

Sand 

Total Hg Avai. Hg pH 

1.000 

-0.312* 1.000 

-0.490"'* 0.397"'* 1.000 

-0.138 -0.576° -0.080 

0.448"'* -0.343* -0.472"'* 

0.858** 

0.049 

-0.217 -0.733** 

-0.104 -0.714** 

0.704** -0.437** -0.685** 

CaCO3 

1.000 

0.013 

-0.275 

-0.216 

0.243 

0.373** -0.360* -0.592** 0.292* 

0.421** 

0.384** 

0.589** 

-0.511** 

-0.271 -0.593** 0.187 

-0.143 -0.732** -0.299* 
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0.234 

-0.159 -0.170 -0.970** -0.982** 

Sand 

1.000 

w 
0\ 
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(b) flfltl,ttrYl'llfl.:!l!lJ.:!tll'Uff (c) ffl'iUUY11U (d) ~umilt11 (e) n11m1~.:i m,:: 
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3. f)l';jftfl'HlltllllJlJTil-3'.li':irulflihm-31:Yl':itl':it)'Yllu~u~:mau 

,Yol,! fl'\Jfl.:iu! mru tl':iflVlTllJ 1u~u91::@'UII~ 1vl a.:ifldrn~ a1 ili ffl1J1':it1U .:J1JflflO.:Jf.lfl m::viu111 fl 

~iu91':ilfl~ ,1::iJ~flif .:ii1;191111 flif .:iu11Pn\'flJJi~ 1ilfl.:i,11n ilii~1tlmfi mru~mm':it11-u'1dif .:ii1;191 i~J.:i .. 

l1lJ\Pl ,Jrnvii1iu111J1JVll.:JlfliJl11flVll.:J1i':iWlf'liJ (geochemical forms) ~Wl fl'U ~.:Jll~fl::itJ111J1JiJfl111J . ., ., 
mmrn1-u'1diY.:ii1;191111fliJvh11191fl9il.:Jfl'U 1uf'li'.:imi.:ii~vilfll':ifffl'J,ll':itlll1Jmll.:J1i':itu!fliJ'\Jfl.:Jffl'j .. .. 
tlrn'Yl1'U~'U91::flfl'U~1fl 1\Pla1-i/n sequential extraction l~fltYfl\Plffl':itlrn'YlflflfllJlltl'U 5 ltl111J1J l1fl.:J 

iillP11J91llJfll':ifl\Plfl.:J'\Jfl.:Jfl1llJliJ'UviHllfl::fll11f'lgfl'U~1'U~'U91::flfl'Ui~IPl.:Jil tfo exchangeable, bound to 

carbonate, bound to Fe and Mn oxides, bound to organic matter and sulfide 1m:: residual l\Plfltlfl~m\'1 

tJ 1 fl vi 1 u ffllJ!tl 111J1Jll ':i n,1::1tlmiu 91':i w9ifl~ .:iiJ;}191 1ilfl.:i,1 lflffl1J1':it1~,i::\)fltl fl\Pltlrlflflflflfl'1lfl~'U 

91::nflui~~1mdfliJm':i1tJ~au11tJf!.:i'\Jfl.:Jifoim11,rti'flJJ~fldl\Plarnu 1iu m1mflunrn-1Pi1.:i m1JJ1fi1J .. 

t1lflfl6'lvlvh (redox potential) 1fl'U~'U (Gomez-Parra et al., 2000) 

. ,k ,, ,..,: ........ ',,, .. ~ ip I .I 
b1oavailable forms 'lf.:JffllJl':itll'\Jl1Jff.:JJJ'll'19lllfl::flfl l11fl\Plfl'U9'1':ilfl 'l'l (Perin et al., 1997) ff1'Uurn'YI 

luitJ~,i'unmi1n1Jff1':i6'U'Yl1Ullfl::9fflhM (bound to organic matter and sulfide) t1fl'U-u'1.:i~,1::\)fl 

tlfl\Pltlrlflflflflfl'1lfl~'U91::flfl'U ila1n 1ilfl.:i,11nm .:iiuo\Pl'llfl.:Jffl':i6'U 'Yll unu 1 f\11::m!nfitJu-u'rnnlu 

,:.,, i ' GI ~ I , d " .::s ~ 
lJlfl ffl':itl':ifl'Y11'U!tl'U'1.:J lJ'1\Pll1J'U bioavailable form 0fll.:J ':ifl9lllJfllfl191fffll1::fllrn0tJfl'lfl'1'U 

(oxidizing conditions) ffl':ifl'U'Yl1UffllJlltl\)fld0affma (Tessier et al., 1979) 1rn::ifl 1-w\PlffllJl':itl 

.1.d .l?t i " i , ,1,k :,,,.,. ' • ,,,,. ~ .d 
lufltJ'U!ullJ'U 00fl 'lf\Plllfl:: g\P}'jt)fl 'lf\Pl9f.:Jfl::flltJUl \Pl\Plfl11 (Waldichuk, 1985) 'Yll 11 Lfl11::11Ufl'YI 

., ., ' 
,l1JtJg~1tJ\)fltlfl\PltlcitJtJtJtJfl'1lfl~'U91::fltJUl-u'l~'JfU'Ul 11 ff1U ,Jrn'YI 1 U !,Jll1J1J1l\Pl~ltJ flt) !,JIIU1.Jfi 

0g1u 1 m .:JfflH'\10.:Jll11il9,J 1u~u (residual) ,i::iit5'u91':iltl9foi .:iiii191tl'tJtJ~tl\Pl11l0ll'YIU 11iiimu 

(unavailable form) 1d0.:i,11n 1fl11::,1::P1.:ii11110nlJi'rndnu 1flHfff H'\J0.:Jll11il9,J~0d1u~u91::fltJU 

(silicate matrix) '11 .:i iii m lJl':i tl\'Jfl,J rltJtJfltJ fllJl~iuJ 1mu 1 ~fll':i 1,Jguuu ,J".:i 1\Pl'l '\J0.:J1i':i rn'll'1~i ~ 
(Tessier et al., 1979) 11uu9im':i1,Jguuu,Jfl.:i911m::u::11m'Yll.:i1i':iW (geologic time) trui,'.Jmmm~nfl 

m::U1Ufll':i mineral weathering (Gambrell et al., 1980) 
., ,, . 

ffll1l1Jfll'jfffl'J,llfll.:IU 'WU1lffl'J1.h0'Ylff1U111ty1u~u91::flm.JiitJdfftJ.:jl,Juuuviu1tity flt) i,J 

11uu~,i'unJJi111um16U"Y11011fl::ifl 1-w\Pl 1m::1,Juuu~tJgiu 1flHfflH'lltJ.:i11in19.1 iu~u (m-w~ 
,, ,, ,, ' 

12) d111i'u.i\Pld1u n.:ifftJ.:ii,Juuu,!u;iutJtjnuu~"::ffmil 1 Ylt1iuqt1m\'.:i -wutl1mw ,J10TI 1ui,Jvi 

,i'u111Ji1111.Jffl'JflU'Vl1011ft:::cift irl1P1fldimh.:i1::1111.:i 11.3-79.8 % 1m::lu1,J11uu~0d1u 1f1Hff11.:i 
111 .. " " 

'UtJ.:lll'J°Til'fl i'U~U0tji'U'lf1.:l'J::l111.:l 14.9-67.1 % ri1uiuq~~U'W1.J,J'J0'V11ui,J~,i'm1JJi1fium1 

flU'Yl1011fl::ci'1 irl\PlflQimh.:11:::1111.:i 19.3-67 .2 % 1m::1ui,J1m1.J~tJgiu 1m.:ifff1.:i'\J0.:i11in19.1iu~u 
' ,, ,, ,, ,, 

29 .1-79 .4 % 1i16.:i,11 n,J1f!"V111.:ifffl.:i':i ,J11uui1ii1 flfllfft1fltlfl\Pl,Jrlflm-u'1ri'iuu1 iltl'0amni.:inrl11m .. .. .. 
mh,i'i.:i~u i.:i1 ilu 'Ji.Ju U'l.l~ ii.ii ilmiu~nw9ifl~ .:iii;191 ri111f m,Ju1.J1.J'Yl1.:in1w1flii'\Jfl.:Jffl':i,J10Y1 iu .. .. 
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II II V 

;'U\9l::fHJ'U'lJ1!1flli'HHl.:J1::1Jlfltllfi.:i (fftllU WWI m,:: WW6) W'lJ11 'U'HlVllfltl'lJl1.:J'HlJfltHi1-u 1flH 
" 

trf 1.:J'\Jtl.:Jlli1il\9l 1'U~'U . 
r I ,, 1 

tut1.:i 'ill nu! mw u1 t1V1 vi \l fl'Uctflu'fit1flt1t1fl'illfl~'U ;i:: fltl'U i #1~1m'Yi ,,r 'U mm1 mfl -uw1J9i tiff ,:iij 

.ct<> i 'JI ,:9 .:::I I I i 'Jl,i:S Cl.I =" .:::ii, g., 'JI I I 

'lf1\9l fl 'H'H:Jl'jflf111 "bioavailable fonn" llct::fflm'jfl'lJ.:i'lJtlfl flfl.:J'j::f1'1Jfl1llJlll'UWt:l'Hlf11'1Jl'\Jlff11.:JfllfJ 
" 'J} JI • I I 

m rnn-u i ,J m1 flfl1J1r1 f .:iili .:i i ~l'i, m1u1::1ii-umu1 mw u1t1V1vit1d1-ui Ull'lJ'lJvit'li' 1 ~ff .:il1ii \91 i #11 fl fl 

I """""" ..k ,. 1" ~ V & l" ~ I ,. i, -1 \9lH\9l1.:J'Hlfltlf111i'H'U.:i lflfl 'lff111ffflflfl1fl 0.5 N HCl C)f,:jffllJl'jfl 'lftrflflff1'U'\Jtl.:J lft'H::Vl.:i mu'\Jtl.:J 
" 

fl'UV116uc1::t1U'UV116~ilii#i'im:idtfo 1m.:itr!1.:i'\Jt1.:iui1n9J l'U;'U (non-residual metals) M~ 1m::mmrn 
'JI I I JI JI 

ti .:ii1 ::vi 'lJ'\Jtl.:J bioavailability 9i tiff .:il1i1\Plvit11t1m>y~mi't1.:iV1::m \9lcttlfl'ilm ::vi'lJ f111'U'Uti1t1'U'\Jt1.:i 1"'11:: 

'HUfll'U;'U\91::fltl'U'illflfl'i)f)'j'jlJ'\Jtl.:JlJt¾lJV (Chester and Voutsinou, 1981) 1flfli1 ium1'1m1ffnfl 1ct'H:: 

tltlfl'il1fl;'U91::fltl'U 1flfll'lfm,mu1.:it1t1'U'H~tll\ltl'ill.:J (weak acids) ffllJ11fl 1'«1fl-ui1Ul'l'U1'Uf111flfllJ1 . . ,, 
bioavailable fractions i#i'mnvi-q~ (Luoma and Bryan, 1981) IUtl.:J'il1fll1m1mni'wr1ii.:in'Utl1ut1fJ 

l-u m ::n'I 1:: ti 1'H 11 '\J ti .:i ff 91 'J'Htl' ,;-u~t1li'lflt1Uvf mi't1 .:in::m1"4t1 li1-u fll'j Utl fltll'\111'Hrt11 ft'H:: ~ fl'U .. 
1'1i'1, ,J (Waldichichuk, 1985) r-m~i#l'illflfll'jfffll:111~flinil W'lJ111.ht1l'll'Uiui.:inri11iit11tl't1fJlJ1fl l-u 

q~u~.:il1fi1t1tj1::"H11.:i <0.4 - 12 % '\Jt1.:iu1mwu1t1n11JJ 1m::q~~-uiifi1t1tj1::'1111.:i 0.2 - < 22.2 % '\Jt1.:i 

1..l1mwuwm1JJ (,1111.:i~ 12) 1~flt11-ulmuiifi1i!t1fln11 10% '\Jt1.:iu1mwu1t1nnJJ 1m::trt1~r1at1.:in'lJ u 

.. , V ~ .. "" .. ... & ' l I !'II 
flftl'I ~'il1flfl11MfllJ1!'Ull'lJ'lJl'IH1i'HUlfllJ'\Jtl.:Jff11li1tll'll'IW'lJ1'U~'U91::ml'U"lf.:Jff1'U 'Ht!Jl'U'U unavailable 

- 1~ .::I ,, J " QI .,d ~ 
forms urnlfll'\Jtl.:J bioavailable Hg l'IW'lJ'Utlfl'Ufftl~flfttl.:Jfl'lJfl11fl'fl1:l1'\Jtl.:J Thongra-ar (2001) "lf.:J'W1J 

JI I I ,, JI 

1..l1mwtl't1t11'lf'Ut1'Ul'U1J111WU1hi1m.:itJ::n.:i ll~'U11J1fll'n'W'Ui!t1t1fl11Nctnil'il1flfl1'jflfl1:l1fll.:JU1J1fl 
• I/ I 

1u tJ.:J'il1fl~'U91::fltJ'U1J111w11litl 1m.:itl::m1rl'U~'UL'HUt1111c1::iitr116'Ul'l1 uvi t,: .:in11mni .:imm1oimfo 

1..l1t1l'li~~fl11 
,, 

fl.:JU'U o.:iuJj'-hi~9111'il'W1Jli11J1Wt11tJl'l111Jl'U~'U91::fltl'U1J111flllJ11J911ll~"fl1tJ:.:ifl11fl11J1911J1'U 

'\ltl.:J'lJ1.:itl1::1l'lfl'l'U'lJ1.:iffmi11m:: l'Um.:iq~fl1f1~9111J u9i,J1 mwtl1t1V1~9111'il'W1J i1nit1d1'Ui tl~1rl'U . 
QI ' .c::tt. qq.ci., 4 4d. ' " 
tl'U9111U91 tlff .:ilJ'Jl'191'\11tllJ U91'U 6'.11J1fl'1 

,, ,, 
m1tl'U1il tl'U'\Jtl.:Jff11tl1 tll'I l'U~'U91::fltl'U '1J111wili .:iu.:if1.:it1d,. 'U 

'l'::fl'lJ~ili1fl'Ut1'U9111U9foi.:iii;}191 
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4. tll'iftfllllfll'i~YICUUUt1::m'itJav1tJat:1Utn'itJ'it:1't1 lv1u~u~::flt:1UUt1::aniTit1'\Jt:l..:Jfl1UllfllJ 

4.1 fll'i~YICUUtn'itJ'it>YI 
,, ,, 

fl15fffl111fl1 ..:iil i~1ilt1 fl 1 iu 1J1J ~1cltl..:Jfl1Hlv1'1f1J 1miJ,rn-HHJfl15 Freundlich isotherm ri111f u .. .. 
1 <tfo nu 1 um :::u 1u nu v1v1iu 1-uti..:i 111 m1 u u ~ 1 c1t1..:ii..:i mi 11 Ufl 11 JJ 111 JJ 1::: ff JJ ri111 f u fl 111J 1-u' JJ'li''W 'II ti ..:i ... 

ff151U5:::i1J~1"l (Sparks, 1995) Lm::: 1u fl15fffl1111~U1fl1JiJqJ'111~ ..:Jll1Ylatll '.'Yll..:J'Vl:::m '111tl 1'Wll~'\Jtl..:J 
' ,, 

fl11lJ111..:J 1mitii1qJ'111ff ..:iu1v1at1 lJ'U'U 157Jj'f)ffU 111lt1.:i fll'j m1m111 lJ~'l11 tlfl 111Jff1lJ1'j (l'IJt)..:J~U 
I I JI JI 

1 GI IIJ Vo ~ j/ I I .c:l.i:::i. GI "I '1 GI A 

91:::flti'U U fl1'j~~C)f1Jffl'j I Yl911q'~m tlUtJUtyYllJ1flfl11fllfl11lJ~ ~ ..:Jq'~'Vl~U91::: fltl'U ,i::;~~C)f1J I~ mu 
' ' ,, 

1vl t111::: ,~ 'VI 51u11m11J1'1i' 1J'li''W'llt1..:Jffu 111J115 fill ~.:i111ni.Jnt1uvi..:ic1 ..:irin:::m1m:::o n~~ im'li'1 i ,J1 'W~'W .. ., ., 
JI I JI I JI 

9l:::flt1UUa1tl''U i.J11J1Wnlltilt1t1d1uil111:::u..:ifl.:it1d1m:::iuihfoti~t1U'l11tl ," i..:J'U'Utl1fl1'j~~ciruHi' ., ., ... 

~1q'Yl11:::lfl'W,j'tlJ;!cl~ j'j,J5::; 1 U'lf,1~tlfl151~15:::1..:JiJqJlt1~ ..:Jll1~atilJ~~fl11 ,J5:::flt11J fl1J 1'Wff fll'Vl,!1 ..:J 
,, 

911lJ1i'j'j lJ'lf191fflrnn"W1J~H"l ,",~\1fl,Jnm1mmm 11.n:::iu~ ..:JlJlfl"'} ~1mlt~U ;..:i ,~1ilt101i ,, ,, 
Freundlich isotherm ffllt11Jfl1'jfffl'lflfl1..:JU 

fll 'j 'VI~ nfl ..:i1ilfl n,i1.:i fl 11 m'li' JJ'li' u ~ l lt m::: fflJ rirn i' un~ trn ..:i fll 5 ~~ciru n-15 ,J 5 fl VI 1 ~w~u 
.ei. q .::t Jt .ctQI A q ' QI 

9l::: flti'W u1 nw u fl lJ~ 91 ffllt m rnmu 911Vj~nlJ 8 fftn'W 'If .:i lJ c1011 w :::'II ti..:Jl'W fl~U 91::: flfl'Wll910911..:i nu 
,, ,, 

t1fliili..:i~um1u ~u11u ~uV11w,Ju~u11u un:::~u-i1ui.Jum1mdl.:i 11'.lulu 111nnu,1~c1fl..:ilifo.:i 
,, ' 

~uvm11i,jn-1m1olcifm1m'li'1J'li'mh..:i1~u1nulumrn~nfl..:itiu~m,..:i 8 n-mili~ li1u~uiiiifl..:ir1 

iJ1:::nfl1J'llfl..:Jfl1,JfllflV111Ut1flu'li'H~.:i (fftnil~ 1 2 4 5 6 un::: 8) m1m-u°1J'li'u'llfl..:Jff11iJ1t1'Yl~lA1Jc1.:i 

,,Jflglu,i1.:i1:::'1111..:J 0.1 - 2.0 mg L°1 
ff1U~U~Ufl..:Jt1i.J1:::nfl1J'\Jf)..:Jfl'4fllfl'Yll1UU{l.:iun::;jm'11UU1 

' ' • " .::Id. i,, ,, ,, -• , I ' ·I 4 
flf)U'IJH~..:J (fftnU'YI 3 un:: 7) 'lffl11lJL'IJlJ'IJU'IJfl..:Jffllul6VI U'lf1..:Jl::'1111..:J 0.5 - 4.0 mg L l'U6..:J,J1fl 

I fl I ,, I 

Yh::iufl 111Jl-u° JJ'li'u \l ..:J9'U U m,i 1nu;iilfl 111Jff1lJ11 tl'IJ6..:J~U i U fill ~~'1f1Jl 'U f)..:J,J lfl'nU TIH1 iu fl1 lt)il 

<i1J1~ lJ 1 fl mu vt1:::1ilfl~U ~iifl .:ifi' ,J1:: nfl1J'llfl..:Jfl1,J mfl 'Yll 1u~ .:i,ii 1 if 'li'fl J;!cl~ i ~,jjjm11Jff1J~U1i tiu 

mh..:ijj,!uri1t1ty9111Jff1Jflll Freundlich isotherm fauim1w1111nfi1 R
2 

ijfi1~1 u~111nn~,i1.:it1111J1'1i'1J'li'u 

, J/ ..::t ., ., Jo,, ., , , SI , " , 2 ,,l d , d '1 SI 
cl.:!Vi1J11'11flJ;!cllJfl111JfflJl'fU1iflU9111JfflJflllfl.:!flcl11 film:: '11fl1 R ~.:!'\JU cif.:!llffil..:J11'Yltl11lJl'\JlJ'IJU 

\l .:icim,ijj nn i flflUHtu~u flfll'l1'U fl111nm::u 1u flllt)~ium1~u1'1i' fl..:J~1u ti1u1d' 6~U~ jjvmuuil .:i1m:: 
,, 

~u1"11ilu1ff .:i,!ujjm1il~cirui~~n11~uV1nu 111miim1 iciffl111J1'1i'1J'li'u,i1.:i1~u1tiu~um1u (O.I - 2.0 ... ... 

mg L"1
) \l:::vi1i'l1l,jff1lJ1ltl1fltl1'1Jfl,:j'UllJ1W'Ul6Vl~l'l1fl6flQ1Ufflrn:::mui~1iifl.:i\11fl\1fltlMtJ,'U'l1lJil 

,, ,, 
QIQI ,i=i, QI ,i!!lq,d,=f; I QI 

il.:!UU'IJU1flfl'\.Jf11flf1Ulm:::nn11w::l'WflflU\l.:!lJ~cl91~fl11t)~cif1.J 
' ' . «-i ., .. SI SI ' . I <t "" ,. I, "" <t ., 

fl1 'jflfl1J1 fll l t)flcif1JVI fl 1 llJl 'IJlJ'IJU 91 H9 'llfl.:!ffll ulfJVl'YI 191 lJ cl.:! u U ~u 91::flfJULm::lll ::ilu 
d , a., .!I , a., 4 SI '1 

fl111JlfllJ,iHC"J 4 l:::fl1Jfl6 0 15 30 mi::: 45 psu 'Vt1J11fl1lt)Ylcif1.J\l::flflfl.:!llJ6fl111Jl'IJlJ'IIU,,6.:!ffl'j 

" ' ' ' 
'UlflVl~.:i;iu (ml'fn 13) 1~url1u1'11ty\l::fl~lcl..:JTI':i::~1Jfl11lJl'li'lJ'li'uli~-:ifl11 0.5 iinUfll1J9lt:IU91':i 

rl1"11i'u~uV111mrn:::~uV111u,Ju~u11u (fftnu~ I 2 4 5 6 1rn::: 8) rl1u~u11u1m::ftu11u,Ju 

-"' .c:t.d .rk .c:1 .d .c:1 I a., .d SI ,, I 

'Yll1Ull1H ( 1Hl1Ul'l 3 un::: 7) 'lf .:!lJ'IJU1~tl'\.JfllflVlcl:::muilfl11 fl1lt)flcif1J\l:::clflcl.:!Vlfl111Jl'IJ1J'IU~-3fl11 
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2.0 mg L°1 
ff1'Uflcl'U6-:Jfl'J11JlftlJ1!'U 'VllJ11 fl'J11Jlflll1iiiiflcl~6fll'.il:)119f1J tlnl1'U~fl111Jlfl1J 45 psu Ji 

u-u1 iu'11~m11:111i11m11lrnV1\l:::c111c1-:i\l1nt111111fim:::~11Jtw1 i11umm:::~m1m'li'11'1i'-u'Uo-:im1 

1l'.i6Vl~-:J"l i-:irl';f-uoynmrn1u~1u i11umm:::fftnU~ 2 ~-:ini-u,~'lf111\l'U11 fll'.il:)119f1J~fl111Jl'li'll'li''U 

'U6-:J1.l'.i6VI 2.0 mg C1 
,~cl11cl-:J\llfl 95 % 111iio1WtH 42 % 1rlom11Jlfl1J11l~t1'U\llfl O 1i'l-u 45 psu (.fll'Vl 

' 'Vi 13) 

\llfl'lf'l-:Jfl 11111,i' 11,i'-u~, ~,'U nl'.i Vl11cl6 -:i1111CJf'IJffl'.i iJ10V1i-:i nn11 'VllJ11 ~'.i :::i1Jfl111Jl,i' 11,i''U ... 

1~11~'U'Uo-:im11l10V1~19i11c1-:iiil1-uil1mru 0.1 mg L°1 
ri111i'11~-u~iim1mi'l-uo-:it11l1:::nouq-:i 1m::: 

0.5 mg C1 
ri111i'11~-u~iimwuil-:iuc1:::~-u111u,mi'l-uo-:it11l1:::no11q-:i \l:::vi11ifil1mruil10V1~111iio 

6 y1 mi', iifi lll11 fl'IJ11 l 6, ff"'lfl u-:i fllJ fi 11J191'.i ]Jl'U fJ tu .fll'Vttl 1 VI::: m 'lfltl~-:J'U o-:iil'.i :::!VI fl'i VI ti~ ,:i n111 'U 11, 1 
0.1 µg C 1 

1rn:::'Vl11111l1mw1lrnV1~\1fl1:J11irniu'1iulu~m1:::nou \l:::3Jfimhn11 1 1rn::: 5 µg g·
1 

,, ,, ,, 

tllm!nuif-:i '11l1Jthi1J i-:itl'u111nt111JfJ1Jfll'.iilrloum1urnV1c1-:i~1111rl-:iii1lifi~l-uil1mwi-:inrl11n 
,, ,, 

\l:::mmrni'm111:::Yi1J'Uo-:iil1mru1l10V1lm111rl-:iii11ifiifiwy1umrutti'mmimfJWfll"Wil1V1:::m'lf1t1 

~-:i M ouH i 10'11111 1-urr fll'Vl\11 -:J'111ll1i'.i'.i 11,n9i1l1o't'l~onilrlouoon\l1nu11rl-:in11il11 hii~on1111i11 .. ... ... 

l 11 tl~U '11 :::@u 1w u-:imh-:i I~ tl'l Ucl :::1l rnVl~6 UL'U ~u '11:::fl61J nm lll'.i oilrlo tlflfl lJfl'U n1JuJ 1, ~efl~'ltl ... ... 

fll'.iffmn isothenns 'U6-:Jfll'.i1111i11m11l1o't'l 'Vt1J11 'li'v11c1iim111tt'11liunnu'1111Jffllfll'.i .. ... 

Freundlich isotherm 1m:::liffi1 R
2 

~lJ'UtlfflflfllVll-:Jff09ilm:::~1Jff-:J ('111'.il-:J~ 19) 1rlo-W\ll'.iflll\llflflfl'l:IW::: 
u ... 

fl'.il'n'\16-:J adsorption isothenns 'U6-:J~U'11:::fl6Utr-:i 8 ffOlU 'Vl1J'lliitTm1ru:::1i'.lu1tVu 1~-:i (curvilinear 

isothenns) Yi-:iuff~HL'Ufll'W~ 14 cJ1-:iuff11-:i11VitT-:i-:i1u~1111rl-:iliu1i::: (binding sites) 1JUH'l~U'll:::noui~c111 

c1-:i1flot111111,i'11,i'u'U6-:Jffl'.i1l1o'Y1~1;j11c1-:i11lluffuc1:::muqJu 1dv-:i'illfl sorption sites 1ii11m1t11~1 

! ~ ,, e11 .J111 t1 , ~ d " ., _ 1 ad d " 'JI 
(saturation) 'YI -:iu ff611flcl6-:Jfl1J flcl'Yl 111\llflfl 11U6'.i 1'1f1J91 fll'.i~11'1f1Jff11IJ16Vl'lf -:ic111c1-:JV1fl'lllll'U ll'UU q -:J"l 

' • 'II ,, 

lu'Uw:::vh:::Yi1Jt11l1Jl,i'1J,i'u~h"l ff11U16't1\)fl~11'lflJ,~ll-:Jt11J11 100 % 11l6lfl61Jll-:Jt11J11'U6'3U11Jlfll 

tJ1on~1;1Jc1-:i1,J (m'W~ 13) uc1:::tTn1:1w::: isotherms ,io,311fic1:::1:::~11t1111J1ft1J 'W1J113Jm11Jt1a'1t1t1n'3nu 

,,.:1 d ~.1,, .:I ,cl dA ,d 
tlfll11J't1fl111Jlfl1J 45 psu 'U6'31J1'3fftnUCJf'3lff1Jfl'.il'n isotherm 1Jf1111Jtl111Jlflfl11Vlfl111Jlfl1J61J"l (fll'W'YI 

14) 1do'3\llfllu~fi1~11irn~1Jvi1llfiitJ11J1wu10V1111ifoodlum1c1:::mu1J1nn-:i1~m11J1ft1Jgu"l 

th Freundlich adsorption parameters (Kad, 1m::: 1/n~ '116'3~U'11:::fl6UU9ic1:::ff01iluc1:::119ic1::: 

t1111Jlfl1JUff11'3lu'111'.il'3~ 19 i11u Kad, iifi1oylui1,31:::t111,3 0.9061 - 21.836 1m::: 1/nad, iifi1u'mm11 1 

., , , .J • " .d111 !'Ill • ~ " " ! ~ 
6~ U'lf'l-3'.i:::1111-:i 0.1533 - 0.6267 CJf'311ff11'31llffU!)'.il'n't1 LP! L1JllJUlffU'11H111tl Vl-3 Kad, 1m::: 1/nad, llJU 

1 ,di 1 4 1 ~ l "' .. 
fll Freundlich constants 'lf'3fll Kadr llff11'30'3fllfl111J111'.i6fl111Jff11J1Hl Ufll'.i~11'1flJ'll6'311U'11:::fl6U 

(adsorption capacity) ff11J 1/nadr Uff P1'3tl-:Jfl'11'.ill~1'116'3fll'.i~Pl'lf1J (intensity of adsorption 1116 rate of 

adsorption) ff '3lfl'11 i~-:i10,311u'~u'11:::fl61J1J1'3ffOTUiifi1m11J11um1~11'lf1Jffl'.ili'.i6Vl~~1 miiifl'll'.ill~ 1 

'116'3fll'.ifl11'lf1Jff ,:i ... ... 
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mnn 13 nJ-011CJf1.u1 m1viv1CJf1Jffl'l' iJn1n lu1111 c1::1 ::v111m1111'll1J'IJ'U1rn11ul'l 11111c1.:i 1 iJlu viu 11::mrn .. 

fft)TU11H'l (a) n-millm,11.:i (b) fft11U11H~.:J 1m::~fl11lJl~lJ11H'l nu 

("': 0 psu, A : 15 psu, o : 30 psu, o: 45 psu) 
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. 
Freundlich adsorption parameters '\J'fl.:Jf11'.i~~'l1'lJff1'.ii..l'Hl'Vl~fl1llJl~lJ~l.:J"']ti'U "' '111':il·nl 19 

Station Initial Hg Sediment Sediment Salinity Adsorption K,,d., 1/n,,d., R2 % 
added pH organic (psu) equilibrium Adsorption 

(mg L-1) matter pH±SD of initial 
(%) Hg added 

Sand / Loamy sand 

l 0.1-2.0 8.0 l.15 0 7.6± 0.2 5.0624 0.1900 0.9538* 81.6-100 
15 7.9±0.1 5.513 l 0.2743 0.9016* 92.8 - 100 
30 8.0±0.1 7.2763 0.2030 0.9757* 94.4 - 100 
45 8.0±0.1 6.449 0.1857 0.9681 * 88.5 -100 

2 0.1-2.0 8.3 0.38 0 7.2 ± 1.6 0.9061 0.6267 0.9890** 94.9-99 
15 8.3 ±0.1 l.3025 0.4383 0.9602** 86.4-100 
30 8.2 ± 0.1 l.031 l 0.3873 0.9895** 68.3-99 
45 8.3 ± 0.1 1.0913 0.3090 0.9322** 42.2-99 

4 0.1-2.0 8.1 0.36 0 7.7 ± 0.2 1-0407 0.5654 0.9453** 94.8-99 
15 8.2± 0.3 1.3523 0.4840 0.9771** 96.3 - 100 
30 7.9± 0.3 2.3067 0.3167 0.9869** 85.4 - 100 
45 8.1 ±0.1 l.2673 0.3776 0.9897** 65.9- 99 

5 0.1-2.0 8.1 0.52 0 7.5 ± 0.2 2.4918 0.3313 0.9799* 90.5 - 100 
15 8.0±0.l l.9654 0.4018 0.9955** 90.7 - 100 
30 7.8 ± 0.3 5.4961 0.1950 0.9460* 90.0 - 100 
45 8.0±0.1 l.1038 0.4140 0.9879** 79.4 - 99 

6 0.1-2.0 8.1 0.76 0 8.0 ± 0.1 2.2494 0.3567 0.9403** 93.3 - 100 
15 8.2 ± 0.1 l.8324 0.4179 0.9549** 91.4-100 
30 8.4 ± 0.1 4.5123 0.2045 0.8893 86.l - 100 
45 8.2± 0.3 4.7188 0.1726 0.9782* 70.8 - 100 

8 0.1-2.0 7.9 0.76 0 7.7 ± 0.7 6.3835 0.1676 0.9365* 90.8- 100 
15 7.9 ± 0.2 8.1549 0.1798 0.9803** 96.3 -100 
30 7.9±0.2 5.9984 0.2372 0.9980* 92.7 • 100 
45 8.0 ± 0.1 3.5097 0.3248 0.9463* 90.2- 100 

Silt loam / Loam 

3 0.5-4.0 7.8 L75 0 7_6±0.l l l.825 0.1761 0.9970** 89.0 - 100 
15 7.7±0.l 17.097 0.1340 0.9933** 93.4 - 100 
30 7.8 ± 0.1 14.131 0.1917 0.9440* 94.3 - 100 
45 7.8 ±0.l 9.7829 0.2454 0.9561 • 92.4- 100 

7 0.5-4.0 7.9 2.43 0 7.9±0.l 17.759 0.1949 0.9638* 97.9-100 
15 8.0 ± 0.1 18.941 0.1817 0.8138 97.7 -100 
30 8.0 ± 0.1 19.019 0.1819 0.9040* 97.4 - 100 
45 8.0 ± 0.1 21.836 0.1533 0.9050* 97.4 - 100 

•, •• : Significant at p = 0.05 and 0.01 respectively 
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fHH1l';i'l'Jilfftl1Jfl1llJ!l~ n~1-rvn:ifft1~'Utl.:Jfll Kuds 1m:: 1/nad, 'Vi1J11ijfl1 llJ!l 11 fl~ 1.:JtltHlVl.:J" . " . 
Uflfflt1i1Ja.:i 1m,;iUtlQtl1Jff(ll'U!lcl::fl1llJlfilJ~1fJ (p < 0.001) t!Vl.:J h~~11Jn11u1 lil'JJ'¥im11J1fllJhiiJ 

Hcl~tlfll'.ilil~uum.fo.:ifi1 Kuds lJlflUfl ll~fll Ka,l, ~::nfl11lJ!l~fl~l.:Jf1U1u11~c1::fffll'U 1ilflfffll'U~ 7 " 
' ' ,, ,, ' 

flltl .:J q'~ '.itl.:J '1.:JlJlfltl ff fll'U°¥i 3 9$ .:J'Yl .:Jfftl.:Jfffll'Uijn'.fo~u~:; flt!U °¥i jjo .:JfliJ'.i:; fltl1J'U tl.:J'Vl'.i lfJ!liJ.:i1m:; 

~um~fl1~.:in11ffmutmm::t1d11!mu~ou1u'Ut1.:iufllJfJ~fflHfl'.i'.ilJlJ11J~1~il t1d1.:i1'.i~~11Jo.:i11u' 
,, I QI d 

~u 11::flOU'Yl .:JfftJ.:JfffllUi .:imh1nfl 11 lJffllJl'.ifl'l11tlfl11lJ~ 1u fll'.i~il'lf1J, ~~ .:i ll11tl11'.ill '.i 1'Utl.:J fll'.i~il 

QI " ' d.~ d 
Clf1J,J::'infl1lfffl1Ut!U'1 (fll'Vil'I 15) 

25 

20 

15 (a) 

~ 
:,2 

10 -::t.:-Opsu 

-t:r-15psu 

5 -e-30psu 

---e--- 4 5 psu 
0 

2 3 4 5 6 7 8 

Station 

0.8 

0.6 
(b) 

-l:i 
" C 

;:::; 0.4 ~Opsu 

-t:.--15 psu 

0.2 -e-30psu 

---e--- 4 5 psu 
0 

2 3 4 5 6 7 8 

Station 

. 
fll'WTI 15 lllitl1JlTitl1Jfll Freundlich adsorption parameters (a) Kad, im:: (b) 1/n"'i. 'UO.:J~UA::nou 

u~ c1:: ff O TU 1 um 1 ilil'lf1J m11.h o vi ~fl 11111ft 11~ 1.:J'l ., 
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,ci QI QI f/ I I QI a.,A. Q 

fll'.irl'mflfl1l1Jff1JVIU1i'i:::1111.:im Freundlich adsorption parameters fllJfJWff1JlJ9l'U'el.:Jf'IU91:::mm 

llfff!.:J 1u1111i.:i~ 20 VllJ1lfllfl1llJ'u'l1~(lfl111Jffl1Jl'j(l 1UfllWlfl'lflJ (Kat,) m11.hm1'UV.:J~U9lrnt1ui1m111 
s " 

IV Q.I fJ' f Q.I' ,. ,= Q ad, c( .:!,:I _Jf , d' Q "' 
ff1JVIUliV11.:JlJ1f1(101.:Jff .:J1Jlf)f11JIJ"i iJ1ul'U(l.:Jffl'j(llJVl'HJ 'j:'1, ;'\ mlfltl Vl'iltJ!llN t)t)f) 'lf'il'Utl.:Jl11clf1 1m:::'i'IU 

"' " . 
111uei1 ~1nr11111rl'11liun~.:inrl1111nf'l.:i11 v.:iti'1.h:::nvu1u~u11:::nvuli.:i 4 mh.:i~.:inrl11l'i1m!1vi1ilui1f'lf'I 

" 
<II A ~ Q ~11:j. A, .ct t/ I t j/ j/ I 

<JflJ (adsorbent) mnJrnV1 1m:::mv.:i~lf1f'IU91:::nm.irn m1rn1u11 1 rjt1-W l!m1vuv.rn il~i'ltll-l'UHU vei1111viu 

11jjm111rl'11liu1f1m:::~u~n-.:i 11n-f'l.:i11 m1vuV116~v.:ii1uV1rnV1ri1ti fl 11lln 1u fll'if'l'il'lfmn11.lrnV1~~ " -~ "' 

n11o~fl1.l1:::nvutw11u~u11::@u ~ .:i 1f'leii1 i1.1ut\'1m1vuV116jjuV1rnV1ri1titJJmn 1um1~f'l'lf1JVt1'elu 
,, . ' 1 , j/d ,d. " I .i::::I 'i A, " d O QI QI ... f QI Q 4:( 

111.:i"rtrn.:i c111::: 'il'ilt1.:i1111111Jt1Q U'ilUU'elein11111 (Sparks, 1995) 1m:::mrnunu111t1V1uuei.:i11m111 

ffllJl'j(l 1u m1iUfl1Jffl'jfl'\.JV11 U~'eld1u;u M~ f1116.:Jfl u1:::t16U~1ilut1'UUVl16n-11iw11u;u11:::t16U 
" 
1 

"'"" ... .J, ., ... d .. • I " 
(Schuster, 1991; Yin et al., 1996) 'ilfl1J811Jfl (humic substances) <Jf.:J'e>Q Uffl1V'U'Yl1flllcl:::111:::@1Jfl1fl 

, • 0 ,, ,::(, QI QI a I QI QI QI 

hum1c acids ua:: fulvic acids l'illi'U1't1 'Wfl1'!'il'l..lfili'111u1VVI (Wallschlliger et al., 1998) m1:::m1~1Jf1Ufl.:J 
" . 

;iuv~nu11tj functional groups 1uffl'jfllJVl1UVf1~1(1 1'ilflVl1J1lffl'j1.lrnVl'lm1Jvi~:::imi1n11 N-and s-

containing groups 1uffl1fl'Ul11U (Sparks, 1995) 1'ilmuvn:::nu s- 1Jlf1f111 N-containing groups (Skyllberg 

et al., 2000) 1m:::1.l1 mw fll1~f!'lf1Jffl'iU1VVI Mii .:Jq'f'IV11J111ilut1'ilff1Ufl1J1.l1 mwn-11vun161u;u 
d. j/ I Jt ..::::ri,, .c:i.. ..J o 4 ~d .-:::.. d ti I I 

91:::f1VUVf1'il1fl (Yin et al., 1997a, b) 11911Utl.:J~lf1f'IU~::;f1V'UU111WVl'Yllnl'.irl'f11fl'U1Jffl'itl'UmflVQfltllJ 

;;,.:iuvei mmw1.l1vn~\! n~'ilciu 1 Y1eim1vuV116i.rn1~i1 ilimntl' t1 1h::;@11nu1.l1mwmpnfl~u111u'-'1 

.c:11 ,, 9J j/ QI! QI CV QI o QI -=it. A. ,J,d. I ~ _,t cl , d' 
1Jfl'e>U'Ul.:J'U(l(lt;l1(1 ~NUU 111Yl'il'lflJ11clflffll111JYlUU111W'U ~.:JU1~:::l1J'Ul11lflll1Nlm:::nrnfmt1fl 'lfy} 

" 

. ., 
\>'ll'iHTI 20 flltY1J1J':i:::ffl11ff11tY1Jl1'Uli'Utl.:J Freundlich adsorption parameters Ucl:::fJW fl1J1J1i'Ut1.:J~'U 

.J d I 

91:::flfl'U 'Yltl111Jltl1J911.:JC) (n = 8) 

Sediment Salinity 0 psu Salinity 15 psu Salinity 30 psu Salinity 45 psu 

Characteristics Ka.ts 1/llad, Kact.- llllads Ka.ts lllladr Kact.- lllladr 

pH -0.774* 0.874** -0.830* 0.894** -0.782* 0.731 * NS NS 

CEC 0.892** NS 0.954** -0.832* 0.911 ** NS 0.768* NS 

Organic matter 0.973** NS 0.943** -0.780* 0.982* NS 0.969** NS 

Total Fe oxides 0.759* NS 0.793* -0.766* 0.779* NS 0.713* NS 

Total Mn oxides NS NS NS NS NS NS NS NS 

Amorp. Fe oxides NS NS NS NS NS NS NS NS 

Amorp. Me oxides NS NS NS NS NS "-:S NS NS 

c,r::-03 content NS NS NS NS NS .. \ > ;~. NS NS 

)' 0.732* NS 0.843** -0.807* 0.761* r,; :--- NS NS 

ilt 0.932** NS 0.969"'* -0.781 * 0.941 ** NS 0.841 ** NS 

Sand -0.908** NS -0.961 ** NS -0.921 ** NS -0.802* NS 

*, **: Significant at p = 0.05 and 0.01 respectively 
NS: Not s;cnificant (p > 0.0.' 
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'1Q,I QI QI " I I QI ' QI d d 
'1.H)fl'i)lflUtt-:JVnJfl1llJfflJVfU1iVll-:J1J1fl'l"::1111-:Jfll K.,,., fl1Jfll CEC VJfl'.i::,J1Jf11llJ1flliVIVl,J?HJ-:J 

...k • Q,I dvQ,I d 
'J$-:Jllff,J-:J11 fll'i~,J'J$1JffTn.hflVllfltt1'Ufl-:Jfl1Jfl'.i::1J1Ufll'ilU'lfll'l.lmm1.h::, (cation exchange reaction) 

lJlflfl'll~'il::1ilum::111Ufll'i chemisorption 1m::'V'11Jfl1llJfflJ~U1iVll-:Ji:11Jf11Jtll-Jtllfl'Yl'iW un-,1.:i11 

111 fl i1 tr',i ti1u'U fl .:iel-Jm fl m Wl,1.:i 'il:: v'h 1,f fl 11JJmlJl'it111 ! fl fl1 l lJ l'U fl .:i~u 1 u fll 'i ~,i ciu ffl'i 'l.l'i fl VI i:1,J 

,, . 
fll 'j ~ ,I C)ftJ ffl'j tj'j fl VI li.:i N i:l'n jj~ flfl 11 lJffllJl'j (l lf l flfl1 l lJ l'U fl .:i~ U 1 U fll 'j ~,JC)flJ 1m::a 9l 'i ll~1'Ufl .:i fll 'j ~,I 

C)ftJ o.:iuu'11f11llJlilu fl'.i,J-~l-:J'Ufl-:J~U9'1:: flflU~flfl1llfl#.:ii1'h.iu9'1 fl~ 1.:i nu mm! fl~9'1 llJ tfoi1ti1fld 

'i::1111-:i 7.8 - 8.3 1i1fl.:i\llfl'W1Jf1111Jtr1J~u1i'V11.:ii:1ueui-:ii1'11mht1t\J'i::1111.:iti1 Kad, nuti1f1111J1ilu 
1

"" 1 1' d 1 ,d I 
Cit, fl'.i,J-,JH'Ufl-:J,JU9'1::@u ,imnm:: U'lf1-:Jfl1llJlfllJ'i::1111.:i 0-30 psu '1$-:Jllff,J-:J1lfl1llJffllJl'j(l'Ufl-:J,JU 

I ,, I r I 

1 ., I """' ""' ~ ' ... • ""1 .. ~ 9l:: fl 6U U fll 'j ~,J'l$1J mn. 'jfl't1\l:: l'V'l lJ'UUllJflfllfl 11 lJ!lJU fl'.i,J-,JH'Ufl .:i,iu i;l,19'1 l i:1-:Jlf rn U ff fll1::Vll1JU 

flrnlJlfl;fU J.:ii11ile.:i\llfl~fl111Jlilum,1-~1.:i~1'il::'V'l1J'l.lrnV1'lf'U,J~jj'l.l'i::l1J1fl (positively charged 

Hg species) 1Jlfl ii1l,.Yn-1'i'l.l'i6Vl\)fl~,JC]f1J,~lJlfl;fU (Yin et al., 1996) 1m::1uvn.:ifliimiua9l'ill~1 
I ,, I I JI 

'U fl-:Jfll'i ~,iciu ( l/0mt,) ffl'i'l.l'i fl VI \l::1w 11;imiiflti lfl 11mi'.lu flrn-~1.:i'U e .:i~ u1w 11;i u 

fll'j flfl11 lfl't1 i'Wl:1'Ufl-:Jfl11 lJ1~ lJ~ "~fl m rn,i ciu ffl'j tj 'j fl VI 1,i tt~U 9l:: flflU 'V'ltJ 11 ff1U 1 mtiut\'1 
.. u 

fl1llJl~1JhiiiNfl~flfll'i~,1cium'i'l.l'it1VI um1u~f111m~m::iul,1.:i"} hH.11nvn::~ 45 psu iiNflii11,.Y 
,, ,,,, 

fll'j~~C]f1Jffl'itl'i6Vlf!~u'ettf!-:Jl1-:J'U;iuednu'i::i1Jf1111Jl'\J1J'\JU'Ufl-:Jffl'jtl'jfl't'lllfl::iifl11W::'U6.:J~U 

9'1:: mmu ~ m: n-m-ul1fJ 1 ~fJ~U9'1::t1eu~iitl1 mw ffl'it1UV11 Ul,1 .:it111u f!::L d'e~ uiM'~ ti1u'Ut1.:J6'4fl lfl 

V1nrJui1.:iuf!::~u111ufJ1tY.:it111 (tYmii~ 3 1rn:: 7) iim'i,1,1clrum'itl·rnV1il~t111 1rn::fl11111~11~ii1 .. .. . ,, 
fll'j fltl111UVl1J, i.iiir-rn~flfll'j~~C)f1Jt'l'l'i tl'i6VI ii,, ,.Yt11 lJlW tll6Vl'n (l tl~~ciuiiti, 1 tl~lflfJ.:J tiu li.:i 4 .. .. .. 
m1111~11 J.:irl'1i1e.:i\l1t1l11111wt11'i6UV11 ti'mmrn i tlf!,16V1iv·m'llt1-:Jflf!D i 1ifl.:i ii 1vt'i1::t1u6uV11u 

., ., ,J , """ ' , " .d, ti "' SI d "" , ""' fflJJl'j(l'i)1Jfl1J rnVI ~~tl1lflflij 'j~ (Yin et al., 1996) 'lf.:J9'111J tl9lllfl1fl111Jlfl1J 'Hrnflflij 'j~ijijijU 

i,i·:hd'.Ju complexing agent i1'Hil.:i~ii1JV11J1Vltllflt\J~flfllrn::fl1ttil 1m::t11'ilfl~6U~ (mobility) 

'116.:Jffl'iiJn)VI lu ~ .:Jl11~~ij1J fll'j lfl,JffUtl'i::t161JLi.:iieu'116.:Jflfjij, 1i t'l'l1Jl'itlltl~ttUtJWtY1JmiVIH 

.. ,J .. ' ,p ti .dr .. ' ti.cl .. lfllJ'IJij.:J 'i6V1666U l'lfU fll'ifl::fllfJ ~I 1m:: 'i::1 (charge) 'lf.:Jfll'i)lJNfl9'16fll'il flt.lU'W(J9lfl'.i'j]Jfll'j~~ 

cium'it1rn't11~w~u9'1::tl6U (Hahne and Kroontje, 1973a) flflfl h~ mmrnf!,1t11'i~,1ci11m'itl'iflVI 

amiluNf!lJl'i)l tlfllllfl~tYl'itl'i::t161JLi.:iit1U'Ufl.:Jflflfl, 'j~ ( chloride complexes) l ,imnm::~ti1fl111J 

1ilum~HlH~l"}\l::VnJ1J1tl (Barrow and Cox, 1992a, b; Nguyen et al., 1994) 1m::'lf'U~'ll6.:J'l.l'i6VI~ 

'V'l1JJJ1fl~'i::i1Jfl111JL~1J~1h~uri Hg(OH)2 1m:: HgC1i i:l1.:i1ilu-w1niliiitll::l (uncharged ·species) 

1miii Hg(OH)2 1ilwlfii,11~u1m::iifl11lJ16.:Jb1uflu~,iciuil~ (active adsorbed species) (Yin et al., . ,, 
1996; Sarkar et al., 1999) ff1U'n'i::itJfl111JL~1Jl,1.:J"l'UU 'lf'U,J'llfl.:Jtl'iflVlff1'Ulmy\l::6dluitl'U6.:J 

tll::lfl1J l'lfU HgCf3 1m:: HgCI/ (fll'W~ 16) ~.:iii.immrn\)fl~f!citJi~ (MacNaughton and James, 

197 4) 1i1fl .:Jll l n~u 9'1::trnu UtJW irn,j9i,ilutl'i:: ~f!UflQll t\'1 t'V'l'.i 1:: 1 u 1i'.i rn'lfl~~u 9l:: mm 11::1h::t1fl11 
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'JI oC\ -=t ,1.J .c:t • d : #:S o 'J}q .J r ~ , 

~1UtY1Hllll'l'HJCJl'~JJfll pzc (point of zero charge) l'l911JJ1frn~l'llhtmh::~ct1Jl'li'llfl11lJllJllfl',rn-~1~ 

, • 'J} ~ , ..f II) Ji ~ ~ d ~ o tq 'JI 
wn~fl'JHJJlfl (91~1191 pH > 3 '1.11-l lU) Uct::llJtJ pH !'VW'l.lll tl1::~ct1Jfl!'VWilll1ll91llJ 1tl~1Uilfl 

., 
m::1J1llfll! dissociation 'I.It!~ H+ ilfl functional groups (Sparks, 1995) llt1flilflillu~uu~tl1:::flt11J 

" . .d , 'JJ ... 1 t.o. .ct 'J) Q,I !, .J Q,I 

~'JU clay minerals Uct:: hydrous Al and Fe oxides CJ!'~ 11111::~ct1Jllfl~ll91::fltllltlfl~1U ~~lllll'l!::~1J 

m1111flmw7 i~'l11idhrn9it1nnc1~tl1mtum1~~ei'mn1tl1fiJl'I t1uHh~91111mi1:i.id'.lu1tl9111J~ .. .. 
nrl11ilrt111t11 ti n1ti~ il ntl1111tu ffl!ijlll'Jl otY1mn11 tlc1~;l'liwc1'l.lt1~i'I c1t1 h~~ii~enn~~ei'rnn1 .. 
UH!l'lct~ M (Yin et al., 1996) 

Thongra-ar (200 I) MRmllUl'liWct'l.ltl~fl'JllJlfllJ~tlfll!~~ei'1JtYl!UHll'l 1 ~U~ll91::fltill il m1:i.i 
,, 

il,m~tl::m w1111 m1111f\111:i.iiif-lc1~t1m1~~ei'11m1tlrnl'l1'!fm~u1nu n1t1~ilfltY11tl1::@11 .. 
.0.. 'J} ... I .0. .:=:I," A.C:.. .q 4 • ... I .q " 

l"lf~CJl'tlll'l.lt1~11rnl'lllct::fflrnlll'l!U (Hg-organic complexes) lJtll'l1iWctl11lltlfl1ltY1!11!::flt11Jl'lWIHlll 
,, 

- I "I " <t ,- I ., "" "" , "'1 ..,. "" <t """ 'l.lt1~11Hll'lllct::i'lcttl 1!~ (Hg-Cl complexes) i~ 111J~mt1l'11i'Vlct'l.ltl~i'llltl !~ ~Ufflll"lf~ fl~lllJ~ll . ,, 
91::nt1u11111tu1111191111~iitY11uul'116tit1u-ii'Hi!t1m1forvimJt11J~u11111tu11:i.itl111Htl::mmn u~ilfl 

i'l 111J ff 1J'Wll 1i~ W1J, ll ! :: ~1J ff~ 1::111 H ti 11'111 JJ\l 11-l fll! ~~ei'1JtY1! U!tll'l'l.ltl~~ll 91:: flt) ll fl1JU1 lJltu ffl! .. ~ .. 

fllll'l70~~jjfi11m~li'lU~flllJ~ 41::~1Jfl11lJlfl1J (911!H~ 20) \1~U11rlm119Jf-lllfflflty'l.ltl~fll!ll~fll'liWH 
I I JI 'S/ 

'l.lti~!'l 11111ti 11li ii~ti m1 ~~ei'11m1tl1t1l'lliw111u m1 fffl1l 1i'I i' ~il .. 
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(a) 1m:: (b) \llfl Hahne and Kroontje (1973a); 

(c), (d) 1m:: (e) \llfl Hahne and Kroontje (1973b) 
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,, ,, . 
m1fimnr1 f.:iil i ~vi1m11v111~1r1u~JJ1W'Ufl.:Jm~mmt1111.:i mil n-'1 u n-n c1tc1 wnli1 m1 

i'lr1c1u.:i~r1'lf11m1u1vi'l~r111m'li'mi'u,i1,:i'l ir1u~u1v1tflfl'U w ~r1ff1J~c1'Uu.:im1~r1'1f11~ 24 i1 im 

mmt~fl111Jlfl1J o licit 45 psu i.:iun-r1.:i'lmnw~ 17 Nc'lm'ifffl'l:11 'rl1111~fl111Jlfl1J o psu iim1ucivu 

u11.:imiln-uufl~lfl~'Ulvltflfl'U~.:iiiuu1 itl'111v1111r111111'1i'11'1i'u'Uu.:iurni'l~rvi11,1u (fll'rl~ 17 (b)) un-r1.:i 

1 ... I GI .J \fl o' CS "I '1.cl I , o' d 4 SI 1 .c:t, .c:r.. '1d 
11urni'1~ fl~rl'lf1Ji'lflfl fl 1 'lfrl'Ufl.:Jll1J,:J fll'U ff Lrlrl fl11flii)fl 'lfrl'Ufl,:Jllf cl flt),:J ll1J1lrl'U \vltflfl'U 1J'j 11W 'U 1J 

"I ./ ,. 'JI , d , d '1 .., .I .d "I " 
flfl fl L 'lfrl'Ufl.:JlllJ,:J mu ff'Ufltlfl11'Ufl,:Jllf cl fll1 clltlli'llfl1111J llclt 'U fl1 t1J1'U fll'j ~rl'lf1JIJ rn i'li'lflfl fl I 'lfrl 

1 ! .I "!'JI 'JI "I .d ,. • I .d d '1 i 'JI "I ,1 .,j 
'Ufl,:J cll1t'U'U IJ'ifli'l lrll'Ul LUlli'l'Ui'llllJ.:Jfll'Utl'JJ1flfl11 'Ulli'l'Ui'lllfclfl 'U flHff'il.:J'Ufl,:Jflflfl l'lfrl !'Ufl,:J 

~,m,mmiln-uufl l'lf~iir111111u.:i i 1 'lu m1flflci11m1urni'lJJ1fl 
,, " a., d,:::t I 

i'1.:J'U1Jlltl.:Jl'U11 .. 
" . 

flflfl l'lf,ll'l.:Jl1clltl ummilfflrlflflfl l'lf~ 1i'lui1r1r1ci111111urni'ln~1Jlfl (most effective adsorbent) .. 

'l'U'UWt~m~flflflfll'lf~flQl'Wfl'Wimu.:ic1.:iJJ1 (Kraukopf, 1956 ~H'l'W Lockwood and Chen, 1973) 

" l!clt'Uflfl~lflil McKenzie (1970) ~H if!U Backes et al. (1995) 'rl1J11fll'irl,i'lf1J im1t1'1i'1 iu'lu 
" 

flfl fl i 'lf ~'U u.:ium mil n-if 'Ul~t11'1i'u ,:i tiu m1 urlvu11m mil t1' (Mn 
2
+) uc1t flfl fl'W 111 flt 'U 'l flfl fl~ 1 fl 

m)fl, 'lf~U~11 cll1 ::m rl1i!u ~,;;,, 'U!!i'l'U~flflfl'U1J1fl~l.:J'l~~fl'Urlflllflfl fl1Jl cl1.:ir1~ ltlfl1J~'rlU '1 ll fll'j 
~ ~ • y 

fffl'l:llfli'.:iil !!~!"flfl111J!fll1tJ.:i;iu (45 psu) 'W1J11m1urlvmm.:imilffflflflmfl~ll1ltflfl'Wi~c1r1c1.:i~1fl 

.di Id d d QI ,, QI d d.c:1 " .q .c:. J .d 
i'1 1JlJfl1llJ!fllJ'lf,:J11Hfl'U'UllJfl1Jl11clfli'llJ!!ll1 i'W1Jcltclltlflflfl\llflrl'U1l::flfl'Ul'WlJ'IJ'U (fll'Ni'l 17 (a)) 

1~v,:i \l lflfl c1v i 1 ~ mm1 mnr11111u1 t nu 111-i.:i,uu nm l1 ~ mm:: um mil 11~vg'l u ~u 11:: nou i $i'$i'1u't'l 1 

'l
"i ! ~ " QI d .c:i. ,, 

l1 cll1::'Yl.:Jt'l'O.:Jcl::clltlflflfl1Jl\llfl,i'U11::flO'U'rl'ifl1Jfl1Jl'lllfllffl'i1.hO'Yl'Yllm::11flOflfl1JlA10 (Wang et 

~ ~ ~ "I ,,,, d .c:i. .ci. SI QI I ""l'J/"" 
al., 1991) \llflNclm'iflfl'l:ll'UOl\lllJll l'U ,i1ll11clflt'l'llJ1Hllfl,it'l'l'i'U'i::flfl1Jl'lf,:J'lffl'U fl1Jflclfl 'i,i lrlrl 

fl1llllJ .:J mu tY\i .:J'VI 1 '1 M ll1 ~ flcl:: clltlflfl fl 1Jl\l l fl~'U 11 ::flfl'U JJ1 fl fl11 'U ':i:: flfl 1J t11J'U ':i fl'YI ~fl Q1'W t'l'l'i cl:: cl 1tl 

~111m':it1f miut1c1u i 1,11~~~1mn,im':iu1::flvm-i,:ii'uu,io,:iurnn11c1::t1c10 i 1,i' ih 1H'u1vn iii 
!Ill! .d .. !I 111 ~""' .:.,,.,y ., 

t'l'llJl'it1l'IJ1 L'U!!'Yl'U'YllllJ.:Jfll'UtYl'U lflHtY'iH'IJO.:JOOfl LC)$,! L,I Yl1tlll1~'U \l.:J'Yll l1fll'i~A'lr1Jt'l'l':i'U1fl'YI 

1 
""' ,. A d .% .,,y , Y, 

YI tl,i'U 11:: flO'l.J 1Jl.:Jt'l't11ll cl,tcl.:JllJOf111lJlfllJt); .:J'IJll,t.:J Ylflcl11JJ1!!cl1 'U 110'Ull'i fl'l 
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~ a, d d 
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ti. ~ 
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ti. ~ 
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Hg added (mg L·') Hg added (mg L·') 
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4.2 m1t.la~n..laamnn.han 

fll'Jftfl111mnhl~tJrlm.1ff1<JtJnrvmt1m:nfl~U91:mm-1~'J::im111lJ1'1i'lJ'li'uu~fl~Hnu 2 <J::iu 

l~m~lJU~ 0.05 M Ca(NO3) 2 ~..:iH11'.lu background electrolyte Miu~u~::fltl'U!m::11.ii~lJffl'JtJ'JtJVI 

um1uiumruftfl1116Vlll'VH'l'lltl..:Jfl11lJ!fllJ1~1~lJ NaCl c1..:iitJ~1u l'i1m'JV1~c1t1..:inlJ 7 mu vm11iu 

,h..:iurn 1~umvn::iurn1J~ l iim<JtJrnmrntJrit1UtltlfllJ11Jlfl 11ii..:i,:nm!utJ1mw1~Mrn..:iu~nir..:itHii .. 
m<JtJrit1ut1t1 fl mt1y1~t1u"] 11"'1rlt1fl rn 7 'Jt11J11~1n~llJ uc1::1rlml 1'li'mJc1 m111m1JJt1lJi1-1101-1~1 lJfflJ 

fll'J Freundlich isotherm 'W1J'llii'li't1].!clU1..:l'J!~ 1uiifl11lJfflJ'W'U1ifi'U~llJfflJfll'Ji..:iflri11 l ~U~1ll'JW 1 

\llflfll R
2 ~,~ i..:iuff~..:il'U~l'Jl..:J~ 21 J..:iif'-u't1lJcl~'Vt1J'lliifl11lJfflJ'W'U1i~llJfflJfll'J Freundlich 

"' ,, . . 
isotherm tl'u \l::11'.lu'li' ti lJcln~u ~:: fltl'U iim<JtJrnV1t1Uff ..:jlJlflfl'll~'U ~::fltl'U niim'JtJ rnntJUUtltl tlUl..:I 

Ill.I V V V 

i 'J n~l ;J lu ~ii \l::'lltltl 1'1i't1lJc1i..:iflri11 mtJ'J::fltllJ lu mrnntJ'JWNcl~1{J 1ilt1..:i\llfl i ~lllfll'Jcltl..:Ji~-u'tl .. 
].!cl1JHff1'Utltlfl!~tllrilJtil R

2 
iif~..:i;fu 1m::'W1J'lliuiiNc1l'i1lifti1 Kdes 1m:: l/ndes ~,~,tJgt1uutJc1..:iitJ 

" .. ., \l 1 fl'lltl lJcl!~ lJlJl flU fl .. . 
4 4 ..::ir.. I t 

Nclfll'Jflfl'l:ll!lJtl'W\ll'JWl\llflfll Freundlich desorption parameters (Kd .. Ucl:: I/nae) 'W1J11 Kdes 

d I I i .d_ At J,I t Jr t 4 ... I 1 ... I 
lJfll~..:Jfl11 Katis 'U'llW::VI 1/ndes lJfl1Utltlfl11 1/nads <J1..:!Uff~..:111fl1'Jflltl'H'Jtl1Jcltltlff1'J1J'Jtl')1tltlfl\llfl 

,, ,, ,, ' ,, 
~u~:: fltl'Utl'U~tl..:i, ,-w~..:i..:i,uff ..:i lu fll'j~..:jffl'Jt1'JtJ'YltltlfllJ1 11..:iil-w~..:i..:i1unl ,u..:i<uu f)lJ'j ::i1Jfl11lJ!'li' lJ .. 
'li'u'llt1..:im<JtJ'Jt1V1~~fl~~ci1J1-u'1 i 1l~1t1 1dt1..:i\l1nti1 Kdes 'llt1..:i~u91::nt1u~iiff1<J1lrnn~.:i\l::1J1nfl11 iu 

~u ~:: fltl'U~ iim'J 'U'Jtl'YIU v t1n11 ti1u tim 11!11 u mnhl~iJ rlt1 tiffl'J 1.lrnn \l::m ..:i nu -u'1m1uuc1::~1 

fl11fl~'JlflTJ~~CM1JlJlfl~1tl \llflN'fl~..:jfl'fll1 ~..:ifi1 Kdes > Katis l!cl:: linties < 1/nads llff~H1l'U'Jtl'Yl~Qfl 
,, ,, ,, 

~~ciu1fhhnm1t11lrim1miufiuti'l1utl1i~i..:iM1J~\l::U..:ifl.:iiiiJ·rn'Ylm..:iti1u~t1ti'1..:i1m::i'mnhrndlu .. .. .. 
Cr, ,, ,d ~ ., .:I .cl I ! J 4 l Cr, .d.:t ,ct 

~u~::fltJU~1'-' 'lf..:il1JUfll'J~~'lf1J'Yll'Hlfl11 irreversible sorption n..:iu1mmnt1 u~u~::flfJ'UTlflfl1fllJ 

ti1u1l<J::flt11J'UtHtY11au'Y116 ~umilt11 1m::n1wuil.:i u"'iit1ylu1l1mw 1ij1J1nut1~~11J u~tHfl 

1l1::mmm1hil 1~muvn::ff116U'Yl1Viim1mY1lJl'l't1 lum1iuu~fl'Uffl'l')1hvn1~~1Jlfl (Yin et al., 

1997 a, b) 'Utlfl\llflil WallschUiger et al. (1998) fJ.:J11U..:illJ1lffl'l''U'l'VTl~i'lJ111Ji1fl'Utf116UTl10~'ltl .. 
~ -1 .. " d ,!I , -1"'"'".. A I t o, 

S-containing groups \l::l1JUffl'l'1J'l'::nv1J1'lf..:i'lfVU (complexes) nmmJ UIJfJflWl!fllJ lW fll'l'U'll..:i'UU . ,, 
ud..:innu (competition) fl'U cations 'lf'U~6U\l::iij1ii~;iu 1m::ff1'l''U'l'tl'Yl\l::~fl'U'fltltlfltlfl\llflffl'j 

,, 
-1 "'" "'111"" 4

" IJ'J::flV'Ul'lf.:J'lfVUU l~'lfll1'l'VUVtllJlfl"] 
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,J 
Vll'HH'l 21 Freundlich desorption parameters ,iv•:ifll'.i'tlc'l~'UflVfJffl'.iU'HJVl Uc'l~'U~1JltlHYl'.iU'.iVV1~ 

'Uc'l~'U flVfJVVO'il lO~UVI ~OVU ~fl111Jlfl1J~l.:J"l flU 

Station Salinity Initial Hg Initial l<Jes 1/llJes R2 Total desorbed amount 
added adsorbed Hg 

(psu) (mgL-1
) (µg g -t dry wt.) (µg ii) (%) 

0 1 9.83 9.8277 0.00002 0.0045 0.013 0.13 
2 16.31 15.728 0.0057 0.9384** 0.744 4.59 

15 1 9.97 9.9617 0.0006 0.8202** o.oi5 0.16 
2 18.56 18.513 0.0005 0.9039** 0.056 0.30 

30 1 9.98 9.969 0.00006 0.0251 0.012 0.12 
2 18.89 18.857 0.0003 0.9211 ** 0.042 0.22 

45 l 9.95 9.9364 0.001 0.7406* 0.031 0.31 
2 17.70 17.662 0.0004 0.8066** 0.051 0.29 

2 0 1 9.43 7.6318 0.0441 0.8407** 1.166 13.05 
2 18.98 15.826 0.Q38 0.8657** 1.654 9.04 

15 1 9.05 7.2375 0.0486 0.9096** 1.088 12.64 
2 17.28 13.113 0.052 0.9198** 2.368 14.58 

30 1 7.90 7.4215 0.0107 0.9128** 0.457 5.94 
2 13.66 11.603 0.0243 0.9400** 1.593 12.19 

45 1 8.17 7.6868 0.0106 0.8965** 0.501 6.22 
2 8.43 6.5264 0.0325 0.8856** 1.701 21.18 

4 0 1 8.94 8.7836 0.0036 0.9691** 0.212 2.34 
2 19.01 15.927 0.001 0.9367** 3.10 17.03 

15 l 9.16 9.0792 0.0019 0.9460** 0.102 1.12 
2 18.38 17.217 0.0086 0.7155* 1.186 6.6 

30 1 8.85 8.8099 0.0009 0.9393** 0.060 0.68 
2 16.54 15.827 0.0109 0.8193** 0.635 3.88 

45 l 8.75 8.7422 0.0002 0.9388** 0.021 0.24 
2 13.18 12.756 0.0045 0.9044** 0.459 3.49 

5 0 l 9.08 9.067 0.0003 0.8756* 0.Q18 0.2 
2 18.46 15.903 0.0009 0.8293** 2.577 14.06 

15 l 9.42 9.4056 0.0004 0.6421* 0.027 0.28 
2 18.13 17.538 0.0061 0.9714** 0.657 3.65 

30 l 9.62 9.6059 0.0004 0.5640 0.026 0.27 
2 17.99 17.936 0.0006 0.8674** 0.080 0.45 

45 1 8.16 8.1365 0.0006 0.9245** 0.032 0.39 
2 15.88 15.837 0.0005 0.8276* 0.064 0.40 

6 0 l 9.03 9.7502 0.0063 0.9592** 0.396 4.4 
2 18.66 16.069 0.0056 0.8014* 2.640 14.64 

15 1 9.12 9.1064 0.0004 0.7701** 0.029 0.31 
2 18.27 16.481 0.016 0.7144* 1.596 9.02 

30 1 9.03 9.0168 0.0003 0.6973* 0.025 0.28 
2 17.21 16.694 0.0048 0.8937** 0.523 3.07 

45 l 9.64 9.6265 0.0004 0.9126** 0.026 0.27 
2 14.15 13.471 0.0066 0.8488** 0.057 0.41 
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. 
... I 

mnn1 21 (fl'fl) 

Station Salinity Initial Hg Initial K,i • ., l/1\te., R2 Total desorbed amount 
added adsorbed Hg 

(psu) (mg L"1) (µg g -i dry wt.) (µg g"I) 

8 0 1 9.70 9.7067 -0.001 0.0477 O.otl 
2 18.16 17.403 0.0078 0.9629** 0.985 

15 1 9.98 9.9723 0.001 0.6056* 0.028 
2 19.25 19.212 0.0005 0.8282* 0.53 

30 9.99 9.9874 0.0004 0.7027* O.ot8 
2 18.54 18.51 0.0003 0.8850** 0.040 

45 1 9.98 9.9679 0.0013 0.7258 0.032 
2 18.03 18.008 0.0002 0.5221 0.047 

3 0 2 20.00 19.767 0.00006 0.1484 0.012 
4 35.60 35.525 0.0003 0.9738** 0.105 

15 2 19.98 19.975 0.0003 0.6552 0.017 
4 37.36 37.262 0.0005 0.9900** 0.119 

30 2 19.98 19.976 0.0002 0.9449** 0.016 
4 37.72 37.68 0.0002 0.9497** 0.047 

45 2 19.98 19.974 0.0007 0.6145 0.028 
4 36.96 36.939 0.0001 0.6681* 0.048 

7 0 2 19.99 19.984 -0.0001 0.1674 0.010 
4 39.14 39.108 0.0002 0.8440** 0.047 

15 2 20.00 19.994 -0.00005 0.0096 0.010 
4 39.08 39.013 0.0004 0.9537** 0.086 

30 2 20.00 19.986 -0.00003 0.0101 0.009 
4 38.75 38.858 0.0023 0.9622** 0.019 

45 2 10.00 19.979 -0.0006 0.3408 0.019 
4 38.96 39.534 0.0181 0.7401* 0.038 

*, **: Significant at p = 0.05 and 0.01 respectively 

mn91111.:i~ 21 Vi1J11'llnrt1\]n'llrlmmflfl\11fl~'l.u1::m1u i~uflt1mnrl1u lmy1ijii.:i 10 % 'llfl.:J 

'l11111w~~,ici1111 ua::~u91::flfluiua-miMio1nu'l11mw'llrnV1~'llrlflt1flflfl1J1ilu.:iiuflgnmJ1111w 

d o, ,,,,, .Ir ... d o, ,,,... I Q4 1" i••" I, I 
Vl11fl'lf1J 1~1tl 'lf.:J111fl'U11J1WVl11fl'lf1J 11J1J1fl fl11'Uflfltlflflfl1J101JUU1 U1J1J109111J IJ~1tlll9l 1JVIO .. .. . 

d JQI I ~ .::td .Ji, cl ~ Q cl,, Q .cl 

fftnU U6fl\110Utl.:JVi1J11 flU91::mJU'UfNt'l'tl1UVI 3 m,~ 7 9f.:JlJ1.h1J1W'IJ6.:Jffl'rnUVl'Hl flUll1UfJ1 . ., 
Ufl::Vl 1 ltlll ii .:i tJ .:J fl11fftnil 6Wl l1.:J111Jfl ij m1'llrlfl tlff11 tJ1flVJijij fl mu' ij tl1J1 fl "1 flrl11flflff1U i my 

" • ,-=it, d QI , " di .::1 • -1 : QI ,, ,, QI 

uuom1 0.2 % 'UtNt111J1wtJrnfl'Vlflfl'lf1J 1 <Jf.:Jmn l,10111::mw 20-40 µg g u111um111.:i ('llflff.:Jlflfl .. 
tJ1mwtJ1vV1~<,lflci1J'IJfl.:Jfftnil~ 3 1m:: 7 \l::ff.:Jfl11n-milguiVi11::ijm1,1,1ci11i~~rrh) m1::,1mrn '.J .. .. 

m1ffn1:11'l11111w 'llrnV1111J iu~u91::flflU 11111w iifl11~91 tn11 m rn1J11J911ll" l uiJ 2546 Vi1J11ufi1fly 

(%) 

0.11 
5.43 

0.28 
0.28 

0.18 
0.22 

0.32 
0.26 

0.06 
0.29 

0.08 
0.32 

0.08 
0.12 

0.14 
0.13 

0.05 
0.12 

0.05 
0.22 

0.05 
0.05 

0.19 
0.10 

"' d ' 'JI ,, 

iu'lf1.:J1::111H <0.0023 - 0.224 µg g·
1 
il111il'm1M.:J C)f.:JU'tltl1Jlflliifl1nt11Jfl1Jf-Hl\11flfl11Vlflflij.:Jfll.:JU i.:i 
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" tl' u iuirnwrn! ~~rnJlin l.l'lfl91 fll'jtlc1~tlrlm.1m1tln:l'v1m:imnn~m1::mm'U! 11tul.ll'U911V'l~i~1rlu 1tltl~ . 
Ulf1lJlf1'111tlUVl'U11i1n~,1uma 

rlrn i' 'U m1 flmn o VI ti w c1,i u ~ 1'111lJ1~l.ll11 tlfl mi 1 'j c;1 ~ ii~ u f11 'j ti c1~tl rlu mn'j ti rnVI u u n \l 1 n 

~U91::f1tlmfu 1rluvi\ll'jtul\llf1fil Kde.v 1rn:: 1/n,,,., ,iu~i~~fl11lJl~lJ V'l'U11 iirh1iiu9lf1~Ht1U u~ii 

1,, .d QI d .d ' ~ J d I 

UU1 UlJVl'j::~'Ufl1llJlfllJ~~"l VI fl1 KJ,s \l::cl~cl~ 1rn:: 1/n,,es l'Y'llJ,JU 'll'~Uff,i~11 activation energy 

rlrn i' u i ~iu nu~~tlrnVI uu t1\l1 n~u~::@u 1 ~c1,-ic1~ tl'j ::nu'Un'Uu~ 111~ 1 iu m1 tlrluu111umum1 

, ,, ~ J d O 'J} d QI 1" ... ,,,, J ' d QI d ; .a 
~1wJJ,iu \l~mi11tl1tJV1V1on~,i'll''lJ 1c1::muuumnn~u~::nuu ~~,u,iut111V11::~'Ufl1llJlfllJ9lll1rn .... 

.d\l) t.c:l d 4 A , ., , ,1 e:,. ,Q ,, J i ,1 
VI 1lJlJf11llJlfllJ mu~\l1ntlrnV1c1::c1iuuunmmu tl11lJt1'Uflcltl 1~m~m1tl1::t1tl'Ul'lf~'ll'tlU"IU Vl~U 

\l::V'l'U1~mm::iu~m1::nuu~iim'j191JJff11tlrnV1H~~~~iu~iffiu~'j::i'U 2 mg C1 
6~1~hn91llJV'l'U 

4 4 I i i d.d 4 5'I .C. .c:l .Q .ct,/ j/ I , ,.. I 

l'Y'IU~UHffmmmuu ~umm::ffmUVI 2 'll'~l'UU~UV11lmm::lJffll6UVllUU6U llfi~~11 lJV'IU~U91 ,, 
fl11lJlfllJlvi1tl't.1 rJWt1fl11tu::'lm~~t.191::fl6t!Ucl::6~fltll::mJUiU~U91::fl6UftUNc1~6fll'jtlc!,itla6Uffll 

tl'j6Vl~1U 
" . 

U6t1\l1nu1~li1n11fln111tl!mw,i6~11-1~nuc1::ummuffvic1::c11u66fl\l1fl~U91::n6uiu 

"'1 .I .I I .I " .. "' .J, i ., " m::u1umrnn111fl1'j1Jc\~1Jcl6Uffllul6V1~1uV1fl11l.llfllJ o 1m:: 45 psu 'll'~V'l'UNfl UV11~91HflU"lllJ 
t • ,, ,, 

t11Jfl1lflfl111fll'j~~i'U i~1m~~ium'Y'ITI 18 i~uwu11 Tifl11lJlfllJ o psu tl'uiimlfllU ic11-1::l'i~ff6~ 

66fl\l1fl~U91::fl6U411U ~~Ul\l::1rlUNcllJ1'11fl Uflcll~Ul.10661.J (Ca ++) oi1~f~1flu major cation W~ 
.J, .. , ., ., ... 

l1U~ 1m::lJ affinity tl~ 'Ufl1'j\l1Jfl1J binding sites 'lltl~,i'U91::fltlt! (Backes et al., 1995) ua::1J1\l1fl 

./,i"?I .,l.,. ,,... o 4d 
Ca(N03) 2 '11'~ 'lfl'U'U background electrolyte Vll91lJ'f1~ ti t!~'U91::fltl'U'IJW::Yl1fl1l'Yl~fttl~l'Y'ltllaf.lt!ll1J1J 

.,. , "" , " " ,. I .,l "' ,. , , ., 1 .d •, "" fffll'Y'l\lH 'U1ilnJ'lf191 ,!l'IJ1 1Jl!Ylt!Vlll1ftf1U'f1::Umfl1t.1ff U6tlfl 'lf~'lltl~ a11::Y1tlg 'U~t.191::fltl'U 

nmf ~u Vl'U~tlrnYI iu~u 91:: fltl'U~1f.l U9llrltlfl111Jlfl1Jl~lJ;f 'ULfl'U 45 psu 1iim1m1urlt1m11gfltltlfl 

""' .J o, , " " , "" .. , ,, !/ ... ti !/ 1tl , .J ,J I ~'U91::f1tl'UYl~,!C)f1Jff11U1tlYI 1 tlfll1'U 'U~'UVI 1J ~l911Jff1'j 1tlVll'll1 t!'lltu::YIV'l'Ufll1 ftt)f.l 

d , ti<> I .J ,:j 
ll1Mfl1'Ufftltlfl1J1 'U 11J1W ff ~fl11Ylf1111Jlfl1J 0 .. psu Uff~~11m1tln~tlntlf.lff11U16Yltltlfl\l1fl~'U 

""' "" , ci.dd SI 
91::fltlt! 'Utlfl\l1fltlYl1iff'f1'1Jtl~fl'f1t) l,i'Yl~~ffl'jUltlYlfl::clltltltlfl1J1U'f11 U1tlYl'U1~t'r1'Utl1\l1J1\l1fl 

UlJ ~muff 6tl fl, C)f ;~fl:: ell tit) 6 fl1J1 \l 1 flOVI tiff fl'lltl ~fl flt) 11 ;l,;'U t1'U ff !tl 1J t1'U'Y'l1 ltl1ff11 U1tl VI ~m1::i,-i 

911lJtltlfl1J1411tl Nftfll'j fffl111tluff,i~ 111'n1'U 11 i'U ff fl11::tln~~ 1iim1tlrltJt1ff11U1tlYI l,19 a~~lll1a~ 
JI " • ,, 

il1ua::1f11Jtl1;,-i Ult)YITI\]fl~,iiu1·n~tl~'U91::fl6'Uff11J1HIUrltlt1f1'11Jflt!~Ul1ti~il11~\l1flfl1::1J1'U 
I I fl I ,, 

flllTiamrn'U 1flTI6Qit.1tl 11rn::iim1JJff11J1l Otl ~ f!11l11tlii affinity fl ~1'1i'11 UUYl'UTii a11::u1-.1ifoih~'U 
J/ I I 'JI 

91::fl6'U U9li'Uil1V1::rnniim11Jlfl 1Jtl ~9 tlrnVln\)fl~,i.g'u ,-rm~ff1t!ff11J1Hitlntlf.lfl'11Jfl'U ~umi~il 1 

\l 1 flO VI tiff ft'll tl ~fl a 6, l;U a:: fll l a::a 1 tit! tl fl1J1ff f tl lJ fl1JU1J ~ fl1U ff~6Q 1 t! ;t! 91:: fl6t!~ ~61\l \l::6QL'U 

1 " ,., ... ""'"' m ~ ff l 1~'11 tl~tl tJ n "1!'~1J1 n n11Y1 a:: mt1t1t1 nmff rn lJ nm 1-1 an 
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m'Vin 18 tl1mru (a) m~n U'1:: (b) U1J'3fl1Uffiut11·rn::mu'Vl~'1'0'3flfl'lflfl1'jtl'1~tlih:im'l'l'jtl·nin hm 

,:=:t, d, I d d 
~u~::fl'OUffmu~1~ci'Vlfl11lJlfl1J O 1m:: 45 psu 
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s. m'i ft fl'lflmmrum·n1~tn.1«1'i1.h an 11-u1A1n:m1 

rimf u m1fin111m1ff~ff1J'lla.:imnlrnV11'Uff911V1::mu111w "Ufl 1Jf.291n'll1m11J1J11J91Wj~ 1 I{ 

'Yi lfll'i L~mi 1mh.:i i ~tlfll'i 91 fll~~Uil~'IJt)ci1mn fl'll'l11.h~lJ,:J~ im.l mau1uu! 11W i.:i mi 1111{,,ha UN .. ., 
ff911'Yl::mi.:il11J~ 26 'lf'Ufl (species) ~lll'Uf1l~'U1..lm 16 'lf'Ufl 77 'fi'1mh.:i l1"fl 2 'lf'U~ 6 'fi'1au1,:i ~ l 

,, ,, 
'lf'U~ 21 'fi'1ad1.:i l1tltl 5 'lf'U~ 19 'fi'1ad1.:i n,:i 2 'lf'U~ 8 'fi'1ad1.:i nlJ~l'U1'U'fi'16UHli.:Jl1lJ~ 131 'fi'1 

' <ti ' - I" - I , " " d • .., Utll.:J f-lilfllHYfllll VilJ11 1JrnlWfll'ifftfflJffl'i1JrnV1?J.:J1f~VilJ 'Ul1Utll'Vll'lfl.:Jmfl Cassis pi/a IVllfllJ 
,, " 

0.232 mg kg-
1 
tlrnt!milun rn.:iii.:im11{url tJm,i'H91tlfll Therapon puta (0.075 mg kg-

1 
tlrnt!milan) 

., ' 

1m::tJmuiJu1my Leiognathus sp. (0.073 mg kg-
1 
tlrnt!milan) 91lmhiu (9ll'il.:Jll 22) ud1.:ii1~91llJ 

JJ • ,, ,, • 

,J! lJlW fll'j fftfflJffl'itJ'i U'l'I 1u ff911'Yl::mli .:i11 lJ~n i l{\llflfll'jfffllllfll .:JU u~1'U'i ::iuritJmlflfltlffl11llJ 
' ,, 

fl 1 rn1i fl fl91llJlJ191'i jl'UU111 l'i nu ffntJmiJ U'U 01'11'\.l~ 1 ~tlfl'itVl'i1.:JfflYil'itu 1f '1J 1 ~jj fl ltn'itJ'iU'YI lU 

" 1nu 0.5 mg kg-
1 

tlrnt!milan ri111i'ummrn::m (m::nn.:iff1Yil'itu1f'IJ, 2529) 

" fll'iflfllllfl1llJff1J1i'U1I'itl111.:JtJ1mtutJ'iUVlf11.J'IJ'Ul~l11tl'U1'11t!fl'IJU.:Jff911VltmYmmvn::fl111J 

" ' 
trlJvr'Un'l'll.:J1.J1flf11.Jt1mmmvht!u vl.:JUff~.:J,'Ufll'Vill 19 . 

0.08 

r=0.917; p<0.001 ♦ 

,...._ 

~ 0.06 

j 
bl) 

bl) 0.04 
~ 
bl) 

:i:: 
s 0.02 0 
!-

0 
10 12 14 16 18 20 

Weight (g) 

... 
.fll 'W't'I 19 " fl 111Jff 1Jvf 'U 11 'j ::1111.:itJ! 1J1W ,J'j fl'Yl'j 111 null TMU n,m,:i,J Hl Qm 



Vll'lH~ 22 ,J, lJlW fl11 ff::ff1J'\lij.:Jff1'j,Jrnn lu ff911'YltUl'I.J111W'Ufl11~9lffl11fl'j nJJJ1'1.J911Vj~ i.:iwr~1::uu.:i 

Species Scientific name Number of Bod~ Weight {gi Total Leng_!h {cm} Total Hg (mg kg"1 wet wq 
Specimen Mean SD Mean SD Range Mean± SD 

tlin'lJ Rastrelliger 14 24.0 8.5 12.9 1.44 0.014 - 0.028 0.021 ± 0.004 

neglectus 

tlmf!111 Sardine/la sp. 10 13.3 1.9 10.8 0.62 0.005 - 0.018 0.016 ± 0.021 

t1111Li'lt1lt1u Si/Iago macu/ata 13 48.9 15.5 16.7 1.4 0.003 - 0.068 0.038±0.022 

t1111Li'lt1lt1u Si/Iago sihama 4 37.4 25.2 15.6 3.0 0.019 - 0.102 0.046 ± 0.038 

tl111t1!ln"Hmnt1'ium1 Gerres punctatus 9 124.6 16.6 19.5 0.97 0.002 - 0.058 0.028 ± 0.025 

tl111t1En"11mn Gerres sp. 1 29.5 - 13.0 - 0.005 0.005 

Ult1n1~LU'I.I Dasyatis sp. 3 206.1 34.7 27.7 7.5 0.004 - 0.042 0.025 ± 0.019 

\J111aiit1'1.u!l'l!'I.I Siganus sp. 3 273.5 4.1 24.0 1.0 0.015 - 0.017 0.Q15±0.001 

\J111ii°u"HJJ1 Grammatobothus 1 218.4 24 - 0.054 0.054 

polyophthalmus 

\J11111ilu'l."11qj Leiognathus sp. 2 20.7 0.8 11 0 0.068 - 0.079 0.073 ± 0.008 

tl111n=vm"Hiill"TJii°u Lutianus villa 1 129.4 21 0.039 0.039 

tl111nnmLt1~ti'1<1tl1u Lutianus russelli 1 75.3 17 0.026 0.026 

tl111n='l'mfHllllU Lutjanus villa 1 13.2 10 - 0.054 0.054 

Ult1Hf!U Caranxkal/a 2 28.4 5.1 14.5 1.4 0.037 - 0.040 0.038±0.002 

Ult1'n111Jll\M Nemipterus sp. 5 81.3 51.1 17.4 4.4 0.042 - 0.109 0.063 ± 0.027 

tl111ti1~vmm Therapon puta 7 33.8 20.4 12.3 2.9 0.044 - 0.138 0.075 ± 0.030 

~ir, Portunus pelagicus 21 82.7 28.4 - 0.010 - 0.050 0.024 ± 0.009 

°' Iv 



. 
Vll'iHn 22 (~fl) 

Species Scientific name Number of 
S~ecimen 

'11iiO'l1BIJ (ITT) Sepioteuthis sp. 5 

'11iin'l1BIJ (oi1) Sepioteuthis sp. 5 

'lliina1u (111) Octopus sp. I 

'lliin111u (oi1) Octopus sp. I 

'11BV!fol'l0Yl'l11J(ll Cymbio/a nobilis 3 

'IIBULLIJM~ Mytilus viridis 3 

'11BU1j0 Pinctada sp. 8 

'11BU'l111'U Babylonia arco/ata 3 

\1iltlL,i,U'°WLfln Cassis pi/a 2 

"" Squilla sp. 3 MOlOLlOlll 

" Thenus orientalis 5 M01:i11ll 

Bod~ Weight {g2 Total Leng!h {cm} 
Mean SD Mean SD 
120.2 48.3 31.0 3.7 

120.2 48.3 31.0 3.7 

30.7 -
30.7 

331.4 31.7 -
45.9 24.2 

39.1 7.8 

38.4 5.0 -
76.6 2.7 

27.2 3.5 

69.1 16.4 -

Total Hg {mg kg·1 wet wt.) 
Range Mean± SD 

0.017 - 0.048 0.036 ± 0.013 

0.020 - 0.062 0.043 ± 0.016 

0.028 0.028 

0.020 0.020 

0.013 - 0.016 0.015 ± 0.002 

0.QII -0.028 0.012 ± 0.001 

0.020 - 0.032 0,025 ±0.004 

0.032 - 0.054 0.045 ± 0.011 

0.216 - 0.247 0.232 ± 0.021 

0.028 - 0.041 0,035 ±0.006 

0.019- 0,035 0.024 ± 0.008 

°' \;J 
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. ,, 
m ',j 1h tl Vlll tYt tYlJ i U ff~ 1 VI t mt! um m ',j (I no i 'Hlfl110U ~ ',j 1 tl~tl q,i mvrnu 1 "tl'lltl ~ lJ~ ll 6'1 IPi ,n fl 

,, . 
fll rnn .flfltlllfl'.i'YI till fll',j 1.lu1ilou'IIO ~ mnhm1, u ff ~iii1~, U'Yltlll i~tYllJlrn, i1u fll'.iU'.itliiW:•rn 

.d. ' .,,::::., 'J) • QI ~,, Q,I ,I ,d, 

fl'.it'Yl1JVI l~'lf1.fllW~ tl ff ~ll 111'10 lJVI l~Vltlllll'1tf.1'1 fl'.it'Y11J~tl~'ll.fl1Wtl'Ul lJU'lltl~lJ~llU 1~ ff~ 1Vl~lll lJ 
,, . 

fll',j tYttYlJffl'.iU'.itl'YI, IPiu~ fl~ 1~ flU, Ull~ '1t'lfU11 l 11u;iuodn1JW(J~ m ',j lJ fll',j flUtlll11'.ill'1tll 11fl~lltlQ 

~ .k O , ""' 1 , 1'I ,, ~ - I I ~ - I d 1 . I I ~ .. 

tllfW 'lf.:J'Yll 11lJ tlflltY Ufll'.i 11t'.i1Jt'1'1'.i11'.rn'Ylll~fl~l~flU 11'1llJ tlflltYtY~t'1'lJt'1'1'.i11'.itl'YllJlflfl1lt'1'~1 
,, • ,, >I 

iilflU"l'Vl~'Yll~~H'illfliil'Yltm111om~v'olJ 111t1~1Ul11~ 1CJrtlll11'.i (Keckes and Miettinen, 1972) 

l~tl~'illfltYl'.iUrn'Ylii affinity ti~1Ufll'.ii1Jfl1J sulthydryl groups 'tu hh~u~od'tu'llm (Spry and 
,, . . 

Wiener, 1991) U'.i tfltl1Jfl1JU'11ff1U imyiih.h~Ut!~fl'lltl~1ii11.l'.itl.fl'YlflU"1 ll'1tt'1'1'.iilrnnvitY~t'1'lJ 

1u'll '1lri1u111 oj'iltod1 ui U'lltl~llJ'Ylvi '1llJtlltl11 (methylmercury) ~ ~,rJu t'1'1'.iU'.itfltl1JU'.itl'Yl~UV11 U~ 
.d.q .d_ , ,,, I £\ qo'!, 

lJWlllJlflV1q11 (Francesconi and Lenanton, 1992) t'1'1lJ110t'1'tfflJ UUff! 1tt!~fl1lU'.rn'YltlUUV11t1m 
,, . 

'illfltlll111!!'1t'Ul (Riisgard and Famme, 1986) !Utl~'illfliif11llJ!fl'Otl1 ll'1tUcllt'1'1lJ110flli111.lrnV1 
,, 

tl'UUV11Utltlfl'illfl1l~flltlllPi~1t1fl'llllJ'Ylvic11lJOltl111Pi1t1 (Boudou and Ribeyre, 1985) i~tl'u lJ~llUi~ 

tYl lJ 11 o i' 1J Ill VI vi clllJ o {ii 11,;; 1rii 1 ~ fl 1 u i ~'ill flfll11J1l.nflm11111 flu ri1u 111 w 111m u wit 'ill flUmuc1t 
.. u 

,, ,, 

uu a~;iu 0Qfl1JO~'.i lfll11Jn.flfl'Ucll'lltl~ll~clt1Jflflclllcl~'lf'U11'11tl~'Ucll~1tl (Boischio and Henshel, 
,, ,, . 

2000) i~tl'u ~1J1l.flf1'UcllLUfl~'Ilff~lm~iim11lu1ilmJ'lltl~t'1'l1'U1tJVllu11mff~~1tl'1~n1ommifo~ .. .. .. 
~tl fll '.i, ~ 11.JflU ~1 ltl'ill fl'Wll'lltl~t'1'11'U1 tl'YI 
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,, . 
1. tl1 mru ti mm 'lJJ 1 tnl 11.11 nru 'll'lflFl:.t'Yl: rnii fl JJQ9ltnlf m 1 JJ JJ11J 91TYjfl 1 u q~uft .:im1:q~ f-!u vm 

111Jftl1:lf11.:J 2.42 - 5.67 1m: 1.52 -11.77 ng C
1 

911JJti11Pi1J ~.:J~lfl11JJ1911jlUfJWfll'V'llll'Yl:m'll'lU~.:J 

,m.:i i 'YIU m,: 1u q~ f-!uiJuu1 l 1fo~ .:in11q~uft.:iuiV1rn'Yiu.:irn.:in-mii d1utlrn'YlnJJ~Vl1J 1umwm:rnu 
JI !I I t J/ JI 

tl ,n .:J/~,iih:rnun.:i\i'Yl:m lJ'Ul JJltU tl .:in11vi 9l':i'l1l'Yl1J 1utl l'Yl:mli.:in-tN{J~ un: 1uq~ f-iutl .:Jfl'll{J~Uft.:J 

,, 
2. iJ1mrutl1am1JJ1u~u91:mm1uq~u~.:i iJfi11:lf11.:i 0.006 - 0.130 µg g-

1 
tlrntl'm1~.:i un::q~ 

,, . . 
f-luiJfi11::M11.:i <0.0023 - 0.224 µg g-

1 
tlrntl'mrn'.:i n-mi11n~.:iiJiJ1mruiJ1a-Y1tl.:in11n-mii1nni1.:i l,iu 

mvn::~,i~-.rn~.:i1nnad1.11nru mY, h .:i.:irntll911lfl1J 1m:1uq~~mrn~.:in11q~u~.:i l,imh~.:i . ,, . .,. ' I , ,. .I .,. .,..,. !I 
tlvl Yl'Yi 1J ~ .:J fl'l 11Jl911jl\J'\lfl.:Jn'l':it ':ifl'Vl UflU91:flflU'l.lfl.:J1Jl.:J1J':i::l'Ylf1 Uflfl1llflUn'tllU 'Vl'Yl1Jtl'l1 JJl'I.I JJ 

,i'wufl.:iffl 1iJ rn'Vl iu~m1:: nmJ n-.:iJ! niJt111JJ1,i' 11,i'u'l.16.:J m1iJ16'Vl i mf 1~1 .. 
3. m111t1JJ-wun1::lf1HiJ1mruiJ1a'VlnJJiu~u91:n6mm::tJtun'JJ'U91'1.16.:J~u91:n6urn.:iiJ1:m1 

, ... I .i::t QI a, o' r 'JJ Q,I , o' d ..s ~ 4 o' 
'W1J11 n'l':i11rnY11Jtl11JJn'JJ'WU1i'Vll.:J1J'lfltlflU'l.ll.:Jn' .:JJJ1flfl1Jfl6fl "lffl'llfl.:Jllfflfl 16.:Jfl.:JJJl tl6 n'l':iflU'Yl':iU .. 
mwuih ~umiiu1 1m::afln 1"1f;'l.la.:iuJJ.:imiin-

4. 1 iJ111J1J'VlH1i1w 1t11J'l.la.:im1 'UW'Yl~"W1J mn iu~u91: nau1.1111ru ii tlJJ~ ~ffllf m111JJ11J~lllvl ij 

adn-o.:i1iJu1J1J~fflflqJ flt) ,iJ~im111i1n1Jtn16U'Vl1 u1m::in hM 1m:11.h11J1J~adiu lm .:in-!1.:J'l.lfl.:J 

u11i1~ 1 u~u '11 .:itJ1flrii .:iirn.:iitJ 1m11i1" l omn'\)ntl n,itlrlom,i' 1\iiuJ1 i~t! ouf .:i1ilu1tJ111.11J~ i1hilu 
I t/ I I 

fl'U91'l1UA flff ,:iij;}191 Nflfll'jflfl'l:llU ff0fltl~6.:Jfl1Jfl ,vi ~':i1'11fl ,~n flt.1911 .:J'11 ntJ1111ru ll1flYITiffl1111 iu,i',g 

<Q d.::l.tCt. .df I d. I 9} I a., 

ff .:JJJ'lf191 (bioavailable Hg) "lf.:Jvt1J111ltl1UflmWnu 
.ir::t ., , tCt. .J. d a1 a s. mrnn111m1~v1"!f11un::m1tJnv1tln6um1tlrnV1 lv1ufl'U91::naunt111mt1JJ 4 1::v111 flti o 15 .. . ,, ,, 

' Q,I .a " ,, ... I .id 1 ,d IGI QI 

30 un:: 45 psu 'Yi1J11m1~v1"!f1J'1::nv1n.:i111at111111'\l1J'l.l'U'l.lfl.:Jffl'l1Jrn'Yl~.:J'I.IU v1U'I.IUfl~fl1.rnn1:1ru::'l.lfl.:J 

A tJQ. " d , 14 ' QI ,, ,d ,d .cl 1 !I • , ,, ., 
l'Ufl~'U91::flfl'U~1U tl111lltl11 11JJJ:-l'1916fll'j~fl"lf1JUfll1'U'Vl 45 psu C)f.:J1JU'U1 'U1l'Vll l1fl11t]vl"lf1Jffl';j 

ll10Yl~tl111ll,i'11,i'u~.:icinv1n.:i,i1nt111111flm::l'i1Jt'U'l 1m:tlrnn~\)fl~fli1J,nJ.im1111otlt'lv1'Url6u 

""' , 91 i ~ , d , t4 • _ t t _ I ..::. 
t)t)fl,Jlflf1U91::nou fl'Yl.:JlfJJ,J UOfl'1lflU'W1J'lltl'llJJltlJJ JJJJH'1916fll'l1Jfl6tlffl':i1J'l6'Y16{1fl,Jlflf1U 

,, 
91:flfl\Jfl1U 

6. a.:it1tl1::n611lu~u91::n6u~ij1J'Yl1Jl'VlfflflqJitit111JJn'lJJ1':iOlfltit111J.J~'l.la.:i~u91:nauiu 

mH1v1i1.1m1tl1an i~un ffl16U'Yl1U aan1"!f~'l.la.:im~n 'Yl11uuil.:i un::~umilu1 ... 
1 JI !I I 

. I"" . I 1 ., " "'"I ,, ,,i ., "' '1 ., "'. I ., 
7 .1J1111W fl11ff::ffllff111Jrn'YI 'Uff911'YJ::mn lfl'11flfll'iflfl1:11tlH'U6~ 'U'i::f11J'Y11JflflvlflU . ., 

rlrn f 11mrn1l11t1911J.J11191111umm5 vi~ n-11tlu1u aui\ rnuv1 i 11 mi m::'Vl 11.:im1i11tu tl'll 
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. ., . 
"'"' .I ,:!Ii .I .., "' m~'Yl'n·HY11il'.if.U ty'll. 2529. 1Jl~'.ijllHll11l'.i 'Yl1Jffl'.i1J'U!1Jfl'U, 1J '.i ~ f1lfff1'i~'Yl'.i 'Nffl1il'.if.U ty'llU 'lJ'lJ'Yl 

.., .. 
98 "•nun 21 11m1fl1J Vi.ff. 2529. m~'Yl'.i1·HY11il'.ituty'll fll:il'Yll'ilJlflUfl'.i. 2 i.1. 

., ., 

fl'.i1Jfl11JfJ1J1J"ri1:1. 2543. mmJlUrJtummh!m~mtutt11~i1Jfjtufllmhim.h~,'l'lff1m.1. m1Jf111JfJ1J 

..,. ..,. " 1 1 ~ ~ ,., 
""Vi't:I. m~m1.:i1'1'1t1lfflff~'.ilV1fl u "mm~ff.:i1mmv1J. 210 u. 

fl'.i1Jfl1'lJfJ """ri't:I. 2545. '.ilUnu 1 m .:imnh~llJ'Uf1111Jff11Jl'.i(l iUfll'.i'.ifl.:J'i'lJlJ"ri1:11m~1.h~wufl111J 

.d. I .::It. .C). ~ ~ ~ ~ ,, 

mmm1umYV11.:ivi~m. fl'.i1Jfl11Jfl1J1J"Vi't:I. m~m1.:i1vimmff~'.ilV1fl 1u fomm~ff.:i111~mm . . 
217 'U. 

., ., ., 

f1'.i1Jfl1'lJfJ1JlJ"vi't:I. 2546. Vl~m iviu .... :foil. tY1UlllHi.:itl1vi~m fflirfli~fll'.ifJWflll'i'Ul 

fl'.i1Jfl1lJfJ1JlJ"vi't:I. 180 u. 
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