
 
 
 
 
 
 

The Adsorplion 01 Cd( 11) and Pb( 11) lo Ctjt[n In 5eawater
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oovcnO!'ol

'!be obottvtd ~n""IlOIUo( "'Uly ~

....."" I~ clcmcnu in lb< <JttiIIn "'" =­
osnOU(l 10 be roMi<kn: 1_lhu 1hoot
"'bmllCd ";!h ..,pca 10 lbcir l.eW >o1~bk

.al1 ( 1). 1'bt ""'....."&1"3 r meuls IJI ,m.
pof1lUll m<d!4niltn Iha~ limit5 \he ron~nlr"
~on 01' ~aln ltate mmu in tIle O«&IIS.
A llU!1IIenl or lI>c lI<l3otrlbo. PIOI'CI1K1 o(

sinoin 1'IJ1icv...... mall.. ", 1he <lcop octU

bao bc:cn livm by Balis!ri.c-ñ n tlL (2). 'Th:>c
wortas s tJlal 'be aeborpcive ptOpcru..
ol....,;~~lc niÁntt'~OOlluoJlcd b
<¡;ln¡ <OI111lK' R li~ly hnle " t "11

aboul lile .<Isorpti...., dial1ClcrUl;'" of s h
nie film or ooalinp 1M u_ melol. (} 1

Hunler (4) b pt6Oo,~ d11l1 sl>Dwi~ IbL

«Ubo..yJic 8dd afId ¡:>I1erloIic functional C"OuJl$
appe:rr lO be lh< "'l\)O' ioJliub!e &rO ps in

h nie' ""lIBl in lbe ocnn
h bcen In t<d fo' rc"".-eI r..... tn(I4Jj
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( -Ó). B COntn11 .u"'no... boJallK}' >lud­
ies ha." élI'Md OUI On the \lPtIkc 01In«
m<UJs by tcwl:imcalS. P .. minc:nJ p/W<>,
1)ioI0S0I nwm 11 7-12,.

VArio", fu.<'ti . .ucb bo.-
ylk. UllinOo. "'10-, h)'d:ro.o- aad b)'draxy­
~)tie. *' "C ;os rcl.li.-ely Ius<: SLJIfa<%
_art ..lublt<d by p/¡yloplull<l.......1I$. 31.
pe, bioq¡a1 dcbris, and ~._ T .
InlO allbts< fa."tS, "'*,,1< Ole par­
lida play .nl role: 10 tbto bóndi lof
m~ws .1Id 1 es' tt1rufer 10 lb< t<dllllenr,
Ihm;b rqWti < _" - of cIu­
mI\ m~lah(12-20).
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.....00 "d pllíbC""lc or¡a ioo and "of
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pOI", ~I<n< ...~ ploycd (31). A I
.I<CIroCk was wtd lO tI>c rd"..._ .....

trodt a pbbnl,lm W'lR' u lbr I¡"l·
1 ryelcctrodt.
1b<""""'on~01lal -<19, -O . nd

-0.6 • rupeaj ~,ror Cd l., Pb", aJld
(Ju" In I <av:s. th< "'~ _l m"I'~ tilo
po¡Ilc 11<11I>', SO mv; ."" tI>c dcpoo;i¡Jo~ ","e.
I 011". F« ..- el tIl. AudJ.... lb< .......
meats llIUt mide ln. :te.

• __ouo(~ ored"
ao>d I'b" 10 >\In -... modo aItn th< p!a
..- IliIiIn ., lb< dcsiml 1<TD",,"'ur.
111.1 ker 2. ti bcIoR ti lkIemur. liom-
11>e 0011<0_ o( iJl!he _mplc:o

~ d<!>ol1lli:ncd "'a fIlltl~o" '''11 HJ­
MillJllOl\' «w-......,... 0.A5. "' 6JJ<11. Effl'Y
ptH::ñl t't~u dae o( 31~ e rUlo.
ne _ )'fCd ,n ,he ~Il..t. u
mal!>< methodd.1aIldird DO<I pll
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dutJo WJU c1uk:d 11 ..'id! Mllbpcrt

Q ion-adl....., _o ...... dlc pH ....,

<o Tllc ..... weno lIIr-<lt1od. l' <la
JDIOO«"OUDlptt.-. ud, (21.~4.J2J,lhc

_o,n" U$Cd LB .]1 lb< ..,""""'........ 6 S
dl!I"" litcloitiIL Tho wñ_ .... WJU 11l<1bW<d
by lIfl _<>el"'¡1II 'lJ1oo .. tIle >do-

te. Thoc ,...... rOUM O:t 0.0 mi'
1"" Cor th< ohmo wal .0 .- ellllc:
o,pmmdO ".,,011I rrom
lo ~10.m ,...""w val (lO~M mol'
.... '1. Prdamt _ ..l>dl... ...u. "'ltcre 1 r.....
tiom ron¡.t-nc 'mm 230 jlm w l~ t.hlln
.m .. door¡>tioo rtiul .. mÜlflo_el
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Cd( LJ) ls • as 00 n<Su;.""" órl!lo<_
Q( rwo ot moft" I nd" or cfi~l'1!nl wbiJll)

"OSI. [O boob
""" ip h be<-n

a""" JlIftIIIClCn dcri
pftd not h¡')C f:lIfM thc Ii·
gaad '" I>m<lúl& ... ,n lhe umplc. F.. a
of nd$ Wllb broo<lJy ft.obl!dy coa·

OI'lty ft Ilven,p" t) ,

be by'¡' '_lliqu<
Fi .... 2 ""'" 3 ... <ba . ól.hc
wa'c(scompl paci•• (CV""CCJtllS.I
'''~ 0(." oddi.io. óldlltio. Tbud·

iOfbed amOul\\ of~ lum IUK1Ik:ad W'U el­

dmalOd ~IÍ' """""2 ..... 3. .lnklllceq,u·.
ibtt,,",, VI oh! iood from l:1Jt'n l .Ild l.

Á.l1 oqwb oon pl<lt IliMel ,.......
[M.CII) I llK a.bofllC_ .....borm. Fí •
..... SlIId 6 1b 1he <h1T..-ni1 adootJ>ljQg ,..,.
_ o. ~ad and tldmi~lD, .......... d .

A ....r..,. -.,jlIt ....... a.n
_ '" dcsai !he """-"'" oflood IOdlolll'
SUI'Úl% *""""" • ¡,in surf_ lIICJl1-b»<
propcrtJco(J2t m.) btc_cnTCd~'

AHi - Ji ~ w. 12]
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lIycr 'Y {R t nd for d10 «mdt..,,,,,.1
QO:n$laJ11 K'14 ot ",i, opanmeters la

Ih... In T.".. 11. U.. ÚI< 1R. . • r...
l' (116.&6 X 10 • "'01,' do p'oo by

00 - lJId MlIJaoPlI._ ftndJ
Iho' ISO <opper .hu ..... _ Ilc
_ oilo • Do MJd "" O wmplete

lO'
Fi 6 "-" d10 1,........b<tm ror tJle

-"."''' ofCd(1I11O . -.. islcficob"' .
•• d10 doDOI lWÚ\:iOn co4K:i< ..

........" ..d o<¡UiIIlO "'" llIopc or lI>e .....
11I<fln. - r iooIb<rm. rOl lI>o ",,_ioo (11
<Id ,.... <le riveñDC-Al ndcd portu:l<> lIso
"",....... - ~c .aJId, oOlJ
(l6I. Tbe LIOobwnodrorK.IJ I I :!;A7
",., -. <!lJIÍD. . l:iDtI (11 l$OlIImD .. .no.-.
by ""........., di> lIOl l rollllY ....th

",rbcr Ii' lIt 01 O .
¡ndtc:irltle. :1. lfIoftiPC:i;lfil; lR.1erJcbQro 01 (';Id­

mium oa ddli

tJkcJlc{pl/.'~-'<lloJ14Il"")
pH dcP<o<l<...... ofu.. pt,"IJIdCd"~
tion <le duDO "Ildied bI' lI>l'llSUJ1

"'" roid ""Ult lnIÍO<OI by OPAS\'
,. ,be ~I""... AlboI¡lIio" ar"", kJ...., lile
!WItd eh.lId. i-lIr ""Jllta' ja~Ifuc: 1$ i1ton&ly
pHodopon"", ( ... JI, "'._"""
oIbolh.... ,h. Jllríooc( ond .....D-
oollud lÍl< >01.110'~t'" (_ ,on
• ' 1 'lb pH

' 8 111< .1I<tt of pH <le u.. lid-
""IM,oo oIpt," ud d' .... cM" A' pH

1'1

b¡u~""'161 C''"'' oI... l>< 'n__cd iJl ,......
or. ur iooll1cnn.

01

lJU-I.,. IRTlIMe " lel
(KIt) I le"]'

wbcR eR • J .nd 1liT I~¡>QDd lO .....
and r_4 ')1. IR tb: .mogol 01
m<taJ ion _t!«l lIId muimum val••
o( Ibe metIl 10. _.",..., C'l,*,1Y 4 m-
...., . y) Imol ,"]; 01>11 .. Ibe
COIlditioaoJ co nI. V1IJ<! (úr o ".., pH,
F,...", 5 !be form of~w.
Uath<nn e&l. r 11 ro. ..,...".ioo 01_
to r;tritin_ We m..,. dcnvt' ftúl lhc e ~.meft¡o

w dllll lIJe eqvililm= «>mWII N, ...

ronnin, 1lq.1 '1 iOl<>

1 I

IIlM.'-Ph) K~lJ(y}1 ."1' 19J

."" by plonj", (IIM.'-' vs[M.'·¡".l!K
voIud of liT..... I mbe evohu.Jod.. ¡;¡ - ro

In""",... s..... ~ pIoc rOl lile 1>1 na (11 "
10 dl.,d. ot pH 2. 111 biIII.llT1'_ 0>\...._

a de:vulJOn. (i'CfiI: t'ht: Ilftraf rdatioo'l,hip ¡" (lb.

...-w. ThiJ indJco'n Iba, Pb" ""'J~nd 6'"
10 ÚlO afliBlt} ",mee 1........ 1IId su...
Kqul!:nll COi t ol S iYiry. Thie ua.
Ill>WPcd foc tbe ....OUn' acI_bcd .......,.
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IMelll, .
100IM,(III) Z • pH. (12)

EuU"ICiO [S1 PI ~ ot 2 fU' ,""
0&0",...,., or d.\'altot melals 10 mi'i...

rus ."" ... '" In fíI. I .,. o I
OAS U I _ OS1 :l: U2. ~'-eI). r....
Pb" and <1". '" ,.lbo pH lkIlcodc",c
áll""--"';o. 01"0111""""', M' J2. 3D
...) "iQ5 11 ~ mlldh du" 1 nd clo,er
10 tlk •al . OSo ..... bm> vbio- ni "" v,b·
... (J2. 39 1l, (M Ii.llt or lIIt ~OI!
het oetn tbe \Jope a..nd Ihc ROO ma be 1 t

,'''' uaof¿tII [1.1 .)_llt.vn
... .ftJ>o urPll" 01 Cd'o .....0<1
3« WflI L DI. .... n-.y a1lI '''bo
...d_ <Jichl~o wll>th ma) Iréhanpl by ,""
soluClon. The qJues o'buuned Jor t1lc amp1lo-.
ten. _ni.. 01" die 1m 01" d1'UB lB 0.7
\1 oC1~ " - •.• 0.2 lJld P
- 6.A :l: O.J (nI. 'lb< "..milo, <Ji -so .
-SOH...... -SO; lOS OC! lho. Corcbi\UI
mo) ella lb ,..-yiJli pH. Iow VIl
rñl1l) dut '0 t adMiption tJL Inioll:.'l
;J;J (Qurll1.C'I'lOIt$ .aDd tite d1cmilOr1JCM)t!l of al)­

ionslJ)..... tmen, orOH-I'''''.... EJthtrol
,- p - ""Id <IWl¡t H"'M."
n.1tq.aod theo aDon adsofl'!bOa cqLlI bnUlm-

Thc df... 01"1cm luf..... thc..hutJ>OOB
or ium M'ld It;td Itm is shoawu in
Fi 9 In b;Jth CUl!S, 'h.<~IOO O" •

..1. t .....l><ftlU. "¡'oWÍfill, lbo
lOme b<I1a\OM .. 1M OIdstlrplion <Ji _ 00

.lh Th.< ..,..,fic ....'1} F.. c.>clcvll«<l
rQr e "r..·41~ 1M ,.

• - ~"I'( f/RTl. 1131
ere A is ,"" fmlutl.'lty lOa", ond K• .. ,""

portit:i<>n, cocIIicIenlol"rdh O' Pb" on <!Iitin
T1>c1¡... "oI"dIe' lIhorlBK.'......'" 11
¡(K) sIIown In Fil. 9 8J'" VJI .. of r:.•
• - 04 l,t~ Ind P'b. -, b
'" 0.62 1moL lbcl.: ,....s".. SllOOlK: ad>
..plon .fl ofCd(lIl"nd n) ....r

dIJ",""" ot h) ~l"" .r.
I~l JI)v,CJ" lft.ln ltxu I\ttl él ad-'Ofp1JQ1l.

11';') in~o.1l<"C$o.dJ<>rptÍOII d....o C ct1:l
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• I-u

...
EJJeft t6~ M ~a d pi Co'·

'""'OJ.... ,. Thc"'~, "
.al"" H HCl-

U nrGtr.i

v.>lu ....... ÚlIm j.~. 1,'1Iea<ba_ oI"Pb"
o. duon """"'" I \"1Il~.. al pH abo.. J.S, •
IftCIrt Anint "mounl 01 F"bh 11 adtorbcd
Tbt h <lm,o 01" Pb(II).......
l'tlOH o. ,~ Ollt o"".joa. 3« fi.l11y ioIldo. "'"

ltY "Be in .he peII poIft!lIaJ f. .1 pH
!KV 1 d ... 10 lbo fomt ,.... of b)'Ilro O
nJmpIa oO'I>Ol)( l.

F'« Gll-. 111 pH ".,.I\le\ hetwecn .2 uul1 2
Ibc: ImOllD.\ ot Cd h 1Mft: 'Wllh
• of O.S :l: 0..1. A. pH val ~CJ

lhAn H.. . 'in"'.....".. •si""" oro 06
=: OI 1ft thc adso - 1_ 1; "CCftlr);UOQ i
<.di , 0...... all ft pH >tu'" lite
cbit1n n::PJ1'Is are limwu to 1h.02 found )'
i\i• .....,. (lo 1. MO'1lln' lid "mm 440). &lid
.....~ncBand Zhou (., Ir., d,lJnm. <klllt "
~toMnO"

n.... dB "'"~ .."h f<¡
(111_ <IIM.ni ,"" u"'Y co< ._
"'1; m ~~ C:~~Uft fUl thc" ~un I ~ I..

I liMe 1 Z H('Mt"'ij • p. (111

.. I'>tJC Z K'."l RH.I. Ir Z 1$ con
lIdertd. mn.....'. F..q (II] '->meo -. - ~_ .... t ..
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