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"" I m ~Qt to locate •"'• •en thle OPJ)ol"tunltr stv• 
a -.tt,mtAto pl~ to, tb.tullc eat UftJ.Qe., bea41q u.mee 

ot Shtl tutle to f1l «u!4o, •· v. a&bftaeld..aa, eor ouasootf.Dtr 

ae tile no'blom nact tor ht.c patMtokf.,. tolRQI'• uttllta'flna 

•ab.Oriott.on, ooutaottve oti tlct.sm; UUlteftll\! eaooaftllmtmt 

an4 above all hto eclc-utttt.c e.n4 JmmQid. tell 11ft cheftcto&- han 

lett eft evet:1aatl»s: tepneston aa the eamr411 of w ata4• 

Spoetol thaakc -aft: 4UO to the ~»-. Bebool of &a\t ~ 

actd Std.onceo; tor twov14iftl:J ooootU'i&Jil IGOtlttJ.es ae4 tlal'(I'O,_. 
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CO»Pd' :wae eopftlaiJltatft WSth Po ea4 Ill • ~dfj 

at roc:a teape-J'ai:ve c4 P~· fh• uptnl$ au -~ of 

c~:r bV hJ'AI'0\1.& ~-.._ p1e0tpttato ve.s fJWeaU,at~nt. · 

1 

'Rhe v .... les etu&ted ~·pH,, toato etJteDgtb Qftd. ild.tW coppo~ 

CODOtmftati0%1• 

ft$. ~- imiltato that tho11p~ ot ecgp~ b; ~ 

, ........ odde »~1pi~te 4~ on tlle pi M4 tbe t.at.tlal COJPGr 

coxwet"atl_, of tho soltttJoa bat tc Utiopora4oat ot the totdt 

at~ ot t'h ~a. M eo tntti.Gl cog~ ooaoeat:ftltloa u 
tt• eol.ott.e tltOI'OP$8• h cu. uptako at 1~ 1)8 valuml ( <. ') 

iocre~. 

•o 4Moutt.n ~- t*Oit that cogpar t,Q pftPnt 

bOth M uobamf!!ablo a1Ut ~f4blo· .,,,~ .. tnct~oa in 

tile o~J.pltato. !~he •la.U•o p.o,•·u:tt• of theeo tr-lOJJS 

ta the J50t.pltatoo •41'1 d th the l.cm!O: qtl'~ ot tlle pftO! • 

. pt.tatSftG l.\lO&t\l!!h• 111 trcdi watettt the deso~tUoa lu ~ st 

tile tfllts.nl tOJ!?el' ooac.tau.- sa hlSbor• ~o el-.ew 

cuob u Co tUJ4 Bi tD the aq'U$mta ealJa ed occupy tlleDO oxehalltJO' 

ettee. 

Calt\\tlnUOl'l$ bMc4 Ol'l G0111b1lttJ' p~04uct 4eta euae<llri 

that en lioeo rtOt P•lpt tato u a OOJcate o•l'Ht• ~ llJ'J4: 

bCDOe it td.U. acznf.t.OtJ or othob be GSltoetdod dth tho hJdl'Olle 

P~al4o pftOI.pttato. 
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Do aatuo of tho· ooprectpttete t.ft4t.oatu the pnbnbt.lttv 

tor tt betns a soUA aoluU •· ftto cou14 ut be oofttt.med 

bectaltee ot the tutn'V'dl&tiilitl ot Ill aiJ4 losalta1l41r stootn at 

the raOttent. 

'lhe eQeft.meriW :ftJad.t~ Cfll\ be uae4 to sulatll tbe 

fl'eBexu)o or M$'7 aetelt :Ut aat\tftl te~aueo •te.I'Salc~ 

tt ·CC a1eo .be uc4 tw etu.dt es ·fit pollutloa of the etJUatl o 

c!Wi ml'£m8at by V$e metDle• 



fte. bcba••• ot t..l'a.ft' elft»llte tn aatuftl aqu_,O\lt 

erst• 1tt atthetf.11S ~- beoauaG of eavtroamoatal 

itJIUes .u· 7ot thto sa.b#ect t.o ~lOt well UD4otstoo4• ODe .·f4 

3 

the f'tnt etep ta QJJ' ~aat!o ••v ot tbe et»lfl'tlo o~cd.etq 

61 a potatt.al cu.·•tsaUaat te a .olUctdatiM of /ttl• pd#Olpa1. 

a«~ea ot •~•aport .a a~MJ~r<d.n t~ tho -ccn~o.-~ hi' 

hta'¥'1 uotal o®tet.~ .aucb ee Col, Cd:~ lb. z., 11. na. Po 

ea4 Mo, tho b¥4femfJ oat.fofJ ot .u •. h tUl4 - _, gJ.q a~ 

1"019 tu atosuac ~dVOl.o aM mo4oa ot t~ol't of ttu~ee 

aatai:L 

ttbtlo t~ tole of o~ an4 blot& U effootiq the 

tt"~Oit: of me.ioa'UO'l.t«oe flJl4 othU' ,oUutanto te CCilQ~ 

~osrd.•flt th$ atgatftoa:DCe of P• nn4 Ha acme the tutom 

tblit &ftc tttrol'fo4 lo t!'B~tly ove•100kocl. catt.oa ~~ 

c-.poU.ttee ot "* at• l\1ld t10ah ~ eei&teeato a1t0 ta tho 

nap of 30-Go M(!/too gm. l-t he$ bom ehoua bS" Goltbel';' ( t954) 

tbat tho ~· ot •~ .a.emont& f.a •• vate1" sodtaera. eN 

p!IOJ..U·cmol to th-e t.aJl or~ coatoat of th• ..UI!lODte• 

!he obself'atto• bV lol\ttau ( t941, t942), Hutoblucn. (1957) 

$111. othea ·that Old.41ee4 aMl1!tOllte have soh poat• t.Htcorgttve 

pow• than •eAuod _,,u.moate 1•4 eJPll"l't to the tctoa that 

fe &at RJl glq A rds~Uioat role ta tftf1ueii01DB the ~but!oa 



alld the t~llo.f!t of a YUt.etr of metal IOtm or both tho· 

•tu.t.lir ooo~ fll14 ,o11\lte4 k:leaa. 

4 

·tt b&e beea lmoa tor .o. 1cms ttme. that aotol lon 

h;4l'Obsu spoot.ea ~· 11t~J.r ad801"be4 at ••1!4-.ol.tltton 

f.tlte.ta-OM ( stua a f401.\'taftt t962) • fhto ta~ to M adcol!b(l( 

ts eapectaUg· tlJ:OnOUO.Oo4 fOil polrato~ totv bJ'4Mco speol•• 

lo U.eqt~a.te theut to'#' W.e -.oot c4s0111tte " b84~a 

t• aYOIJ.able, but tow qualStntlw n~oas oan. bot 

el lftd•lr'*' eJeC1• •~ 1~:r- ·Aftd loess hJ'4nW 
. than tl~}etsod SJCCl«Jt 

lJ) !ho oJ'lhea:eeat ot GdeOJPUort f.s aDP~17 a.. '-to the pae-... ot a oooJdtoato4 em «:rouf• 

BiDP~ ou.• lont .eft ~·at· mav tJOllcl eurtaces aatl •• 

fr._t1v· PC>tt~~U&\1 ••~•- ~~ ~ metal oapldea 

ftt4? t.~tmikJ-Jv o_. t·o e.a _. ~· meat . .,. l!lllof'bG4 to ·t~~e· 

e01t4 ~ce (O*Roltc ard st\ttdJt t96f)• Htta&Jf'•· .a4eoi\Ptilltl 

beooaoe ospGOlal)4r prcm~ for J017 ._.~olv mett4 

•P'Oi·e& beco.,_. l:!lOH thaa cme ~-~ "pe:r ~u.~o· 

08 1tooome 4tke:bett .Qt tbo tutei'faco. ~t epeof.e oew~ 

oa~~. oat:t.o.ntc - 1li1l. u QlO!do ~o-o-J.oaoa·· ta:aro 

~ obeo~&4 to btt ~ at eoU.tt.cohtlm i~oiffacao. 

t' is SD'M'""bls that l\4e:Ql!ptf.Gl ·of JO'b' bJ'dftaO moh1 

cuapleaeo can -~ *Sdlid eltJot~tto "fl\kl•o f'o~, t ... e.., 



tb;e ••on1 e4Gorptl01l ~ oan onbdsh the ,eloot• 

ebeaiea.l V. trtMllJ'Cd to t!\s a4aOJPUo.i2. 

co.;~tt.a .• pl'&Otl.ee4 ill -·*' ....... ie 

5 

b~t Qb«<it 'br aet~ 1011 ~is .,_,. aft4 afi bt fttH 

tmltt~ent mal iOIS (-tiJme et. at., t961),: lheN 

hJ4rol.Vdo apeclu abo: ca Jlel' a fll-ftcaftt ab ta flot•ttim 

c--.aoab.1o <alhee hu beeu pJ.atta, ~him· tor a __ ,_ 

~~l<;StJSI' thi:a to ~11· JUtU'to4 bJ th• OlradPftU'WtlCO Of a• 
in tratoJy d4 tw· the otrons atthl'J ot ~ aotal lou to 

-0B 1t«d lb eel.Httlt ~ otbtftJ lJet;aueo t'Jltai ,.,... 

ta ttOlutiOD :f.D PdV.J,\\1 ··t~lt) aft Dot .etppftCi.abl.J' hfJploU4 l9 - . lt.sDI14c other theft n,_o or 01t · · 4\\0 to t.he fact tbut. moot beeo 

la:Jtsonoue to ~ vateftl us O!i14~te llsaJSu, -.a · 
um.~&t$ lieatlb ,_.. 1.- •table OCI4t1e._ ·~ .-tt.detdo.te 

t.s,~. ~~' Ia 4j.Jnte sol:c;tt.ou. Afl4 GlGO t.a aatUJ!li.J1 

nt-. the coacetttatttJJm ot the ~ all4 tbe attlll._, of . . 

tbo J.lGa!Kta to tbo ~at. t-.. with tht OIOGJtloa ot B20 otJ4 ou• t· 
aH tiSuaUI' outftd.<mtJ.J melt. eo that at bQSt e Oft.O. ~ 

OOfiiPha JltJI' be ~~. 



s 

tho I'Olo tit ·O'l.ul hpSRddco OOa\!ttge u coatrol.UQ! 

traOe ~t eMmiotJ7 to f~eeh watw o.S~J'Jtn bM beta 

1av.ttsate4 Pd~~ b1' _,, chemtot... coatlaae oaa ba t01!!1St4 

1ft two ...,. tihlle the bJ4tOJf.4ec oro p~f~Cipltah4t ••eMea 
BNf,U ott/# ll DUCtleil$ tor OO&tifttr$ or., tllo ~"t:111$,. --

tJ\leP~d olq 8\U'taoGO attllnO't tho p.ot;itSvolr ohtlff:etl hJO,l'Od4o 

ed,le to tom ooa.t~. RotalUc ooatJ.astt • s-o~ .. 
to -~ of tbe eottment pa!oe bJ' ~- QBt1 u14e COWl' awe 

tht.e 401S Ot tho erat.a sur!tao.e (Stlr.!!DeJl.- f964). -~ eb~Utr ot 

tilt- 1!-cbl.Uo J.w4ro•do .,.ttasa to act .- eSala to-. ·variewJ ·tnt• 

t!etolo J.o 1itl11 tmova ( ~ A SCo'ttt ~~~ Jeae. tiGDt 

lhaJt~ •• at.., t9Gio GSbba, '"'' laftta. et. ta1•.• tmh th•e 

rilako Mo OOII])Qablo to tbo t~ no4Ules !a mal.htO 

eavl~~t. · ...,_ -bl4nat4oo ati4 o•4ts ~ eotb OJ' copJ~GCl• 

p:ttato oatt.ona a»4 -~ tl'ftm 4 low ~tQse ot Po(fl!)' nll4 

Mn02 ~- a ooat~o11&ftB tllflu•nc-e <m tho b.mwr motel diott'lbtatta 

, 1ft ea ~tt-c egDteta• hattlC&l e.ppUoatlf.a of the eoJil1tlt$ 

abilt t3' or hl'4,._ aut~ OU4o-e baa be~JD. tudo iil at• aat waste 

trat&l.' -.tm&ft.tt ptiltl~Y bJ' the WIG ttt tfta .GJ14 dud~Ui 

salts ftW tb.o ~al ot J)l'iOCphOrCQii <Hbpota:a4FJ1 Ofg(JalO OOAia'l!!iF 

tdlltUlto atl4 he&Yg ootala.. VBa.l" ~etas cora4t ttomt th• sGitbol 

beau· metal.c aile to44tl7 aohiUao4t e.c~atloae ot ~o 

Po/!fla oxt4en o(il) thomo. eot • a~- oOilfto or U61tl0l'Vt4 

t)cta.l.a St~ ao.~ ~. lbe 3.atto,r ~- ls gutt.oulettll' 

. I 
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otteotlft Sft, tho p.ae218l ot hilbd c-.oeD:ll'atl_. of 

a.tMolYed orsaato Uie.tm&J.. ae obstlt lltt.7 ot h aD4 1ft .Ia 

-.tu.J. :q\lecmc evotom hn'O"e tlteft atu4!.fd ta Mall by lle Btl4 

ceoope" ( t959)t nem ( l97a) ~ st1a a ••• ( tm). 

Whllo $twlle of blatoddos te '"* vato• ott~ aft 

ftlatt.wlJ' to•• bl«~ oODCHtlotts tuwo he .tu4l.S t.a · 

oout40ftb1e 4etat1 ltA mad.fte <mVll'Ctlloattl (cow~ t9S4t ~Bt 
. . 

t965J c~ t9691 01asbJ, 197t). B~bUf.- c_,leaa fJt ·l.akd 

baV& been ot,_etl b7 li\Wt ( t970)t c~ ( 1912) u4. Ia eoem 

mtno 4~,. ~,PICk (1rttl. 

fo I.e tbo 4dt!d.aaftt tnoe ol•mt Pi nat~ aqu:oouo 

tG"ot•t • !a tho :o.at. aoot tapotttaut e~...- .- tu ohoatet~V 

t.«~ o1osolf rolat.4 to that of i'• (K~ft t9S?h Cote 

Oousu~M ta t» plftfeent otud.V M an __,,.., ot otlmt (tdbe) 

ttaoe e:a.meat. tfl c~ u4 othw te~eso eat•Jtalft, 

et.sUtlOGOt q\laDtltt• of Pe •« b ooour u hJdl'CIIlde (Olb'bo, 

,,,). ta oNe to ~ad the 'botlsf.O\ll' ot lie, Hll am co Ia 

h;Ana«• Pft01pttot.e~~, l.Gbotta.ton eapedt!Ollte •ro pnto...a 

df.Ch in'Vo1Ye4 tho OO,pftCQitatttm Of .bld~ft of P4, Ra OM 

cu Gild t~ otu4V ot the propenlta t4 tb& apeou• ttf4la ae4 alee 

of tho pnet.)ltcltost 



Po ail4 Jl'ft hnY4l a l!ld-.1 oatalltSe .tt~t lft thtit oo. 

Jroclpltott.oa Ol thclJ.l ~ftl4eb (Ba, ·lt6'J MOI8el.l A ti11m't 

t96~d. It ls moe tb~ the 80I'1m ot x.pjm aal. Oaarftls 

8 

( tt52), oauets .aa4· ~tat ( 1965), s~ 8Jld am• ( •·te), 

~- Ad· \fbi..,Oft ( t97f) atlCl. MftM!dan ( t97') that: tht liB 
' 

to pdMJSJ.r tile· potettal 4etsadntftl taotor to• bl4~ od4e 

p1f.Hlptiahs• . ?Jlo ., .. ot aotale JV blbouo Odde p~Mf.pttate8 

bGt abo hoa ·tounct to be· «Mott.slJ 4e:t!!1'l4od on.·p& (!!b•st -'•· 

a~. t968t llldeffta •• al, '"'' ouv et. aJ.. t975t LOSOMtlia 

... es. ,, •••• aa4 hokte, 1'9"18). tt Oc«<14 tbe.a be~ ... 

tbat pol'tl tiOid.ft(J ot '•• ttl aa4 ou betneo d••· vat• Cll4 Ft-RA 

. ,._tpttato· tail4 Qlno 1to t;ld'lueDOed bf· pll• tlae cbdebV fJt 

~~ lA OAil au tft 'IOtunl wat•l' fO"e'tGJP otm bo cumalctef494 to 

tbNI pattat the ctteeol.N4 »'••• •ter-pnct.pltt\te tnteacuoo 

end th•lUe t:S.#~ :telatlOAm.Sp dtJila tho IJOU.4 PWGiff,tato. 

--en. n. ( ma) hQo ·~Ito~ tho 4o:ta tf¥# .... 

,tuwmon:ta-tloa» (Pftf1) u 41ftel'Oftt fl'oah watem tllld ecittatot 

"tJ'ptoaJitt tftSb ••• e~tmtl01UJ ot adlo taoo ootals( toto1 

(4l$$0l1PI4) (t&bie t). zt.l'lao,A•· .e. al. (triG) ae&evo4 cUsaolV'tll! 

cu tc saa Ke(JO lleJ aDA found copPer CCil<t(t)tf.'atton 1«Je tbaa 

o~t -~ at tho acatb~~ tho· ba3" en4 ittC~ t~ the COllV& 
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ot tho ba.v to QPI'Odtlatel,u 2. 5 )ld&. Atldft11 Baton ( t9T9) 

..apOttot\ that 4lostlNe4 cu c~tratf.t.rlG t.n (lltuaaeo •aa• 
fde tb• "V&l.Uoe u 1ow All t Pllftra to • ·Jdeb. a 11 ptr/Jts (~) .• 

Oo14bol'g ( t9M) he$· Cited the 4ata to-. h.t Ia on4 CU OObO_. 

t.f11ttou ta sea •••• aM: ~aaot.te lltldul·ee (table 2) • 

.Doe to tbet.• lo• -'ul>t.ll.tteo, tb• bt4l*Rl4«Ja: ot tho 

t~tte ol.~atc a~e Pmelplto.t«t troe tho aver watGl"-.. 

eve a S.n11 ohtu'tae t• tbo c-001 ttoa of •• csolu:ttcm OOtmft• 

tbls 1411 .S..ve eo imd.snt.ttoaat ecmmt ot re. 1ft Gl'l4 cu. sa 

aoJ.uttoxa io tho n•u water. hcauee ·of tho tepo~ or 

hrUOI.i4e 1f.Bal\4 la these p1.'00tpt. tatea, JU (alatoill to tho o.,. 

cetratt.cm ot bf~l sou ta eoluttoa) shcu14 bo w1at&J to 

tho m.otmt t4 Pe, h Gf.l4 cu t.a soluU on. 

»ata to~ total 4taaolve4 ·fo aa4 pD cere oo11eotett i.fOIJ 

••oral gabltcat.iOJllh tho .A1Jal.reoa wzv mp~tatlw at eGVe1'1ll 

fft$11 water eavt~w. the IJ»Ofte d.ata wn .oombt.tte« taG 

dl181e plot tm~lvlfts pll ami. total at.eeiolved Be .Md t• plot to 

ehnn ta PIG• 1. A aegattv(t I'G.la.ttO!&Oblp bottteea Jl Ball re 

ooneentftU• la .._ althovBb tbOJO to soatter tn the data. 

De aoettol!' ~oul4 I'Gf1ect ~1oa1 eft0t8. o• be tm tabo~ 

.-olGtionehSp ltot~ tho ·two vru."I.Qblea.~Glbbe ( t~a) bee Chowa 

the otteot ot ttt.O.I:IttN • tbtil ot.~tooatratlon of ma;:tor tooa lrt 



·, 

ta.W.e t1 ccmoatutt.ons ot "'• 1ft aDtC. 
U1 8UM tftlb wateN• 

Loke Olltado · 

~t.n.oa·ot·Le.U 
I!CbUatl 

:at.vem .8»4 LdP ot 
tb• u.s. •• 
a~,. avea ot 
lonh Mioltoa 

tnloal·fteeh wat•r 
•a1~ . 

t2 

8 

6 

tS 

' 

10 

•sw_ ~ -• ._.,,.:_·•-- t.·s ro ~rr_nn & we 1 __ •· 1 !l. OilJt d . _ii .• 

( tbiod v&loea . .- a ••Ndeo t.two 4ttto~eat 
oo_. .. lcttnttl'$1-tf.·mut tu dtflewnt fnreb .ateWJ .. ) 

• I 

·au 

Q i'P qq· . ·npc· _I _[Xiil_ •. _- PL ?I I _U ----18f'W'111#. t tn.-

G.1a-. a.n 
to.e. 24.,, 
o.,1 .. t~&t 

to .. 100 

t • to 
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nver wate. Wttb tbf.o Jidp :a p.lot of ea1tdtq,. pU for the 

eae »Oltlts uoi'e ·r:J•e (II~• a). ~be· total4ttso1ve4 ro tmG now 

ao~Wlltoat b; «l11i4UB With· eellnttN a« thla :ratio (fo/m4&a&v) 

WBe llotto4 QSat.oat pR • sbova ta flB• fl A Booel ~sv.o co

.relatlcm t.o evl4Gl\t *1.6 •ee.tn th<J ~pon.-. ot tmd.o &t~tb 

Dt tfi ta oont•oJ.lt.as ttto Ooat-A ot I$· u. aataal tmttn. so tt 

ou be OJPOOto4. that tbO'.lt ·04tl aleo be l:epo.ftt4\t ~ablea 1«1 

t:.Oilti'OIJ.IAJ Ra IUi4 • te Mtuftt.l. tra~. 

~ iattll (t9'19)• from the otutt.• of the Baf1 ~o 

BG,T eatu~, f.a4f.oa:ted t'hot the 1.1eb&Vi0l11' ot r. tm4. CU. ~nr· bG 

n1at.a. 

!_a:_ .·.* ... • • fl'OOl_ .e&ts;_ t:a·:: .. lflteft_ ot_ toa __ . . . I l , --·- I PJI ___ [_ - _ __ . '-i J . _ Q _I ______ 1 M.dl 

ft.e: ttndon~cs ot ~- Pl'«h'Jef!08 oo~ at tl:UJ 

GOUJ~Jollt.,..t• tmedcoo ta 'togmdt ta the UU11!1JOI'I o·t bea"J' 

aota1tt. fhG aetta• ta a coa.p1a lld.sitlre, Ctb tflfW mala c•o

natot o!Uoa.. olaJ'e, orgatc .-ttel't .a oa«a ot f.~ 01l4 

~eso. •• ••QO!att.e ·of bCJaV7 m~ala •• oea.~me•• OAD 

~· f#CD vtnk , ..... w.u.c to•• to et&-Ol1Ef Mfn~Gftt bOll4lQ£t• 

OORI'eel»Jt•Uot~ .Stb e~aaeao od4•• ad l.tlOOl'J.Ointt.o:n. 

.SOU& OJPtallett!O.•· ~$ ~teletat:Je of eol?bta llont'7 motele tftto 

the t~QJ.k wah»' te 4fiJD\kmt a »4-t.Uoa oOttGeie#tst dllch !a 

teo .. elot44 to ••411llont oh&ftC'l.,.ets•, tb-o tJPo ot 11~ 

fl'Otol., a114. otbel' d'ri~~al •~•--· M ,.,.~ ot the 
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motel.e o~4 am poteatieJ.J¥ t·Odo poUut~, eoh 

tatOftat 4o oOlleeraat wt.th the c••ud.oawoe)ostttoa ot the 

aed!moat-wat«r tnw.l'fo.oo. At We bOUt.tdai':V cove.U oaa.oa1 ana 
bt.OOhemlca1 tftlMfOJUtlcm l!'ftettqDO oo~, tavo1vtas nu~ ot 

ao'b:U.• ·C<metttueate tnm. the eedlaet to tllo 111te• (La end . . 
Choat t91?). 

Ooltt~a (tiM) -. stvoa Otee uta on ~ pmtuoa oo

etttcim.l'a ot ••• e1•._ ta atadae· etfJG• Po't ro, ..Stma 

!. 10ftlo oeccmt•~tt• lo o., ps/1 en4 pasto\llate ~llwattoa 

- ta t to tOO }llf/1, ae tho pa.tttt..an ooetft.Hoat tor go. dll 

be 2•200• _ toat.o Ill ~to to a:r:«m.a 4 }11/1-. the eu a4sOJ"b$\ to 
' 

RD, *ob contfd.u. fl.bOlit ~l'tteth ,of I tit ftf.trllt ta Cq, 

•ou14 be o.o, • o.:c; }N!/1. so the peirtttioa oaetttcumt te cu 
ie o:.oi too.,. file pQ'tf.ti..OJl cootftotet of an t.e o.v. 

. . 
»& o"ot et. al. ( t 9D) oalfh1late4 thO dlaoba'rco ot boaq metals 

bJ' tho \lm.t•· 04 b7 the ~dod matt=* tbe Rhtti.tt Gfl4 tlle attoe 

oot&l la •••r lae:tal ta ~onto ( !'cble ,, ana· 001101\tded tluit 

Cu t11 be PIOG~at .. t)F ta tho ~eel utol'lal. SO tt. UanQOit 

Of tlloOe metal$ adJtll' ttik-UJ p1ePG ltl n SOlid fOOi•-

.,_W eomJ.tD h-. botm t.ml bJ' otb\te (t9'1') to• the 

au• Qlld. t1lkOn *"-'~'••• -on tba att.• Wfb GhD aoJG, ut~• 

BOa& obeorve~ i't-«J ~-'" ( t96J) data ad that of o-.._ 
( ;rra.) oca bo SU!IIIU!$84 as to11ottat 



lG 

fable Jt - Di.Deho.'J'Se of be_, aetale .., tftl atol" oat 
'1 tu eusp.aet ac.ttel' ot the Bhht• 

j .• !'tf' . [_' l _·_- Iff 

'4250 ,,, 
.. ,. 

•• ,,, 
6705 

1t2.·J 

tat.e 

tt0•6 
j I I II r I - TtHWH __ ··g i . I . I II . I. .. ~-u -fl 1 ·r ll J il .!It 1:• ?. 5 AiJi( l!'rt 



DJeeo1ve4 Pe-JR 

te-b .ta saocm.ota 

1'.-b D OOt)t£Ds• 

.. o.?SSt ( .eo- ) 

.. 0.5184 ( •40- ) 

• o.gag (D&t. tro. c~ ) 
' . 
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~. s aJd Root, a.a. (1978) obatwc-4 tbat ·tor.._ Qt.vn , 

hMVJmeta&, tho pantttcm ooattf.oti)at hetwoen secStmeat Ohlt eoluft.co 
. ' 

ta aot peatlt ChNl&td. ·bl' the ,pntn-. ot· oothew oattoa, pi'OV$414 

tbet' l~tf' tau the aame OJ!df>l' of OODO&fttNtiC. !t the· OCfteteOt-. 

tson of oM oo.tSOJl Q0-*48 ao,bet' bf· ·~thea to,. honvor, 
et.e=ttoaat ct~ttco ot tbt 1GB oOAo.ntratett toa ·takea ploet• 

a a tttafJ8 aotton ba&.ta. 

~nt.\o duB.tee ot rt.ve:r-, lako$·., eotut1dOO 804 mal'illo 

oCMUme.te b«f'fj $1\ott~J tbot mit¥ tacc ~·~ ~ oonc oritatod ttl 

ttt4lm<mtel7 •ton£4 sa oatval ~tio ~tCII!$ ( ~oa.. 1s scott, 

t9ftJ Boat' at • ol• 1f'ISJ .ual~ietr S.toa, 19'1S/79.J ~ltb; A 

auot, ms, Cftsca• t918t a•ltoa- ~·· 1979). leotm~Se 

h and flo _, .... d. Ol'lf •• oocmoa iD a..-.a (J_.. t968J 

'al~ekl• as. scott. t967t Glltbe., t9'rJ) • lt t• wodh*l.l.e to l#l>k 

t.tlt:o the ate eoUeotfHl b7 ctb•• aoa.n,. P~•• Jtator tontO• 

~auao 11.6 !)deit.ale have ~. Nl'Ol'IG4 _. ecw...a 110Rem 
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(stl't\ldlOtt, ••s• »Ga, t9'10J CJ'Oilaft * ~. mat 
a~-. ot. at •• nrtat J~a~Un ct. aJ. .• , t9T,). l)&ta ot ~ 

aat1: UlOt!iGtJt l'fa11la et.- et .• aDd stakhov tePWemltwtcto -~ 

to Po tm4 Ka vclu.eo. fhet.• Pe aD4 1ft tmalpt..e aM plottol ta 

rltJ• 4• st.llCO thoi» dAte 4111•• b:r eGYoral of6on of masottue 

ea4 also tor cltu!ttr; co~ b$!0'& 'heb. tu.JPOtJelJ _,tted. hM 

tho f~QGN• tt OJ~ that Fe aDA Kls 4ft ftOSattWl\9' ftlatGclt 

since tho total eml,.eo bV theae attfihom teoJ.utt• other motels, 

the -ob_..,ett eesa.tivo ielats.oft!b.tp lo eot 4nt to h ,aftd lfrl oCI&'l)U• 

.-tlrtS •flh oa-. ~ntb••• oeX~tot.• geDGtto.· cooaf.4eattea oono.
tftto Mil ta i'M-Gflotont utenala at1d vto~ftta •. li•ttm; of 

RnltJ ro<ou>, et1 h 117 ~I'CJUO. 11801 to ·=o t-oeatb19 eQ~attatloa· 

of tllo cbove ftldf.oneh'iP• .cOYt&Jieace of ro lli u.. tttt !A cat•al 

waters. ooul4 .Ia etteot,. I'Ot.lflOt e ••• __.ce, t•·••• •oh 

GG t~aae.o J104ulel!l' and ~d4o o-.t~ Ia tho~ 

bo&lft (sut>-..ntaa, "''' sab~,., t9?4). 

SAuce ~aile aoat~ and ooMntt~ are ••or48 
roponod to ecmte.ta otb., •ltt!Gnte fleet4eD Fe tm.4 ~fat t.he toto& 

th.OC ectal ooatont baa boei1 plotto4 opt•t th• total ( ,.,.ttn) !a 

fte• ·$. A gost tltto JIIOln.t:tOJiiShlp b&tvoon the tnoo ol.ement eontont 

BD4 tbe (fe+-) cuatet t.s obool"1t4. S4mt-.l wodtoftl h•o chotm. 

tho •~• of pOI.dtlvo or ~tivo rolatlcmo!d.p tnvolviatG re 

o_. M,._ 01\ oao .bd4 aJl4 taoe aetttls on the other' (Goltt~t t954a 

B~, tf65J C~ an4 Ulonac. t972; Roc~ ot. al.t Urf2) • 



*
l:s 

i 

• 

Q.g.4 

OOIWJiiri'BAftOU OF Po Vth OOttCBriiftAW!Oll 

OP Rft !I' J'BRROMA.HGAimm:\1 llteR NAt.SRtALS 

• 
•• • 

• • • • ••• • 
• • •• • • • • 0 0 

• • 
• • . ~ . 

• 
• ••••• 

~----~------------------~----_. 

19 



20 

fla· :s. 
COOCBnftl.t\'l'IO!I 017 (Fe + lla) fa. CGUCfmi'IA~!OtT 
OF fR.ACE tmi'ALS %11-frJUI.Oli.ANGAliDSD RtQl tlAmtitAL:J• 

• 
0 0 

• 

0 • 

0 
0 G. 

r/Ji G 
& 0 

Q 

•:e• •7 

0 • 

• 
0 

0 • 
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Ibis tm~Seete tht.1 oo.MacHt I"'1e 0:t re .a Ia tn th& tao• 
ele!lkmt tf.aii,G!) l)heDCifGl'lOftw 
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~ sotoa ( 19?8/19) Wben ~afJIG' tho tftce Ctl«~onts 

tn ss FrallOieco .Bqy SIJCU.eltat.D o'btat.usd tho- to11~ meca o~ 

qontattOJ!Q ot taoo ecttals ( tt1ble 4). ~~ cOJ'lChtdeti fn. biG 

mcJOdflieat that ft afl4 Pbln eta. vadAtiOM a¥'$ moN ltl1'01'taat 

ill eapWnt.DS vnd~ .Of el•!!fftltal e~titm: ta Wo C»Jti161'J.t'le 

q~ thcb Ra te. mt.o tntUoatos tbat Po to a. t$ch lilOftf bpoftaat 

geoc--caJ. estmt then Hn ill tbla ~· 

fhe b&lf4t.no: ccmo_etfflttoa ol C\l ta th& eedtmeattJ of 

Wlll40ftleft Bftsled ta about 24 PI* ~ Pe· end h ai'O i.li' .flll4 

t.4~ roap•ttvel.N' (John &Md.ltOD-tqloit. tm). ~- t~ l$aobt.ila 

· esper.tmonta ho :t8Ul4 that the ccmoatJoatltl'lO of cu, acsco~ 

wtth the Ntlt!tate faotte f.8 ometnnt •' 811 d$fth vt.th acmn of 

'' p~~ !bus, Gftft ~tho aot$1e eft Q.t thotw bsae lt.M l~WQJG• 

'tll•lebt.lo· tractton CCJD8tttttt. 501' of tho cu. 

Stet and .,._ ( t ft9) GJta118o4 etta~D te the eedl•ttt t.re 

Rcmat~old- Dorthea loft.tl oGd fouu ttl$ ano~ ot actalo 

in svtace a.am.-• lle atut 'tJiltod tt P8ftlr to orgetd;o t!Jdt• 

4t&BenMte 4M ·~sns oa to ~ JNOiplt&t.-t maas=-•Jk.s;:, 
oucto aad stdv to -~osolllo ta,ute of •• ..,. SS,·'f!,J 

. . - . S/ J'j 
Col.lta Heal It• tll• ( t979) toun4 thai $thttretde AD u ex. 

lottb Atlaatl6 ..,_~a lll4lmmtl te aaaoet.atl\d 'dth ~o 

troatn the $o.UlO :&t"POftiOD uSA femt~o afliulca· Ito 

-



fable 4t Jleaa. ~tats oms or th~ eeteSc 
ta sen ftudeoo .aq Secltllleata. 
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~:~::::::::I .. i ::::::[::::;;,;,·.:]:: :: .. ,~: ::: 
.SO\ltb »at 4·0 . ,. '' . 

CGJJt~ aav ,.a - , 
sml Pablo a. 4•' 460 65 

.... »ttt 4.t ,., 54 

1#0~818 Shale 4•V 
tB:~a$JkOpt, ,.,, 8SO 91 

. , a'-·.· r· ·rr·n.au •- ~a·cn·? rt••J•u;at_r · nJ u Mr- ·_··_r _f(fti.ifi!_·H ·.a:~~ nw_lfnt·· 
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attl"!btltetl t.t to tho ttlOt that· At.J ta scQ\'enpA trca aea vctoJ" 

b7 .- lron-h:d'lag tlbuo· ptoOont ta botb ~e1lW aad a04'D1e. 

on tho bulo ot hle <SPoftraeatal stuttt(itl,. so.b~d 

( 1976) Cot!U -lob til$ ~tiVG 11ltt11' olU~Sotitol a"Glatf.OMh!t 

bo'WOOA ft &tkt.tta etd ~tho poatlvo ·IOJ.aU.OUblJ Nt...,.a 

(h + MD) etl4 tllo taca ·eloaente tc tJ.!AtU'bl f·ea·O:Itdlt\11000 

~aieJtnlil• 

tt ~ bQUl1."0JOl'tecl that .., OftCGJltfttSOM of co, Zli 

aftd othel' aptcultuft117 epoft'Silt boattN motnls in tho ooilo aro 

qttt to ldsh ·In tho bi'AftiUI.J ~ uta. (!tl11or _. Heo~o, 

t966J fqlu, t968t saune ~ ~"• .t1'19). A1oo l_,o 

ottounta ot eo,· 11, ou atl4 otbe hoav,v· aot.S.e ·CCCV t·a ~& 

no4ulee ta t~ta OOOM (wtt.lte cad Slb!mt t962t "'"' ttGSt ~ 

aft4. Fa.-t-., t966J llf).I'Dd• t917t cnmr oh4 D4ftloa, t914). 

Hoavr Mtaln ~ c~ etmetf.tllflftto of ao4t4oe ot\d otllor oe«lmctAt& 

sa lin•, J.nkea., •tuc~.? rma. ~· (~kopt., t95Cit ~ 

t96t/1o; c~ &A4 ihossaa. ·t912t cb:sgp, ma, a.-, 1SfOt 

Aa4rett i4t•• t978/?9J JobD Baatltoa-fe71or •. t919). 

~~(19GB), ta I'O"dewtaa tbe &Vatlabl~ tl1tomau• cm 

'the eO!ltl-Ols oa li'll• fo, co, Jl, Cu a4 at m oot.la, saltt.m~ aa.t 

ft_. wate•• ctma1tule4 th4t tu ~ OXU.ea of h - fc vGfO 
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tll• ~o• coatl'ol 021 tbtoo hei.VI' 1$.t&le. ta eoS.1e 4Jl.4 ttoaahwatett 

ulUmnts. Zll. wae eOtWeJ~Be<l f're V(ltlf')!'# of tbo P~ nwr 

oet1.1Gif by r.,.arQ.lde8 ot ,. an4 Ma, bUt ftoo~PtAoa occu f.o the: 

lOUOJi ftml*"$ d4 OCha (Gtleto tm« Fletchel' ;-.-WI?)• t.a 

hi'Atoddet ~ w.tth «ttlitoe ,QD.4 ctq. vue 1a~~el.t ~lblo 

t• t.l'&PPlru _.., •etak· u pl'O*deJ.'k _... ot tile .ao atv.• 
( ~o.,. tm). A flaettlot\1. ...,,. trt:~a tr. .... 4' .._; ot 

c_. .oh0lflt.1B tbo 4cat.oont ~ole ot Pe aft4 Hl\ o:ddea In,. Atetl'l• 

b11ttcm of tate oetal.e tu tltanatUe •et.~ t.n 4oeoM1tet b.7 

c~ tdl4-c~~ (.c-.HJt,. t974t c • .- Qft4 Doll~, 

t9?5• eo4 J-.;,aou, trrt). 

\be mn.•ptte. 14 h~ at>ta.ta ·Ol'l ~~ Ko &fl4/o• ~ut•

baa '-• n!lotteil bJ'. atdl· N*tfiJOhm-.(lfora.- and stumm .• , tt64J 

Po.aNlt ttl, J4 .• • tJ$3J Jkl.mt¥ ot• aJ. •• ~ •9GSJ Koteat&i•• 19101 Sldtaoa, 

ot. Ill •. ,. 111'Jt Log.nth• end a:tnen. "''' l.Ooboo« 8lld Chon,. t9fJt 
CUI ri~ d•; 19'19t r.uma,. ·mfit Lotturit-- et.- 8l. • tf'nt . 

. ' . 
111lft.S (1916) p·r.,oee« tbe.t: Ilea• ••at t..- en et~a.,. bOQII4 

ttl ~&'OQtl oa.t.e ot l'e 0'1'/abil ~n. 

!lb ... ot • . ai•. ( f96$) ~,epoftecl tb&,t lf,f'CfUJ1 OM Gll4 QO. 

OQtiOD$ a.e n~!F e.W em ~· 4£0dde• fhe7 t~ tkt 

tho .eowtt.OA ftG l.Dif.Pttidout ot Mall p& C$tmlft &t bltth 
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ootleelltfttf.OU' ot tho o-atiO:U Gi'iC1 vas hlsi4J ,a ap.aotlt ot-

J.ow oouontrattoq ot the oatlOU• 9hq pngose tbat to 41.11lte 

.aol-ettoae, tbo e.tl~tlon 000\m.l aa oountef!l tona fill tho fttt'bee 

clettl»le 1,.., Vlt1t ia the hlah ooacu:~ttatton. ·t11e coott• ooc.nm 

dtb.tn tlWt eertBad_.t-o lattt.oe. thor aleo _,Odoa tt.t Bt.a•. c.J• 
.a cmpeet.$1.1; co2• e1btblto4 ~ked apecltlO aa..,-l'l:tle oa the 

, 

tklOa• 

!h$ upttllte ot co2+., YA2+ Gild ca2* JGt &-Ma02 at 24 ,a o.s•o 
as A ft1t.lettoa ot pl1 ,ftll4 salt ocmccntfttton .u taveettae.1l-~ 'b7 

Loaaaatllm. 1\lra:n.- aao"'.._( t9T1). At tf! vaJ.uoe ~ '• tho-H to 

aot euoh obaq~ Ia the ~ti<ll. of tlteee oatiCIIle wltll taoi'OM& :to 

p.lW At pi veluea &'b:Oft G, thoro. i.e aa abiUPt ltlCnta. ill the 

uptake ot co2• ,..,_ • 2+ ~thtn aa~ ,a ~& ubleh tepcad a 

the equU.Shdum; conoontrattoao of tho 11$tnl I-OJ wheftao no euoh 

maHe4-l.O~ae ot oa2
• eOJpttoa _. tam4 upto JB 9•2• \ber 

JJ'Ofoa$4 tbat thiS tJl)e of~ RC~ 111 eOJPtt• ie dUe to 

speottie .ce.orptiOl'l and ts 10-lattA to -~,..u.oa ot ~he-al 

lO-.h· 

1UJ ct .• •• ( t919) etc&U.td- tbe aospttcm ot ou(n>. C4( U) aaa. 

Ztl( ft) on to p~te ••it&. ~ •2• Md aoUa. humt.o 

aot4 en4 tOWtd: that cu <Ustrtblltttm a•.(K!!O.u e tho pB or tho 

euap_.OJ~t Abo._ ,pll '•- of the c~ ts col'bett OD to the 

pafliOult\tGtt dlOIIAO tho Ctl ill S01Utf.Oft la t• a t.\_,IODI fo=t 
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bot~ pn 6 att4 ,.o v. eolob.le en ts cttatd,.tod bo~ 

orsQJito ~-- 4fttl. ·~· eoppo~ som J;~ot.- ;ll4.a to 2•9 

cotMr Se bolas &mol'becl ti'Ol'i ~ .Pilfttftlnt•t 8llil bol.o.w Jll a.s 
oll tfle. cu is p~.t to eohticri so •t•bl'* CU. lOll• 

~s i\d Leo1Ste ( t918) t.o.vcstieettd. the ~4e01!Pt101l of 

CU(U) atd AS(U oa ro(ou)5 (mao••e) no e tunnt• ot pa. 

Be took the 4Uute total metal Ot.eOefttftUO!J$ tmooJ.l7 feat Ia 

aatllra1 watots 4JI4. aft tnto~o.to t .oato ·Gtf4.ft~Jth ht.woa the 

elt~ ot thob vat&N Gft4 e:altu QJI!tGftth fhor t-.4 ant Ott( tt) 

eoa AB(r.) &40oapttelec~ tnra o to nsn•l7 ~ Gdemett wttht.a 

a nnftOV pll ~· lbG o&JOJ/ftloa ~ te CU( tt) f.tl lft thct pii 

hftet s-&. Ule1 al.eo GtuMed th• etreot of c4o0Jrbo4 .o0!1Jie34,.. 

llgaMe OA taeo t!etd optab tw re(oa),(ea) tVl4 tam« that 40$plt4l 

tht l..,e amount or orgMtc mateltal pllOoont $t 'the wd'aoo Ia tho 

pU h1'»8$ o-e. co( tJ) opt~ ttv Fo(ool, ( •Uib•e) ts aot· B!P• 

tt.Oftntl.J' oftooto4 b7 tho tMltioa ot tbm.o l.k$Dtlo to tho egeta 

-"' 1o•'n a4dc4 INlpht\te .• 

tapemeato o:O.Ailuokt« b3' ~· ot. aJ.. (t968) 011 tle 

e4bO'lJtlOO ot COt /J(Jt $0; Ctt 8ft4 Wo Oft Yaft.OOS tdJl_.alpll~ 

to 4lstillo4 •ttl'• aa4 on 4oeOI')tlfm ot a4aont4 eott4a t.o eco 

¥'ntGJt dlou that 1f.u)"' a thee motal Se, ~ebtld tram ~ wnt•· 

so1t.atla• it ie Bl~c ~eaeefl .. to a ~tor or lens&\' 4~ • . 
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.ut OJP&I.'k!O'Iltal 8tu4J was J()dO'meil bt Boht~l. 8!l4 

.Chtm ( t915) em tbo oftectc of Sf!'a nte:~- on the cOfteel\tfttt._. ot 

tfttt l'!Otalo ta 11'8Bto •t• »al'ttct11aton. $--1• ot pl'f.eo.t7 

etftuoate, 4lgeoto4 t4u4p, eft4 rdlCtuN$ ot Pfttlt\.17 $ftrl sco~ 

.rnuonto .fti'O o'btat.Ud t,... the nnodon fftntmeat p~t of 

Loa .AIJ80l.es. c.atttomta. la aoot cases. ca. cu, •• Pta aM. Ztl 
' . 

veta fontJ:d to be meaae« to a ~- eatoat thl.m tho othel' 

raetal;o. cr:, re a.M Ia ww. aot Nloae- eaet la tho oa.te ot 

dlgoate& clttqe* Ut tfbtcl'l 9)& ot Or ,aM -' o~ Kn ttaa ma.aat.d 

from .ooU.4 Pa&oe• DOWGV'el' .. tpto ,_ ot C4 me l'DiOGQd ,._ 

aul»a4t4 paa1ttu.latee. .t.t 4lttelJ'ftt 41.1\ttl«m J'OtGG of tmato 

watc» offttlo.ftta . .a cttaoeto4 o1uqo dtb en water, ao ~tt•at 

ditforeoo AD tbc ~o ot C4 ·vu Ob ... G4-. Oil tho otbo• hat• 
the .Ulutton l"otto aooma to Plol' an. tu-,ortcnt rOle· to tbo fttleaoo 

of Bi &m4 za has ~- pattlotll.atoo. 

b$ tho et~a~a or the gi'Ovtoue 1Kft lfttlhatos ht. 

bJ4fO!I.t8 fo Qlht Ho US.do ts an ettootlh obk t• tftOc motet.. It 

alco l&flioatee the ~ role of 117~~ Fe Dl\4 RD-Mt40 h 

ooati'Ollt»G bet.W7 a&tlllo ta actti&'al tmt••• !a a11 tho pat~iouo 

· . ••• ott._. troa hrdftld4e .- aaQB0.11ecc odAo wae uta. • aanceant 
oaoopt Sllb1'8aat.oa•a (tf73), tlho Gf:ufto«. the 001.1M.u« I01o of •• 

aa4 M ta the ftatton ot B:t • 

. IG the •••tmt alflt • athtltpt to uado to otwtg ·tho. comb!rt(!d 

wl.e of tw..... 7fl. a Kll oat.de tc ooattJi0111aQ oopp• t.a tho l.14,tlatlo 
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AU. aulltlctd. c..,ae aasate _.. Geikh qutoat'l 

De.Cl .okitt.OII: h~ toaio at•~ .01t .t, "''' •S Gtd ."1 

~ ,.._ fivo• ·ft.to» to eea tralel') WIG pftpa~Q4 &a tM 

J.abol"atoav~ .re. MD 804 cu .- dde«. he .took ool\ltSOQG 

kepi leftieft'Qto4 tA tho taOUDt Nqttl84 tc-, to4t'fl4-' 

:G~CJ.Seeftto-. CopftOtplte.tte of br41'0d4ea o' ~ 118 fl!\4 ~ 

•• etfcctd b; ~r;ii•mtla, u. AQUeaoe ~ oon~ ~ 

~tloe of Pet Ira 0114 CU 1dth lafmt DfleOt.fjWI'J wtta· 4Cfl8 Ill 

• .uu ot t mm4tfl 001u.uon etUuft«~ to pn • ?.o. Jtoetts• 

.., oltto «ora. bt !*ttleB tbe pnetpitete of Ollf) lonte .ot~ 

aediua to tbo Mltuo ot 4Sft•nnt oth01.' loat.o at...,tht oae b¥ 

-.. Dl.oo1'104 egeotu an _,4Wt\te4 ftCil eoKt -.poad• 

oe JftiOtP!tda b7 ftltadloa t18Saa-0-.4' }Jfl '"" 1410~ ft1t•• 

AU ·~ctl WN 4Me ot I'OCia • .,.,.tt.uro d4 

,..._. SlaentoJ. .....,._.. wn d.- ath • .t.A.&rot _.., 

AtQito daftftloa ~--OJaGter foUOttag tnoee,.. ta lie 

~ ot :lQ1mctlOU• solotl•e ot tbeN ~- ._.. aolaftoA 

a1l4 lre)t fttft8efttd. tfi tteQa.zw•tl wee dOile bJ' a ttattal 

tB ..-.. the ._oat~ voa t• eohet!!ettcaJ.ll' snutato4 lD 

lis• Ga blet duc.I'J.pttooa ot tDQ.Victoel •*»•daeata .- eo 

tollouat 
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fta• 61 A aollel'a1,_4. tloW.obal't to•, tho ovNt
llUW . •a· <w •. 4Uds 6'be1!11f:oa,A!leJalt) 

,_..,_ R.Uua ot IQ:loe 
two ., ..... + tmoa 
~~-- ot ,.,,.. cu.. 

Altqnot _,. &\att.ora dth tl'f lo.OB tu-·--
kept itw AMt-----1 tacll ·~ ot lfofrll ~--1 otto~ oooh od44• 
at f.fttowalt 44404 at o u.o,. tS.oa Of ln<lt. 

~ .... .. 

$01Ution A pJ.'OOSpSt4tO aepa-
nt-'l tw ftltattcm utu . 1------o.os-~- ,,,... ' 

a,uogae pteetpltate 

ft.lt.ftte ne,t ftfa• 
. aot:nto« tu ./\Alb 

____ ....,.oUt lllto thne ~------

. one ot .bo tft.ottaea 
• ~40l(J11«7) ~o 48-
eOJtS tllo actconet 
oatt.Oll&• 

treottom • 

Otto ~·- ot ,_.,_ 
~tonto•~ · 
kept into tbo atdta of 
cU.rttad othtf· 1=-to 
st~onott1oaa 
to etudl' the 40ao:rpttoa .. 

acmtdfuaattool c~• 

~ :· ~·~,./· ? . ~ r, : .' c· : .... \ ;~ ·r c ~-

Cl,.. ooJuttcm o~ oolbtta 
coJkilote4 t• AM• o.olloote4 t.-
Szebf.IDCCJ ~f.oa.- ~..::AAA=·=.;•;;...· ---"'"" 
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Lti!!!f11toU•~!!&S!~. 

•· toO co ot BOO· Pill t., tOO eo ot a» ppa Ia 4114 · 

lGO co ot tOO ,_ au Wft adcle4 aUblteliGC!QdF to iOC co 

l!if~Uet:UI dluttOJW Of 4lffGJ~Mt: lOI.&IO otN.tltbe (.ot, ,t, •'• 
•I 4fl4 .t) la 4ltt~ 50(). cc p,... ~- Bf4ftd4«11 

._. pJeUQ;itnte4 t.7 tt.tft.tf.ott dth t B BaOJl• After Oftr,v 
. . s 

G44ltioa ot lf~ pi ot eo .e011ltt.oa ._. ~~"'· All4Uot 

R!t ~ et t.atewa\tf: fOJt AU• Alto~ c_,lete PWOIPltoUoa,. 

tbe ~o1nttotl AM tho 9,..,--.PStQ.te vue eep~IG ttl' tUtrattoa. 

fb ~em ae ~ ~·tfattd att• aot.ftftoatsoa fot · 

elmamstal ~~~. »oaozttlaa nt~t .,. .tou dtb OM 

pOfttoa of tho ptedp&tate . .a aaot'bor pmtoo kollt .to~ sa 
~.~~. .. 
2. tQO ~· aoo~ ppa .eh of Pa ·aM Ia el'l4 tOO co ot Uftettl\t 

etaf)eDtJ~atl.•• of Co (4 ~~ :!0 tttmt 40 ••• tD ,,.,. GO ,,._ I 

t» pPift) •• &i*Aoti a 41.tt~ b~mt otatatat,_ tOO • 
t\Cl~ nA~lJ!tfct~~~ ot t«d.o at~ o.,o,., Oot~n·tatte. 

•.Pn:ta-tloa •. ~ ~a 1ll'8a aon~J aa abW•• 

tt ~ tu 18 Cl 
·. . r ·l?ll_ · · _ j r · t 

A tottf.OJl, of tb;o jftClpita~• Obt6Ut.e4 ~~ 6MVO ·ltPoft• 

••• ._. ~ed tn 5D oct mm4c1 utntafJ\e4 a• 18 'f nb4 

_,. t111 t.bc:h tbe W1U~.po2t1a. WWJ tboa tsor>aattA . .

lte.Pt ~l'ate eft~ .SattlC.&titm tw ~lftet1tal ~sa. 
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p-notpttate t•• OM &OJdc ot~ eoilte wae 
maepa4tt :ta 8 oc a~o .etlu.Soa or 4Utol'tllt t.oato 

.-~ au.coooat9Clf tOft oo kov Ill ••• · ·~ Q\tqun ,., 

.. ._ JcGpt rorncoratos tlftof Cld4lfloe.tt.oa to• .teaal 

~.,. .... 
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BDk~Cil ( t91,) etatet4 trust e.4e0.,UOA to :aot · 

pelt~ to uatte~ftl the aatUH ot h-..1£~41 

HHlPtbtet It lts DOt icpO~ant dletbef' d;fD".PtlOD: or co

PI'IOS.pttt\Utft actucUJ 0001.1!'8 ift aatnftl COdt.tlou ~-

tbo tftt_, · olcmonW al.tlOftlltdp.e cthlft the br«ro.d:tt• to fttt_ 

-O:.to•£14 tr tho aeth04 of tntroaumq Htl d4 ~· ~;ato re(-ou),, 
:a. tbls: d\14J, ~~ at~ 0t1 h&Ye been. OOJJteCt:»ltste4 u 

bl4rGttO oatcte. In nepcmce to ohan~W !n Jtfl, w ·othef taoton 

atoll C\tJ ~Ctf W t()tfll 4f.dMt1V$\ .V.t lfln dtl 0\:1 !a •to., 
tholr bJ'f!~ o.a.-~ be 1li'OC1Jltate~A hall ~l ~

arat:Mlt' 

%a. thlJ p,..,~ -EO"-- ~Ol\lS prae .. t ~ ort.,, :tJ4 ... 

BO,· -.4 c1.•. so4 .. , ao,• •tt c1•. 1d.11 aot attect. tb• oo • . 

t•utpttat.lellt aD cu ( U) up.t&'to b1 ro{m), ( m~) 11.' Dot 

cSQftift~ Gfttote4-117 ~1Jhatn ~~ (Da'rlll aid t..otto~, . 

f.'!J78) 1 dt1d6 iOlllf.l a~·· DM1: Oo.Jlealt!l 8!dt (ltii! ........ Jtt 

SJ14 RUetg t.ft&) dd CblOdft; 10 1\0t til l*PO~etlt Otapl~ 

cent at n• t•ea•Wi• Abtmt all, 1601&• ..-..4 to "'** 
· 4Ufttftitl:t -~ ttoM.•• to npnae1lt CIOMI'l ez••• flo• Ml4 

•· . ·• tl tou *" •o• lJtlt«ftaat. Dt• eola\iUtl' ot •. lo vo_, 

l.O•.e ao ~;t.4e wtU ,..-;stato ~ll· Ul.ue- ,.,.,. Off' 

t.CII08 aft etfooti.ftt othem aro aot. ·Bette& St cor ba •••4 
tbat th• prQOf.pf. tate torao4 Wll.l .. 40. tQI'JI Of hldl'ftS oatto. 
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Ill tho oaH ot OOJftOtpttaUIO, thG ddU. toa.t 

oau l>e ~Gl dtb •• rd.ow-cOIIPoaellt ~ to tbo 

eurtaoe ot tbe ~- Cfl!iPOMat n t.t tef1 be Ita~ dth 

tbt mt.Ol-OCOtiJOilOllt fbt tO dla.se th~ the tl.ted.U Of till' 

aoua phat• .ot tt oea b• oaotuot•• ..., oognoittitfltte •• 

takG plato u a atatez ot et\dUbn.ua ott a_..IQ.UllSJ:itS.tlm lav.._ 

atoolttl& OJ ~tat•clble ~ata. 

IOIUltl ( t9C$8) t A11tm •t• 81. ( t910) hv• 1011dt4 eut 

that the up~ H' l'tloue ot b•r metaltl tre r. aa4 JJa 

od4oa t.o • ,_.otte t4 the trt10 of bM'fl' utal aG! ito ooaoa. 

'l'at!<m, pB eto~ tho ·~• etucttel bon an pH• t.oato 

... ...,_ ot ~ ntelQ.a oat . ...,, Dotal oQileoatatle •. 

Hac tht n801tt.o ot uptako aaa ~· or o.,_. v 
~ ~4e pJIOO:Jpf.tato ._. paaodelt 

111 t1te lattwato.,. oxpmeent •. Po. • at4 cu wn, 

oomplotel.f fl\!Olpttatod eo ~-· At tbat p-o&at,, daost 

to• ot t}U)ee co to .eoU4 p1WJo lt~•PGOt•• ot tho SOide et- ot tho mcdto ill ouo cane aa4 4Uf'otoat oopp• ooao_., 
tau_, sa tbo ott.ar ·(tattle t .a4 S). 

· .. 

as. 7 ohOwa •• utWto ot ov.(1t·) • ~o ~40 

t~&tt.tate ao a·l\l.aotte of pU in dltt~ tOldo • ....,., a«l£c. 

tho COJJN' ~Mtltn te 21 tPfll& all o""*• 



·fabl.G St ~ UJtake a't 4U'tol.Wlt tonto alw~tetlo mta 
oar.te cu oO!letmt~attoa (8 pl'Q). . 

-

tDitlol OOI.'lCenUat-tOA f1tfal ' ocmcoabatt:cm : ~'ODtab 
UlP!Ie ia ,. 

,. -·. 

F& I -- I CQ _·J\t i Ita I Cat I'Ct I Mtl I leti 

o.ot 50 50 25 o.t o.t 0 •·a 99.8 toO 

50 50 .25 0.0 o.o o.o toO.o too.o tOO 

50 5D 25 0~0 o.s o.os· tOO.O 99·0 99.0 

so 50 25 o.o o.t o.os too.o •. , 99·8 

so so 25 o.t a.o o.o 99·8 96.0 too 



o.ot 

o•o• 
o.at 

o.ot 

o.ot 

o.o1 . 

~t\blo· 6i )l ... ~ Gt-4lf:l•n• Cu OC!DGOftUt\t;IQDO f);ftd Umli8 
sonto otrcmstb ( Q.01). 

'50 • t 0 t.o 0 100 98 

• so s ·0 ••• o.oa ·too 98 

:SO 50 10 0.1 o.t o.o-, '9t.8 99.8 

50 50 ,, 0 ,.2 0 100 9,.6 

$C) so 20 0 0~5 0 too 91.0 

50 so , 0 2.0 0 'toO tG.o 

100 

• .• 6 •. , 
100 

tOO 

tOO 
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FiG.7 

Cu.][ UPTAKE 8V Fe-M,.. PPT AS A FUNCTION 

OF PH AT 01 FF ERENT IONIC. STRENGl H S 

o I= 0.01 
D I= Q. I 
A i: Q,J 
)C I: 0.5 
"l = 0,7 . 

0 
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[Fe f= SO~pwt 
[M -nf= sop~m. 
.[c,]o= 2 spp""-

45 . 2~--~3~-----4~~~5~~~6~~~7-----±8-----------

~H 
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Sl.ldlia# t• tbe aoeullt of aa.w Gtbu hvoot:tcati.OM 

ot ~bk.ootoltcm oJIOJptlco. (~•• n. d•, tt78t 

o., ot. tA•• tt7Jt ~- et. nt., t9TIJ aM; »avse A 

Leckie,, t97G), St h coea tJud· IJ08t ot the .OQ ( tl) ·uptaleo t~ 

p&ao. tilthia a~ Jll'4f16Q• fh& ad!Juttton efBO tw cu(1t) 

f.e Ia tile pll ~o 5.25 to 6.4 ,__,_ ... ,. ot tho tcrd.O et~U~tb 

ot tato. aodta, wht•h te e~~tea, tbG .,.. M obcol'104 bl 

DaVIO att LOI!d.O (t918) (PiB• e) k\t Sa the pasent OOC& o~t 

48il· Cu u •~ Qt. ,a ~ ' lllon® HJptle at &O'ft# p1l b 11GtV 

oma.U t.a ~s .a LoeM.o•o oaporbleat. U'.ilc ,_, N llue to 

tho 4tfte..,oo In cllttueat faotota te the t.o oo~~· 

t) M;H~t ue«. bf JatJ.o a z.toldo wac ro(on), (ao~~Jaa) 
••~ Ia thlc oaeo tbe ._baRt t.e ~ Po--..Od«o• 

a) COilCleMfttf.GD 01 OOtJ:pe» UM4 bJ hU V40 ft17 lOltt to-'H 

(t.e •.. o.OGss ttfO:) ~ tile ooaoeatatt• ot ••,_ so tblo 

ugoJtaoat tc 25 ppa. 800014 faoto• .,._ to bo YGS7 nftl'l6 fa· 

h,IQbe 1011Ua ot cu at pB <. J aa sa cloUt bee liS• ·ta ~tt 
obow tlrst tho OOI'Jtloa fll cu ta ••• at ,a <.. J ltll' tow• ctppot 

ooaoatatta t.a tile col.atte (bon t »Jm -..1 9 t!*) ft1i4 &t 

,_. oa uen~ eo tile eoppc~.- o.._'tfttle ta eoJ.uUoa 

taeNaooo. 1'01' JO PM .,.,., sa. oolutf.•t eo cupt~M: Wow 

pa ' t.a a''*' ,~. Vetna to fJG/al ._"_, C\1V et. 41.. ( 1tv5) 

flODM tl'tat eotrtt• of cogpe• oa ltl02 uae· un 'bolo¥ JJB t.s (fts.t). 

Joth •• .t ·fta ••• e~e· fftiOr&t 1ft tllo ~~ ~ ao tt. 
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. FiG.S 

0 
liJ 100 • ··- · • cu-r eo6

M 
dl • cr • 
0 ao~ .. Ft{QH)a (Cbn}o\A • 
~ • 

60!- _ QIM NQN032St 
<! I 
~ 40r-u 

:....: 
20!-,.· . 
0 . ;, . 

4 S ~H7 8 9 10 

ADSORPTION OF COPPER (11) ON AMORPHOUS 

IRON OXIDE AS A FUNCTION OF pH 

FiG.9: COPPER SORPTION ON M-.02 
AS A FUNCTION OF PH 
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p-.t ~· &o ~-- .ft.PftJefttaUtte.ot ~ ll't.ttea 
tllla that ot c., ot. a~. ( 1fn5), »eYIG & Leoklo ( t·t78) atld 

otllfft '*tauce tltr- .o0ft01·4Ut4 ld.tllei' ·odr I'.COB)' •· 

· R"a02 aCJ c4e0lt~Qat, 9lf011l W• DlftM 4fttatot h-. Do .aatuMl 

SlOt•, aa the Ooptel' coeoetatlcu ..- oa lsf.tlhe-. Bttt t.t 

·OM woU ftJ~ a pollutoct Mtuftl •rat• 
· to tmow, 1t1eth9• tbo o«9»et- preclpStated &a fko Jll attP 

ctua.ea to a e-.anw copper pbai'Je ·~ st !a aeaool.ated. ·w&tb 

th(t bl4mt.~ P~do pha.IO't theOJ!Otlod oelettlottoo ·tmtt 

4ono at 4f.ttenat pB to ·~alb tho aaout t1 cogpar d!a t!llDt 

be ,. •• t to tilt colutt• ta ·~ to sot tho two pft1Jabk 

eoutt copper .o..,._e PI'Odptto.te8 lo· tbf.e .,etet 0\10( s) oft4 

cu(oa)2(s). iM oalelatsODG •• 4•e 011 the bcctu ot sola• 

blUtr pftlilluot data. 'kblo 1 ~· thtte •duo• Ooq,adll! 

tbf.• OOJPW cu:J2l0ftlltatt• ve&ue at pal'ticdor JB ff!th fibe 

• .,,.~ ooueatntlon; p..-tmt ta the UIOfl.fltfltal ••• at 

that JR (PJ.e. ?). it t• OODOlu4el tbat oo.t.- ta oot pne4fltate4 

at a ~to ooppel' thamt bnt ·~ 0# othe tt •• aeaootatcd 

wttll hr«~ ~-.,,oaao pft1Dlpf.tate. 

M tbo t.iJtcka of 011 tdtoe p1aott Oft)ZI at loWOI' pH, f.t 

•• be ag~o4 that tbD ...raoo cb_,. of QaJOUG t.-~dcto 

pftJOtpttoto to aocn•tw nt all pn value .-u.t.,. thtQeh 

tJGI'taoo o~ la aot 4otOl'ldM4 Ia ·thf.e sWIJ• Lo;atsathd -'• 

a1. ( tm) baa I'Qorte« that the Bdfaoo ~ ot s-Mb02 wu · 



4·0 

G.,., •v 

.t.o 

- ''- -

c~tratiaJ, or cu ~fet 
to pftiClfltat~ cuo( s). 

( Jim) •. ,,. _, 
f11,.6, a to9. 

sr.,, a to4 

87·'' a to' 
. a av.s; a to 

Ow'76' a t~a 
• a 2.78 • tO 

,,., a to' 

''*' • to' 
,,., • tl 

4 
''-' • to· 

''·5·s to' 

''·' • tot 
tt.Qk to2 

&.ss a toe 

to,ts 
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•• r 1 _fiH. r n_ t_ ;_ • • FA_J -.tn.waon ···-•- !"no:; e __ · · -••••nr 111 llf. • ---~ RT' .il.ll. 1 l.fill: 

••••Pftft.•• cu+i ot.J~JJ~, ;.,~ oa~u ad •n«*• hv.tt.,.. 
:d4e •• uutah1ct· ._. 849'10U& eoluuon. · 
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1asett.1to at G1l pi values, owa at "" low tl• total 

IOU oaa tboa tN-.et vlth th• ~tt•lr oJleJreA JUUcl.o 

l) 

U) 

' 

tO'l'tU.t$010. of • oouate~n :~qo~. 
I 

0 

I 
Ia 

I 
0 . I ,. 
l 

i i ---0\ l Gil+ •• 

L I 
I I 
0 11 

!t Ill also UkoS, t-at •~ c-'11• te the· p~ 

ca(tt) ~ epeotea,, .drib tt baa .ktft shoG tbe.t daorpttoa 

·Ot metal toao • YO:flO. oal4o eurtao• laOftU'OO o•fQttJ.r t.a 
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tbo Jl ~ ttheto ~Arttt prodUcta bee«so a st.sa.~ftet\!lt 

taottca ot tle fthOlv~ eotal (Loetlo aatluos. tf15)•. 

ftl• to t;1Mieo the uptetce ot Ill to ,a ttM.:h shO'Irll 

that about,_ Jfll te oogi'OOipState4 at ,U < 2*5• the ._o 

ia all!od ao tuftalt t.a Mn1ittm ttlJ. pB G.ts aa4 .~ thdh 

Ia abN»t ••aeo la tbe optalre 'ftthtft ~- pa ~ 

(6•" • 1 .• 55). iJlo uptake of ro be~td1Ja dtb tftWffa8UW 

· ,a till ptt 9•25 • .,. tho aoott.a t.e elaolt tOOJ' (Jts• tt >• 
so tU PICJ• '• to fll4 U hdt.oato that at.ldlbd DB• 

there te coapett.ttoa betwaa, Ia aU cu tw re(ou), bat oO.JP• 

te pnteftlet bl re -mw I'D• 

ftB• t2 ftl.ateo tho uptako ot c~ bF ~· ~~ 

Od4o ;..Spttate to pJ ot utt•nat o"po~ COMo•mthM.• 

the tldua of tile 11ot in· YotV aocb tim oeo eo &t ltJ Sa Pis• ? 

eaoopt tbo PlOt of' t um cu.· !b&o JtnJ' he a.t• to ltea .._. of 

utn pl!llte t-Btea ift. tb.& e:p4l'illad• JUt oao tbl.ris :t..o Ytl7 

oler fl'tll the n.sun. that oe the ooaocmttattOI ot 0\l( ft) Ia 

eolutloa ~-. the 1' uptab o.t cu b7 Jq4nu& ~· 

prectpltate at lo.- Jl filCO POI'easn•· 9tto Ctt uptake J.a =-o 

boln £ti 2•'75 Whoa ftfl cv( tt) ooaceatattoa ia oolutt.oa to 

f ,,. cll4 5 ,,.,. dleftas en uptake Ao ebeut ta" at pB a.,, 
~.."'·tho co ooaoo-ntatt.OD to to,., .es;c ubOA cu aaoo11vattoa 

u 15 DJlb:t ,a.t;Z acm cu oonoeatattoa s. SO pp flft4 tz5 'tlfho1l 



FIG. 10 

MN UPTAKE AS A FU.NCTIQN OF PH 

0 I :Q.QI 
0 I =0.1 
A I =Q\3 · 
)(. I :Q.S 
• t :0.7 

3 6 s 
PH-·-~> 

7 
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FiG li 
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Cu.(i I) UPTAKE SY Fe- M tc..J'PT. AS A FUNCT!ON OF PH 
AT DIFFERENT Cu CONCETRAifiONS · 
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tu OOJl'd tGMoatatson u s:o PPI• ta cl.l et~tomti'Attoao, 

tho CU. u,pttlko laoNaaG$ uf.tb f.Db'Oa8!M pll• 

fts• 'I ehOtrJ tbat the uttokO of OU bF b~ Po-Ma• 

oa4o Ptl'GOipttat& Se IJJ4ttpftdeDt ot the ledO et.._.b of 

tbe tsfldl.a. 

Bow it oca bo inten.S that pH ellt1 caoeabett.• til 

••• •• I!!JOI.ltatt.t tact-. h cumt~ C. __,,,. of 

C. 1J1 ~~ ~4• p~pSto'te,. tt II also «JIOU' f1011 

ebo.e tbat .,.,_. is Aot pn01pt.tate4 ta tho orot• ao &DJuate 

CU~t bQt lt te ~- ~at•4 1d.tb bgttftllt ,..tlft-oll4o• 

!hle aosoot&tlell f!IIF bo eOJPtt.oa, OOOludoa or/•4 coJ.ta

loJ.uttcm. _,.,__olea ( trlJ) hae PHIOid a ooU4 o.U• 

~04•1 ,,. .,.. ... .,.,.,. .... ,. 

SOI'Itt.OD oaa bo o_.duo4 ea a olD~ ~tlce aa4 

le tol&W to tho·· etJQ.O-. ot th• bat ~d. Chod,:o.,tt.oa 

tc tJtfteftllF ~lblo but 1!DI cwootuaJ.17 load to tao.,.attoa 

or ~~tao,- ttluaeatc (h&ro cu) Ia tile otactun ot tho hoet. Oa 

the otlt• haatt OOJ)waotpttattOII of ~ hrttoal.4o lftOOJJCMratee 

all ot tho abOYo fancttou t.a e etas1e ate• a.a t£ ft14'tloa

abt.P boheoa thft ti'OCe eetala aucl hO$t •te4al8 """ J..a« to 

oooiuGJ.oa o2' flctUd coluU•· Oeol\UtlOD h a p~ 1ft tdd.ft 

the '-- t~oiale ~ locatl,r Aie'tl'l.tlltcd ttl. tho boat •o ta-t tbo 

t-.-. ·.tal/hOlt d•tu:te OQ.U.Ot be oODOl..,_. os e df161e 



taeo rseteltJ wod4 be UftSf·OI."'Il.r dletl'l-.tati ow._. tho hoet 

oubcta.Me ao that tho Pl'eO!tlto.te coda 1to ooaoi.ADI'et as a 

sit~lo ll<DOSOMOU ca'bataaoo. 
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JO.Ci$Jpt-te te a aetho4 ot 40to1W.I\bs tbe ~- ot tbe 

P18ClPlt.to4 datuft wt.tbill the tnaewek of ·tho o'bOYe a~ 

u... »ooOfbdttJ.e utiO&UJ t~• • p~ttlt• •• a • .,...., 

ot l<Q uchcmp OQJaGitv• X• o44itt.oa a emU taout ot tho 

,._.pitow dU Ms•l•o sa tile 11141\1.8 &.a 11bleh 4ee.,.ttoa 

takoe ple.u. au& tho PftlOQltete looo•tte o~ fftOtt.Ollt 

Oft4 t.d.CO the solUble faotf~Jft, to the eqaGC*e a.4ta• 

ftB• '' eft4 tel~ a l'elate tho ,_ oet ~aeo of u~• 

:Aft eAtl Ql ,_ the •• paroCSpttot• O)ttdce& tftl!l aoJ.ut&Me 

ot dlttoi'Gftt toato m~ a.u.a. •• dotlo:rptSoa apedmoa 

wea aceta t mm4o1 eoluttoa to ehow tho aob.aaleable fl'aottoa. 

ot ._, !fa tm4 Cu la ·the p;HOipit•t•• ~ -abo. tbat tho 

4e.-ttoa ot f• Ia .ra61lef.lth ,,.. d.1 tb• tnoQltGt• 1-~ 

tn. Mfteroat lMtc etfti'JBth ~a,eY«m the cteootpttoa ot tta 

le as~J.e•• ·1\lt- the ~tlon ot Ct.l h etsniftcaJlt• · tho 

•••ot~• ot ooppOI' te ~ 40 to 4'•5 " 4epo~- upoa thft 

10fllo et~ll of the m.aa. ass eb.oi!O the ll'b.Otta o:t cu 

ta tt. .O~le paet ot the pJJeetpSt-ate. tld.e teeuptton 
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FIG. 13 . 

IONIC STRENGTH AS A FUNCTION 
OF DESORBABLE Fe,Mft AND Cu. IN 
PRECIPITATES 
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ldGbt thea #Offt$at the l!dliOUftt· of ou ~ ottGUbellt '*••• 
Jlol4 Oft to tho ..tcoo ot bl«fO'UtJ Pe-...... 4t• R«adld.DI · 

mooat ot OOJPo.tt etoh te uoa tluii ~ -.t the bt ta tho 

tt.d4 pottf,oa of tale ,.,.lpf.tatt,, s.e •• eate•e« toto .. 

at~ ot •• bOd• so *• p101 ~ that tb!ta, ta e 

lata• t11Pt:Str· ot cot,_ lD the wtfaoo •• ~ est~ee ot 

the lo'4_.4• prttJ1Jitcto aD4 tllat aoet ot the Ia cl14 ro •• 

hd« tOS*tw til tbo etaotun ot tho b~a-. ·l'bu tbt 

pnospitntee oaa be eout4eftd to ccmtata two tHOUou • tho 

OJ.Oh~lo fb.'OtiCil tll4 tht o••OJtJGbl• •tiuA• fftetloa. 

tho l'elotlY#J no»Oitl<ma of tbtme fn.ottou sa tiM pi'OOl»&tates 

._., wttb the ialO lt~t~me1tl of the J.roclpJ.t$Ul)B ..... 

-&o paMJaO• of ••oas oth• tb& re, lib aa4 cu ID tho 

ooatlap ua otbe• ,_~._. aatftlali em h ••ltdMI 

• toUowt oo,p..,o.SJttatecl ~408 ·OOfito.fll aoDtJ p.eneatuo 

of Ulhea«GG)J.e fraotf.•J ''-• MOD' ot tld.o ~1• YaJl.W -

4GPoaf!DB eo tho 1-oat.c d~b ot tbo ~ mdot Catta 

8UOh aa ra2•, eo2+ aa4 ott..•• ooap•tlbl.e tonala tbe aolatS.e 

Oaft Jeplaoe tb.e qob•f'19:.tble b; 1ft .td14 cu ftat ·the u41QPtit.m 

aitoa ad eli_.._. bGOCIGO ppt ot ttw. aaeo ot the ~~ 

-~al&• 

hd.ttd ·OO»t• etOt'.lMltl'atta as .a mctlff1 ot 11 OOJ>fttt 

Qaost\f.• ti'OA the pMDtot.tatea tol'JH4,frta dOJ:utt• h_..., 
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the., .. &Olllo et.-~ (o.o1, I;Jlfdld to a ftWJJ -.tD) 

to plotted ta tla• t4• U\G PlOt MoW tbat tJ» OGPP&• a.. 
··l:t~tt&e 1.110~ ulth tacaeobe illf.tld COJJft tottOea-..ton 

Wbtoh to aatual bee~ eono• vUl f!ftt onto• tato tho 

*'Mtu.wo ot the ~o pNCt'J)itnt• •' the tho _,._ 

OOJHtt vlU W14oqo nttacae auOJ!ptton. Uto· ~ deo eou 
a 400l'h&a Ia M$0JttlC~D .... Cit ta » Pill• Ns te ._ll• 
ftbclO-t•t'lt tho ...... It mip't be atl ~left& .... 

OD4 ca ua«ow •••• eJtOI'iactal 401141\\0.•· '••iPltetea 
,_,_, fr«~~ <IU'teft'!lt loato au~ ti<MU.a baflDtJ tho saeo 

S.atttal OOPP·•• ooaceavattOP sa ••~ lato .tho .-a of 

Gl'othe• lOMe .etl'_..e ( i'abla G). ADd ti'GClpltatea bn11SM 

ctlltenat lld.ttal aOgper CO!iocmttatt.-. ~~ h• thf'J .-o 

lcmto ebelt(fth (o.ot) ~a to 4G~ol'lki4 tao dlttotoat ·other 

iotlf.O st•OIB• moMa (table 9) •. Ia bot' tho oaeH, the~

:01\0tt that tho Aootrgtlon ot 'let b aa« Gtt lo •• ~1. ano 

YtlJ.UOC aft J\latld't at.oh ft.\Sbl' b& 4ut to ~l.Od el'""•· SO 

the lkmftPU.R of' 1•, a . .a Cu ,.._ •• ,_.pJtatGO 4oce aot 

ttdto plAce ablpl.v.., ·~ tame«ta of t11e paoSpt.tate (t.o.-., 

dYeJ.- to ~_, to t$4). bot t.t oeeuft •• tho otel)t\ttllle IODOt 

like 112•, co2+ eto·• an •••at m tb• fltl4!aa ebtoh ea .-....,~ 
wttb the ~oQ)k taott• or re2• •• .,.,. , ,.a:+, uaa co• 
,._ tho aUOOtAon ef.'tfl8•· 
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INITIAL Cv. CONCENTRATIONS 
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~-o •ho ~1e lh.OtlOD of tbo .,.._,._. Sil tta 

p~pitato vadee 14th tbo &Ohio a~h of tle ad.a eat 

the· td'ti:Rl OOJpU otatmlthtill'l Ia tbG e·olatl•• .. 

\1lo -hto of~ pnolpitato tomtd 111 the oo.pnot• 

"'tltioa of ~-hl'41'0114o o• be vtOIC.I4 upoa the bni!D ot 

oapomoftkl nmJ.,t:a. CoapQiloa ot ftStt•· ,., . 10 .a tt '*"' 
that the tl'G01tl tatlt.e mtfibt ~· toltbli placo to tbl'el .pilau 

tlldl tho OObOODWts.tita of CD tft tbe qn. S• blah~ (2$ Jll!l)t 

l•••• . Q:PJI'OClObilfB t~ tile oM-.tftltSOil ot .._,,. OO!!lDot.ol.t 

Po ani Ma. Plft:t ~ te bolov pit ,, lh.-o tilt ..,_OQC F~ 

~o el$lt bo ~pltc•lfta• a.. •·•* phae& te •m.oa 

pB J &.114 s.s, vbote tbe preciJlt•• .ssht •o a-.boUna &e 
· _,,1\ .. a.,L 

~ ~.odQ• ltlo tbi~ phaa Its ~o ts 6.5.~h 
ml«llt 1Jo paolpttatbs .at..- Ql ~· oat4et botautJe ttlletlJ', 

nttteteat~tr of •• (~t .as PlMt) le etUJ. paseat tbon 

*lOll te -~ to~ ~ooet Odcte pJilO!.pltt\tiOQ aaa ·~ 
J?e Cll4 ou Qtt ._,ot.., pnc&p& tnto4 bolov ,a s.s. It ·ta 

Gl.~ ~Sa tllle "* tbat ooppor eaauwt Pl'OOl:pltC).te au 

eepOI'Qte copuor ph.$o• ao tt MJga('ltltG that ou nflA· Mil GI'G Sa 

OG~~JotAtton to., pe(cl, eld 0\\ te ;ateae4 over In., re(GB),. 

ltlo toate .ftdtt Of 1/o,. to. OM 1. ot ro2• to o.?4 ~. ot • 2" 

sao.~» l:iana that ot ao2+ Is 0.10 1. tho l0810 l'bAUt vdao 

$11ppo$ tho tact tho.' Fe pJetere a. tbtrl •• 
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oa Gfla.IVo~Jtg tho plot of - cu eol'be« .-. 1ff to·• 
t PJDlCOt It ona bo.speculate4 _,bat ta .oa4f..1:f.oe tO: the •'t>oft 

JNbablo p~eot.pltatu; h14,_. Jra-Co-oal,_ .-a.ttW.to ta 

nJ.so po8ftb1~ 

& ,,}+ + f -~· + I cu2+ + (t~ a S +··a a I + 2 t a) at• 
' Jt . 

x Pe(OB),. t Rll(mJ2• z -c.(on)2 

%1 00· tna be· f.ll the I~· etato, thou t"ho eboft .._., • .,,. 

beattt•aa 

z ,.a• • 1 aa2+ • z cua+ • '' • x + a • t • 2 • e) •• 
. . . Jt . • 

1 rgoa),. t Mft(OB)21 z cu(on)2 + xo 

BeaOtiOU tld110ft P..ctl ad ~ Oell b.CJ: eD toUttet 

x• re,. • a• cu2• •. (J a :x• + a • ••) a• 

%' ~OII),.J~. au(~)2 
t• -~· ., z• cit2* + (2 a t• • a • 'ff) 0'1!" 

. . J~. . . .. 
t• wa( oa) a• z Ctl(OB) 1• 

so the Pl'CGiJlt4t• o'btat.Uil ea.v oot bo h~neou. fa aoo •••• 

r• ~bau&a eowat~ ._, .,.._., iltlOh-. 1e0t11-. ro(m); 
atbd thdt Fo.., • h(CII)I (&eeto• a ~~ Jr., tt'IJ) • 
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Gloilod.7 to• lla ea4 au, the eq.uOtblta lliQJ be l'IJIDCII • a" 
_. COOOB • Cti1• • Beaao the oopnot»f. t.tt.te« bi4H114ee tlt'G' 

_,,....,.tJpani~S, trs. hlSb soa.o et...-,e-.oet.tbll aueh 

tU1 (Po, Ill, OU)Otll• 

~~- _,....._. cUv thot thoeo dnA !W4Wtdfea 

haYo oe~tata ·~ cape.Ot.tJ'• · ft.s• tJ chOws tnot re oat Ha 

4f)cOJ!ftlOD Se PM• 8tl4 CU 4es011)ttOA itt .~.- Ul)tO 4f.•4flt ct 

o.J tease ~· ~ aho118 tbat oo,p.oer •• ,.., ... .,_, 

u "eaehe.og~ aM: the "tlt'd• ll'tJ.ottoa ot tho DtreOttltatu. 

tf tho· QaofPtS.oa of h ..., wa S& oepaat• J!l\ to ,_. to 

4~ lllOh mOH the h Ia 4Utol'\Mit lotllO at~ llltiUO• %1 

asata augJHto tbo fact tbat lfa td.'Bht bo prootJt,taU. ta o 

eQGJ~ato phBDe ao Wllli411G~J• oat4e at tD abm e.s, aaeo dad 

hJ'4~4ee lu.\vo oettob UOhfdl6e oapaettv. eatSone ot~tll u· co, 

0- *• fi!Ofl tbo ll&teJ' o• be a4lfot'bd oa to thtH altet!t ~· 

~t.ta the Pl'Odttltate a Gbtdoallf ooaplo oabotano.. lid 

,_.._ _ _.., •ottille &rl4 ~~~etalko h1Uod4e ooatf.IG# .,._.., 

~h a oomph• tJPt-. 

so tho pft81.1lt seulte ...-t ~ ·tbb cot~lpttat• 

ught baYe 4Ufeftllt ._.,. Ute h.r4NIO ·~~ 014·4e, 

~· r..cu-od.4e aa« hr4.1'0G8 ..... -oatcto. Mil' oae • dl ot 

the .~ at.cllt '-· 4Cidaattq Sa tbe. ,,.s;ptta~-. ~MGPt 8010 

euounts ot 4otOJPtf.tm ollm~woa, f.t .,q tJo eat• that each pluwe 

eteht IHi oo01:us.e ••soU4 cohtlGJh· ihoihOI"lt Se ooolu&loa 

o~ r!OU4 eo:btU•• tt :te s .... tnotual ._. ua-tooataJOt~· hll 

be co.46 k1lom. bJ XR aa4 KostJbaue,. spoota,. dliob aft. rot to aot. 
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aoth Fo M4 kft .,.. taam Sa ablmddh s. t• 

aatural etotGJ~ 6id thol~ obo.Sot17 111 o1oet1-t ~W to -*· 
otbor· (&J!a~opft ttJ'I)t 00 thfl• hJ4J.'.Otlo Oltdot I$Gt '- 80tfJtl 

lo OOIIbUAttoo u 401141., tile .tate ot tao• aotak lnaatonJ. 

tattft·• CroMn ( t972) IC!Ullcl a poet.ttYt Nlatlemlhtt lletwooa 

(:ro • Jita) cta4 ttl• ftto.Ct •1taont ooa..,t· ot bt4.-oat4o oodlM8 . 

·a4 ~ntlou •toh ,.,..., th• imJort•oe ol ocebSDeS r01io 

of 10 ·eD4 Ia lD tho t~ 9leellt fhattOD f))ellOeGDOAt .. 

P•••·• wa atudl·D t:be .,....,.. ot bl410ut r.-~ao. ta 

tbe ltPtelte i\14 n1e.D.M ot coppo•• boaoe tt t«J aeo d•o• to tt.• 

aatural qyet• tbe.n tho otu4¥ 4oao -., otb•n, ( 007 et. al., trl~J 

»evSoe & Ltokt$t' tt78), WCIIWJ• the¥ hCl'• .tthel' uooil IIUI{la.ftfH 

oat4t Ot' fo»:to ~«• ao de...._t. !b._ the oaoe~ 

Moaa ot OOJlMI• ae tbk o•114R' 1.1 blShot· 'thteb ev ftJWeeat e 
poUutot .-wm. 

Jo natUI'Ql MlQfJMe4 8041aeMa. ooatlt!fS• • CotJmOD 

U-oo•• of o1ootnetatlo-ettROtle 'botnu. tho R«JJltiwlt ob•eot 

·claN .umoe aD4 a&t poetUwJ.J' cba&We4 b,VdtMt«o eo·!,ktt to->20]$ 

_, nteht of tho eodl1ndt oGJ14 be tbe ,,....,«M. Al.._h 

Ft M4 Mil ·oatl be 001ft0f.pttate4 u se-xa fttdl'O:d4ftt th., «•olot 

cut.aoe CbQW09 boeeaeo of tht/4- ttaol.r 4l.S.4«t4 utua. C•Ol'Ollt, 

40$ ot th• p:d'tlolo outf40t8 81'0· c~ w.ttb. o:04tt068 aact th& 
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GdeuB A*''" oh-snlll the pdti.t)J.ee, vou1d bo oattetto4 

odv bf atooce~Jl\10 ~ of eoattasa• lt the avdla.Ne po&t• 

tt.nlr -~ hr4•dcto a~.t:.lo a:ood that aoected for ooattDB 

toba'tl.ODt tbe .OCGs o«:,a.o ,_,. ~a Sa eoUoiaal -.Gut.oa 
.· .· . . . - . ~ . . • att1a0t atd.OJID MJOh aa nco, • Cl 8114 ao4 t.- tt10 acauGOUo 

phaae ,lftd tons etluble or Suolub1o ooap&eaea. '!!me, the 

eoatba ,._., 40ea not h$V., to bo a atasle-ata{re p~e. 

ftGfG 001114 be CU0008ftt'O lloe_,mleOUD ,4f.etft.blltf.oa 01 PO, Rft aJ14 

cu ta oach 1.- ltat ttui w&fttll ooatlll8 proteM f!'.tl:l bo 

hetOJIOG8DCG.llh 

TI'&Gadl tbei'O _., otber aide to• r., R'ft ·4ft4 cu, a~ch ae 

oaao at.eol'nl& tact oler' mtlleftt.ls. ooatbs so tile kl'l•t ota b 

DatW!'al et'leoete aratom to• theetr o1-.ate• Stace tbct _... t~ 

IOftet aJ.oas Witt& tu auepef14e4 ao4t~ata tl'Otl ~t•ON to ~. 

the ooatl.ftso ean be oout401'04: aa ~en of seYON elaod~~& 

fltC8 froda at• to salt.ae watM!'• 

cop~ptt~&Od Pe. 1ft 04 Ctl hf*Od4e oaa be o..,l4eft4 

aa a aot\11'81 hrdftd4e ·ooatt.aae, boeaueo ~- ( tf'IJJ hoo 

potnte.t. •• that tho apedmG»taJ. IDWito t.a 11btob tho hu«Hd4eo 

.- eop~UeipJtQte4 • cutatiftG'I' • euapemttl eedil\tmta tcoo. aot 

4ltle• wJ.tb tho nu:wlite ill whf.ob. mt8l'.Uton: _. DOt u.-. 
ta aquatte eret(IDII,I tile• old.Uotas oc.teU~J,, bJ4toUe tBa 

aft4 ~aa•e oa&4ea ooutttute A h~ etteotlw; etatt It~~ bttaV7 

aotale (Loe. t91S)• sapellu•to tv' Omtl .(191t) eow tbet ftt 



aetala co, a aa4 h ·t~1tltate4 t:t• rJOtuftl iftl.nt 

1$kt •'hr wltll h/Ko biU0•4u at a l'ate of G7}C, SIS' ctl4 9- ~t•elJ, Dleeo ti.Mt.ap aN vesr soh ta ccmt91'lttl

wtth the paeet t.tmbB ru cu. 

&nco tht rfJ. ot d.tu wato• 4001 aot ft.lf e~bir 

f.a rsd~• "hlat~ tcmso4 ~d be Ohedoalll na.bl• ea lOfltl 

M thq 1'\UalD f;Stl8)*"2lW• 11p<m. ~OWlllJ.ftttM Of -~- M 

bottce ..ttmettt the 1)1 .sM. E " of tl\t OJWIIU\Q_. oil~ 

If'~ tJC <JJl4i;•t~ag eavt~t to • reducttJe an· ..... t• ~ 

a ob_,e 11m1 4te~.Ut.e th~ eoatf.!lga aad hletaM tb• •l•••• 

noli as 16., b tm4 cc., to thct eV.I'Cilmtttrle ••• 'Bcm:oatl (t97t) •. 

ca.•OJWl ( 19'12) .dl4 SQ.bft\tlattion & 41 NJB103e ( t91!i) havo ehOift 

t.bat t.ote:retttlal w.ton ot bottom oed:~ an ancbe4 !a 

't'haee •l~ttt. Ot COlll'Mt thtft ue othe~ e•rcea• •• • 
Pldt•, tot,. 1ft tJlct, ftd.UCD! tllri~eat, '* tba ooatttB •• 

be a •lnll• e«$rot fort •O'feftl 4lled'ta Gtsd oa11 -h • atJ$UIIJUOft 

ou aZ!)Jata thf:l PHftll.t ld.sh oecot.r"wmlGD of t~PtlM1tt.cm tieG~~te 

so lat.-ttttal wt•ra ot 'bOltoa •••me •eJJWliOJO• 

a_,.~$ by atb~Gn aliA OU>b8 ( f912) ehow th&t 

coaid.•et ~ct eo t'AO»t but 'ofteable :aeabau 4uftl'lg .....,. 

JleaOtiODih thltt tc p04r.tlbt.e mll-V If th$ b,:f41'0dft .eoattl'tl te 

ot~•ll11¥ tJtGb1e; tlo ttgu#'iUo&· (had o•) probabJr atabi1t.ae 

t!J.e ~4tJS•· ae 1M,. 'btfh11fit)Utr fit COdilnJtt Oflft tit.ml h 

th--t of • -.oatfJiS t~ ooatt.._ aro hoaOSet~OIUI tDlt!• 

cOQPO.GDl thaaeo, athol' 0. e!JIP,.,. Pe-bJ'~ 
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A ftl!obUtu•saa ot he4Y7 ·meta1e Ina dll)tmdd 

eatmal Uft4 eeUMilta te poteUal..lr baua.-«ouo not C81Jiw 

the aqoatto eooeJste, but alilo to• th• 42!'!nkUts ate SQJJ.r• 

a..oldltlett oa te aaiftlJ' oauatct br ,_, ti»>* ot ch• Ctl1 

cJ.\aalges ta wateftJt 

•·· Elevded fMlt o=ce~ratt•, tbenbt the aJbJ.l e.nt 

. albUnv fit'tit oa~o:u Call eC~~.Pete tilth tht tJ,fJtd ·iO!.ll . 

'• Loworlll ot pl1ihi:oilea4o to 4b.t~etltlUOil ot l\Y4VOJ:l4e#t 

88 .U ae to tao,...ei ~ttoD of a.tcl oaUODt 41:• 

to ·-~ilttu vt.tb a• tou. 

'~ Ch~ .to th& a4ot coatsuou, ·~ tD o_,motf.oa . 

dtb o 4ec~e•• ia tht OJfBtn potefltlald\le to at\Yaaoo4 

·eut~aucm. 11'08 eaa ~· ~- _. p~ftU 
· 0. CC~P.letelr aaaoJ.voa, pat~ at the iMOJ»Ol'ctecJ w 

8·01bo4 bea\78 attal '"' lJeifJS ftl .. ett. 

4, lftftaue4 uee ot MWftl aa4 GJDtb.tiO tOOePlosdAS: .... 

•ta oa term eOltlblo metal ce,l...a eoract~ ot hl8tl 

ot-GblUt~ dth htJ&l'l eotele that «ro oth•mee t\001'1101\ 

to coUd panicle~. 

!l'i attUtta to tbRtt t•• PI'OeeiJIIIt tbtft ra~ otbelt blo

choulcal t.-toftlatlOD pi'OOQ8oe•• bt lllttAJVJ ot etcb b..., ~ 

an etthei' tnueten..S f.rCIII tr. •edtuat to _.&1 or plarJ.t 



OJUaat.- • POIJG1bi7 to bo tuather Gll'tohed aloatt th• tOOl 

cheta • • 13ft U~a4 dl.aeo:t17 • 'fto .._ODt.tte 

Pl'ct4uoto :loto •••• 
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!bo , • ..,., tiOR •tu4lecJ the etttMt of elcvate4 ealt 

oooeotltftlttoas, t.ac~eaotas mea aotal (cu) ocuoatmtc tJDtl 

pB oa the IGQ.OMU,eatton of beav; aehlo. soso atllCN11t& of 

«aao~tttoa tnm the !Qdi'Ul4e taJt• pkoc Sa 4ltloh!lt twc 

••~ media, thooeta e«ae tft'eadd ~"oa l~! thoa wbt.e 
ear' l'fJtlt'JOt the J)l'Oblea enuni'IM IOI&e• At lo'WR pi, Co te 

4eaoi'bect OQBP1otoJ~t 16oa tho oopper OOMOntatlcan. ts &o••• 
&t..r.aoe some· «ltUt ot 4Mot~~U.oa 1.- tbe}Wbodttos tatrc. pldet 

the UOJltc,o eoo.etle oaa taVOdUoe Ia, ill oD4 othet oattOP 

lato the ooet..._ G1*l cetoot ttlth o ·~ aqUetma aoilmm, 

cuch • eea watew. 6e p...._.aoo ot catt.or. oth.r thaD Po, b 

C1)tl cu t.a 'htt oout!ftl' .a otb.e t~••• utctd.ale onta 

bo oapbtno4 o.e fOllo•a OO,teeSpJ.tate4 ~408 oonWa tCOCi> 

~taae ~t nohustable baotlCDt tho aa01mt of tbla fftettoa 

ftllon ctGJOati·bl • the t·oalc atttMtb ol tho -~ *t.a. 

OcUODO $Wdl as col+, za'-+ • ~~:2•. Ia + tou oto • o• JOPlde tho 

ezobaaceablo r.'-•. ,.r+ aat !12+ .troa tho a41o~Ptte eltee ,l!lll4 

t,_wbr llooee patt or the .- ot the t~ GGtoaaae. 
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ta a&U tta to the aat.al illPltto, ~o,ogtm~o 

11Wbts (lUte, taltJotnal oftlvente* &GW~Ge UeposaJ.,. _....,. 

cultual~UDott. td.rd.DS aottv.t:tlee eto.) aw tho M3o• eouHo. 

of PQUutt.cm of tho aquatic oilV't.~. .&IJ.Oft6 the pollUtants. 

bentr tJOtalo to ot erAVG COBOtm'l• SOUOttm;ee., tbcf: eatabll.obmeftt 

ot =otf.\1 lt11e11! Ia soAteente c• ~~a tcov role f.n «etoctttl3 

SCUI'Ge& Of polJ.utf.OA !a Aqti&.tio qi!Jton&• ttet.,., SlOh eb 

cr. co. .Rl. Ctlj PAt co, ns d Pb haft beeCDt ~ohed t.a 

eii!Cllt!ttat:B eht$1'2¥ ae a NaUlt of .... aett'fttleth tu~ 

ani. scott ( 1967) vuo abio to 4eteftd.• a IUJ)Uitet eeCGm~latf.e 

ot AIJ• at 8Dtl co lil auopeatlt4 mot•aat. t•e etchto• nvoa, 

partt.oularlq ta tho •·aae ot SUSfl'Gahan& as•e,. tldch the' aoclll»tt 

to ln4ustflfll ooatoatnattoa. ito oonolu4e4 that •the amBel 

tanepon or tro.oo ele•ldc ,,. tho suaqnebaQ •~ • ott8lte!i4..t 

qtelf.al to notftoter4lJ l~ to be 0'1 poca!blo eeOI').ord.C 

tate ... tf tho ~~ t~r~ sOflte ot the. metel.o ta~e all4 the 

eretals -.. pb$oai in • eaollJ' swefttthl.o tOft!.~· Jla c~- aid 

AlleJ~CM ·( t9?J) caloula~cl tho 4f.(IIChOf'BO of h.VI' QOtoll. '" the 

\ta.ter .CIJl4 bf· tho ..,.,.ntt$4 matt• of WDCh ~ foao4 that 

?GJ tfllJS/';QU fit Ctt te 4f.SCbaJtge4 Sa. nte:tt a4 tm tOIJ14/gtmtt 

t!£$4 to D$4lm01lte. so tho matnl ta watw to motol 1ft -~• 

fttto oomo to 1• tt!a. · Bot'IGo th• ~ .ot cu aDd aqy otber 



udal •t.dr takes pl40e itt e01t4 tOft!•• .-... othel' 

eultetlli'IOes• cotl!tJoat oontcdJ)O b.J4Naa 'e d 1ft\ nt4•• 
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so bldNDD ~~ eft4 Ha odde eam• ll$&'7 motel tJ.th them sa 

tbo aolt4 to•• saun•• · D·L• .td\4· ~f.1'• a>. ( t914) etuate« 

t1l6 eo1.1 a&i!()J.ea t~ ?0· n. bettot\th a wQtotgal •&to lacl• 

flU t.a Conthl P~1ttmd4 d4 4ot.ol'Jdaat *• ~e, Bi, oo, 

c:u, Zft,, ca., n,. 884 ~ ta eao~Gah1o ®4 llWJmlt~ablo 

.· ,...,, •• .tt.:D4 'tbat hea'f'l ·met~l•• co,. Bi# .JJJ. a, cu, ca. 
en«. AS wn ~atea wt.th J?o· ·d4 Jtn od.«•• tt ta sa· 
.. ~Eillt tlth the Pft.e.- ·woa tk&t QQ .. ugt~ tfil YU7 eser4flo4ot 

bJ a,Rot~e ~oat.«•· Ule. e-at ·OOJPe~ te 4eaol!be6 8ope•IJI 
I 

~ ... tlt8 :t.<mte ,,~b ot •~ uedta.. fh$ ~t'*J:PttOll: f.acfO&eOI 

· ~- the ble••lft& 4.of.tkl o=ewJGr c.omatton~. 

sttuawaa.- a.L. ( 1·980) l'tPorte4· the ~tal oetoat of 

Jaauaa ••• wato ~= hlb! (table to). Mn ooatont of thf! 

•••J" ta at.moat ·~· tho 1o oontent ot t·be dvtr Jet!,._ the 

Game (o .• '36 J~.Pa) hotb ubell Jtenaa eateft hUll at W'adllbatl aG4 

l••• at Okbala,. ~~•ttv• of tlo tact that dftd.M .a 

t4'4ta'but.._ the metals to tJu'). l'tvo"tt SA bot--. ~to edtn8 

11'4' ·tben fl!Ust b&VG aorte to the eMif!f!DW, trl8f bo tO tbll fOlTJl of 

bVU.• .fa-or.tde'• ou c~nt:•ttcm to ·the· a.wr baa ~a 

allehtlr at Oltu:tla, obftoaoli 4\le ·to the ocmtdbr.ttloa Q' ~. 

· Tbls 4oee n'Ot ae•• dth tile. PJOPO#ed n•hMi·h tot- til$ cu 11pt;41to 



t• Upataam of De.3Gf'Bal"h 4l'a!n ··- at Ua:?«t'Bbacl 0.40 0 o.ss t.OS o.o39 o.ts 0•25 

2. ~· co.l'lCcllthtloa Of 
mtttalo lb, <m.t!Dll o.sg o.oaa o •. ,., o.st o.o64 o.n o., 

'* t."oighto4 4!aehtl2ge of' 
averaso drdDn o.oo2s o.Q)02 0.0026 0-.0042 0.0005 o.oots o.ooas 

•• Bzpectot COJtCett'ftaU O!a ot 
metals {.if 4ratDo are DQlJ.u,. ,. 

tilltJ ct Okhla 0.402& 0.0002 ().3626 ··0542 o.o:JBS. o.t6t&- 0.2525 

,. Obsorv'04 e:oacentrat! on ot 
ttetalo at OI=hla 0.40 0.011 0.36 0.86 0.056 o.n o., 
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b7 ~~p~ttatea 111 the p~t Gttn\f• !t rJII8 be «ue 
to the toot tbat cu conoeot..U<m <JV'OD at Oibala irJ ,.._, &ll!IIJ.l 

(O$ ppm) --1Jbteh t::JAN bo low. tbtsft the aolubJUt7 pr04w:t of 

.sw probabl.t cu oornpouflt t.n tho qotea trhefeu tu tdbl...,. co 
ooaeentftltf.s uae4 so thG Pl'Oaet etuAr te t .,.. . Co p"'Oie4 

.-~n ot.m ~ u.a to ospJ.eia the 4eo....,. i# II oODteat. 

ot th• lit>• f8a t.os PPm at waastabet to-o.GG m •t. ~. 

80 ort$' poaQthtUty t• tbat IJ 1dsbt bav• BODe to aclta•• ta 

aao~ctt.oa tdth hJ4rtJd fc-od.D• 8 ~~•• -bl-hf4toru~ ~a-· 

oxt4o-pnetpltat& hoo beoa p~oct _b$'· sa.b!t~aa (19'1,). 

at.dluJ.y tho._. oQQC$Jltratt<l:\ ot c .. (o • .o PJil) .at t~a~t .. ab.t . 

614 Oldla1a tft8.!ih 01 the coctrtbottrm tw· 4ratM to betna -

tb• tft pot~ oa he qpWDed on tho •aos. tf p_ftlf;GM du41• 

fh• pa:aat drk I'IJ1'GOODW th• poiJ.uwa;· euvl ... at 

•oro cJ.oa&l.J' 4C- ••• Ct1 OOilOCmtr&t!Oll ta tb~ •JDeMmet t~.J · hkh•• 

n~ P~4•· tauftCJ in tbe ,._., weJ.c·_ to-_m41' 

tht!l UJtake ltld -· H1-... of 0~• OJ'«a.nl08t Oi.q l'daer«lo, eW• 

.. -pteoeflt ta the aatu.S fUI'tea alOftl wlth. ~ hJUO:d• 

vhtoll. 0$1\ atf•t tho euptloo tm4 dett_OJ"ptte ot ~- uotGI;, 1lJ 

Pti/Ra )1Jckt0d40• Jtonove, Srt.O.-.o nn4 or,wo coapl.~U16 

Mcaucte cu taoreuo or dec .. the "fhU of' ~ ::u'4d tr . 

u · Po•Pln bld~Od.4et,t tbloh .- aot oout«o•~ •••• ftJo 
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aftift~a1 ~,_,. ~ft.liG o:t se water ueetl f.a tbe pnoeut 

wl'k app~oata•tea c wurl4 tl#eJ'QBt compodtiMJ· oxteatJt.on ol 

the nmlta *'· erq. speoSfi.C t4too llhcula tnk» tftto cODCStblt\tt.oa 

1ooa1 contUttoae. 

~rear~ or aabl.'al no4ulea auf h;tdH:id.do coat-- bJ' 

Yad.cus 1fOI.t"..UU b.ft.Ve shoe tb~ !fteee•• ot '"'eftl e1Gilti\ta 

c~lata4 to -the !'a • ~~n. tt •• ehO'D ~u• that: r. 

Alt4 '* t-osethw ean bo cor:nl&td to all otbo» -~- take 

tQJetM:•·· 9.hie.:le ·)osatblttl)euauae ·PG~ t.tSt'tlt~ tom a ct®le 

dO&lble h7~4e GD4 this b,rdfOJ.i.4e adoo.t"(Ja ethel' el...- • 

•acha1W$S fd. th &qUGGllG ·sa~W• 

Row it I• maeat that wbf.1o th•to tr; no 401ibt that 

~~~ · mM!al Od.tea · $1!9· f.mpOJt•t &f.DU mJ4 mOdes of t-.m 
tor hafM" m&talD to t'bo erNt1'0Ct'18llt't· tho tuM!tt.tat·t•e ~tnao 

ot thto N1l) o-aMot be utmaW at tho Pftm•t tttstJe tor a 

vadetv ot aatval. ,.,.,, ooldt uonra. 

ftuat tt Gal\ bo atato4 .b&ft t.,t -.tl'da tim lild tat&OliG 

of expe:-l=etal oonu.ttone. the oJmuvattoan ~ can be uot1 

to eatldo tl$ a.atU1'f ot ~4t eoattnp .a their .Qbtl!t,r 

to fl• tRCO aetaS&. 
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lhe b#droa• ~._ oon b<t aa etteottve atrdt 

t~ ooppor t.a the ~att.o oariNtUilt• ft:e :retnllto ot ap~ 

ard :roleeao ot OO»Pot coa bo eonoludett as t:oU.o•• 

t) pB 8114. eoppe» conoentt'attCift ato two t•oftaat fnottta 

tv. cumtn.J.llq tht') ou.--optako bJ t'- bJ'~e r.-~4e pnct• 

pttato.. *lhe Du·•opttike tat:ee plnee Wlthtli a ftGft'OW ptt-.~ 

4t~ell4trc •»>n tte ••oo••tion ot Ofl( n) 1ft G•ti•· eto 

t.ODto stJ!'«lBtb ot the m.Ua doea .cot aattel* appl'&ota\tlt to tile 

uptat•· 

a) Cogpor tQ aot tftiOt.'Pttatod. ·aa • oepo»ate cf~Ptt• phaee, 
rathel' S.t. St tseeoct.atc4 dth the ~aons ~da• ae 

Jftct.ptto.te f~ mav be -;«I'Oilo .Fe-M..cu-o~t4e, bJ'di'OWl ~ 

· · ftu-oa4o t!J.'t14/o~ hfdJIOIO ~oxsaa. 

') CopJtl' 11 proaent both ill uo~J.o f4'l4 ·ft84 ft-ti.OD 

·ot the pftetpltato. .llaost ·~ .. ot c•por is tl#«!!4 itt the 

et~Vototte ot tb.o host. w11Qtltor thlo tt.•4 fmotttf1 10 ul\f.toatlJ' 

dt.atJ'J.btlto4 1ft tllo hOG't Ol" cot, to not ®ta'bllshei Sa tht.e 110*• 

•> Re1~ ot oo,,.- , ... the boat te not etteoto« b7 

dap)¥ o~ ·tho media ot tbe p,_lpttato. t.t· t.t ia ·tbe, 

tft~ ot ezohaBBeable eetlOD ta. tbe ae4ia wbioh ot.naeo the 

Hleaa• of copper troa the ptt.Ugttat.•• 



S) ae ftWlta oan 'be aeG«t to o~a tbo ~· 

ot bcravr aotaJ.e 1-ft aatwa1 te~ Mtedde.. It 

• abo 1m uaa~ for rrtu.tU.• of poUutt.e fA· the ~· 

o1WS~t bJ ttaoe •.tale. 
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~"' a.s., ---· w.a. A JtaaoJ• Jt.s. (t910h J. water 
:PoUuttOD ooat~tol lectoau•. 42• "'• 
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AftdeftOilt ••'•• loaae, I•A• • Chao, ~·~'• ( t97,)t tho sotpttoa 
ot NJ til tO.lJ' OlfGtalllsed -.~ od.4ea. Otoebt•• 
OomtOcbb• N.tts• 11. 611-622. 

Altdnw ti!ot·tm ( t91&/T9h LOtJobable moe elecmte I& S9ft 

~teco Da1 seatmcmtat tMS.oatoftl ot •••• 4ft4 
eatual'bcl pl'OOeGae,,. S~Wt~ntat c•lo67 a. 6• ,,,.m. 

Am1_.,. Seton (197$h Obcene.ttou on the sooehcm\ctn ot 
t~oluble -thl, Pet· a aat zn ta tllo Dab haneleoo Bar 
~1'1• Bm!'i son. set. too~. ''·• 4t 4&• 

Bbnos, s.a. ( tt6'1)c !ttiOr elatmt coapoad. tta of t~ 

nOl'lUJ.oo. SCience tse. 6s-.GS• 

Jomattt, B• ( 1911 h loat doposittOMJ. ClOM.Jt t7 of aee tft'OUJl• 

ttOftOl elemento, g, u;,.. .a i1l iD 4.ett,..oa ee4t1Jotltot 

oeochlm• Colr!J.Ooblth acta• v. ''' I •>24• 

Bo._r, R.n. a 0a&1*'ltor, a. ( t97'h sorpticm-d.~tPtloa 

ltftaOtlOIJ$ of' ftB ath ~ aatter h Colt.wt'bt.a ftt'&JI 

W.ema, A'Htl'f.a• Ba4loaott.vo Contaata. Her. Savl.~ 
11100• GIJIJ•t l•4•B•A•• f•?J-61• 

llowal"; !'·••• Sf.mtnloa. R.I., Wt1UQIID• s.o. a 14, r.a. ( 197Sh 
BMltf' aot$.lo in tho sedtUDte of ~ COW; Cold 

SJdD!, lou Jmm. Eav:t.JOa. set• !oobcol. ta, '• .,. 
Dut'i\8, a.c. ( t916)t tbe uptake o~· co s.ato t-~o ftOdutoa. 

eot.le 8b4 OlftthctlO P..a (IV) Gd4etl• OeOCb!tt• COf*OCbltn. 

Acta. 40:. 9S.t02• 
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~um~, a.o. A 1\tomt~. »•"• ( t966lt Bloot•..,IO'b• ctete.., 
.at.Mt&oa of' fat~o~tt;hlatt.oaeld,a lc ~ 

~Q. ••• -.a1. st. 995-tOa. 

cemeroo, s.n. (t974)a eoeth!Q;\1 methoao ot $1IP10ntle te 

tmeelV\1 S'tl1.pht.4o eeemlteatt.a ta tbe Cnnatf.AfJ, aMeSA. 
·:rat Oecohoed.ou BQloratlon • PJ'OC. 5th tat. Oeoeh:. 

S~Jl• ~· vancouver. Elliott, I•L•,lleto~, w.~t• (eu). 
PI 21-49• 

caao.._, a.R. ~ Sa~, s.a. ( tfiS)s ESpeft.aersto.l bs'~o
cbeJdoa:LiftU'I'eye ot tho ntah Loko oa4 n&okctt uver a'ftJAe, 
umamom tontttli•• oeo~. •• ..., .• c-. Pap• vt;Js, tiP• · 

co11tb, u., Eltolftc44t n. • cheater,. a. (tm)• ~c sa seas. 
m«at» ot thct IOnb AU&ntio Ocet.tB Gft4 tho tladea t'tOtlt• 

ter.r~• hf!• ~~ Chatet17""1• al7•2t9. 

C:ftrtUt• D•b & DQftlGS; !l•L•. ( t914)t ll&positttm Of' ctcep Cia Ma-

1104uleti• Cooohtm• Coemoohkt• ACta. S&t 279-~• 

Cl'Oftatl• :D.s·. ( t969h ltmt...eleDetlt eeaootatlon f.n oomo pol.selo 

4ogoelt&• thatd.cu Oooloa~ s. ~106. 
Orcmallt ».s. & fheaa, a d..- ( 1'912h Oooolt$1d~ of fOI'l"Om~ 

Odde OOBCfO\tOt.le Gfl4 aBSOCl,c1ted 4opoelte ill £Gko Oataft:Ot 

cool. soc. •aaa Dul.l. a,, t4~soa. 
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