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ABTIRACE

Coppor wae coprocipitated with Fo end fin as hydwoxide
at roon tempersiure and prospurcs. The upinko and ﬁlem of‘
copper by hydrous Poefneoliide proofipiteto was mmt&eatm{'i
he variehles studiod were o, lomic strangth ond inttial coppor

sonconizetion,

The rosulis indieato that the upinke of eoppor by hydrans
Pe-itn-oxide precipitate deponds on the pH and the initial coppor
sonventrations of the solution but {s {nGopontont of the imia |
strength of the medta. A5 the inftiel copper comoentration in
the solutian inorosses, the Cu uptaks at lowor pH values < 3)

The desorption oxperiments show that coppor io prosont
both 68 exhangenblo and non~exchengosble °fizcd® fractics in
the copresipitate. The volotivo proportions of thoso frastions
41 the procipitatop vary with the jonic otrength of the proci =
_ pAteting mofiums In frosh wator, the desoyption io highop if
the inilinl copper concontretion 4a highere Traco sloponto

puch as Co and HL in the agueons modia con ocoudy thepe cxthangs

pitos,

Colenlations based on solubility produst dets supont
that Cu doon not procipitato ns a soperate copper phase and
hente 4t wil, soschow or othors bo ossocioted with tho hydrous
Peefn-ozido precipitato.
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The acturc of tho coprecipiiato intfoates the probobility
for 4t being & soldd colution. This sould mot be confismed
bemiae of the unavailebility of IR ond Hossbauer Spootra st
the momonts | |

The experimental romlts Cen bs used to oxplain thoe
presence of hoavy metels in natural ferromatgateec msterials.
It cen also bo uzed for studies of pollution of the amatie

eovi rennent by frace metalas



TmRowCITON

| he bohaviour of trace eleronts in natural aquoous
syston 10 attreeting roscarchors bevauss of gnvirommontal
Losuos and yot this oubjeot 4o not woll undosstoods One of
the firast stop 4n any ayzbsuatic study of the aguatic ohomlotry
of 5 potentisl centaninant is an oluctdation of ‘the prinstpal
podes of transport sl resorveirs for the sontaninant. For
heavy aotal sontasdnants swh as Co, 84, Pby 28, Nie Hay Pe
oid Mng the hydeons oxidos of Aks Fo and Iin mey play dontnant
roles in dotorrining reservolrs ond modos of traneport of these
patalo.

Whilo the sole of clays and biots in alfocting the
transport of radfomuslidos and other pollutants is comonly
rosognioed, tho signifieance of Pe and fn emong tho fastors
that ave involved is frogquently overlookod. Cation oxchanse
capeoitios of noe wator ond fmoeh wntor solinento aro gn tho
rarge of M meq/90D gms It hos boen shoun by Goldbery (195#:)
that tho smountn of trace elemonts fn sea vator scdinents are
proportional to tho fron or mangsnese contont of the soliments.
The observations by Nortamor (1981, 1942), Hotohinaon (1957)
atd others that oxidiced sedincnts have much grester adeowptive
 powers than refuced pedimonts lond support to the 4des that
Fe ani Fn play o aignificosmt role in infivencing the disteibution




and the transport of o variety of metal 4ons of both tho
naturally socurring ond wihi&a& kindoe

2t hae baen Imown for a long time, that mctol fon
‘ydrolyoin cpoctes are strongly adnorved ot soltd-solbion
intorfaces (Stuam & Moman, 1962)¢ Thio tendensy to be adoorbod
$8 espectally pronountod for polymelesr gaxy hg&ma spaoiw.
fio aamata thovry for this enhanood ‘adsorption by mmma
is amllabie, s fow ualitative foasoms oen boy

a) aydﬁlyao& spaciw aro Zmﬁr and lassﬁ wmm
" than nm-mamiysea spocion,

h) he éﬂhamtﬁéﬁt of edporpiion is @pam:my dus
to the mzma of a soordtnatod OF groupe

31@1@ GH s.m arv m& ot many oolid mxrtaeea gi& Ma
frmmﬁy potents ol démuins imm; hyaamfs wal m@mﬁ
may etntla¥ly oF $6 an evon larger oxtont bo adsorbed to the
60144 surfaco (O'Holda and Stusm, 1967) Pinslly, adsosption
, Mmeg espostally pronounced £or poly hpdroxdepoly motel |
spsoicn becauss nore thgrx one hydroxide grw b7 nwmﬁ |
cen booomo atioohed ot the interfocos Nost cpecies mammas
' OBwgroups, cotionde s will ae anionio hydrozowcomplozos, hawe
besn observed to bo edsorbed at solidesolution intm*fma

it ia iatﬁmﬁﬂg that adsomption of poly hydromo mm}.
comploxeos can svour againot slootreetatic repulsive forcos, 1.04s



et

the mmm adoorption onergy can sutvedgh tho elostros
obomteal work favelved 4n the edsorpon, |
Cosaguiation as prestised 40 water treatment is
brought amt by metal fon hydrolysic spesios end a0t by froe
mltivalent netal fons (Natijevie ate ole, 1961)s Theso |
hydrolyois spestos alse csh play o clgmificant rols 4n flotettcn
procssseSe | | | -
Constdorable auphasts has been plased thuo far on hydrezos
complososy this 10 cxply Justified by the amnipreschos of oU”
in wator and by Mﬁmaan%yﬁmﬁﬂalim%
o8” fone. |

in solution 48 natupsl mtﬁm u?e not spprecinbly m&a@& by
s.agama other M liae or & dus to &iw fact that moet hm@
iniigonous %o natursl wators are untdentate llgands. And
unidentets Ligands form loas stable cm@l&m ﬁmﬁ mnltidentate
isgandn, sopocially dn dilute sﬂuﬁﬁm‘ and azau in aai:ml
waters the emvententions of the ugfmda and the affinity of
the ligands to the petel 400, with the exeption of B0 mm Gzi
are usoally enfficiontly seall so that ot doot o ono d
compiog oy be formeds | |




The role of motal hydroxtdop sostings in controlling
trate aloment chomi otzy in frosh water cnvirtamonts has boen
investigates primorily by sotd chemisbus Coatingo can be Lommdd
in tuo wnyos  while the hydroxidos arc precipitated, cnwended
grains offer o muoleas for coatings orp tho M&iww charzed
nusponded clay surfaces aftroct the positivoly oharged hydroxide
8Gls to forn coatings. Notallic costings are gencrally 107
o 20 of the cedinent grainn by welght ond seldon covor more
thon 407 of tho grein ourface (Sumoery 1964). The obildty of
the motallie hydroxide costinge 6 act o siaks for varisus trato
motals o woll kmowm (Toreldan & Scott, 1969 Jomme, 1968y
Eharkar ots ole; 1968; Cadba, 1973 Nartin ets aley 1973)s thoas
s‘inka\ara ecompoarable to the ferro-us se0 nodulen 18 poving
envircoment. These hydroxides and ostdes vesdily sorb or coprecis
pitato cotions anﬁ anfonsy even o low porcontage of ﬁa(ﬂzig and
HnO, Hno & gontrolling influence on tho beavy netal disteidution

'in on squatic syoten. Pra¢tical applicetion of the sosption
ability of hpdroas notal oxidos hes bech nado in wator and waste
wator reatnent, partioularly by the use of 1ron and alusintun
salte for the sopoval of phosphorons odnpounis; omanio cmnbae
minantc snd hoavy notalss Under rolueing sonddtions the ooebod
heavy metale are oodily nobilincd; scounvlatione of hydrous
Fo/in oxtden com thorefore act an o vajby pourse of dicoolved
notals 4n natural watorss Ths lattor mochaniom 4o particnlnely




offoctive 4n tho prusenve of higher concsntrations of
d4cnolved organiv saterisls Tho chumiotry of Pe ond Ma in

: natum agustun oyoton hove been s‘bﬁ&iéﬁ in 4oteil by Hem ond
croopor (1959)3 Den (1972) ond Stuss & Morgen {1970).

Wdle studies of hydvozides m frosh wator opatens are
relativoly fous hydroxide contwotions have boeen studled in
connldorable detedd in mavine onviramonto (Goldborgs 19545 Hanhin,
1965 Cwonen, 1969¢ Clasby, 1971). Ry&roxide conplesss in lakes
have been otudied by Dean {1970)s Croman (1972) and, in somo
mino drainago, by dyek (1971).

Po 4o tho dominant trace clemont 4n natural ogomo
syctesy Mo 1o the noxt nost faportant dlaeent - its chodotyy
15 olosoly rolatod o that of Fo (Kvasiskopf, 1957)s Cu de
constdored 4n the prement study oo an cxample of othor {minow)
tyace eloments In costings and other forromanganeso materials,
significant guantities of !e‘ end Mn ooour as hydroxides (Cibbo, |
. 1973)e In oxder 0 undorstand the bohaviour of Fo, Fo and Cu 4n
hpidroxide procipitates, loborntory egxperinonts were porfomed
which fnvolved the copresipitation of hydrouifes of Fo, Mn and
u and the stuly of the proporties of the squetus melin snd aloo
of tho precipitetons '



Eroviouo vork

Po and ¥n hove o mutml catalytic effect in tho co-

 procipitotion of thotr hydroxides (Hem, 196%; Horgen & Burm,

1965)e 1t is lmown through the works of Krumbéia and Garréls

{1952), Garrelo and Christ (1965), Stums and Morgan (1965),

Langmmiz and Whitmoge {1971) and Subremsnten (1973) that the pE

15 primarily tho potontial ﬁetemntie factor for bydrous oxide

procipitatés. Tho uptake of notals by hydrous oxide precipitates

has also been found €0 bo etrongly dependent on pH {Muxrey ot.

sl 1968; sdorsen ot ale 19735 Ouy ot. ols 1975s Loganathan

ote 03+ 19775 Dovic and Leokfe, 1978). It could then be expocted

that portitioning of Pey, Mn and Cu betwoon river wator and FeeRn
- provipitate vonld alco bo influenced by pii. The chemstry of

Fo, Mn and Cu in asturpol wator ayatoss oan be consideved in

fhros partes the a1 peolived phase, watepreprocipitate intoraction

and the inter clenentnl relotionchip within tho poldd ym&pitatm

tagenenn, Re (1978) hos suemariced the dote foy avevege
concontwations (pa/1) tn aifrerent fresh waters and cotimtod
otgpieal® freosh water concentrations of sane trace sotals{total
(atcsoives) (Tabie 1). Zirino,as ot. al. (1978) noneured dissolved
Cu 4n San Degd Bay and found copper concentration loos than
0.1 png/L at the nodthiof the bay end increavedl toward tho contre



of the day to spproximatoly 2.5 pe/d. svdrew Baton (1979)
roportod that diosolved Cu concontrations in catuarics varies
fron the valuos as low as 1 pg/kg to os hich ss 77 ngfie (Teps).
Golaborg (1954) hap odted the data for Fe, ¥n ond Cu concen~ |
tration 4n son vator and mangenone nodules (Table 2).

Duo to their lov solubilitiocs, the hydroxiden of tho
transition cloments aro procipitated from tho river water whon
even o emoll chonge in tho compout tion of the solution occurs.
Tais Wil loeve an insdgnificant enount of e, Fn ond Cu in
solution in the zivor water. Becouse of the importenos of
hydroxide igeh€ in thoss procipitotens pil (xelated ¢o the ocone
contration of hydroxyl 4oms in solutton) should bo related to
tho smount of Fo, Ho and Ou 4n soluiion,

Pata for total discolved Fo and pH werc collooted fyom
sgvoral publications. Tho analyses vere roprosontative at soverel
froch water cowivonuenis. 7The shove dsta mere conbined in o
single plot Aavblving ol and ¢otel digucived Pe and the plot do
phown in Flg. s 4 nogative relationabip botwosen pH ond Pe
concentrations fo mcon although thore 4o soatter 4in the data.

Tho scattor ¢onid reflect analytical evrors or bo an {nhorent
relationchip botweon the two variables.;0ibds (1972) has chown
the offoct of nainity on the concontration of major tons in
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m 7 ﬁmgn&mﬁm of fe, ¥n and Cu
Qﬁ BsONe fm uaﬁema

Horth ¥est Tersttorics

(8y?) Rivers, Cansdn 260 56
Lake Ontardo 0§ 005 6
Petbutarios of Lake ' |

Mohigan 40 12 3
Rivero and Lakos of

%hf& 'ﬁ‘nﬁi&i 7 . B 55

Bazge sivers of , _ ' ' ,
Horth smorica - %0 2 - 4
eypicel freah ‘water | | |

- valuve® . 5o o

(msm «mm a%e & compromios betwoen different
soacontrations for different fresh saters. )

gable 3 Fa, Hn 8 Ou $n ssa water and Mﬂdﬁlwa

Woight por oeat [ Abondence 1R 888
— Ao Eoemoeules § wster (mafV)
o 6ei8 = Dol 10 - 100

¥n 108 = 24419 1= 10

gw  0e17 - 1468 4
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rivor wator. WAth tio help a plot of saldnity v pil for the
sume points vore mode (Pigs 2), The total dissolved Fo wao now
nomnldoed by dviding with cadinity md this ®atio (Po/slintty)
wan plottod agoingt pil an shoun 4n Pige 3§ 4 good negetive ooe
relation 1o ovidont shich smpoonto the doportence of fomie stremgth
and R in centrolling tho ﬁm-‘& ai’ Fo in satural wntors. 5o 4t
oan be oxpooted thot those can also bo izportant variadles for
controlling fin and Gh in natural vsters.

sndrow Eoton (1979), fron tho ctudtes of the Sen Prencisco
Buy cotunry, initcated that the behavicur of Fo and Cu moy be
rolated.

ater = Prootpitat . Intorsction

The understanding of eachange processes coourring ot the
sodimont-wator iﬂtﬁ?@ﬂ& s duportant 4n the transport of heavy
wotals. The sedinent is s complex mixture, with four nnin conpoe
nentos oflion, clays, orgmnic matier, and oxides of iyon and
mameiaa. fhe essocistion of heavy notals with codimonts can
sale Vander Wells forcen to ptrong covalont bonding,

ronge fron wo
eoprociphtation with ferpomangancoe oxides, ond incorporation

- within orystal lattices. Tho relesse of sorbed hoavy notaele inte
the tulk water io depondent on partition voafficients, shich in
turn sre rolatad to podimont charncteristics, the typo of henwy
notal; and othey esvironmentol pavamotors. 4As sevorsl of the
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sotals oonsermed are petentislly tozie pollutents, smod

1nborost 4o concernol with the chomical~oonposition of tho
sedinontevator interfacos At this boundaxy several chomical and
blochemical transformation resctions ocour, 4avolving fluzes of
nobile constituents fron the sediment to the mtor (Iu ond

ehon, 1977). |

 calaborg (1950) huo given ooze data on the portition so-

of fictonts of some clononts in marine wators. For Po, maxieun
_tonie concontration 4o 0.5 pa/l end pasticwlste concontroticn
range 4s 1 to 100 pe/is 8o tho portition cooffictont for Fo vill

be 2-200, Tonis On meunts to arend 4 pg/l. The Gu sdoorbed to
Mn, sbich contains about ons-thiztioth of 1ts weight gn Cu,
would bo 0,03 = 0.30 pg/ls 50 the partition coofficiont for Cu

16 0,01 0 Outs The partition couffictent of Mn g0 0.7.

- De Groot ot. al. {1971%) e&iﬁﬁaﬁeﬁ the ‘ﬂﬁaebam‘»a of honvy netals
by tho wator end by the suspendod matterddf the Rhine cnd the ratite
notsl 4n wnter fmetal 1a cottnonts (Table 3) snd conolnded that

Cu w11l bo prosent wostly ia tho ouspended matorisl. So the transpoyt
of thooo netsls meindy tokes ploce in o eoltd fom.

Sinslar Fomlto heve boen found by oidbs (1975) for the
Anacon snd Yokon yivors, sbore the ¥ation sere oven nore oxtrowces
Soms obsorvations fren Straihov's (1965) dota and thet of Cronan
(1972) con bo summerised o follow:
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Table 31  Diochargs of hﬁm netals by tho wator ord
by tho suopondod mnttor of the Rhine.

cu 764 1355 1.8
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Jaziablon oxrelat: an Soefeictante
Diosolvod Fe~Dissolved Mn = 047632 (Deta fron Strakhov)
Degoived Fowpl w 0.1551 T )
Pe~Mu it susponsion - 0,5784 ( wdlom )
PeMn in costinga « 04989 (Dats from Crovan )

Remanoorthys & and Ruot, B.Bs (1978) observed that for s given

~ heavy motal, the partition coofficfont betwoen sediment and solutica
is not greatly changed by the pressnmse of snother @ati‘ém provided
the latter hes tho same order of concentration. JY£ the concontin-
tion of one cation oxceeds anothor by more then 10, howsvor, |
significuit denPifption of the lesn concentrated fom takes plase

on 8 mass sotion basis.

Bumeroue studies of viver lakos, entunrine and marine
sodinents have shown thot nany trace sotals are comontrated 1in
cedinentary matertal in patural aguatic systams (Turcldon & seott,
1967 Bower ot. ol. 1976y andrew Daton, 1976/79; Romancorthy &
Rust, 19783 ceigss, 19783 Hamtlton - Payley, 1979). Besouse
Po and ¥n hydroxides are more common 4n neturs (Jonne, 1968;
Torekian & Scott, 19673 Gibbs, 1973}, it 1a worthwhile %o lovk
into the dants &ﬂnecﬁﬁ by other workers. Fresh wator forro«
nenganone rich muteriale have bosn »eported by coversl vorkore
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(stesthov, 1965¢ Dems, 19703 Cronon and Thomne, 19724

Rosoman ote aley 19725 Martin ot. al., 1973)s Date of Cromen

and Thopans Movtin ots al. and Straihov representwide ranges

in Fo and in velnes. Thelr Po and Hn anslysis ave plotted 1n
Figie 4+ Since tholr daks 8iffer by sovoral orors of pagnitude
and glm for clarity, peanlos bavo deen purposely smitied fron |
tho figure. 1% appears thet Fo ond ¥n are nogatively relatoeds
sinca the total annlysos by theso muthors include other motals,
the observed nogstive elationship io not due to Fe and Mo complie
monting coch othopy snther, cortein gonstic consideraticne concene
trate Mn in Fo~deficiont matorinls end vicosvorsa. Msation of
Mo by PefcH)y and Fe by hydrous Bud, 4o eno possiblo ompladetion-
of the sbove relstionship. Covarianco of Fo 40 the M in satuesd
waters, oould 18 effoot, roflest o cormon cource for thamy such
s forronangancss nodules and hydroxide coatings in the drainege
basin (Subramardan, 1975¢ cudramardon, 1976).

Sinee hySrogtde coatings and econdyetions are ﬁﬁmﬁfﬁ?
roportod to contein othor plemonts bosiden Fe and ¥n, the totsl
trooo motal content han boen plottod agninst the total {Foein) tn
Flgs S+ & positive rolationship botwoen tho traco oloment contont
ond tho (Fesln) content 4s oboorved. Several worktors have shown
the onisdenco of positive or negative rolationnhip ;mmm Fe
or fin on ono hand and trace metals on the other (Goldberg, 19543
Bawkos, 1965; Cronan and mma, 1972; Rooomann ot. ales 1972).



CONCENTRATION OF My

Figs 4
CONCENTRATION OF Fg Vo. CONCEHINATION
OF Bn 15 FBRBOVAIGANESE RICH MATERYALS
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CONCENTRATION OF TRACE: METALS

<0

Figs 5.
CUNICENTAATION OF (Do ¢ Wn) Vo. CONCENTRATION
OF TRACE MLTALS IN PEBRONANGANDSE RECH MATERTALS.

COMENTRATION OF (Fe 1) ——— S,
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This suggeste the combined rolo of Fo snd Mo in tho trats
elonmt fixation phonomenon.

androw Boton {1978/19) shen anolysing the trece cloncnts
in Sgn Frantiscs Bay Sediments obteinod tho following voan conw
contrationn of tyaco motale {Fable 4). Ho concindsd from his
experinent thot e end grain sige varistions are pore inportant
in explodning varianse of clerentsl consontration in thin estuerine
syston thon Mn fe. This (ndlcatos that Po 46 & much move fuposrtant
 gevchemionl agent then Mn dn this watea.

The baseline concentzation of Cu 4n the sodinents of
Vindormere England 1is sbout 24 ppn W Fo and #a aro 5,9 ond
10455 wospsotivoly (John Hemilton Toylor; 1979). Prom the lesching
oxperiponts he found that the concentrations of Cu acsociated
with the Postistate fastion is constant ot ell deptho vith mean of
15 poms, Thme, oven shere the notsls sfo ot thetw base line lovols,
tho labilo frootion consiitutun 508 of the Sue

Skot and Pebs (1079) onnlyset wetals in the cedinont frm
Ranafjord, Horthern Borxay ond found the onviohuent of meknls
in surface sedinents He sttributod Lt partly to orgenic nattar
dingenontie and stsvenging on to freshly precipitated nanganose ,
oxido and mainly o snthropagente imputs of metslse 55044y

Rorth Atlontic doap-ses oedinents &5 aosocisted with anthégamie

fron 4n the zapo proportion as 4n fw K5 e He

-3



%able 41

Feoan concenteations of trace petals

4in San Prancieco Bay Sedinents.

Contsal Bay
Ben Poblo Bay
forth Dny

iworsga Shale o7
mwg 195’?3
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sttribated 4t to tho fact t’hat.aa ie seavengsd fran sva wotor
by an ironeboaring phasc present in both pediments and nodules.

0n tho basts of his cxportnental stulfos, Subremenien
{1976) a'aéw sxpiain the asgative fnter olemontal yolationship
botecos Fe and Bn and also the positive velationehip detween
iw + fin) and tho treco elomenis 4n natursl forromengencoe
neterdals,. '

Hydrons Fooineoxddos Heavy Moval

Tt hno boom zoposted thot tho conconteations of Co, Zn
ond other agrioulturally inportent hoavy metals in the sofls are
quito high in the hydrous panganese extdos (Taylor ond Hasloneis,
1966 Teylor, 19603 Seures and langmir, 1975). also large
anountes of o, Hi, Oun and other hoavy notale ocour §n nanganesc
nodules in the otean (¥4114s 20d shrenn, 19623 Moro, 19055 Durns
and Fuerstons, 19663 Dornce, 1967) Crezor shd Barnos, 1974).
Hoavy wotals are counon constituents of nofules and othor codinents
in z*fivamy iékea; entuary m oconn {Eragokop?, 19563 Creaan,
1969/105 Cronan and Thomes, 19725 Criggs, 1976; Dowor, 15783
sndraw Batom, 1978/79) John Hantiton-Taylor, 1979).

Jemne {1958), in roviewing tho avefladle infomation on
the controls on Hny Fo, Co, Bi, Cu and Zn in polls, soliimonts and
frosh wator, concluded that the hydrous oxides of Ja end Fo wore
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the major control on theso heavy metals in sofls and froshwator
- gediments. Zn wan sonverged from waters of the Proser ziver
ostusyy by hydronides of Fo and Mn, dut dicorption ocour in tho
louvor estusry snd ocesn (Griove avd Fletcher . 1977). ZIwon
hydvoxide, slomg with detritue ond clay, wevs largely responsiblo
for trapping nany motals 4n pro=delta greas of thoe ando River
(Fonaco, 1977) & practical exswple from tho Aretic eress of
Canads chowing the dooinent role of Po end Hu oxides in the dietrie
bution of trace metals in fluviatile systess io dosoribed by
Camoron and Colworkers (Caneron, 19785 Camoron and Dallustyns,
19754 end Jomangon, 1977).

-&ﬁ:ﬁ sorption of hosvy motals on mwm ¥n and/or Fo~oxtdes
 has boon roported by many repenrohers {¥organ and Stumm. 19643
Ponselt ots nley 1968) Murray ot. als,: 19695 Mokenste, 19703 Anderaos,
“te oluy 1975 Loganthen and Durean, 1973; Lockvood end Chon, 13735
" Guy ots ale, 1975; Durms, 1976) Loganathan et. sles 9773
Inone Y. and m-mrt. H.,8979), 3704 ¥t ‘-i:. L TS T .

Logansthan ond w(ms}, Subrment an {1975) and
Burns (1976) proposed that heavy metsl Lone ave stmucturslly bound
in hgivous oxtge of Po on/and ¥n. |

‘Mureay ote als (1968) reported thst group one and two
cations are strongly covbed on mangancoe &ioxides They fomd that
- the gsorption was indepentont of small pB chonges at high
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soncentyalions ¢f tho cations and was highly pR dopondont ot

low ooncentretions of the satioms. Shoy proposs that in i lnte
solutions, the sdeorption ocours a» countor fons n the diffuse
double loyey, shile in the high concentration, the sorption vceurs
vithin the memganife lettics. They aloe roportod thet B1°+, Cu-'
and copoctally CoP* exhibitod market cpoeific adsorption o $he

#n0ye

The uptake of C0°', zn°" and Ca’’ by 5-Fn0, at 24 2 0.5°C
a0 a function of pil and sslt concontrntion woe inventigoted by
Loganathan, Burei, Puorotensk.(1977). At off volues £ 5, thoro 48
not rmeh ohange in ﬁm sorption of these oations with incrosse in
pliv 4t pHl values above G, there is an chrupt increase in the
uptake of 66°* ana 2% uithin narvow pi renges which depond on
 the oguilibrins soncentrations of the motal fon vherens no such
morked inorease of Cu°" corption was found upko g8 9.2, They
proposcd that this type of shaxp incroase in norption ig due $o
specific cdsorpiion and 1s yolated to hydvorylatiom of the metal
iono.

Guy ot als (1975) studied tho somtsion of oul11), ca(11) and
22 11) on to potessiun dentowite, hydrous Hu0, and 50144 humic
eotd ond found that Cu dlotribution depoemds on the p of the
susponsion. Above pl 6, 50% of the topper ir gordbed on to the
particuiates vhovens tho Cu in solution 48 in o complosed formg
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betoosn pll 6 and 3.8 the soluble Cn is distributed dotuson
orgonic comploges and *froo® copper fong botuven pil 472 to 2.5
copper 1o boing desorbed frop the pasticulstoss and bolow pH 2.5
all the Cu f6 prosent in colution as "froe® (u fone

Davis and Leckie (1978) invosticated the edoompiion of
oul11) omd ag(1) en Fo(0L), (anorphous) as & functisn of pl.
Ho took the dilute toial motal consentratitnn typieally found in
natural watora and an internoitato fonte otrength dotwcon the
oxtrepos of fresh vaters end narite aystemss Fhoy found thet cul11)
and 2e(1) adsomtion Anoreases from O to msorly 1007 adsorbed within
s norfow pil range. Tho adoorption edge for Cu(t!) 4o 4n the ph '
- ranpo S5eb.  Thoy also studfed the effect of adoorbod complemtng
lgands an troco metad uptake by Po{08)y(en) end found that Gocpite
tho layze smount of organde nakerial proscut st the surfaco im the
pil ¥ange 4-6, Cal11) vptako by Fe(0n)y (enorphous) ie not 2ignde
ficantly affootod by tho addition of thase ligands to the syston
or by 107} pdded sulphots,

Exporinente condueted by xhw:ar ot ale (w&s) an tho
a&ammua of Coy Ags 50s C2 ond Mo on varim pinoral phosos
in dietilied water, and on dosorption of adoorbed motals 4n eoa
wotor chov that shovo o trace motal §o adoorbed fram fresh wator
solution, it 45 aluays mgaaeﬁ -~ to & gfoster or lensey degres -
- upon contact vith sea woter duo to displacorent by ﬁg and Ha fons.
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. An oaperimontal study was porformed by Rehtont and
chen (1973) on the offects of sen vstor on the concontraticns of
troce motalo $n waoto entor particnlateon. Semples of gﬁ&mv 7
offlucnts, digected sludge, end mizturce of prizary and mm'
effluonts wore mam fm tho Uyperion Treatnent plont 02‘
Les gngazm; e&ifamim in pont camos, Cds O, B, Ph am n
wore fmmé za be meaaea to & gmetar extmt than ﬂm other
netelo. Cry To m n wore not released mw@t i tho case az’
dgonted oludges in m& 9% of ¢r and 264 of ¥n vas released
from sezs.ﬁ phasoss isuwvez, Spte 965 of ¢4 wae m&me& fom
mm&ad gmgcu&ataao At difforont ailution rotes of wante |
wator offluonte m digosted sludgo with seo w#ﬁarg 'méimfi@aut
Qarfurénéa 1n the goloass of 4 wns chsexvode On tho othor hopd,
'the atlution rotio seome to play =o importont relo in z!;e zolonne
of m m fms Wﬁ particulates.

 fime the enalysts of the previous work indtcetes that
hydrous Fo end Hn oxide 15 an effooctive oink for trace potals. TE
sleo indicates the comdined role of hydrous Pe ond fMn-ozide !ﬁ |
contzolitny honvy mobals in netursl vaterss In ;m ﬁm pmzm
 works, cithor iron hydroxtde or mengabeso oxife Wap Uaed a9 adnorbont
oxoopt subrenentan's (1973), sho studiod the conbined rolo of Fo
and Mn in tho figation of M. | |

~ In the prosent work, an sttompt 4o made to otudy tho conbined

role of hydrous Fo & Nn osdo in mﬁzﬂl&iag oeppar 40 tho smuatie
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AL1 aralyticel grads reagents wero useds Aguecus
el &mﬁﬁﬁ having ionic otrangths ;ﬁi-g sis o35 #5 ond o7
ranging £ron rivor watoy to seo wnter) wore propased in thy
laborstory. Fo, Mn and Cu were added from otock solutfons
 kopt refrigerctod 4n tho mount requived for individusl
esporimento. Coprecipitation of hydrosides of Fo, Hn asd Cu
was effcoted by chitrating the aquecus mediun oontelning Lnown
quantitios of Pe, Mn nud Cu with No0H, Desorption wes dcms in
- & mediun of § M0l eolnﬁan sdjustod to ﬁi o F+0+ Deovrpiion
wan albo ﬁam by puiting m precipitate of one fonde atyensth
mediun to th@ moifun nf asrferent azh&* im atmngiha one by
Ongs mwma spacies wers mgmcad fron polid susponcionn
or precipitatos by f1itrotion using 0445 un poro edns filtov.

M1 exporinonts wore dode ot room temperaturo and
proapires Blesentsl anslyues wors dome with an A4Sl godel
Atode asbsorption Spectrophotomatoy following provceduves 4 its
samcl of ingtractiono. Solutione of thoke spgeties wure acidifiod
and kept refrigorsted. (i veasurvensits were dono dy a digitel
pB metor, %Tho laboratory work is sthematically fllustratod in
Pige 64 Drief desoriptions of individusl exporiments aro oo
follownt |
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be 100 ce of 200 ppe #os 100 o of 200 ppe B0 and

100 ¢5 of 00 pps Cu wore added atmiltaneousiy so 100 oo
squecus solutions of M€fsrent tonde strengths (01, oty o5

5 and .‘i) in &ifﬁm 00 oo pyrex beskorns Bydrostdes
ware prociptated by tdtmation with 1 B Halll. After overy
adiition of NoOR pRl of tho solotion wem mensureds AMquok
ware kapt ot mm for Adds After canplote arecipitation,
the solntion and tho presspitats were sepnruted by filtretion.
The solution was kept sefrigerated after asidification for
elomaatal atalynies Dosorption sypsrimont was dons with one
povtion of tho preotpttate and anpthos portton kopt for IR
mﬁ"”‘. | | |

2. 100 en 200 tpm sach of Fo-and Mn and 100 co of differmnt
eoncontrations of Ou {4 pos, 20 ppsy 40 Pomy 60 pomy 80 DPR,
120 ppn) vers a#06 45 differont beskers nontastatng 100 oo
aquém rﬁolﬁ}loﬁl}m of fonte atsangsh 9,01, | as@m@amﬁm
sepntation end snalysis were dono a8 abOves |

A portion of the precipitate obtalned from above uméﬁn
wents was surpended 1n 50 oo 1 M CL sadntained at M 7 and
kept for 1 hours he aguedcs portion wes then soparstod and
kept refvigesated oftor ecidificetion for glomsntal anslyuie.



Procipitate from ono fonic strensth nodia m
suopended tn 25 co ageous solntion of dtfferent fonic
strongthe suceonsivoly for an hour in eachs %ho allquot vwes

‘then kopt rofrigornted aftor axtdification for clomental
analysice
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QMMm (1973) etated thst eﬂﬂé&éﬁim 15 2ot
_pertinent to understanding the natwre of Pe~Na-hydroxide
prscipttato. It Lo not teportont shether edsvmpticn or toe
preciptatien sotuslly cocurs 48 matursl condftions bocsuss
~ tho inter olomcntal relstionships within the hyéroxide is mot
altersd by the mothol of introfuetng Mn and i teto Fe(0B)5
%a thie study, Fe, M ast O have boon ccprecipitsted so
hydrous oxtde. In sesponce to ohengee 4n 9B, o7 other favtors
maoh oo changos n totel dlosclived Pe, Mn ani Ou An waton
thot» hydeme ozides wodd he procipitetod fram netural ameous
*n tho present aysten sions present ore 0K, 805 »
g~ and €3s80, ¥0," and o1 w11 not affact the 00 «
provipitation, ag Ou {13) uptake bty Yo(®), {ame) 18 not
signiMeantly affsoted by ;—w&gha% Yipamd i-aaﬂig- and Leokio,
£778)y pitizte ion $0 a very wsak complozing agent (Remsscorthy
and Rost, 1978) snd chloxids 1o not ab fsphrtant complesice
sgent at roo tespersture. above all, HaOl 48 usad to woprocont
| affforent wetar bofless 7o vapresent coman nysten, No' ang
81" tons ave vary fmportants The solubility of mﬁ is vew
Jow. so hydroztde will provipitate readily. Thus only 0f

dons aro effootive, othero aro not, -Hense it coy be sasuwcd
thet the previpitate formed will be adms form of hydroms oxtdo.



33

 In tho oase of coprocipitation, the nixture formed |
can bo physicol with the ricroecomponent adhering $0 tho
© surfade of tho rojor component oF 4% con be ctwuetural with
the miorocomponont fres to diffuse through the iutsrioy of the
m&iﬂ phase oF (¢ can be codluetone Thus, coprecipitatim con
toke plage in o ayoten of oguilibriun or sonesgulldbriun involving
miseidble or irmtecible compononts,

Jonno (3968}, Allen ete ad. {1970) ma pointed ot
that tho uptoks oy reloane of heuvy metals from Po and ¥
oxtdos 40 & function of the typo of heavy motal and 1t conocne
trotion, pil #tos fho varisbles studiod here aro pl, tonte
strongth af the peldfis ond hoavy netal concontynticn,

Bero the repvlto of uptako and relenss of copper by
hydrous Foeiin-opio procipitato are presonted,

In the laboratory cxperiments Po, ¥t and Cu were
complately precipitatod as hydroxidess At that point, simost
10072 of those go to solid phaso irrowpective of tho jonde
strongth of tho modin 4n one cane and difforont cOpper cotoohe
trations in tho other (Toble 5 and 6)e

Pige 7 shows the uptake of Cul11) by hydroun Fewlineo
provipitete oo o function of pil in differsnt iomic otrength moldis.
The copper ooncentration 48 25 ppe An all oases.




- Tabie 5% & Uptako ot 3ifforent jfonte otrengthe and
oone v ocongentration (2% son).

tmtia?s ammmnm

“Fizal concentreti ag
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'zanw e " o
in pre § inppm e

i fo B ¥n _j oo § Tej. “ﬁl ““'i" Po § No § Cu
0401 50 50 26 0ot Out 0 938 99.8 {00
0.t 55 <0 23 00 00 0.0 100.0 1060,0 100
0.3 %0 0 25 0.0 045 0405 100.0 920 92.8
05 %0 o 08 0.7  0.05 1000 98.6  99.8
0.7 s6 %0 25 0ut 20 00 328 9.0 100
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Table 68 uptake ot differont Cu concontrations and come
fonic strength (0.01).

" O Uptako

0.01
Q«Qi

0031

0401

K

Dt
Se2

L+ %

20

wi-

Fo_§ i § o

0.02

0405
0
o

0

100

9.8

100

as

9.8
936
920

96,0

100

96

“ 935

100

100

100

GE
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Sirdlar to tho resulis of mony other {nvestigations

ot hydrolyoable motel fom adoorption (Schindler ote cles 19763
Guy obs ales 19785 Logennthan ote cle, 19773 4858 Davic &

Letido, 1978), 4% o ocen that most of the Ou (11) uptako telkes
plave within o marrow gl yango. The aduorption odgo for cu(11)
is 4n the pll rongo 5425 to 644 drrecpootive of tho tonlc strength
of ho mola, vhich 1 cpproxtnstely the case on obsorved by
Davis end Looido (1978) (Pige ) But tn the present eacs cbout
437 Cu o sorbod ot P < 9 whovens sosption ot lover pE Yo very
cmald 4n Davis and Lookio's oxporiments This nay be due to

the difforence in difforent factors in the two ¢ipopinonto.

1) sdoorbent uoed by Davis & Leckio wao Po(0), (amorphens)
ﬁzem in thio caso the adsorbent iz hydroos m—»m-»mam

2) Concontration of oopper used by hin uvan vory low, 10”0
(4004 040655 ppn) thoreas the concentration of copper in this
sxporisont 4o 25 pom. Sogomd hataz- sooos 0 bo vory oteens for
highor orption of Cu at pH < 3 an im cloar from Fig. 12 vhich
ohows that the sorption of Cu Lo soro at pB (3 for Yowor eoppos
concontratia dn the solution (hore § pom ond § ppm) and 4t
ooes on fnereasing as the coppor conventration in sclution
inoronsoss For 20 ppe copper in oolution, tho coxptiom below

pi 3 40 sbout 525 Usting 10 m/al cuppor, Guy ete ale {am)
foond that sorptien of copper cn MO, ves gers bolow pil 1.5 (Pig.9).
Doth Pe cnd Ma oxtde are prosent in tho natural systen, 56 the
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prosent study 4o botter represontative of natural syotem

than that of Guy ots el. (1975); Devis & Beclto {1978) amd
othero bosanco they have conctdered ef thor cnly Fe(0B)y or

| En0, ap ndpovbonts Though thie cystes dovistos from tho matural
sycten, ap the copper concontrations uscd are highoes Dut 4t
can woll sepresent & pollutod maturnl systot.

' 70 kmow, whothor tho copper precipitated in the p range
 studded 49 o eeparsted copper phase or 1t is assoofated with
the hydrous Foeineozide phaso, theorotical caleulation van
done ot differont pil to know tho emount 8f coppor which miot
be present in ths solution in ordor to got the two produble
80344 ooppor compounds procipitates in thio systems ou0{s) and
culo) (5). 7he calenlations wore deme on the dacts of solue
biisty product datas Tablo T shows those walues. Comparing
this copper congentystion value at partioular pll with the
eopper concontrations prescnt 4n the ezperiscntal syoten ot
thot pR (Fige 7)s it {e conclnded that copper 1o not prosipitated
a® & coparoto copper phase tut somchow or other it s assoofatoed
with hydrous PoeMnioxide procipitatos

m the uptaks of Cu toktos place ovon at lower pH, 4t
can be spooulatod f-haﬁ the onrface chavge of hydrons Posln-oxido
precipitate 16 nogative ot all pil valuce studted, though
mrfooo charpo is not determined in this study. Loganathan et,
ole {1977) bas reported thot the surfaco chamse Of 5GeHn0, wg
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Table 7s Calculated Cu concontrations {total discolved)
required to procipitete Guo(s) and cu(om)(s)
ot affevent pi at 25°C, _

Jconcontration of oo roquived § Concontzation of Cu
- §to @m;pnate cuol z) e i requived to ?r b
3 - tate cn m

S pm)

a5 81,65 x 29‘5‘1 o 6% a w?
% . enesxt’ O 6hsxwf

% T

459

405

50 -

545
640
Ged

, ﬁbs

_?;6

o165 = 10%

87.63 = 107

3? 053 X ?02

84763 x 10

2,78 % 10°

7,69
84763
1,397
0.8763

_ 0,08763

6&5@&5
4

655 x 10
655 = 10°

65.5 = 10°

19,052 10°

6+35 & 10°
6%

10416

6:95
0,635

%wmzmm@ gi? sompoandsy Suprons oxide and mprous hpdrow

2ide ave unstadle in sguetus solution.
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negativo at all pi velues, ovon et very low pli. Motal

fons con thon datoract with the aogstively chargoed particloe
in two wayes o |

1)  fornation of & countorion luyers

1) sotfic aa@nan[ur dono op to tho ourfaco, as shown
for coppor sorption on to Ha0, surfacs by Cuy ote ade (197).

o

.

@2&2*;—_:?_

[
B

‘a———g——a-—;g———a

o ' T

tu +» B

ﬁ\
-

0 B

1t 35 aloo idkoly that adsorbos Cutlt” te the prodomtnomt
cu(11) euxfose speotes, stats Lt hos beon chown thet adeorption
of motol fomn on vorions omtde eurfaces increancs cbruptly in
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the pit range sheto hydrolysis products booono a sigmificant
fraotion of the dlcaolvod motsd (Leckio snd Jemes, 1975).

Plg. 10 rolates the upteke of Ha to pB which shom
that abous 505 Mn 48 coprooipitatod t pil < 2i5, them thore
18 almont no fnoronse in ¥n uptake $411 pBl 6495 and ngotn thewe
1s abrupt inorecso &n the uptake within narrow pi range
(6495 » 7.55)« Tho uptako of Fo incsesses with dncreasing
pH 421 gl 5.25 where the sorption is alvost 1005 (Mgd 1)
‘S0 the Pigss s 10 and 11 tnddento that ot higher phi,
there 15 ooupetition betweon Bn and Cu for Pe(Ci), ut copper
io preforred by Fo ovor ¥n.

Phos Y2 :‘amwﬁaﬁ tho uptoke of covpoy by hydroun Foelne
oxido procipitute to pH ot difforent coppor contontrations.
Sho naturs of tho plot 10 vory much the samo ao 4t 45 4n Plpe 7
excopt o plot of § pom Cs This moy bo dus to lesu tumber of
data peinte tokan 4n the oxporinont. Dut one thing 4o vory
clear fron the Flgure thet as the concontyntion of Cul1i) 4o
. solution tncreanon, tho & uptaks of Cu by hyfrous Fo-Mp-ozide
proespitato at lowor pli aloo dnowassess Tho Cu uptoks ia sors
bolow pi 2,75 when the Cul11) concentration im colution S0
1 pom ond § ppmy whereas Cu uptebo 4o sbout 185 at il 2.75
shexy tho Cu concentrotion 18 10 ppm, 257 shon Cu conconteation
16 15 ppm, 36,53 whon Cu concentration 48 20 ppm and 523 when

N
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the copper donsontration 15 50 ppa. In all concontrations,
tho Cn uptale inerosces with incroaning pi.

Fige 7 thowo that the uptole of Cu dy bydrous Poetine
oxide proodpitate is independont of the tonte strength of
the medis, |

Sow 1t con bo inferred that pH end cousentration of
SOpDOY are M¢r§mﬁ favtors 1u oontralling the sovpiion of
Cu by hydrous Po-Mn-ozids procipitates It 48 aluo clear foom
sbove that coppor 1o not precipitated in the systom as suparate
Cusphone dmt 1t 40 comohow associated with hydrous FeHneoxtdes
This ansociction pay bo soyption, occlusion ox/mnd noldde
solution., Subrananien (1973) has proposes s oclid solutien
model Por Fo-Rn-Ni~hydroxtdss |

Sepption oon he considerad as an oxchange recction and

{0 rolsted to tho strcture of the host meterisls Cherdoorption
16 genorally veversiblo but may oventually load to tncorporation
of minor elessnts (horo Cu) 4n the stwucture of the host, On

the othor hands ooprocipitaticn of FesfneCu hydroxido tmsorporotes
all of tho abovs fanctions in o single steps Such o rolatione
ship botweon the trace motals and host matoriale may lead to
coclugion or solid solution. Oeslusion 48 & procoss in which

the tvate motels are locolly distrituted in tho hoot a0 that tho
trace netod/hoet mixture cannot bo considerod oo n single |



honogonsous pheso. In the casc of a nolid solutfion, thoe
trace motels would bo uniformly dtstributod over the host
subgtante se that tho preoipitates conld be considerod ns a
single homogonsons cubstanto.

Dosorption io & nothod of detormining the nature of the
procipitated mixture within the framework of the obave moohae
nisese  Josorboble cations from a procipitats are a nessurs
of 4to exchengs oopesitys In addition o esnil cacunt of the
prosipitate will dfosolve in the medius in which desomption |
tokos placos Shus tho precipitete loosos its oxchango froction,
and aloo the soluble .fmctm to the amoouo nedias

‘ Figs 13 ana Toble 8 rolate tho per cont velsans of Pos
Mk end (u from the mized precipitotss obteinod fros nolutdons
of different fonic strength modin. The dosorption expertmont
wep done 4n 1 HIELC1 polution to show tho sxchangeadle fraction
of Po, Mn and Cu in the precipitate. Flgure chows that the
dosprption of ¥e 4o negligidle from all the prooipitatos formed
 from aifferont fonie strength nedis even the dosorption of Hn
is mamrs But the dssorption of Cu 48 significants Tho
desorption of ooppor &s arcund 40 to 47.5 £ depending upon the
 Lomto strength of the nefiss Thia shows the fraction of Cu
in the exthangesbls part of the precipgisates This dosveption




FIG. 13 -
IONIC STRENGTH AS A FUNCTION
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night then ropresent tho smount of Cu tRuly nBoorbods $.0e
hold on to tho surfoce of hpdrous Pe-Mneoside. Renmslning
mwmint of coppers vhich 46 more than 507, wust then be in the
fixsd portion of the procipitotes f.e., entored into the
- strusture of the hosts So this plot suggests that these 1a &
large quantity of coppor 4n the ourfoco oF txohange sites of
the hydrosids proctpitote and thot nost of the Mm ond Fo are
held together in tho stwoture of tho hydroxide. Thus the
precipitnten can be sonsidered to contain fwd frgctions - tho
cxchangoable fractics md the nondesorbable “fixed" frastion.
%ho rolative proportions of thoos fractions 4n the procipitaten
_ vory with tho fento strensth of tho procipitating modium.

Tho presence of sstions other tham Pe, Mu and Cu n tho
coatings and other ferromsngsness msterials cen be expleined
roxidos contain some peroentago

o8 followss coprecipitated hy
of gxohangocble fractiony the omount of thip frootion veries -
doponding on the Sonfc strength of the aquoous meflns Catioms
aueh an m“ﬁ' ¢o®® and other ﬁmatim& jons fn the svlntion
tan yoplase the oxohangeable Fey Hn and Cu from the adsorption
sitos and thoreby bosomo part of the mass of the ferromangencue
- matordals. | S

| Initial cammﬁ sonsentration us a function of & coppor
desorption fron tho presipitates formed from solutions having



the samo $onto strength (0,01, sintlar to s wiver wtor)

10 plotted in Fir, 4. Tho plot shows that tho coppoy dee
‘porption increnses with fncrosning Lnitial copper concentration
which 40 aaturol besouss sopper will fivet ontor fnto the
 styusturo of the Foeinwontdo precipitote ond then tho exdets
coppor vill undorge surface edsorptions Tho Figure cleo dhows
& deoronse in desoyption shen Cu 4o % ppme Thip ie mu-
eablo.at the momente It might bo en amalyticod cerors

TobleO and 9 show tho porcontage desorption of Po, Bn
and Cn undor varfous exporimental condi tionse Prooipitaten
fornod from Gifferont 10a16 pirenth modia having the som
{aitial coppor concentrations o desorbed into the modia of
another tonto otrengths (Teble 6). snd procipttotes hoving
difterent inttial coppor convontrations formed from the sanmo
1onte otrongth (0.01) nodia 40 desorbod nto difforent other
fonie strongth pedia {Table 9)s In both the cases, tho yosults
phow that the donorption of Po, Mo and Cu is vory stall. fThroo
values aro highey; mieh rioht be dus t0 analytical oProrus k.
the dosorption of P, Mn and Cu from the precipitates doos not
toko place simply by change in medta of the precipitste (S04,
river to estuary to cea) tut 4% vocury when tho cvepotidle tons,
itke ma*, c62* sto. aro present in the medtnn which con encheige
with the exchangosble fraction of Fe2' or Foo', ®n2¥, wma Ou®
from the adsorption sitoen..
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Tadle By % Release from procipitatos of dyfferout fonfo strength
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~ Tme tho oxchengeablo fraction of tho cdpper 4n thy
Procipitato vartes wAth the fonlo strongth of the modia anll
the imitial sopper concontration in the colutions

$he naturo of tho precipitate fomed by the coprovde

pitation of‘ FowfneCushpdroxide onn be viowed upon the bosds of
oxporimontal remultns Comporicon of Figee Ty . 10 and 11 showe
that the procipitation right bo toling plavo 4n threo phesos
hen tho concentration of Ou 4n the eystas is higher (25 ppm),
fs0ss adproaching towards tho concontration of najor componont
Po ond Mne Fizot phaso o bolow gk 3, shere tho hydrous Pofine
Cueoxtde night bo prosipitatings The scoond phase s botuoon
~ pB T endt 6.5, vhore the procipitate might bo dominoting 4n
hydroun Mnmﬁ- ﬁ'ke thimnhm 18 above gl 6.5:2;1;
right bo presipitating alowr oo mangoness ozido, bovouse fiwstly,
sufZiciont gnantity of Mo (sbout 25 ppe) is etill prosent tharo
hich ia cnoush for sanssnono oxide ymam&im and sesongly
Po coné Cu ave cemplotely procipdtoted boloy pif 6.5+ It 49
elready oocn 4n this work thab coppor connot prooipitato a5
separato ceppor phesos 50 1% suggests thot Cu ond Mo avo 4%
conpots tion for Fe(()y and Cu 18 proforrod over Mn by Po(GB)ge
Tho fonle radii of Peo' $6 0s64 1y of Foo' 20 0,74 Ly of Wa*"

16 0400 Adand that of 0v°* 4s 0,70 4« Tho onte radit veluo
snppbﬂa tho fa0t thot Fo profers Cu them fn.



On onslyeing the plot of F Cu oorbod ve. 0 for
1 ppn'Cu; 1% cen béaym@nﬁaﬂ that in addition %o the sbow
pPobodle precipitatos, hydrous Ma-Cu-ozids procipitato 4s
alao posaidlos
" the proboble resctions of the procipitate formstien
can bet |

120" o ¥ it o 500 *e(Bxrezalezzad &

x ve(om)y, ¥ mufo),e 2 culom),
I¢ tho 1ron bo 4n the Perrous stato, then tho obove Fonotion cen
be uritten as
767 a ¥ 4 200> 4 (3xxe22Te222) "
% po{on)y ¥ aéjiea}a@ z ou(om), + 26"
Reactions botwoon Felu oand MneCu oan de ot Lolloust

'S %”’mz*m s(3xx 222 "

I

X! M‘aﬂ)aa Al cu(:ﬂ,)?_

x'mz*‘*z oo +{2:!‘m:z“)aﬂ"

¥* mnl0n) 2’ cu(en)r
so the pmmﬁatc obtam say not bo homogeneons. In oon water,
¥e e@mbﬁm ip governod by syotens sach as PeOOE » pe(oil) ; |
sather then Fo'' w PeltE)y (Toster & By, Jras 1912) ¢



Sinilamly for Mn ond Cu, the equilibile may be BnOoE « ‘'
| - + fenco the coprecipitsted hydroxides moy
ularly 4 high 4onie otrength compost tion cuh
a0 (Fo, M, Cu)otR. |

| Wim experinents shoy éhue thoeo mized hydronides
hove certain exchonge capesity. Fige 15 chows thot P and Hn
dooorption ia poor and Cu desorption 1s highow upto 47.4% at
0u3 st otrength, This shows that copper £ precent both
in “axchengoable® and the “fined” fraotion of tho precipitatos.
If the decosption of Fo and ¥n 46 comparods M 4o found to
dosord mch more thoh Fe in different dontc atromgih modto. It
again supports the fact that Mn sight be procipitating in &
seporato phisce so vongances oxide ot pil above 645 since nmdxed
hydroxides have certoln exchango capssity, ¢ations cuch as Co,
Cr ote. fron tho uster can be adsorbed on to thess eites, tus
making the procipitats s chemically cosplox pubstance. Most
fmmma nodule and metallic hydroxide costings woprocokt
such a complox syntem. |

80 tho prosent rosulte suggost that the coprocipltate
night have different phascs 3ike hydrons PofineCu ogide,
girous PouSusoxide and hydrous Mo-Su-oxido. Any ono or all of
the phoses mght be dondnsting 4n tho precipiiote. BExcopt some
snounts of dosorpticn obsarved, 4% may bo oold that osch phase
odght bo ocdlusion or polid oolution. whothoy 4% fe¢ ooclusion
of colid polutton, it 10 fsowstrustural or non-isostrunoetural, ooy
bo nods knom by IR and Nosshaner Spoctrs, thich are yob £o got




Both Po and %n axo presont in abundsnoe 4n the
naturol aystom and thotr chemiotey 1s closely related to sach
othor (Krauskopf, $957), oo their hydrous oxidos muet be acting
in sombinntion in dociding the fate of tyace motale in nmaturnl
waters, Cronan (1972) found a positive relationship betweon
(Po » Mn) ond the trose elenont content of hydroxtido costings |
and concretions shich strosses the fnportamce of combined role
of Fo znd Mn 4n the traco clement fixation phenvmenons Tho
prosent work studios the importmce of hydrous Foefaeoxido in
the uptakze and wolecso of coppoy, honse 4t 1o nore clossy to the
natural gyotem than tho otudy dono by others (Guy ote ale, 19758
pevics & Leckio, 1378), bocanse they heve either ussd mangencbe
oxide or forric hydroxide ag adsorbant. Though the concentra-
tions of copper in thip study 1s higher which ray represont s
pollutod anyoten.

In notural suspended sodiments, coatinge aye coemon
beontme of cloctrostatic attrastion botwesn the negatively chargod
¢lny surface and tho positivoly charged hydroxide soilas 10.203
by woight of tho eodinent oould be the hydroxidens Although
Fo and ¥n can be coprevipiteted as FouMn hydroxidon, they dovelop
ourfaco charges boemso of thetr finoly divided nature. Genorally,
408 of the particlo surfates ars covorcd with contings and the



exoons nogative charges 4n the povticles would bo ontisficd

only by succoncive layors of coatingee If the avatlable poniw
#1901y chasgod hySzoxide 80 1o excood that noeded for conting
formation, the exvese 60 1o may repain in colloidal suspension
or attract antono ewth as nso;, c1” ant 504“2 from the agueons
phaso and form solublo or insolublo comploxes. Thus, the
conting process doos not have o de o élngieﬁﬁiag;a Progosss
Thoro could bs puccossivo homogoneous disteiMition of Foy M and
Cu $n onch layor tut the overnll costing procsus ray bo
hetoregenoouns

Though thovo oro other sinits for Fe, Mn and Cu, sich as
oxids minopale and olay minerals, costing 4o the largest oink in
natursl agueons systen for thase clementss Since ﬂm‘ ore tranoe
ported olong with the suspendod sodinents from rivers to ovcans,
the contings ean be conpidovod as oorricys of cevorsl olemonts
fron frosh wateor to salins wator.

coprocipitatod Pe, M snd Co bydroxide son beo omﬁébmd
| as & notural hydrozide coatings, bocauso Subramantan (1973) hat
pointed onut that the oxperinontal yesults 4n shich the hydroxides
wore coprocipitatod an costings on cusponded sediments does not
diffor with tho yesults in which suspension was not nevd.

In aquatfe cyotoms shore oxidicing oocuzsy hydrous iron
and nanganose oxtdes constitute a highly effective oink fir heavy
sotale (Loe, 1975). ézy&ﬁm&tt by croth (1971) show thet the



inmxa aé.‘ n and Cu coprecipitated frew natural suland

lako water with Po/Mn hydwozides st a rato of 678, €63 and
93”5 Wi‘veﬂ,ﬁ ‘ﬁkﬁéa fmm ors vory mich in aunfmty
uith the gxnam £indtng Tor Cus

| stnee the i of rim wator doos nod vary a?mmw

' _ia natirsy aidatings fovmad snld be chemieadly nﬁaﬂe e 1ong

a8 they vanain :mgyaaégﬁ. Tpon stounnlation HF wmmi@ e
botiom sedinents, the g snd By, of the mmm ahmgw

fres wo oxidinieg euvircoment to & veducing envircamente Such

8 thange nay disanciete the contirgs and release the olaments,

such o8 Fe, B and Cu, to the surrounding wetors. Bonnati (1974),
Grenan (1972) ené subramsnton & 4'Anglejan (1975) have shown

that tnterstitind vators of botton sedisents are snrichod in
those slemonts, OFf course, there are Sther sousces, ekoh o5
pyrite, 208 ¥o in the refucing envirament, bBt tho conting con

bs 4 eingle souroe for sovorsl elemesits and only cush an sssusption
can sxplnin the gensrelly high concontration of transitics clements
1n interatitiald wators of botton sediments sverywhorcs

Experivents by Sabrevanion and 01bbs (1972) show that
vccai::lms ot e6 Looyt but porpondle menbrans during exchangs
roaactions. Thio 4s posnible only 4f the hy&midl aonting Lo
steoeturally stable; the dmpusitios (Fn and Ou) probdly stabiltce
the hydromacss The ineyt behavieur of coatinsss can then o
thought o an suggestisg tiat costings are homogeneous sulti-
. conpomont phases, rather than staply Fehydroxide.
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A remodilisation of heavy metals from suspended
unteried m m&mﬁg i» potentially hasardous not cnly for
the aquatic scoaystem, dut also for the ﬁﬁnﬁag 'mter #opDiys
RemoMi{oation 18 nainly caused by four typos Of chesiead
chanpes m watern) |

L Bze?ateﬁ salt concemtratione, sherely the alkald snd
_ amme certs: m*gex:: ¢an sm@e ‘5&&1 the nelal Sons
| sorded on ‘za aeiié purtioles, '

2e &Mﬁg of ﬂi shioh ioado to ﬁi&ﬁ@z&im of hydvoxdlec,
a8 weil M to incsensed desprpiton of metel oations due
to ompotition with 2 gons,

3« Changes in the gedor conditions, nsnally in conjuncticn
vith a decrense in the oxygen potential due to sdwascod
~ sutrophioations Xron and mongonese hydrozides ave pordly
. 6¢ complotely dlassived, part of the tosozporated or
a{n?ba’:& hoavy metal load being releascds
4. Imrossed use of nstural and synthetds somplomtng agonts,
shich con Coom solublo metal somplexes somotines of high
otabilety with heavy motale that arc othervies adserbed
e £018d paritsies,
It addition to these four provessse, there ore othor o
chord osl trancformation prooossos, by meany of shich hesvy notals.
ave oither trannferred from the wediment ¢o oniwal or plant
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organiems « posoibly to bo further cnriched slons the food
eham - cr nre Sdooderpod ﬁmuﬁy or ﬁa mamauiﬁca
wmam in&a wntor,

the pmme vork studiec the effoct of sicvated solt
concontrations, incvessing traco motal (Cu) cemcontration and
| pﬁ on the mbiaaaﬁm of honvy metslo. Somo anountn of
dosorption from the hydroxide takte placo fn difforent lontc
strongth medio, theuch oome izresular pattom 1o thare vhich
pay reflest the problem cetuarine gome. At lowsr pH, Cu o
donorbod complotoly when tho oopper concontrsticn is dower,
sinbe sone snount of desorption from the hydroxidos tolkon plede,
the mhm@a ronction can introduce Ba, Mg ond other cations
into the soptings upon contast with o saline aguoous modtum,
ouch a# ses water, %he presonco of caticns other then Po, Ma
and Cu 4n the contings and other ferromarganess matorisls oon
be oxplainod as vfbnowz coprecipitatsad hydroxidon cmmﬁ aont
wcmtaga of srxphansesbleo fractiong tho amont of this feaction
varicn deponding on the fonde aﬁﬂwm of tho ameous medise
Cotiono sueh as co®*, m®*, ne"*, fu' dous otes can roplaco the
oxchangsablo Fe°', Mn°* ant 14* from the sdsorptien eftes end

au notorialoe.
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In addition to tho netural inputo, anthropogonto
toputo {(1ike, inducteisl offluento, mownge diopounls agel-
oultural runcff, mining activition ote.) ave the major sonyes .
of pollution of ths aguatic emw‘ among the pollntants,
hoavy netalo ip of grave consoyne Somotines, tho establiohmeont
of motal lovels 4n sclimente can play & koy role in dotooting
aourcon of pollution 4 aquatie azm:m. fotals such ap
Cry Coy 8y Cu; 20, Cds By and Pb have botons onriched in
sefiinonts ehiefly mv 8 rosult of mn's activitics. fTurcidon
and Seott (1967) were ablo to detormine o dfotinet seoumilation
of Azs T4 and 00 in sucpended moterial fyom cightom vivoss,
partioularly in the case of susquchuna River, shich they aceribed
- t0 industricl conterminstion. o lam:iuaeﬂ that "tho ammusl
tranoport of trovs olements by tho Sunguohans River ss pusponded
uatorial i mﬁ!@imw largo %0 bo of poontblo ctcnonde
intorest if thoe donond £or same of the motals increance and the
motals are procont in sn canily revoraidle fomm.” Do Greoct and
Alersua (1973) céﬁeniatﬁ& the diecharge of hesvy notals by the
vater and by tho suspended matier of Rhint. Moy found that
765 tons/yone of Cu o discharged in water end 1355 tong/yens
fized to codiments. S0 the metal 4in wator to metol 4n sedinents
ratio cono 1o 12 ‘i.&-ﬂ Honte the transport of Cu end any othsy
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- motal mainly tekon place 48 ooddd forme anong othor
 cubstansos, sofinont oomteins hydrous Fo ond Hn oxtdes,

go hydrous Fo and Mn oxids carrics heavy notal $1th thonm in

tho soldd forme gauves, Deko ond langmir, Do (1976) etudted

the poil samples from 70 £¢. denonth a sunicipal wasto lende

£411 4n Contral Pomnpylvania ond determined ¥u, Po, Wi, Co,

Cuy Zns Cdy Pby epd 45 in exchengenble and nonowchangonblo
formee They fand $hat heavy metels, €0, Bi. Pb, 20, Cus Of,
end g vere sosteiated with Fo and ¥n oxides. It 4o fn
sgrecnont with the prosent work that Cu vptale S very significant
| by hydrous Foiineozido. The sorbod capper 4 desorbed depending
upon the fonie stremgth of the gpedin. The gezorption dncroascs
“with the iaoressing tnitial copper cmmmmu

 Sttasawnd, R.ke (1980) seported. the netal cemtont of
Jesuna river water avcurd Delhd (Tadble 10). Wn contont of the
- river Lo slmost e5r0e fThe Fo ocontent of the pivér repaine the
cane (0.36 ppm) both vhon Jemuna enters Deihi ot Wantwabed and
leavos &t Okhals, Srrospective of the faol that draing afe
contributing the motals to the rivor in botusone 'mia exfods
Yo then must have gone to ﬁxe soldinents, nay bo in the fors of
hydeoie Fo-0xido. On concortration in the piver has ineresscd
slichtly ot Okhala, obviounly due to the contribution by dwnina,
fhie doos not agrss with the proposed nochanisn for the Cu upleks
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by PosMn-procipitates fn tho present study. It nay bo Gue

to the faéf: that Cu cmoanﬁ#aticn oven at Okhala 40 vory cmall
(0’056 mm) which ey bo lowor than the solubility product of
any probable Cu ccupound in tho syoten vheress the mindeun Cu
émam:mﬁim uped in the propent sivdy 46 { Pdme  The proposed
meohantan can bo ueed 0 oxplain the decreass 4n UL contont .

of the Tiver from 1.05 ppn st Wasirabad £0 0,06 ppm at, Gibale.
S0 ome pospidility gs that i might have gane to sediment 4n
anoociation with hydrons Peeoxide. N4 uptals by hydrous Poeline
oxtde procipitnte has beon proposed by mhtawian (1973).
amlarw the sene ccncontration of Cr (G-éﬁ opm) ot Vastrabad
and Okhala tnepito of the contribution by draine in between
the two pointo can be oxplainod on the banis sf precont study.

The present work vepreconts the polluted smvisonmont
moro closely as the Cu concontration in ths sxperiment 1o hisher.

It tatsons of tho Bupe

i!ydzma Poetineoxide 18 uand in the present wvork to study
tho nrﬁake mm«u of auppor. Organies; clay minersls ete.
are pmm‘k in the nstursl system slong with Po/Na hydroxide
which osn affect tho sorption and dssorption of heavy motals by
Poffin hydroxidcs. Noreover, inorgaric ond organic complozing
ngan&s ¢an inoreass or decyeass the woptnko of heavy metal ty
by Z“é-i%ﬂ hydroxiden wiioh are not connidoroed heoves, The
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aviifivial 2iver; estuarine or son water used in the precent
im'k appeoxivates o world mmga composi bion, oxtonsion of
the romlts 0 any bpooific eftos should tako into comsidomtion
looal conditionn.

Anplysos of matural nodules and hydeoxide costimge by
va;ﬂ.m\ worizers havs shown the sresence of geveral clements
correlatod o eithor Fe or Mn. It vas ghown esslioy that Fo
and ﬁ:a together can bo correlated to all other cloments takeés
togathers Thiio 18 possidle betouse Fe<Mn together form a otable

‘doublo hydroxide ond this hydsoxsde adsordo Other slements o
'omhmw with agueous modivn.

| | ﬁm it in maeat that whilo thero 15 no doubt that
aydm mgﬁai m&m m imﬁant sdnks ond nodes of Srangport

| :m:' hem wﬁa&; in ﬁw emwmm, tha guantitative magnitude
o thia role cannot be estinsted st the gmmt atage £ o
varioty of naturasl mter condi ttona,

- Thuss 4% can bo siated howre that within the limitetions
of experimental eonfitiono, the ohoarvstions made can bo nsed
to explain the natwuro of hydroxide costings end thoir gbility
to £4x traco metals. o |
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Somolostonn

The hydrons &'@-«Mﬁs con be sn offestive sink
for coppor 4n the aquatic emviromont. The vosults of uptake
snl reloass of oOpPoP can bo cmlﬁﬂm as followss
1) pE and coppor concontrstiom avo twe fmportant factors
1n oontroliing tho Unwupteko by the hydrous Foelineoxido proci-
pitate. The Cu-uplake tal:os plaote within a navsow pleranze
&@eﬂ&ﬁ?g upon tho concortration of cul1t) in solution. The
tondo otrength of the modis doos mot matter spprecisbly &n the
uptake. | | |
2 Coppor 1s not procipitated as & seporate eupper phase,
vathor 1t $o copoodoted with the hydrous Peelineoxidos Tho
précipitate formed may bo hydrous Fe-Mem(ueoride, hydrous Foe
' gueoxide andfor hydreus WnsCu-oxide.
3)  Copper is prosent both $n eschangoadio and £ixed frncticn
" of the procipitato. Alwost 507 of copper ic £ixed in the
structure of tho host. Uhothor thiso fixéﬁ fraotion io unifornly
distributod fn tho hoot or not, is not eotsblished fn tile work.
4)  Releass of coppor from the host 15 not affeotod by
siaply changing tho medis of the procipitato, but it ta the,
prosoage of axﬁhmaﬁia cation $a the media whish eause the
roloase of copper from the preoipitates



5) fhe rosulte con bo used to oxplein the prosonce
of heavy notalo in nstwend ferrommapances matorialo. It
‘ean alo0 bo vsed for studies of pollution of the aqaa&“
envivonnent by tente netals, |
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