CHAPTER I1I

TRACE METALS PARTITIONING OF SEDIMENTS

/é&amci ating with various

Metals can accu
components. Gibbs : association by the
following chemical 3

- adsorpti

- held insid g : . ""I 5 ‘inerals

Gibbs had also empfe— g e sirst 3 kinds of bonding,
which are sensitige peoperties, are strongly
influenced by eny ;r — ] be noted that these

bondings are primajfjjy &= peen fbf the size less than

A

63 um (Forstner and l\‘f ann, 1981). he bonding will not hold metals

peraanentiy ﬂ VRS IBQR Foriion

metals bEtHl.‘. sediments and fhe water culunn due to hmgeacheucal
proce%ﬁ}a\}ﬂgmbu ﬁ'}qmﬂqﬁﬁnmm.
includifig all main types of metal associations, such as occur in both

natural and polluted water systems.

Adsorption is the first step in the ultimate removal of metals
from hydrological cycle; the ultimate sink being the oceanic

sediments. Changes in environmental parameters like pH, chlorinity




Table 2

28

Carrier substances and mechanisms of heavy metal bonding

(from Forstner and Patchineelam, 1976)

Minerals of natural

rock debris Metal bonding predominantly
e.g., heavy minerals in inert positions
Heavy meial
— hydroxides Precipitation as a resull of
— carbonates exceeding the solubility product
= sulfides in the area of the water course.
Hydroxides and oxides + Physico-serplion
of Fe/Mn § Chemical sorption (exchange of H*
Sied positions)
. ; Zsipitation as a result of
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Summary of Eajor processes and mechanisms in the
interactions between dissolved and solid metals species in

surface waters (after Salomons and Forstner, 1984).
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(in estuaries) or the discharge of complexing agents all effect
adsorption/desorption processes (Salomons and Forstner, 1984), as

summarized in Figure 4.

1. orpti Pr

The forms of =9 - _commonly encountered with

‘/Jce rface are adsorption,
d

solute exchange betweer

chemi-sorption and io e no difference between

"sorption" and "coprs " i, Laxen and Sholkovitz,

1981).

Physics . : \ Mlurface of particulate

is based on Van der \ "%:ly weak ion-dipole or

dipole-dipole interac sactions can occur with

physical sorption on WegZeeZs 5 niM8: surface or in pores.

Representative solid substs =7 ' 2 oxides, Al hydroxides, clay

#_,J, o
pinerals and O g o — XLl)ieser, 1975).
v_'. |" J

Chemi- §jjrpt1cH zed flly the formation of

4

chemical associationsgflgtween ions op m olecules from solution and the

wﬂumwﬂmwmm
AT N

minerals) are compensated for by ions possessing opposite charges,
which, more or less hydrated in the inner layers, are exchangeable by

ions from the solution.

Several sediment-forming materials with a large surface

area - particularly clay minerals, freshly precipitated Fe
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hydroxides, amorphous silicic acids, as well as organic substances -
are capable of sorbing cations from solution and releasing equivalent
amounts of the other cation into the solution - i.e., by cation
exchange. The mechanism which results in cation exchange is based on

the sorptive properties of negatively charged anionic sites - SiOH™,

ﬁlﬁHz'. and AlOH-grounp: gierals, FeOH-groups in Fe

‘/J ‘. in organic substances -

hydroxides, carboxyl ==

towards positively chs o ~ing of negative charges

of the lattice is e msounts for preferential

adsorption of spec’ W f equivalent charges

associated with thk hwore, all fine-grained

i\‘ .
materials with a lar *2’ Al N of accumulating heavy
W,

metal ions at the sc g FAd&r) ' \Ms a result of inter-

r
*'; 4.

o

molecular forces. Thisg e = : =rp' @ "adsorption”.
Guy and Chakc8u/iZd Lctablished a generalized

— > tals

“"_- | \

10 1= minerals

sequence of the !

MnO,

I
1
i

the sorption capamt} of Fe oxides {crystnlhne phase goethite) for

trace mulﬂuﬂﬁ%mw mﬂ f the Mn oxides

(Suarez and Lﬂlg-uir, 1976). 'rhe hrdrnted oxides of Fe and Mn provide

mmﬂm;m é’g e
exchang@able fraction This fraction may be very s ficant for

several metals and is generally considered non-available under aerobic
conditions. Rashid (1971) estimated that of a total bonding of 200-
600 meq metal/100 g humic substance, approximately ome-third can be
attributed to the cation exchange and two-thirds to chemical sorption

and organic complexation.
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The matter becomes more complicated as clay minerals may
act as nucleus in which hydroxide of Fe, Mn, Al and Cr, and organic
compounds is coated upon. Therefore, clay mineral of coated and
uncoated nature will differ greatly in there sorption behaviour and

capacity.

The affin™™ vy meg organic substances and
for their decomposi‘*_ _ N .1 importance for the
wstems. Singer (1877)
summarized the inflw 41— the distribution of
are capable of (1)
Nodity, (2) altering the

metals as follows:
complexing metals

distribution betweeZl Ldi ' ,' M forms of metals, (3)
L/ ;;-rr:- ¥ - "

alleveating metal toxicity :ﬁ setz]l availability of aquatic

LTI T

metals are adsorbed on

suspended matter (™ =~ ] of metal-containing

colloids. 1l

“' » m X Lam consists of the
e o PR TN AN T L o e
organg _ - LATT £ v ‘ es Qfriginate from
indmmmmmcmm ested for

use as detergent additives to replace polyphosphate, e.g.,
nitrilotriacetic acid. (Decomposition of higher-weight organic

substances with high molecular mass is mostly due to microbiologic

action, thus forming the smaller and more soluble fragments.)
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Saxby (1973) suggested 3 major processes leading to the
incorporation of particular metal-organic species onto a sediment: (1)
reaction between a metal ion and an organic ligand in solution leading
to a species which can either precipitate directly or be adsorbed on
ion in a sedimentary pile of all
/ coordination compounds, and
s resulting from the

solubilization of : AR L s es, etc.) by natural

sedimentary material, (2) incr

or part of an organism co

(3) adsorption on a™®

Table 3 Generaii 4 ' eaction scheme as

RG‘]; i I'CPJ

W dsorption of metak-organic
naterial onte clay particles
{+ve metabC correlation)

MX* or M(H, 005"

- )~ CP + free M**
{-" or M(H 00}
&

d\cnt nol concentrated

o dmrptlnn

t. T element-C correlation)
(ORG) —— CP + (M*") ——CP

A 9 VlEl‘ﬂ’i ' "lﬁﬁm

CP cl:y p rﬁdu : -

llﬂ interaction

In general the trace metal-organic complexes in natural
waters represent a mixture of ullarchthonuus gend autigenic substances.
These originate from solutions seeping through or running over the
surface of soils (Shapiro, 1963) or are formed directly in the
aguatic system by microbial and chemical processes. The behavior of

humic acids during coagulastion was summarized by Ong end Bisque
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(1968), and Ong, Swanson and Bisque (1970) in the following schematic

description of the reaction types :-

Chemical Aspect Fuos
. A r—y - - ———-—Eﬁ-
Org cids + M T e e e Metal-org. + Mcpxes “Effect
{Hydrophillic colloids) (Hydrophillic colloid
(Negative charged colloids) % %)
. ' ROECT
Metal-org. + ‘/)—1— Metal Humates
(Hydrophobic colloids - ~ (Precipitates)
eutral colloids)
The beh=s: { I [ H:rganic material at the
river/sea water inte o Mention in recent years.

A fraction of the d certain metals co-

flocculate in the ¢ ®er and in the estuary

.'!._
\

(Beck, Reuter and Peflir ) inferred that several

metals, Co, Cu, Mo, Ni, 'be removed to a considerable

extent during or gubsg organic substances.

),

In m s direct adsorbants

T

of metal ions is'ither overshadowed by com®®tition from the more
reactive hupsf sqi ‘T f n i im0 by coatings of
organic naﬂrﬂ;ﬂas Lﬂw ﬂﬂﬂﬁﬁij&tion coatings
greatdy e s ‘ ﬁ aﬁ( of sediment
and maﬂ:ﬂpﬁmﬁﬁﬁ; eﬂﬂj& ﬂd Ganguly,
1971; Sholkovitez, 1976).

3. Co-precipitation

Hydrous Fe and Mn oxides constitute a highly effective
gink for heavy metals in equatic systems where oxidizing occurs (Lee,

1975; Groth, 1971). Co-precipitation with carbonate may be an
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important elemination mechanism for metals such as Zn and Cd when
carbonate content occurs as a major component, i.e., when the other
substances, particularly hydrous Fe oxides or organic substances, are

less abundant (Forstner and Wittmann, 1981).

e.g., in the presence of D.O.

“/Jin the slightly acid to
d

#ain colloidal ferric

Under oxidizings
ferric iron {Fe3+} is
alkaline pH range.
hydroxide (Fe(OH)q) . O other ferric species
that can pass throur’ -g_purt of the dissolved
Fe (Hem, 1975). The h“h_hehaviour of dissolved
Fe, as well as oi © 'h nfluenced by organic
complexing agents. . I ce of COp (from the
decomposition of orgtfi \ : :rted to produce FeCOgq,
if the reduction potenvialés— : gly negative as a result of

the lack of oxyge

HHlljﬂ 'ti:} clagsified the

conditions for an 3 precipitation as folldds : (1) COp-loss or

SN 113 01131 [ gl S
DS RL R IEeTUh ek el e

The third possibility is of the interest with respect to
the co-precipitation of trace elements in carbonate. The solubility
product od CaCOgy is drastically reduced and CaCOg is precipitated in
the mixing zones of an alkaline water body and river water, so that it

carried heavy metals from solution with it.
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The main sink of phosphates in the ocean and in many lake
consists of Fe (1I1I) oxides on the surface of which phosphates become
chemisorbed. This kind of chemisorb occurs refer-ablr on freshly
precipitated ferric and Al hydroxide to a difference extent (Bache,

1963). Sorption of phosphates slyphosphates onto clay minerals

involves chemical bonding positively charged edges of
-es for silicates in the
ral high phosphate

adsorption by clay = L TR\ .., and Morgan, 1970).

These ph-4fr - ir precipitation will
enrich trace element, 'S '; 1956). However,

little has been inTes WAy 9 \ mechanisms involve the

Up to thig pad Ziove t ezch carrier or sink

influences the e:{%j Y Jatural water to a
difference degree. ||j)n T _—e f say that metals are

preferentially bonded‘ each phase f sediment. For example the

e ot B HANYBIWLIADT worere o

higher affinhg for heavy metag ions thag alkaline eagth and alkali
ﬂﬁ‘-}ﬁﬁ ASHUR VIR B
Wittmann 1981) :

Ph)ﬂu?ﬂi)ﬂabin)ﬂn)h)ﬂa}!lg)ﬂﬂl > K > Na
The affinity of the metals for the hydrous Mn-dioxide {Hnﬂzj surface
followed the order :

Mg < Ca < S8r < Ba < Ni < In < Mn £ Co

and that the interaction can be characterized by its pH dependence

VIV VD
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(Murray, 1975). Another study sorption of alkali metal ions on Fe
oxide surfaces under alkaline conditions showed a series Lit < nat «
kKt -~ cs* and a sequence of Cu2+ > znt > H12+ > M22* for tranmsition

metal ions (Vankataramani, Venkateswarlu and Shankar, 1978).

The presenc éitinn of trace metals,

particularly in the =" o ine - —~ons of sediments. High
proportions of quart: 7/ i mesarbonates tend to have
guite the opposite v | wnheavy metals budget.
This significant pr gfr g : Wsent bound metals in
often represented b the lattice of
detrital minerals. f 2 vede) \ suurce minerals and may

often serve to chara.c‘w' e cdddRs : ) % areas, These metals are

Heav .-_T_T__—_“" - S race Gﬂlpﬂl‘lﬂnts.

-
| L 4
i L

frequently in iner .3 I_ and deposited in the
|

mineral substances af natura.l rock dehru.

< “‘*WET'?WEM“?WEI"I?T’S“M"

'I'he distribution of elements dn minerals j deterlin&ted

ﬂﬁﬂﬁﬂﬂiiﬂﬂ%’]@ﬂ DY TR

solution) and by the crystal-chemical factors, i.e., ionic radii,

“he silicate minerals

valences and electron configuration. Cu has not a strong tendency to
be incorporated in any particular crystal structure of rock-forming
minerals, but appears to be enriched more in the earlier counterparts
(olivine, pyroxene) of magmatic differentiation series (Boven series)

than in the late crystallization products (alkaline feldspar, guartz),
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on the other hand, Zn as prefenrentially incorporated into distince
structural positions of silicate and oxides, where it .replaces ferrous
Fe {Fez+] and Mg. Biotites and amphibols are often very rich in In.
Some pure Zn minerals exist in both structural forms. Pb in the

gilicate structures replaces the position of large monovalent or

divalent metals, espectially (K). This explains the

Clay m™Cr ) "Shavy metals contain
gsignificantly high#® requently exhibit a
close relationship g4 of a regional nature

(rock, ore dike).

In studyisg into. different phases of

sediment it is r@" e representative or
representatives of, stals o pouce (lle amount of work one

dF

CAN mAnage.

_AHEANANSNEINS. e
SRR ey

Metals react as electron-pair acceptors (Lewis acids) toward
electron-pair donors (Lewis bases) in possibly the most important type
of chemical reaction, which may be generalized by the equation :

A+ :B > AB
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Table 4 Estimation of the relative importance of mechanisms and
substance in metal accumulation (after Salomons and
Forstner, 1984)

Detrital Reactive Tracemetal lronand  Calciem
minerals, organic  precipitales, mangancse carbonale,

ofganic  matler c.g.. oxides  oxy- non-apatite
residues carbonates  hydroxides phosphates
Incorporation in inert positions, eg. XX X
lattice-bound in crystals
Adsorption = physical sorption L X

Chemical sorption and
coprecipilation
Precipitation of discrete minez

XXX XX

Complexation NMocculations cC c
ageregation .
C, CC: Effective via coalins
The resultin- — ion pair, a metal
complex, a coordinaclc 3 (154 5 Nceptor complex.
Pearson (1968: ' - "-‘-."*..h A% the grounds of experi-
= Il'- " " "
mental evidence, acce o= "3 : Whto "hard" and "soft"
categories to explain diffziFid io/ otability of the species AB.
As a general rulieSs accent o S X |0 hard donors and

-
-
L}

|

soft acceptors _ stable compounds.

1
Since this principi™® serves to systematize a *:at deal of chemical

O ()L 1:1 11 110) e g
ARSI T

A hard scceptor is characterized by low polarizability, low
electronegativity, large positive charge density (e.g., high oxidation

state and small radius); the converse is true for a soft acceptor.
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Table & Classification of acceptors and donors (adapted from
Pearson, 1968a) R=alkyl or aryl (After Forstner and
Wittmann, 1981)

Hard acceptor Intermediate Soft acceptor
H*, Ha*, E*, Be2+ ng*, F32+_ an+. H12+. G“+’ ﬁg+’ Au*, it
caZt, wn2t, a1%*, crdt, L2+ ug?t, pa2*, ca?t,
codt, redt, as¥t _J/) pt2*, ng?*, cuyiig*

Hard donor
Ezﬁ. uH_| F" ﬂl-l

Soft donor
eH™, S%~, RS, CN~

PD43', 3042"1 maz-' CN~, CO, R,S, RSH,

0%~, RS

similarly, a Har ac\hited by low polarizabi-

lity, but high electrunegntA gh negative charge density,

whereas the oppsit

Since electimy P8l lassified as acids
| E

RO 11713161 1) | 12101 e
‘*““’qm mmmummmaﬂ

he hard acids, for example, a . form strong
bonds with the hard bases, e.g., 02" or 6032_. Conversely, soft
acids, Hg,2* or Hg?*, or PbZ* prefer soft bases such As". Hard acid-
soft base, or soft acid-hard base combinations according to HSAB, do
not form strong bonds; their ores will have been leached away by water

prior to any ore recovery.
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For those transition-metal cations having between 0 and 10d
electrons, a reasonably well-established rule for the sequence of
complex stability, the Irving and Williams (1948) order, is valid.
According to this rule the stability of complexes increases in the

series

an* L4 Fez+ <

Therefore, in w ady Cléi Cd are chosen as the

representative for

acceptor respective

The extent of L eyl x.*; c*diments has been widely

|/ ¥ B
studied using sequentia. e¥ —ﬂ

Malo, 1977; Chester, an, 1979; De Groot and

liqies (Gupta and Chen, 1975;

Zschuppe, 1931;' ~tc.}. With this

approach it is pu:ﬁ ble exfiint of each type of

dF

bonding which is ntrogg influenced the mineralogy of the sediment

. the m.ﬂwgwgmg W R G vina mer 100

to a better eratunﬂing of qfﬂchEIlcll relatinnship tween metals

ﬂﬂ"fﬁ“*‘l ATRHHAAEN El"l’ﬁ -
presentl¥ used in sediment studies are not necessarily suitable to the
study of near-shore sediment because the methods used were originally

developed for rock and deep-sea sediment.

The conception of sequential leaching method is due to "the

solid material can be extractes selectively by using appropiate
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reagents. Selection of extraction seguence and chemical reagent are
based on chemical reactivities assuming that equilibrium is achieved
during the time of contact. As we know that many factors can
influence that rate of heterogenous processes, and differences between

samples may arise from variativesyir physical characteristics, as well

as from different distribu’y /"ween components.

designed for
specificity, to m and to minimize
variations in the p MM\iue to non-uniform or
incomplete extractior \ n of solubilized ions.
The followings strﬁnr _ 1 £ o B L" g of every sequential

leaching method.

1.1

-
-
i,

A se to disaggregate

and disrupt the s .l' 'ment (Edwaras and Bremne; :v 1967; Watson, 1971;
Genrich and ﬂﬁ .‘ﬂ t of disaggregation by
probes is dﬂﬁ mi ﬁ i (Watson, 1971;
North, Ly eath £a{198 cnnc“ed that the
mlat%ﬁlﬁﬁ ﬁimm ’lg néj latﬂ augmented
by the disaggregating effect of freze-drying obviated the need for
intensive disaggregation. Microwave oven has been recently
recommended as well (Mchan, Foderaro, Garza, Martinez, Maroney,

Trivisonno and Willging, 1987), because it can provide heating at the

game time as dispersing
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1.2 Mixing of Sample and Leach

Differences in extraction rates due to the
thoroughness and rate of mixing of sample and leachate have been
reported for sediment extractions with HEEGH'HGI-HHﬂa (Chao, 1972) and

for soils extraction with DTPA

1} ) j2opour, Khan and Lindsay, 1976).
Vortex mixing provides wi . m mixing of the extracting
solution with the sedi [ particles, and avoids
problems with contaiwe 7 e —wwced of the shaker. To
disaggregate partic® b &) g it grains, samples are
dispersed in an u*Ta g 4 A “ortex mixing. This
treatment increas y N »xtractant and the
susceptible sedir ' \ % r ensuring complete
extraction. In the for example, ultrasonic
treatment (using a prob U ncrease the efficiency of
extraction through the &= tion of humic substances

{Felhﬂﬂk, 1959; e : IIIH., Hﬂﬂﬂlin ﬂnd

v
Kawaguchi, 1969; hig=

LIl

» A

Salyd (A967) found tfgt 4-5 min. of ultrasonic bath

disperston ﬂuﬁl ‘.}m&m@w BV 3 1e asopersion,

providing t.ha.t. the temperaturegrise of t tra.nsduuer t, be kept to

a -mqwamnmwnmna B e vater

should be deep enough to ensure reproducibility (Pritchard, 1974).

1.3 eri

Reactions of extractant and sample often result in
the release or comsumption of Haﬂ+ ions. The resultant changes in the

pH of the sediment/extractant system can profoundly affect the
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concentration of elements extracted (Lindsay, 1979). Toe minimize
effects due to differences in the final pH of the various
sediment/extract systems, all extractants used in the procedure should
have high capacities and intensities. Therefore, the buffering

capacity of such reagent like of the HOAc-NaOAc extractant solution

itive extract to dissolve all

‘/)e that contain 6BX Cams,
d

| — = the first repetitive

must be sufficient for the |
the CaCOq in 0.5 g of a
resulting in a final
NH,0H-HC1-Na-citrate <

SSglule material containing

44X Mn as MnO, prodr- h%o only 5.2.

s»se some of the metal

to the sediment via AWy and Cameron, 1980).

This phenomenon could resul sation of the metals released

and ddowmstream” errors when a

from solid phases

succession of - = 1To minimize such
v.‘, I"d
readsorption error dure—= prepllitive extraction is
v i¥

recommended (Robbins ‘t al., 1984). e concentration of reactants in

s U A UG - e

reaction Hlt the culpnnentfaf intereat within the first two

mmqmmmmumq NP1\

1.5 Temperature Be

Temperature should be adjusted for each reactant
because of the differences in it extraction rate. By means of the new
technique in using microwave (Mahan et al., 1987) more time can be

saved than using conventional heating.
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1.6 Extraction Segquence

The extraction sequence is usually designed to
minimize cross contamination of one phase with another and should

reduce effect of one reactant on any phases. It is commonly found

that carbonates fractions mu gacted prior to the removal of

é avoid dispersion of fine

s f raction.

the metal from another

clay-size carbonate p

the chemical

equilibrium must

¢ "l )
extractant. Normalfy, AN T \

'between sediment and

perimental conditions

& ; “"-, \
hopefully ensures thi€ JF co 1.*‘-'-’ tuc §sWeaction proceed to the
same extent so that nh ious are attributable to

lllF'

composition effec -""*'J

ughr kinetic effect.
Theoritically, i ,1 d further extraction
with the same mea.‘f it _ e Ti more of the species

sought or it will re}e e a fairly ta.nt fraction of the residual

s o U AU TG o

the time of aking must be 'ufficl.ent to ensure mhxevelent of an

equiﬂﬁ?ﬂ*ﬂﬁ?ﬁ‘&ﬂ%‘i@ﬂﬂﬂﬁ‘ﬂ

Type of extractant normally chosen for sequential

leaching study can be grouped as follows:

1.7.1 Acids

Extraction of a sediment with cold, non-

oxiding acid solution should, in theory, release exchangeable adsorbed
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cations (particularly from sites having a high affinity for protons),
reverse reactions involving proton transfer (e.g., promote
digssociation of metal-humate complexes), dissolve disordered or non-
aged hydroxy species and carbonate minerals, partially dissolve some

silicate minerals and minor sample components, and precipitate some

'

' (e.g., acetic) should

sparingly soluble species [

ensure minimum attaca™Cr b _ '*3_5’ but at the same time,

iy

dissolution of disso! | 2150 become partial and

both clays and Nravie amounts of metal

ions at pH "3. : Y A Nt eased by the use of
amonium oxalate, i l . adjusted to pH 3.2

\ ning on both clays and

humic acids at pH <4 | ring, 1980; Farrah and

Pickering, 1976a, b)
7 X

T
1
N

o

iF

Snlt aolutiann (e.g., oI k*, Nat = Caz+

of cancentrﬁ;ﬂﬂ qwg Wwﬂﬂ ﬁ ment of other

cations from Qaccessible exchunge sites nnd weakly honding adsoption

QRN I TN

pH of the sediment suspension, and in some cases its pH is

NHy*)

lowered. This may cause the exchange capacity to vary since the

exchange capacity varies with the pH used and displacing ion selected.

1.7.3 i i 8

Conversion of cations into stable anionic
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complexes of cations into stable anionic complexes or chelates should
also promote their release from many components of sediments.
Chelating solutions possess the ability to dissolve some sparingly
soluble solids, but the rate of attack varies markedly with the degree

of crystallinity or "aging" time, particle size to solid, nature of

the chemical compounds, p j»iration of the reagent, and

. é" to control the extent of

TA and DPTA have been

effective stability of
such dissolution prol™
widely used as extres- W2 their ability to form
very stable, water- range of polyvalent
cations. The muiﬁ- ; ! = . ﬁuure of the sum of

exchangeable and disr ganically bound.

ent Modes or

The Pagup e ntrihution patterns

are somewaht arbi 7 Y | ne appear to be the
ion exchange, the : akly o= , pic-bo f |, hydrous oxide, and

lattice component mgtggial. Viewsqgiffer on the type of reagent

required forﬂ%ﬂﬂ %&ﬂ‘iﬂ&ﬂﬂﬁ

This fraction is easily exchange with environment,
and is generuliy the result of cation exchange and often metals are
defined as loosely sorped to many of the mineral phases, both organic
and inorganic, of sediment. By far, this is believed to be the most

biological available fraction in normal aerobic envim-nlents.
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This fraction, may be subdivided into the water
goluble fraction and exchangeable fraction. Soluble cations, that
are dissolved in the porewaters in sediments, are extracted by rinsing
sediments with polar or non-polar solvents which causes a major loss

of exchangeable cations (Gupta and Chen, 1975; Polemio and Rhodes,

1977: MNeal, 1977:; Sayles. gdorf, 1977; Forstner and

Patchineelum, 1980).

kinds of extractants

employed for extrac=® i ;‘ 'E_.“Jle fraction.

release metal ions

Reagent
1 M NH40Ac, pH T Peech et al., 1947;

pe, A968; Gibbs, 1973;
i1, et al., 1979;
orsfll:r & Wittmann, 1981

1¥

Forstner et al., 1981;

ﬂUEl']\ WEWI?WH’mﬁm.m.

ihsun & F , 1983
t;dﬂr oxygen free condltiﬂnn} Ada:s et nl., 1980
1 M NH,0Ac (deaerated), pH 2 Gupta & Chen, 1975
5 M HHiCl, pH 8 White, 1957;

Zaytseva, 1958, 1962
1 M HC1 Stanton & Burger, 1966

0.05 M CaCl, Mclaren & Crawford, 1973
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Table & (cont. )
Reagent References
0.2 M Ba.Clz—thiethanolu.nine, pH 8.1 Patchineelum, 1975;
Forstner & Patchineelum,
1980
1 M BaCly Meguellate et al., 1983
0.5 M MgCl,y . /éenreich et al., 1980
1 M MgCl, ' | ans, 1968; Stewart &
1965; Gibbs, 1973;
et al., 1978;
: ; 19793
LiC1-LiOAc, pH 8.2 vl NN, et al., 1962

ethanolic LiCl-CoCl
ethanolic NaOAc-NaCl, p - > 8 lemio & Rhoades, 1977

NaOAc, pH 8.2 IV T8 S Bascomb, 1968

ns by NH,Cl (White,

48, 1962) or by NH4OAc Beech et al., 1947;
Ackermann, ‘ ‘i wje 79 uges considerable
dissolution ﬁgﬂt ﬂﬁd gm‘ E’Q ﬁia (Papanicolaou,
1976) 0 (£ ﬁ . 19 and Mg as@frbonates and
sulf amaaﬁfﬁx ﬂ n‘:fﬁtnﬂ:lla)ﬂrd roxides

(Jenne, 1968) and metal oxide coatings in general (Gibbs, 1973).

1957; Zaytseva,

Rhodes and Krueger (1968) reported that HI-I;"' can cause excegsive
cation extraction from zeolitic and feldspathoid-type minerals. The
use of ammonium salts was also affect the dissolution of organic

matter via the formation of ammoniated organic matter complexes
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(Frink, 1964).

Some dissolution of CaCO5 was occurred when using
Baﬂlz. MgCl, can be used instead Baﬂlz; however, BaCl, or llg(}12

concentration should be optimized {Heg'uellai:a et al., 1983). 1 M

Hgﬂlz reagent was perferras 1673) over NH,40Ac (ammonium

o éle Mn and Cu, because the
d

acetate) for the ﬂEtE!‘ll

acetate appear to dis=% —oatings.

At ‘ / ‘ < ™ exchange sites with
LiCl1-LiOAc, pH 8.2 ) zh and Slager, 1962)
had only been party , 1976), Ethanolic
LiCl-CoCl can prody results in carbonate

dissolution (Neal, 19 Mrted little dissolution

of CaCOq caused by us| k). Nonetheless, Rhodes and

Krueger (1968) have shown . f’f;, gtant can dissolve structural
cations from sil ,,' ‘;]' proposed the use

Yo : Y

of ethanolic NaDAS*= % #.ble cations concede

¥

that NaOAc may not: ‘E o-pletely satulate exchang
with di- an i ﬁ «NaOAc extractant

relmed@w Y[B Wﬁg #¥s into solutionm,
in co w mﬁ ij‘]] #ﬂuilmnea.
especin anm Eﬁ w

Patchineelum (1975) chosed to use 0.2 M Baﬂla—

gites in competition

thiethanolamine solution, pH 8.1 because of its chelating effect and
formation of metal-chloro-complexes, which are dissolved in the

solution.
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From the review it is noted that there is still no
extractant that is specific enough to give a meaningful and realistic
result. In addition, as mentioned earlier that this fraction is
sysceptihle to handling and preparation, thus in this study, this

fraction will be extracted along with carbonate fraction.

e may cause dissolution

of the carbonate ph- = % \Memobilization. For the

Table 7 3 QAlds 2ts|§scu to release metal ions

cipitated or co-precipitated

on c -h.“‘- DL
V. Y |
Reagent - P

acidic cation exc-n:ger or buffered Fori=er & Wittmann, 1981

DS L UL /L
‘lw’] aQﬂ‘smﬂJﬁ’]mﬂ:&[ , 1975;

neelum,
1980
0.4 M HOAc McLaren & Crawford, 1973
1 M HOAC® Gupta & Chen, 1975
1 M NaOAc-HOAc, pH 5 Jackson, 1956;

Tesseir et al., 1979;
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Table T (cont.)
Reagent References
1 M NaOAc-HOAc, pH 5 (cont.) Forstner et al., 1981;

Forstner & Calmano, 1982:

Gibson & Farmer, 1983
ﬂhhins et al., 1984
— ellate et al., 1983

iaconineelum, 1975

1 M HOAc + 0.6 M NaOA;
mz-t,rent.lent of sus

* remove some Fe &

Mo Fe oxyhydroxides
increases abruptly \ \ and Laitinen, 1974;
Forbes, Posner and @ tie, 1978; Benjamin and
Leckie, 1981). So tha DHI T 3 - these "specificially

A g

bound"” cations. For Mn_& ﬁ'*’-'-*u__..f._, adsorption edge (the point

where metal ion =" — - at pi <5.0 (Gadde

Y
and Laitinen, 197 C mreatment may remove

B

proportionally less s}pecihcu.llr hound metals Im- Mn oxyhydroxides.

For '“‘“‘“ﬂ‘ﬁ'&f’)%ﬁlﬂﬁﬂﬂﬁﬂ‘? of each samples

should be usef) (Robbins et u.l.. 1984).

el AARIANUITNYNN ... e

Tessier et al., 1979; Forstner et al., 1981, etc.) is capable
dissolving carbonates because of its effectiveness and minimal impact
on other phases, The use of strong inorganic or unbuffered weak
organic acids is not suitable due to the vulnerability of silicate,
particularly iron-rich phyllosilicates and, zeolites (Rich, 1968), to

dissolve at low pH (Coleman and Harward, 1953; Low, 1955; Aldrich and
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Buchanan, 1958). Robbins et al. (1984) found only 0.38% of the total
Al and 0.4% of the total Si were dissolved by using HOAc-NaOAc in the
study of phillisite. While the acid intensity at pH 5.0 is low, so
the capacity is sufficient to cause complete dissolution of CaCOq

within a short period of time.

lopite, which is not detectable in

1 resistant to HOAc attack

,./na‘,cupelmd. .1970; Horder,

post marine samples, has
(Ray, Gault and Dodd,
1979, etc.), but Test s that HOAc-NaOAc, pH 5,
causes the disappes in sediment samples.
This is consisten} 41967) finding that

HHZ{]H.Hcl + HOAc tr: : of dolomite.

How : , pH 8 \ c-HOAc extractant may
be able to dissolve mi land organic matter from
sediments (Tessier et a;, : _TJ HOAc treatment are found
to extract virtually =2 . total Eaﬂﬂa—hounﬂ Ca in

carbonate-rich se - This means that

v' I;-'d
this reagent is ef *t. . w=t. of the metals bound
in the carbonate frnc}mn with less effect to t e lattice held. Lyle

et al. (maﬂ% %Mﬂ?wﬂqﬂﬁm Cu, Ni and Zn

Was extracte ) from all au-plc‘ep during Hﬂﬁc-ﬂa.ﬂhc treutlent. The

U ARTRIMTIN IR

to cl t contained in the carbonates.

Robbins et al. (1984) found 1.0 N NaOAc concentration
can completely dissolve the CaS04-2Hy0 (which was dissoluted during
freeze-drying depends on the jonic stremgth of univalent Na-salts
(Nakayama, 1971) from marine sediments). Grossman and Millet (1961)

reported that organic carbon and free Fe concentrations in non
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calcareous soil samples were unchanged after contact with this buffer
for 9 weeks, but Nissenbaum (1972), Gupta and Chen (1975) and McLaren
and Crawford (1973) found lower pH values lead to a partial attack of
Fe and Mn oxides. In summary, pH 5 HOAc leach is capable of

separating carbonate-bound, se: . jexchangeable, and sorbed cations

from sedimentary particle:

tion of this fraction
will depend upon such . pDercentage and type of
carbonate present, 4 E L ' h%: however, for coarse

bottom sediments wit* Y - \ longer leaching times

This frac .f : #21ly important as a result of

the formation of5 0 Farly decomposition

processes may "yl

iy Jto the water or, by
ingestion, directl||jto IS #e:  Alller decomposition and

AE

mineralization of thg aprganic have been completed, metals

et of} U NUNTHEADT e
mﬁm PP LR I1AF |

by dissolving the segment using NayP,0q, through proton displacement
(with 0.5 M HCl1); by chemical competition (e.g., using 0.05 N EDTA)
(Pickering, 1981) or through the using of surfactant to disperse the

sediment (e.g., Sodium dodesyl sulphate, SDS) (Robbins et al., 1984).
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The summary of extraction techniques for this

fraction is shown in Table 8.

Table 8 Some examples of extractants used to release metal ions

from organic fraction (complexation with organic matter).

“,ii' References
JJ_ fison, 1958;

:r & Hughes, 1967;

Reagent
acidified 30% Hy0, folld

1M Nﬂqﬂﬁc
aum, 1972:

Wt al., 1977;

i Chen, 1975

ns & DeGroot, 1978;
ek & Owen, 1979;

@ :ermann et al., 1979
Adams et al., 1980

. ghr)& Wittmann, 1981;
""& Calmano, 1982

Megu®dlate et al., 1983

““‘mﬂﬁ”ﬂ“&l‘mwﬂiiﬂiif“;;if“
o AT HB TUETREL

b) 30X Hy0p + 1 N NH40Ac for organic 1980

N

residue and sulfide
Hy09 ' Shuman et al., 1978
Gibson & Farmer, 1983

% not suitable for near shore sediment because of high organic
mattter (Chester, 1978)
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Table 8 {cont.)
Reagent References
EDTA Pickering, 1981
HC1 Pickering, 1981
0.1 M NaOH Bucket & Metche, 1972;

.-ﬁatchineelﬂl, 1975

0.4 N Napyrophosphate, — D - .nreich et al., 1980

SDB. anmﬂ g _.-.II.B Et al.- ] 1954

iy

Organic solvents suct & Harris, 1974

0.1 M NaOH/H,S0, /[ %G ™ & Fonina, 1974

1"high-pH leaches as
dispersant. Surfact #« e gVl \ Mtive dispersant where a

substantial fraction cl terest is located at the

phase boundary. The solution is more suitable

because most ofSSw— 22/ this extractant is

\,
|

largely fulvic &cilér- .= can be flocculated by

electrolytes (Evans, 1955}

R 1 kL1211 1 1A S

(Robbins et AJ., 1984). The fulvic acid fraction is conaldered to be

Both fulvlc and humic acid have very high

‘E ,wtfr QYA Qe 'T'Iwmﬁuﬂ (Schnitzer
| ' p
and De8jardins, 1969). d solution w high ionic strength

will also help to flocculate clays and oxyhydroxides dispersed by the

extractant (surfactant) (Ford, Greenland and Oades, 1969), thus

helping to prevent cross contamination from these fractions.

Among the surfactant used SDS (gel electrophoresis

grade) is considered to be better than iso-octyl ethoxylate (Triton




56

X-100), alcohol ethoxysulphate (Neodol 25-35) and alcohol ethoxylate
(Neodol 25-12), because of its availability in pure form and its ease
of handling. However, the buffered surfactant solution having a basic
pH with Na salts is recommended (Evans, 1959; Schnitgzer and Skinner,

1967 and Robbins et al., 1984).

Hzﬂz i= / popular extractant because

é material. However, it

its effectiveness in =

needs to be acidifji s scavenging of metals

ions by Fe(IIl) b 2t higher pH value.

Because under mild : ~ fectively solubilized
Mn oxides and their 4 G8) making the results
of earlier studies t \ al., 1977; Gupta and
Chen, 1975). Imn anjr L‘ sxtracts after treatment
are the pre-requisite t > T tle Msults. In addtition, the
use of acidified Hy0q is f = following disadvantages :

g i liefractory organic

matter in suplt

A Harada and Inako,
..: =

1977);

s um.@.ﬂﬂﬁ" Ehs: W}ej e o o

. AR SALARIATEAR .

resultant suppression of organic matter oxidation;

d) Brown (1953) and Martin (1954) found it related
to from oxalic acid leading to the precipitation of insoluble Ca-
oxalate, while the dissolution of oxyhydroxides was found by Farmer

and Mitchell (1963) and Jenne (1968);
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e) Poorly buffered, organic-rich (Douglas and
Fiessinger, 1971) or sulfide-rich (Van Breeman, 1973) sediments become
very acidic when treated with Hy0,, leading to dissolution of
silicates (Presley et al., 1972; Langeveld, Van der Gaast, and Eisma,

1978; Tessier et al., 1979, 1982) and

f) Metals 3 HoOy treatment are susceptible

"/,edi-ent (Guy, Chakrabarti,

to scarvenging by Mn oxg

and McBain, 1978).

acidified Hy0,, one

must employ it afte F 8 AN ‘raction.

e uetal ions associated

with both organic a 31), and this has led

to these being used } | ivaluation of the total

non-detrital fraction. i

3 bes yfrjct metal-organic

complexes (Bucke ‘ﬁJ -ﬂ'd

the pH buffer B?Bt'IJ

ﬂ wﬁa%ﬂ “%%%ﬂ'@ organic matter

do exist {e.g conc. HNOg used aeparntely or in colblnatlun with HC1

- = QRAGIATHURIINY YY) = o

sense tilt they may also effect a partial attack of silicate lattice

Lsperses organic in

(Tessier et al., 1979).

2.4 Reducible F tion

For the reducible fraction, so called oxyhydroxide

bound fraction, in marine sediments consists primarily of poorly
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crystalline material, but can contain more crystalline Fe oxides such
as goethite and detrital magnetite. These crystalline oxides, which
are more resistant to extraction than non-crystalline oxyhydroxides,
are uncommon in most surface sediments in the pelagic environment. An

extractant for this fraction should not attack silicates.

gdes are relatively easy to

t ion contained easily

ity of such silicates

extract, but the fine-
degradable authigeni:
to attack by potent played a major role

in the final choice

cv.on into another sub
3 subfractions. Th&s g\ e®), The co-precipita-

tion of metals with h n is well known, these

oxides provide sorption s.n. ome of which, may be removed

in the easily e ‘«. : az fraction may be Very

significant for mf~j F"; lfered non-available

under u.ernhic- cond [ ionss € cpilition the resulting

¥

reduction of the Fe nxides,. cause solubilization of the

associated ﬂu E}"}/ﬂﬂaﬁwmﬂ ihese can become

linked with eﬂother fraction a.t the aednent. (e.g., to a sulphide

= Q WIRNN I AAINYIAY
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Table 9 Some examples of extractants used to release metal ions

from reducible fraction (or oxyhydroxide fraction).

Reagent e es

(a) Easily reducible phase (mainly Mn oxides)

0.1 M NH,OH*HC1 + 0.01 M HMNQ ~ Jackson, 1958; Chao, 1972;

.é‘uptn & Chen, 1975;

, omons & De Groot, 1978;

et al., 1980;

‘O\\tner & Patchineelum,

No:
E '3 suner & Wittmann, 1981;

Worstner & Calmano, 1982;
|
Gibson & Farmer, 1983

* extract Mn oxiges
Chen, 1975; Ch
1982)

= cgvhydrates (Gupta and
&=J)retner and Calmano,

Y]
- :

I..
(b) Moderately red™:ible phase

0.2 M m;:ﬂ Illﬂ‘eaw' W{w ﬂﬁn , 1964;

et al., 1979;

qRaN I 1N

Forstner & Calmano, 1982

¥

1 N NH,0H-HC1 + 25% HOAc Forstner & Patchineelum,
1980;
Gibson & Farmer, 1983

% amorphous and poorly crystalized Fe oxyhydrates
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Table 9 (cont. )

Reagent References

(c) Non silicate iron phase

Na-dithionite-citrate Holmgren, 1967;

; 4 Anderson & Jenne, 1970;
/Am et al., 1978;

‘ ier et al., 1979;
NNgann et al., 1979

or & Wittmann, 1981
oxalate buffer reage 4 Tr tmann, 1964;
Wwh & Dymond, 1977
1 M NH,OH-HC1 - EEI'HC: ster & Hughes, 1967;
Acid ﬂll‘ e is commonly used as an
alternative to F | 4 .g' ferro-manganese
oxyhydroxides V:. Y} ann, 1959, 1964;
DeEndredy, 1963: Scllllen, 1oTommmmmmme . cadl] (1973) reported that
this solution dissolvgmpxyhydroxidegwithout attacking silicates or

arystalline ﬂuﬂw’lm &m;mmm Delth and Dysond

(1977) found J.t. to be slightly more spegific for oxyhggroxides than
s p PN SAUBIIRE B Ehoaricn
problems occur because insoluble Ca and Ba oxalate precipitates are

formed (Brown, 1953; Martin, 1954; Taylor, 1964).

Sodium dithionite-citrate buffer system (NayS,0,-Na-
citrate-NaHCO4, pH 7.3), developed by Mehra and Jackson (1960), is

most commonly used by clay mineralogists for dissolving both
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crystalline and amorphous oxyhydroxides, but not suitable for use with
pelagic sediments because it attacks Fe-rich layer silicates (Coffin,
1963) particularly fine-grained authigenic nontronite (Robbins et al.,
1984). Na,8,04 tends to be contaminated with Zn (Shuman, iBBE:

Tessier et al., 1979) and the extractant solution can readily lose

metals by precipitation of (Shuman, 1982).

NH,OH-HC1-HOAc; the g MGl A"\ Wor those trace metals
. . 3 : % !

which from the most i

\
Furthernn ditional problems are riased

by the utlhzat.r. ozle (Tessier et al.,

1979): (i) d1tl iy"] with Zn and its
purification by &f : chelay s — e procfljire proves difficult
(Brannon et al., 1987&, (ii) freqygnt clogging of the burner is

ovserved o] WE N BRIW BTy 1000 wtomse

absorption npectrophotuletrg,fdue to t high salt t.ent of the
e BRI A U4 HA AN B
step is required before analysis (Jenne, Ball and Simpson, 1974). The
acidified NH,OH-HC1 buffer can efferentially reduce Mn-oxyhydroxide,
while reduction of Mn oxide may required more time to complete this

digsolution.
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Chao (1972) and Shuman (1982) concluded that
HHEDH-HCI-HHG3 was almost efficient as other reducing acids in
dissolving Mn while removing little Fe. Increasing the NH,0H-HC1
concentration in extract solutions from 0.1 M to 1.0 M results in the

extraction of more Fe (Chester and Hughes, 1967; Chao, 1972).

4t the greater effectiveness of

‘-"/)ating Fe to the 10 times

Frampton and Reisenauer (127
HHzDH'HCI-Hﬂﬁc over NH~

' extractant.

xtractant is capable

of dissolving cal 1t does not dissolve

amphiboles, apatit ¢ N , glauconites, micas,

pyroxenes, zeolite The HHEOH-Hcl—Hﬂﬁc

treatment also extr: :"Wrom opal (Chester and

Hughes, 1967), Al and ! ~¢ ‘3 (Tessier et al., 1979),

and Al from soils (ShumZZiZiis/ sgibly due to the low pH

(approxiamtely X& A:jreasing of the Fe-

-
!

oxyhydroxide diEJr* fased extractants by

m

= y enhances the dissolut™bn of Fe-rich layer

reducing the pH

1’1\ 1) (e LT S
_ ARNATRINRIINEA St

kers to be more suitable than HHEDH-Hcl-ncatate because of its
capability in removing a well-defined, reproducible Fe-oxyhydroxide
fraction from most samples and all the Mn from nodules and oxic

sediments (Tessier et al., 1979; Bowers et al., 1980; Robbins et al.,

1984).
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The use of citrate has advantaged of preventing acid
attack on aluminosilicate, minimizing the readsorption of metal
released by the extracttion process, enhancing the dissolution of
amorphous and poorly crystalline Fe-oxyhydroxide, minimizing the

formation of the insoluble oxalate precipitate and if added in the

form of Na salts will provide ' *jsuppression properties in AAS

(Canney and Nowlan, 1964;.5 @ins et al., 1984). The
best concentration of i m at pH 5.0 (Bowers et

al., 1980).

2.5

have been removed,
the residual solid st  PUviderr ¥ -‘.~ secondary minerals,
which hold trace metals W 1A _ iata , *ucture. Concentration
reflects the source utrm ten serve to characterize
separate drainage areas = ﬁ':‘a--"” inert. and biologically
unavailable or one ;.— ,u‘"‘f ad to be released
in soultion over a ' 30N4a0 peer tj}} condition normally

J dF

encountered in nature. ‘ e Summary o ecl:miquea in dissolving this

fraction is shﬂ HEI’%VIEI?]? neIn?
qﬂm’mﬂmymﬂmm 4,

provide the background level of metals in such sediment before it
comes into contact with other environment. The method used in this

fraction would be the same as in total digestion.
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Table 10 Some examples of extractants used to release metal ions

from residual fraction.

Reagent References
Neutron Activation (NAA) Shuman et al., 1978
HF-HCLO,4 Salomons & DeGroot, 1978;

earstner & Patchineelunm,
QO: Forstner & Wittmann,
HF~HNO4-HC1 '”';;Q:. 1968;

. et al., 1969;

; Whiteside, 1977
HF-HNOg-fuming HNOg : & Windom, 1972;
| Mor et al., 1977
: am et al., 1980
HF-HHUE-HC104 Agemian & Chau, 1975, 18976;
“hen, 1975;

.ii.u & Owen, 1979;

Hegue late et al., 1983

e NN NN

HF- HE104-HB1 Chester & Hughea. 1967;
RIAINTU U INGI§ Y™
q Grobary :]L lﬂe. 1981
conc.HNO,4 120°C Forstner et al., 1981;

Forstner & Calmano, 1982
Aqua regia-HF-Boric acid Gibson & Farmer, 1983

HNO4-H,S0,4-HC10, Scott & Thomas, 1977
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Complete dissolution of the residual fraction
requires vigorous digestion with strong acids or combination of strong
acids. Sometimes the solubilization action is preceeded by fusion of
the sediment (e.g., Pratt and Bradford, 1958; Gibbs, 1973; Sulcek,
Povondra and Dolozel, 1977). HF, in most cases in combination with

one or more others acids or *rgljents, is always involved. The

teflon bomb technique is 1se of its advantages of
working in a closed s» /_ ‘ding up the digestion

(Loring and Rantala,

abundances of heavy
metals in the crystal ; . minerals may result
in different amoun®™of loas Uy .ffereut digestion
procedures, therefor 22 tion procedure that
will bring a complet - iferous minerals in

sediments.

Ti W -7 ' "j conjunction with
the bomb digestid y:‘. A e the digestion

“d:alliferous minerals

NS ™
QRIAIAIUNRIINGIAY .

because it tends to underextract or overextract metals from the

technique that givesi¥ne strongest a.iLck on the

fraction of interest. Pickering (1981) has summarized the reactivity
L ]

for each type of extractant ever employed inwhich it will give the

reader an overall picture (Figure 5).
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