CHAPTER 1V

GEOCHEMISTRY OF SEDIMENTS IN THE GULF OF THAILAND

Characterization of So

szable organic matter in
silt and clay frac’glry e ¥ s Ment of this study are

presented in App® W\c1lizable organic matter

analyzed by the chd liable and are better

estimation for orga The average values of
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Organic matter il_' likely toggssociate wiQlf fine-grained
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Salomons and Forstner, 1984), rather than coarse-grained sediment. "J¢
is confirmed in this study by which the amount of organic matter

increases as the percentage of fine-grained particles, particularily

clay, increases (Figure 16).
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2. norganic bo nt

The carbonate content is slightly lower in the Lower Gulf
than in the Upper Gulf and has the average of 12.8 % for the Whole

Gulf. Low concentrations, ca <1() ra found in the samples collected

from stations located alo th sides of the Gulf, which

is the same trend as E é The analytical data are

presented in Append;

The con* i 5 i ag geldom study in the

Gulf of Thailand. %1503) found the content

of inorganic carb: ) in form of calcium

carbonate in the G % (Figure 17), and no

relationship between  grain size was found.
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3. Non-latt el L

The data of non-lattice held metals analyzed by single
leaching method are presented in Appendix O. The concentrations are

calculated per unit of dry, <70 pm sediment on the carbonate-free
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basis.

Every leachable metal, Cd, Cr, Zn, Fe and Mn, establishes
the same trend of having slightly higher concentrations in the Upper

Gulf than in the Lower Gulf. eachable fraction is considered

mobile and is bound to {5 ;""|ﬂrhed. precipitated or co-
precipitated (carbonat! » é&ides and hydroxides) and
— e, by plotting the

concentration of Il ic content, carbonate

content, and Fe attern of such metal

in sediment might !

Fe and # 1M e with any particular

gizge fraction that i® oth Fe and Mn show the

Ry frr I
same trend of increasing "ﬁ on with the increase in the

LTI

content of organi icate that organic matter

present as r.:uu.ti ,:-‘{ '1id in the form of

oxyhydroxides. mni

BN -1 i N 021 Tl e R
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Cd is not preferentially sorbed on any fraction and tends

to have very low concentration in every fractions.

Cr and Zn show relatively the same partitioning pattern of
favourably associated with oxyhydroxides, organic and carbonate

fraction.
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According to the HSAB principle (Pearson, 1968a) and
stability of complexes (Irving and William, 1948) the 3 metals show
the patterns of partitioning which are controlled by their chemical

properties.

Cd, Cr and Zn “4 not to be enriched in the Gulf

éaug& and Yuangthong, 1983).
d

esults of this study and

gediment during the p
However, the direct
others in terms n:v : ‘ A Em"iratiﬂn should be viewed
cautiously since th 'y , vthe effect of grain size

and dilution by metr g = \ v- xLJ1E 11).

Table 11 ration in the Gulf of
Thailand

Jindason-®  WNirliate : Petpiroon® This study®

Metals batchareon , (1988) (1989)
(1983)

(ng/g) - Z
Cd  0.013-1.%40 A 0.033-0829
Cr m il 5.697-27.634
C‘I.'I. .Tg‘lﬂ; v 2-5_241 Ls D= ﬂ-lT i 3 EB
Fb l 56-32.16 10.13-26.01
Zn 1. 2.09- 68.13 14.52 11.14-34.62
n ﬁﬁﬁl?ﬂﬁl INHND
{Isfs} ]

5.57-17.63

jmamﬁmmwmw o

a Upper Gulf of Thailand
b : Rayong, Chanthaburi and Trat
c The whole Gulf of Thailand

4. Bulk Metal Content

Bulk metal content may also be used in studying the metal

partitioning in sediment. In this study Neutron Activation Analysis,
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a non-destructive method, is employed. The data are presented in
Appendic P. The concentrations are calculated on carbonate-free basis
in order to reduce dilution effect of the metal-poor shell materials.

The samples are sieved prior to analyses, thus help reducing the grain

size effect.

Among the 4

éi; Mn shows the trend of

having lower concentra™ f Thailand. It is very

unfortunate that ir mestitioning pattern from

total metal concent 4 snalyzed for its total

the neutron activatj heoretical limitation.
Therefore, only partit

[}
the enrichment facto

)0 Ve established. Using
1. W\
near-shore mud the EFs of 73

i) calculated by either

using the abundunt vales '

samples never excged 2 ? ipdicate that Cr is not

enriched, by assi 5"'

.:'[ raction in the Gulf

of Thailand sedimej

e ‘kﬁ { d ) e used only for the
purpose of @ﬁiﬂin mm prresent in each
sampl | afte uﬂ ti , these codidunds and the
laleMcﬁha m’ﬁdﬁ Mﬂa-ﬁ’ ion. The

high amount of both Fe and Mn in sediment do not really indicate that
the sediments are contaminated. This is because Fe and Mn are the
second and third most abundant elements in the earth crust. This is

confirmed by their EFs of having values less than 1 for Fe and 1.5 for
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Comparison between the results of total metal
concentration from this work with the others is not likely to yeild a
very useful comparion (Table 12). Because the analytical value of
total metal analysis is strongly dependent upon the types and strength

of reactant and also digestion ‘o nigue. In addition, the dilution

effect from metal-poor sog » and grain size effect must

be accounted for.

Table 12  Total mete’ AN O Thai land.
(pg/g) Pb Cr
Chanpongsang ND
(1982)2
Menasveta & 0.45 20.2-28.3
Cheevapara-
napiw
{19!.‘.1;ig = — !
Idthikasem et 0.04-0.1 ,.'.{_'; 980 14-42
al. (1981)¢ —

Polpasert et 0. 93 5.70.5 ...:f"'u,,.-.rr

27,81 14.03-84.51 6.57-19.71
al. (1979)¢ '

Y
Chao Phraya = .
Mouth of 4 miijr rivel™
: Upper Gulf o ailand

O oR

e1NI
A0 LRI i) (on)-

give us some informations on the partitioning pattern. Up to this
point, it can now be established that the 3 metals are not enriched in
the non-residual fraction and Cd, being a soft acceptor, is the metals
that is least likely to be incorporated into sediments. In additionm,

Cd is the least abundant metals among the three (Table 13), thus
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making its concentration in non-residual fraction lower than the other

twos.

Table 13 Elemental abundance of the earth crust and sediment (ug/g)
(Salomons and Férstner, 1984).

Cr In
Mean crust 100(?) 75
Mean sediment 72 95

Average sha WS :
Deep-sea cl ' S 50 165

River suss 350
Sandstone N, 30
Limestoned® e " ! 20

: - NN 60

uH vapter I (section Metho-

\ R
dology (4.2)) is cfr ‘est the practically and
suitability of the a&q on procedure designed. This

sed opaiilct 2obbing et al. (1984). It

procedure is ba

is found that :;;'

and sorbed: oxrhxj*o - ®uw aj) residual fractions)

Vv ¥

'.._:' ] hangeable, carbonate

extracted organic f tlon give r1 a difficulty while measuring

ot i oG IRIITARIYIS PR G ot e 0

which made 8!9 injected aolﬁflun spreaded thruugha t the furnace

~ QRN BUUAIG A .

compari¥son of the effectiveness in extracting metals from organic
fraction between the SDS and acidified H202 (Figure 23, 24, 25) show
that SDS may not be efficient enough. On the other hand, one may
argue that higher metal content extracted by acidified extract may not
mean that the acidified Hy0, is more efficient than the SDS but rather

indicate the ability of poorly-buffered acidified Hy0, to release some
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metals from the residual fraction, particularly in organic-rich or
gulfide-rich sediment (Presley et al., 1972; Langeveld, Van der Gaast
and Eisma, 1978; Tessier et al., 1979, 1982). However, the sum of the
first 3 fraction excluding non-residual (with organic fraction

extracted by acidified Hy0 »lways relatively smaller than

leachable metal content: an indication that either

®'tion of organic fraction

or the hot acid les - ' T eeinates the non-residual
fraction.

Since gg%ﬂ difficulty in AA
measurement, acidifi- r. i \ % tue SDS. In addition,

to raise the metal
concentration in eacd i ;!7»_,77 Ea fctical detection limit.

This procedure is rather at cthe experiment is repeated

in experiment 3 2 and 3 are comparable

which indicate {{% : f¥ | >xtraction procedure

T
|
i

JUIRR 1 /1 1) L
WCN M KTV gl R 11 I

GFAAS. The concentrated matrix gives rise to a very high background

(Appendix Q).

absorbance in which the measurement must be carried out either in a
diluted solution or at an alternate wavelength having lower

sensitivity.
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In order to raise the metal concentration in extracts
above blank level whereby dilution of the extract prior to AA
measurement to reduce the matrix effect is still able to produce metal
concentration having reasonably high absorbant above the blank level

the sediment : extractant ratio is double (1 : 10, Experiment 4). The

amount of Cr and Zn extrac ~ate fraction are lower than the

» ‘/)i:ted in both oxyhydroxide

- (Appendix Q). This is

previous experiment wh
and organic fraction™
not the case for g 77008 "o tration in carbonate
fraction can not b- e 23, 24, 25), the left
over amount produce o \ subsequent fractions.
From this observatic g} . \‘ Wy decreasing the volume
\ vhe extractant as well.
- concentration are much

Therefore, in case of J.

tractant ratio of 1 : 10 will

higher than Cd the use‘o

not be able to N\ rcg~ each fractions.
Y Y}
It IS5 —~.cnts that sediment :

" extracting the residuar fraction remains the
¢ .

— " ﬂﬂﬁ 1 EJT[‘%JWEI"I’Q? st
troublesome mt; among t ree because 1n bot sample BA and 37 the
. ¢ o
RN A

¥ ‘ ’ 1
there‘ltlt o ihd Zn ult gh' in p iomn. may due to

interferences during Cr determination with AAS.

extractant ratio

Price (1979) indicated that Cr(III) and Cr(VI) give
different responses and samples are best oxidized with perchloric acid
to give Cr(VI), or reduced with Hy0, to give Cr(IIl). There is a

major interference by Fe in an air acetylene flame, which can be
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reduced by the presence of RH;GI. The depression is most significant
in a fuel-rich flame, is less in fuel lean flame, and is not
experienced at all in the hotter nitrous oxide-acethylene flame. The
degree of depression increases gradually as the Fe concentration is

increased, levelling off only_ B j ) po large excess of Fe is present.

This does not support tg ' _. ’3 formation of a definite
compound, e.g., a spi ‘th ‘ he reverse situation, the
Fe absorption is lii ~ } zess of Cr. Aspiration
of Cr/Fe solutions bolid particles, which
after reduction of Cr (boiling point
2480 °C) in a me ‘ D °C). These are not
\ %” ency of the Cr is low.

In the reverse situaifl % % = W r-the Cr vaporizes at a

sediment : extractant

ratio does affec — .FJ However, the effect

“fo be investigated.

A¥

~of the atrength'ﬁr & . ref

Therefore, in the exge nent 5 while aping the sediment : extractant

ratio at thﬂ% Bﬂ’m vl H%ﬁlﬂ-ﬂq nﬁ the strength of

each extrac t is lower hqrhulf The tnllawin re observed

- RRIANNITU URINGIAY

In case of Cd it is now quite certain that eventhough the
amount of Cd associated with non-residual fraction, is relatively
lower than the other two. The strength and capacity of every
extractant to be used must be considered with great care. Sediment :
extractant ratio greater than 1 : 20 will greatly reduce the capacity

of the 1 M NaOAc-HOAc, pH 5.0 in extracting Cd associated with
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exchangeable, carbonate and sorbed fraction. In addition, lowering
the strength of extractant is also not recommended. The use of 1 M
HHzﬂH*Hﬂl-Na*citmte, pH 5.0 and acidified Hzﬂz seem to have more than
enough strength and capacity to completely extract Cd from

oxyhydroxide and organic fracti even at sediment : extractant ratio

of 1 : 10. This is o hig experiment when the half
strength extractant g_ ill able to cope with the

amount of Cd increars = ] ~from the first fraction.

higher amount thail (g A 1.t fraction can not be

completely extrac ; ? AN \ ross contaminate with

AR

i s \ %
V"!“ < @\‘.\ A of metal to exceed the
P ¥ 'l‘

LA AN
ac "\ Wd Hy0, at half capacity

noat half strength (original

the subsequence 2 7.
capacity of NH,0H* H!
(sediment : extractan
concentration are lowere

Comi ™} iY Jactions (carbonate
sorbed, oxyhyﬂrﬂx,‘ 18 Anu o ———ng) i non-residual fraction
obtained from a si lewhmg, 1 js amazing to find that they are

o oI B NS INRIALYS v errer mesmr

(Cr and Zn) %'r lower (Cd) thag the sum.

qmammymmm

extractant ratio is too strong and at high temperature (above 100 °cC

in this experiment) may not have only release exchangeable and adsobed
cation, dissolving disorder hydroxy species, metal-humate comlexes and
carbonate mineral but also partially dissolved some silicate mineral

(Pickering, 1981). Normally, the extractant should be weakly acidic
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in order to ensure a minimum extract on silicates. Therefore, in this
case it is very likely that Cd which is always presented in a
relatively larger amount in non-residual fraction than in residual

fraction may be leached into solution both from the non-residual and

residual fraction. Eventhovg J +he residual fraction is leached

along with the non-resig ‘i'j"fny not differ much from the

non-residual fracticws son from residual fraction

is relatively small (7 ";"% ““\\Eﬂe case of the Cr and In

iraction obtained from

,
",

Hlenchahle amount (single
leach) do give a"st ‘4 (17 \ \l< hot-acid leached is

capable of partial#ie JF B i : : Ex‘t;'n. Cr and ZIn are more

l.I

abundant than Cd a: ;ff.!’f i .;her concentration. In
¥ ..1-' ;F =
addition, the amount “of *éﬂ are presented at relatively

higher in residugl tha “a ions (Figure 26, 27, 28).

Figure 26 Mode of occurrence of trace metals in Standard Reference
Material 1648 (urban particulate matter). (Drawn after Lum
et al., 1982). 1. Exchangeable fraction, 2. Surface oxide
and carbonate-bound fraction, 3. Associated with Fe-Mn
oxides, 4. Organically bound fraction, 5. Residual
fraction. (After Salomons and Forstner, 1984)
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Figure 27 The speciation of trace metals in 18 different river
sediments (After Salomons and Forstner, 1980; cited by
Salomons and Forstner, 1984).
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Figure 28 Chemical associations of heavy metals in sediments from
natural and polluted aquatic environments (After Forstner

' _ and Wittmann, 1981).
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Therefore, when 1 N hot HNOg partially dissolves some silicate the
contribution of th.eae 2 metals from residual fraction to the leachable
content makes it higher than the sum of 3 fractions obtained from

sequential leaching.

As mentioned this chapter that the acidified

Hy0, tends to overestil gof metals associated with

organic fraction. mt single leaching is also
capable of partial™ idual fraction should be
sufficient in give¥ 77/ R\ "se of acidified Hy0p.
Since the acidif®*T o :ially dissolve some

Mt of metals extracted

significantly.
Previous | JFti: '_ ' + (M metal in the Gulf sediment
Yy i : _
by Jaturanon (1983) i.s_f narable to the result of this

gtudy dues to t

1) wii ! : 'r‘r not considered.
2) i

<4 use of aiiucve, unbufferedINH,0H (0.04 M NH,OH-HC1

+ HOAc) is ﬁ of is 1M‘ Fe-oxyhydroxides completely
(Chester nq ﬁﬂéi&ﬁiﬂw ﬂﬁﬂ id pH will cause
partial 'valsﬁlutian of alusfnosilicateés and also @¢Bults in much
i
|

JANT IRV VL AR e ior one

NH,0H- HC1 concentration (Chao, 1972). Therefore, it is likely that

grea

Jaturanon's results of oxyhydroxides fractions are overestimated.
3) Prevention of contamination is very poor which may
result in overloading the extractants thus, causing cross

contamination.
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