CHAPTER I

INTRODUCTION

BACKGROUND

Sediments are i

They can also reflect quiality of the atic system as well as the
historical developm ; logieal and chemical parameters.
Comparative analy v ration  of dinal and vertical

profiles can be helpful'1 T i etal anomaly in zone of-mineraliza-

In case that a shortferinc yast potltitic t is not or only
insufﬁciently traceabic (1o water analysis, sec {r*p a_na_lysis plays an
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important role within

Lm he fra imental forensic investigation
(Meiggs, 1980). In add

ition to what mentioned above sediment is not only
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and sources @' ater. si cause metals are not
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and also back into the water column (James, 1978). The recycling of
mineralised organic matter and pore-fluid transfer processes are essential
component of models that are devised to describe the nutrient and pollutant
dynamics of aquatic system.

Generally, metals are largely associated with silt and clay fractions of

detrital sediments as a result of chemical and physical weathering of parent

rocks where metal minerals degrade into the finer fraction. Authigenic



processes during transport and deposition and post-depositional diagenetic
processes alter the elemental chemistry of source material to produce the
final sediments. These processes include chemical reactions (for example,
dissolution, precipitation and sorption) induced by changes in pH, oxidation
povtential, and chemical speciation that result from natural biogeochemical

cycles and inputs of material fro

_myriad of natural and contaminant
“W)/ E thus a composite of natural and

sources. The metal content

i
re oducts and is mostly

‘wned fraction of a mixed

sediment, is potentiall i \tor »diment contamination,

contaminant source mate

associated with the ﬁ@

Since fine-graine

therefore pollution ass S fr , e need to differentiate

contaminant levels ! ' ents of different origins
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. e
techniques, to distinguish bgjj@; i
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been various atterkrﬂts e.g. Chester &

(1981) to fractionatéﬂl‘;

useful one from a pra%ﬁcal point of Vieaivj is that which fractionates between

lattice-held ( !ﬁe o : Wrg‘lp?rﬁ?, or residual) and
non-latﬁce-hﬁ (assgﬁg Hﬁomes rom human activity, or non-residual).
i t m x? i mf the silicate

maﬁx@ﬁjﬁi ﬂmn Sy[lzila ctures of the
component minerals (Gibbs, 1973).

Non-residual metal is those which is not part of the silicate matrix -
and has been incorporated into sediments from aqueous solution by
processes such as adsorption and organic complexation (Gibbs, 1973),

including those originate form polluted waters (Chester and Voutsinou,

1981).



Eventhough, the techniques of partial or partial extraction are more
suitable in assessing trace metal pollution in sediments. But, most of them
are complex and time-consuming comparing with the total digestion
technique. The following are summary of advantages and disadvantages of

the two main categories of digestion techniques used in assessing trace
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lithogenic and anthropo sdiment. .Samples are often digested
with a mixed, high ay dcids a ‘'shownin table 1.1.

This kind of tec

metal pollution in sediment.

less time-consuming

than partial extraction. - T ves | < bandling, thus, making it
less prone to cont ¢ Al al results cannot be used
directly for pollution hrough comparison

procedure involving the fis efere ce e ents eg. Windom et al., 1984;

Leaching : ’{‘% analysis of non-: osi ‘ Tﬁ n often yields more -
meaningful data o ne extent of - _‘ than those of the total
sediment (Chester angVou € mos&imple selective
dissolution technique sg;ﬁrates re31du d total non-residual fractions by

a single leachxﬁ 8 bétfricnSafnplly ﬁ%q’r 3

The analysed data by leacl';}ng method can be used dlrectly in
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buffered extractant, readsorption, temperature and time, extraction
sequence, chemical reactivity and kinetic effects (Sompong;chaiyakul, 1988).
In addition, the more sophisticated techniques may involved many

extraction steps which are very tiine-consuming and risky to contamination.



Table 1.1 Procedures for total digestion method.

Procedure

Reference

HCI+HF+HNOs+HCIO4 (ashing at 400° C)

Bruland et al. (1974)

250 mg of sediment sample + 10 ml HNOs +

Windom et al. (1989)

Agemian and Chau (1975)

5 ml HF+ 3ml HCIO4

HF+HNO,+HCIO, /

=

HCI+HF+HNOg3
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500 mg of sedimer
5 ml HF+ 15ml HCl(estion'om

Trefry and Presley (1976)
lor (1979)
Donazzolo et al. (1981)

» \ -Hilal (1987)

NN
‘y dom et al. (1984)

i{\. smam et al. (1993)

as (1968)

Rantala and Loring (1975)
Okamata and Fuwa (1984)
Abu-Hilal (1993)

Handson et al. (1993)

>, -
Subrémanian &

anachandran (1990)

500 mg of sedi + 0.25 ml HNO3

Macdonald et al. (1991)
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Kramer et gl; (1991)

VRt

200 mg of sediment sample + HNOz +HF+
HCIO4

Presley et al. (1992)




Table 1.2 Procedures of leaching method for metals in non-residua}

fraction.
Procedure Reference
8N HNOs for 2 hour Carmody et al. (1973)
Pavoni et al. (1987)
5 g of sediment sample + n.‘\\ r ster and Voutsinou (1981)
N HCL
1 g of sediment sample : | , spreugs and Yuangthong
HNO3 150°C , 10 mig \ ‘
0.5 M HCl I/IB' Abu-Hilaly(1987)

0.25 g of sediment sag
HNOs3

t al. (1984)

plg ; £
& \\ ay and Rankine-Jone (1592)

No matter what te€hrfijtié is used inf sar ple preparation, after the
determination of metal cona%m}!ﬁﬁ

iments, the metal data are

compared and interpre ,_-,----5---: for pollution
'

assessment. ‘

th may be used in assessing the extent of anomalous

(antropogen‘ﬁr ﬁﬁ m iw s done by looking at
their magnit ﬁ cﬁlﬁ] i }j‘ﬁ rjs However, this is
particularly d1 1cult for coastal zbne because,sediments cary be depesited

e YAV T B IR TG o ot

redox co%ditions, which can exert a considerable influence on the

Comparison

geochemistry of a sediment, and dilution by trace metal-poor components,
such as calcium carbonate, can vary greatly from place to place (Chester
and Voutsinou, 1981). Without correction for variable background levels,
meaningful comparisons of metal concentrations often are impeded by large

levels of bias and variability (Hanson et al., 1993).
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Forstner and Wittmann (1984) have considered the problems inherent
in the selection of a sediment baseline material for environmental studies
and have proposed a number of criteria which should be fulfilled in order to
best satisfy the principal requirements. These criteria include :

1) the baseline material should have a grain size, material

composition and origi ich are similar to recent deposits;

2) it should be unconta A by anthropogenic influences;
3) a large I

available ’——v

In practice, it is ssible to adequately fulfill all these

material should be

criteria in a single baseli rial. F - Wittmann (1984) have
proposed that shale er(the t ise for a generally

acceptable baseline s 1eTe d even more critical

For example, the analysed datajfﬁ}‘

oils J&l;:é t samples have to be

samples (Chester quxl Voutsmou 7

However, ever@oug )
either total digestion ax&daartlal digesti&l?, direct comparison of the

analyzed dataﬁ %HW E}%ﬁe%ﬁo’f}lﬂdﬁerent in grain size

and mineral compositions between each samples

AR e

concentrations are observed in sediments samples from a single locality

: stedﬁr the same techniques

bt

(Forstner and Solomons, ]:980). As for the difference in mineral
compositions, it has been shown by many reseachers that metals appear to
be favorably associated with certain fractions of sediments. In case that the
sediment sample under consideration composes largely of metal-poor

components eg. quartz and carbonate. Total digestion of this type of



sediment often yields a relatively low metal contents than those sediments
compose largely with silt and clay.

A variety of approaches for reducing natural variability has been used
to improve the statistical power of data intercomparison (Hanson et. al.,
1993). Metal concentrations are often normalized to a conservative

component whose levels are un

1976 Forstner and Wittmann,

. by contaminant inputs, for example,
grain size, Al, Fe, Ni and Li.

1984; Luoma, 1990; Tr . 84 and Loring, 1990).
In 1992, Lorin

g con ethod, namely, the

granulometric and geo al/mdethc data in sediment. It was

natural granular va il 1etal Comeentration in sediment.

Geochemical i ay b tv; ed for the comparison of

employed as :

SEF = (Es/@ -(
(Eg/Ra)

- DA B Gror

: Thejaverage observed elemental concentratlon in sedlments
ﬁwa:’im El‘ﬂ:tlloacel E!jon n ylments

Where SEF; is the enrichment factor of an element “s” in the analysis

material relative to a reference element and in a source material relative to
reference element. For sediments, the use of indicator elements, can be
taken a stage further, and rather than indicating a general elemental
source, they can be used to establish the location of the elements in specific

sediment fractions .



The most commonly used reference element is aluminium (Al). This
element, in most sediments, is almost exclusively located in the lattice
structures of aluminosilicate minerals or is residual in character and Al
concentrations do not always vary significantly with grain size (Loring,
1977). Therefore , the use of enrichment factors relative to reference

element is possible to estimate the itioning of an element between the

residual fraction of sedime 1 i /1 ratios are known for alumino-
silicate residual mineral / |

Schropp and wed criteria of reference
elements that can be ririali nt metals concentrations as
follows : ‘

- It is the most idant o fufal ing metal.

- It is highly.

- Its concentratios & L ally not imfl ed by anthropogenic.

In Thailand, sedimlent sti 1S dlso Been used in assessing impact

Sl U ks AR e At

The early \mks reporte in sédiments on different
: \€lude the works of
kasem %11. (1981), who worked on

Polprasert et al. (19@
total metals in sedlmfints from the Up er Gulf of Thailand.
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assess metal fiollution by companson with average sedlment reported by
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metals in the Chao Phraya river estuary,

Menasveta and Cheevaporanapi;vat (1981) who worked on ‘sediments
from the mouth of the four rivers, Mae Klong, Ta Chin, Chao Phraya and
Bang Pakong, and

Chanpongsang (1982) studied the Chao Phraya estuarine sediments.

The interpretation may be doubtly useful, considering the problems

inherent in the selection of baseline material for sediment study.



Table 1.3 Reference element used for interpretation of metal in sediment.

Reference Elements Reference

Windom et al. (1984)

Schro d Windom (1988)
) et al. (1988)
am (1989)
Al do et%
Spreugs ands gthong (1983)

achandran (1990)

Fe
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another approdch of assessing metal pcllutmn is also employed A number
4 ¢

PP R AL
al., IQﬂ cdo cited by Meankumnir: 996) used coring

method for sample collection and constructed vertical profiles of metals in
relation with depth and/or age. The method eliminates the problem of
selecting baseline material because it can be reasonably assumed that
sediment at depth was deposited in the same sedimentary environments as
those of surface sediments but without any human influence. Though, this
approach may look promising but it still depends on many assumptions, for

example : the works of Jaturanon (1983), Hungspreugs and Yuangthong
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Hungspreugs and Yuangthong (1983) and Meankumnird (1996). These
works employ normalization technique to help adjusting analysed data for
comparison by assuming that Al is the most suitable normalizer but do not
test the assumption.

In the last approch for interpreting sediment data analyzed by total

digestion method, sediment e

ctor values (SEF) were used as an

However, baseline material

&Sent the composition of land-

ndance in Thailand

indicator for antropogemc
which is used in SEF c
derived components i
1. the lack of
2. suitable ref; EF calculation have never
been studied.
The works of Dh S \: kumnird (1996) both used
average world sedim by Bowen (1979) and
Turekian and Wedepo
It is obvious that n sediments analyzed by total
digestion techmques cannqﬂyggia% ‘nformm'pn_.for pollution study
without proper interpretati hus, the problems fTelated to using sediment
o, at least two major

aspects.

- Which eferen&ﬁcment(s is u1tab1e for 1nterpretat10n of
et Wi 4 10 1119

- What e the average values of elem tal compositions of crustal
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will help predicting anomaly in metal content for pollution assessment.
RELATED RESEARCHES

Schropp and Windom (1988) described an approach for interpreting
metals concentration in coastal sediments along the coast of Florida. The
interpretive tool is based on the relatively constant natural relationships

that exist between metals and aluminium. “Clean” coastal sediments from
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throughout Florida were collected and their metal contents determined.
Metal /aluminium regressions and prediction limits were calculated and
diagrams of metal/aluminium relationship constructed. Metal data from
coastal sediments can be plotted on these diagrams to determine whether

measured metal concentrations represent natural concentrations or metal

areas of the southeastern United Stafe€ femote from pollution sources were

analyzed for trace metalsswAlth: 1€5 ments are compositionally

i, centrations covary
natura inosilicate minerals are

the dominant natura ial beal i 18 pk d Hg do not covary with
Al apparently due to tie i e C ution of natural organic

phases to their concengr: i fime is suggested that the

Din (1992) studied
data ef estuarine-and coasté]’ﬂgghn} o1 ‘,;'._, o
samples were col e\&ed from 24 stations alc

Straits of Malaka. ace-metal

in normalizing heavy-metal
Straits of Malaka. Sediment
g the ﬁ aysian coast of the
hen determined using
an atomic absorptug spectrophotometer for Al, F@and Mn, while Cd, Cr,
Ag, Au, Cu, Zn, As, PH, .and Sn were afidlysed using an induced-couple

tnema/ LI S DN H I ATVS, ormtived peine

Al as referencg"lelement It was g,oncluded at Al can be ed to normalize
oo VY 1 B Y G
Malaysian coast of the Straits of Malaka.

" Greenaway and Rankine-Jones (1992) undertook the task of
assessing the pollution status of Hellshire, Jamaica from coastal sediments.
Sample were determined by instrumental neutron activation analysis.

By considering the percentages of the fine components of the sediments and
enrichment factors based on the average composition of representative
carbonate sediments taken form the area, the sources of non marine

sediments have been identified. However, enrichment factors based on the
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average composition of sedimentary shale showed that the area had not
been contaminated, for the elements under study, by sediments reaching
the coastal area from the identified sources.

Yusof and Wood (1993) employed the elemental ratioing technique in

their environmental assessment of coastal sediments. The distribution of

heavy and trace elements in coast ents was obtained by elemental
analysis techniques such a; S. The elemental concentra-
tions were expressed in termis o i ‘n&ttors derived by the

elemental ratioing me : was.done by comparison to those
found in SRMs. The i . of p ing elements were traced
from their distributio ard; wi re pplicable, related to the

surrounding activities s ri was also taken into
account to establish :

Hanson et al. emental contamination in
estuarine and coastal chemical and statistical

modelling of sediment. ineralogical, textural and

metal contaminant compos;ﬁ]c;zﬂircn:"xrar
Gulf of Mexico co s\% of the United Sta
total Al, Ag, As, Cd , Fe, Hg, M.

concentrations. Obg'ved covari

aries.along.the.Atlantic and
sted and analyzed for
, Ti, and Zn

(0] elementiilt 15 estuaries remote
from contaminant inpdtsglinear regressions of metals on Al were used to

et 981 A NI YV SNLI A2 Foricnt modet or the

covariation wa developed venﬁhed and use%lo guide the st tlstlcal

s QG SR ) G i o
models with those occurring in uncontaminated geological materials
suggests that baseline relationships are valid for the entire region sampled.
Using these baseline relationships, sediment metal concentrations can be ©
partitioned into natural and anthropogenic fractions. Models improve the
comparability of metal levels in sediments by correcting for variable
background concentrations that, if left uncorrected, only serve to increase

total data variability and reduce detection of spatial and temporal

differences.
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OBJECTIVES

1. To determine type(s) of reference element(s) suitable for
interpretion of trace metal data in sediments of Mae Klong watershed for

pollution study.

2. To test the study result ce metal data from sediments in
Mae Klong watershed. ‘ /

mental concentration

value of parent rocks i o1g Watershed may be compared more

In order to achiev et es, both field and laboratory

works were carried. out. The field we ork ir.volved ¢ ‘;_,,-‘ tion of rock and soil

= )

samples in Mae !w entS in Mae Klong river

i
il

estuary.

Laboratory work involved analyses of reference elements such as

atuminium, if5b. ploh ok bid $eaiclbends bch o tead, copper, an

zinc in rock, saﬁ and sediment samples wer&analysed used, i, AAS technique

R AT A e

compiled by Sangsila (1994).
APPLICATION OF THE STUDY"
1. Establish the kinds of reference elements in Mae Klong watershed

suitable for interpreting analytical results of sediment by total digestion
method.
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2. Distinguish natural versus enriched metal concentrations in Mae
klong sediments. The degree of enrichment can also be estimated based on
the deviation from the expected natural range.

3. Provide supporting data for management of metals poliution in

Mae Klong river and other rivers in Thailand.
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