Chapter 4
Discussion

Iron J
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The theoretical dilution curvésfggpm field investigations and

mixing experiments during wet and dry seasons are illustrated in Fig. 5

and 6 respectively.

Iron is pres in Mdissolved™ form in river waters at

concentrations highe h;ﬁlthoée fbuhd in seawater. It was found that

behoviour of iron in ﬁ?ary is 1mépftant because of its influence on

i i -'J

removal of organic matpgry aggregation.of suspended particles, scavenging

of heavy metals, and po§§1ble'tegula£&bn of phosphate levels. (Smith and
2

Milne, 1981). The observed XEVels dxjalssolved iron is dependent on the

-
-

pore-size of the filter used. It was concluded/that at least half the

| "
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iron in river waté?éfiltered through a convenﬁignél 0.45 um.-filter was
colloidal which has.a large effective surface area (Smith and Milne, 198l1).
Generally, iron-transported by.rivers.undergoes changes resulting
in the formation of"“flocs and in'some sequence sedimentation (Coonley
et al.,-1971;-Windom et al.,1977; Sholkovitz.et al.,-1978) The results
of this study (Fig, 5: 6) shows an increase in iron concentration in the
suspended particulate matter up to salinity 10 °/,,, with decreasing iron
content at higher salinity. With the exception of mixing experiment in
dry season that show an increase in particulate iron concentration at
above a salinity of 10 °/,.. The mixing experiments, in fact, should
represent the actual mixing of the Mae Klong River Water and seawater

without any influence from additional end member, industrial and domestic



52

D Zp
Conc. (/ug/:l) b d ® = P = Particulate Fe
.,. ‘0O = D = Dissolved Fe
4001 | : (A)

1007

‘salinity

(B)

ﬁ?~§%ﬂﬂ§ﬂﬂﬂﬂi
ammﬁﬁw'ﬁmﬁav‘“

. Iron concentration as a function of sahmty in dry season

(A) = from the Mae Klong River, and (B) = mixing experiment.



53

D P :
Conc. (ug/1) .. = P = Particulate Fe
i () ; » »Cl > D = Dissolved Fe
(a)
100
50 |
salinity
Conc. (ug/1)
2@ JB (B)

kg ngns
’QqW’W ANCAR I 2 38 'sﬂimy

Fig. & Iron concentration as a function of salinity in wet season

(A) = from the Mae Klong River, and (B) = mixing experiment.
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wastes. Therefore, one should be able to observe a mixing behaviour of
iron resulting from two end members.

The results of mixing experiment in both dry and wet seasons
show an increase in particulate iron concentration at salinity lower
than 10 °/,, with the maximum at about 8 °/,,. Theoretically,
dissoclved iron (III) in river water gan be hydrolyzed. The hydrolysis
of dissolved iron is dependent on pB af{the solutions. Estuaries are

transition area between river-water pH values, Typically 6.0 - 7.0, and

l

that of sea-water n¢8 l Thus, 1t is within estuary that formation of
new solid phases, e.ﬁ/gdes and Slydrondes of iron, might be expected

to occur. Losses of sbLVed 1ron Gurlng estuarine mixing by this

— il

A
process have been deyll';ed by manyS investigators, such as Windom et al.

.'J
(1976), Holliday and Lxﬁs N1076) . 1o 4
I
One should also ﬁoteathat thégplxlng experiment of this type,

41 4 -a"fl

the particulate metal concentratxon:zs*always decreased by the dilution
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effect. This is because startlng w1th two end ?umbers, river water and

'-.a- -

seawater, the volume ratio of river water : seawaker will decrease as
the salinity of thé;mixed solution increases. -

The particulaté iron concentration above salinity 10 °/,, from
mixing experiments in two 'seasons differs 'dramatically. It appears that
the removal of dissolved iron is likely to'be more extensive
in wet season than in'dry season.” There are two possibleexplanations:
(1) the presence of larger amount of suspended load carrying by the Mae
Klong River during wet season together with larger volume of river
water; (2) the use of sea-water end member of different origin. The
presence of particulate matter was shown to increase the removal of

dissolved iron from river waters, and this effect was greater than the

one produced by increasing the salinity (Aston and Chester, 1973).
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Therefore, during wet season, the removal of dissolved iron should be
completed at the salinity about 8 °/,, while the decrease in
particulate iron concentration, at above the salinity 8 °/,, should
result from dilution of a more turbid river water with seawater. The
result of the mixing experiment in dry season shows an additional
increase in particulate iron cencentration at 15 °/,,. The phenomena is
abnormal and theoretically unexplainaplet

The results of.field investigations.are far more complicated by
the introduction of, at d€ast; two additional end members namely
freshwater from Klong Ampawa and Klonngumnernsaduak and the introduction
of industrial and domestic waste diécharging into the Mae Klong River.

Iron behaves differentl? d%ring two seasons. As has been
mentioned previously about lacatioééyo; sampling, one should bear in mind
that the river-water end member of ;ét,season is different from the one

in dry season. This is because the river-water end member of wet season
. def =

was collected at Samutsoééﬁfam city;;éﬂg;éfore,,there would be no
additional end méwsé;kia~iﬁié_gé;é;/ iﬁ“;adléigsj.the samples collected
during wet season should be under strong influence of the domestic waste
from Samutsongkram.

In wet season, ‘the removal of disselved iron, as shown by
highest. particulate. iron concentration, 6ccurs at salimity of 10 °/,,.
At above 10 °/,., the particulate iron concentration ‘decreases as the
salinity increases. The variation of particulate concentration with
salinity observed is quite reasonable. It does show a removal of
dissolved iron at low salinity while the decrease of particulate iron
concentration at higher salinity is a result of physical mixing.

However, when one observes dissolved iron, it shows that iron is added

to the dissolved form at low salinity ( below 6 °/,,). This is probably



56

indicating an increase in solubility of iron by organic ligands in river
water ( Picard and Felbeck, 1976). Phosphate in domestic waste may
complicated this additional/removal processes of iron further. It was
found that dissolved iron was removed by the association between
phosphorus and iron-organic colloid at low salinty while either at
higher salinity or at lower levels of dissolved phosphate, this
association would be reversed (Boyle'et al, 1977).

The field investigation during dry-season shows a more
complicated behaviour. #hough, particulate iron concentration is at its
highest at salinity 24%/_4, /the re;oval process may not be completed
yet. This can be seen'from the inéféase in particulate iron
concentration at salinity 10 /.. abd*ZO °/..» However, it can be said

that the particulate izon concentration in this season tends to decrease

E ; y '*" o .
with an increasing degree of’dilutidﬂjpyyseawater. The two additional

4

i - l“.f‘t‘
end member of river water from Klong Dumnernsaduak and Klong Ampawa may
account for the inc¢rease in pérticulate iron concentration at the

salinity of 10 °/a; and 20 °/,, by reinitiatingfthe precipitation of oxide

and hydroxide of iren. The dilution curve of this season shows the
increase in dissolved, iron, at.the .salinity.of.10.°/,, and 15 °/,,. This
increase is likety t6 result from process Of resolubilization of iron by
organic~ligand, at, salinity below, 10, %/4 and.changes in physico-chemical
conditions of the Mae Klong River water upon the introduction of two
additional end members.

The organic matter found in aquatic system consists of the
remains of biologically produced compounds as well as of synthetic
organic substances. The most important products formed during the
decomposition of organic substances are the humic substances. Humic

substances are a major component of the dissolved organic carbon and
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particulate organic carbon in freshwater (Nissenbaum and Swaine, 1976).
Synthetic organic substances originate from industrial and agricultural
application. They are those of high molecular weight which can be
decomposed mostly due to microbiologic actions, thus forming a smaller
and more soluble fragment.

These organic substances; particularly humic substances can sorp
/.
trace elements such as Cu, Co, Mn, Fé;{éd‘gtc. effectively (Rachid,

1971). It was suggested.that portions offg;ny trace metals present in

natural waters as a soiubig;organic complex is generally greater than

F il >

that present as theﬁ&pdféanicior ébe aqua complex (Jenne, 1976). Humic

substances are floccu tgd durfn@ ééfuarine mixing (Stumm and Morgan,

1981), thus, being rjgévqa fEOm waﬁpf. The maximum amount of removal is

found to be between sagdnxtles of 15'°/°° and 20 °/,, (Sholkovitz,

J
1976). However, humic suBstances in” J&gsolved form are capable of : (1)
il
Complexing metals and 1ncreas:ng solnbfllty, (2) Altering the
=

distribution between oxldlsed and redué;d formsjof metals; (3)

| _a"i'

influencing the expént to which metals are adso;péd on suspended matter,
and (4) affecting gﬁé stability of metal-containing colloids (Singer,
1977). Therefore, it is'obvious that‘removal of organic matter is very
important in 'thestudy of mixing 'behaviours-of'metals. At lower
salinities (ca. below 20 °/..), it presert can either inhibit or enhance
the removal ‘process of dissolved metals or vice versa.

In this study, the removal Qf iron from river water, particularly
at low salinity, occurs. This removal process may be inhibited by the
presence of dissolved organic matter in the Mae Klong River water. The
behaviour of iron during estuarine mixing varies from season to season
under the influence of discharge, both in terms of volume of water and

amount of suspended load, amount and type of domestic and industrial wastes.
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It is well established that adsorption of trace elements from
solution onto mineral and organic solids takes place in natural waters
(cf. Kraufkopt, 1956; Turekian, 1971). Trace element adsorption results
from several mechanisms including electrostatic extraction, changes in
the hydration states of the absorbase, covalent bonding, Van de Waal's
bonding and hydrogen bonding (Astoq,’1978). Mineral and other solidv
particles suspended in natural wateffééhrzran electrical surface charge,
so that attraction and surface adgorptién‘of charged species from
solution is a wide spread mechanlsms by which solid-solution exchange
can occur. This form)af Lnteractgon is rapid and readily reversible,
and may be postulateéﬁds'an,;mpqrtant process by which cationic and
anionic trace elemegzﬁibeciesfé;e %ésprbed by or desorbed from, suitably
charged particles. | [, & x%

AR ad 44
i 4

In an estuarine 3ituation,'éﬁ§pended solids capable of providing

o

7
adsorption sites are subjected to 1qurtant physico-chemical changes

which result from.the mixiﬁg'of rivéfi and sea-yaters. These changes
- .

influence the adégﬁption/desorption behaviour dijéhe suspended matter
and modify the colléidal nature of much of it,_;Thus, estuaries represent
a situation in which‘the solid-solution enrichment or depletion of the
trace element content of either Suspended particlesior the "dissolved"
constituents of estuarine water. Exchangé.reactions aké obviously major
factors 'in the control of the'form in whic¢h elements ‘are .transported
from the continent to the oceans and marine sediment.

Aston (1978) categorized the solid-solution exchanges processes
in estuaries into 2 groups corresponding to an adsorption or desorption
effects;

1. Exchange of trace elements between pre-existing solid and

solution
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2. precipitation of dissolved matter to give new solid phases

The process of trace metal solid-exchange at solid-solution
interface is affected by the following factors; (Forstner and Wittman, 1981)

1. Detrital mineral. The presence of a large portion of detrital
minerals in particulate matter results in characteristics enrichhent of
trace elements, particularly in thg flne-gralned particulate matter

2. Sorption. Solids can sorﬁ%giery trace element effectively and a
generalized sequence of the eapacity of sollds to sorp trace elements was
established by Guy ana”éhakgabarti (1975):

fv“' 4 \
MnO,) > tggjéf;;ids > i on oxides } clay minerals
& , .

The sorption oqgs;es ‘on sdlld surface can be ion exchange,

chemical sorption ané/péé ngc compﬂfxgtion .
3. Coprecipitat :wa1th hydrous Fe/Mn oxide and canbonate.
Hydrous iron and mangane oxides cedhtltute a highly method sink for

A
trace elements. Coprec1p1tatlon wlth_CU may be an important mechanism for

trace element removal when'hydrous 1fons or orgﬁplc oxides or organic

-

vl

substances are le§§" abundant L J

4. Complexagion and flocculation with é;ganic matter. Inorganic
systems the role of iron.and manganeSe as direct adsorbants of trace element
ions is either over|shadowed by compétation.from the more reactive humic
acids and organo-clays, or is obcured by €eating of ordgahic matter
(Jonasson,' 1977)i" Once! the'trace elements are complexed by humic acids, the
solutions behave as if other ions were not present in the reaction
media. The sequence of complexability between trace elements and humic
substances has been established by the results of studieé of Rachid
(1974), Jonasson (1977):

Cu 3Pb I Ni 3Co>2Zn3Cd >Fe X Mn 2 Mg

It showed that copper is preferentially sorbed while lead sorption onto
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organic substances is influenced by pH (Rachid, 1974).

5. Metal precipitating. At present, the extent of direct
precipitation of trace element hydroxides, carbonates and sulphides as
yet to be observed, it is assumed that the composition of these
precipitates is greatly influenced by various hydro-chemical conditions
of the water body in question, and is subjected to waste disposal.

In the estuarine mixing zoneffjf"ﬂ§ignificant of these
mechanisms and their cespective sdbstraﬁeéifor trace elements has been
estimated. The proce§§gegof floc%ulation of metal-organic complexes and
coprecibitation witE%méf;l'hydrou$1 Fe/Mn oxides are expected to be the
most important prociﬁpééfw?i;éj&pt§§é by organism seem to be particular

importants especiallﬁjéo ’qése traép elements introduced by human
F , ;

activities (Forstner apd wggt@;h, 1981).

F i #
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Sopper = =
e -
The results of mixing experiment, which are shown in fig 7b and

8b for dry and w§£j$eason respectively,vshow argébsonal variation in
copper behaviour. .In dry season, particulate éopper concentration are
high at salinity of 10°®/,. and 20 °/.... While in the wet season, it is
at salinity of 6°/;,. “In comparison, ‘the-removal of copper during wet
season,. showing the same trend as mixing experiments of iron during wet
season, 'is more ‘extensive than in dry season. ' The result~indicates the
removal of dissolved copper to be the result of coprecipitation of
copper with iron oxides at low salinity. The decrease in particulate
copper concentration found in the mixing experiment at the salinity
above 6 °/,, in wet'season is likely to be caused by dilution effect.
However, if one compares the change in dissolved copper concentration

with salinity from mixing experiment in both seasons, it is found that



61

Conc. (pg/1) @ = P = Particulate Cu
[J = p = Dissolved cu
{2)
2
: 5
salinity
Conc. (ug/1)
0
limty

W 'Lﬁe\ﬂ IJ,ZQJ%J i 'LQ Y2 'lﬁr.ﬂ i

(A) = from the Mae Klong River, and: (B) = mixing experiment.
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Fig. 8 Copper concentration as a function of salinity in wet season

(A) = from the Mae Klong River, and (B) = mixing experiment.
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dissolved copper concentration is more or less constant than those found
in dry season. This finding confirms a more extensive removal of
aissolved copper in wet season at every salinity, while in the dry season,
the dissolved copper is removed gradually as the salinity increases.
This phenomena was also observed by Duinker and Nolting (1977), in the
Rhine estuary. /

The results of field 1nvest1€§%idhs (flg. 7a, 8a) show that
copper behaves differently in wet.and dry seasons. During wet season,
the highest particulatémcq‘per co#centration was found at salinity of

15 %/ a0 gy’seasonﬁ it was found at salinity of 2 °/,,.

If one uses the dllut thqe appﬁoach for these two field

; J —
investigations, some n‘ftren_ds &mrge. Dissolved copper
W b,

& id

concentration in both ns, exhibit, a minimun in concent at salinity

f
below 4 °/,,. This mmbimm 15« hke;,y’l-go be related to adsorption or to
. ’J-'u “fa
a changes in a form of copper—to anrandlytlcally undetectable form such

) J.‘H 1=

as metal-organic cqmplexes (Bewers and Yeats, 1976) At salinity above

10 %/ er in-bokh 59§scns, the addition of disso;yéd copper occurs. This
addition is less p;;£ounced in wel season probagly because of larger
volume of river-water. This addition“is expected to be the contribution
of copper desorped from'river Sotne particles (Thomis and Grill, 1977).
Another_interesting point_ is.the nixing behaviour of copper, particularly
in dry season,'does not' seem to be affected by additional-river-water
end member as in the case of iron. This is probably because copper can
either be adsorbed or be complexed with high stability (Rachid, 1974;

Jonasson, 1977).

Lead

From results of mixing experiments in both seasons, dissolved
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lead seems to be removed at low salinity (10 °/,, in dry seasson; 6 °/,,
in wet season). The desorption of lead is found in wet season at
salinity of 20 °/,,. However, from both mixing experiments, it is very
difficult to use the product approach for interpretation of the mixing
behaviour of Pb, as the particulate lead concentrations do not show a
clear trend of increase or decreas%fyhen plotted against salinities. By
using the variation of dissolved legdiéggggntrations against salinities,
it is found that the removal processes §éEZEQin both seasons seem to be

-l'-l"-‘-“

coincided with the riﬂgyat "iroi in each season respectively.

Therefore, removal of dissolved lead by coprecipitation of iron oxides

should be predominant 4n bo J§ééséﬁi(fig. %a, 10a). The mixing

behaviour of lead found during fiel@ investigations indicating non-
niaddd

conservative behavidur in Poth seasonss 1In addition, lead behaves

+ i

& A

differently in wet and dgy seasons,

Jig welt season, the decrease in

e el
S il
dissolved lead concentrations with inecrease in salinity indicates
# g ‘-v.-lf ‘!I_
ST - 3
removal process. In dry season, addition of dlﬁsolved lead

concentrations was:Eound at low'sélinity (béiéé§§)°/,,). Removal is
found at salinity of 15 °/,, and another addition was found at salinity
of 25 °/,,. It is very likely that the behaviour of lead concentration
is under strong influence : “‘coprecipitation with iron oxides at below
B o ek . desorption which. caused by the ‘changes in physico-chemical
conditions upon the introduction of‘additionél river-water end member at

salinity between 10 to 15 °/,,; - release interstitial water upon the

resuspended of sediment in the estuary (at salinity of 25 °/,,).



65

Particulate Pb

®=r
O=D

- Conc. (pg/1)

Dissolved Pb

(A)

30 salinity

ARBApENINeNT

U

AR S0 U AN

L

Fig. 9 Lead concentration as a function of salinity in dry season

(A) = from the Mae Klong River, and (B) = mixing experiment.
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Fig. 10 Lead concentration as a function of sa].initf.y in wet season = =

- (A) = from the Mae Klong Rive:_', and (B) = mixing experilhent.
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