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MOBILITY OF IRON IN THE ESTUARIES
OF THE RHINE AND THE EMS
RELEVANT TO PLANT-AVAILABILITY PROBLEMS
by R. BOXMA
Institute for Soil Fertility, Haren (Gr.),the Netherlands
ABSTRACT
Studies were undertaken to obtain information on the iron mobilization
processes in the sediments of the rivers Rhine and Ems, both located in
western Europe. On their way from the fresh-water tidal area to the marine
environment these sediments loose a considerable amount of their iron. The
iron is released from the sediment by means of biodégradation products of
the organic matter which dissolve the iron as organic iron complexes. The
major functional groups of these organic compounds responsible for the iron
mobilization are carboxyls and phenolic hydroxyls. From the sediments of
the river Ems greater amounts of organic iron compounds are dissolved than
from sediments of the river Rhine. Alsofewer organic compounds are released
from marine sediments than from fresh-water sediments, which indicates a
diminished iron mobility in the marine area of the delta. Besides this the
organic compounds from the marine sediments show an impoverishment in
their functional groups. The sediments of the rivers Rhine and Ems are also
distinguished by a different occupation of functional groups in the organic
compounds. On account of anumber of experiments the mobilization capacity
of these river systems have been discussed.
From a viewpoint of plant nutrition the mobility of iron in deposits of
different ripening stages was also investigated.
INTRODUCTION

During the movement of the sediments on their way from the
rivers through the deltas to the coastal areas the sediments can
undergolossesintheir contentsofmetals, consequent onthe mobilization of these elements as soluble metal compounds5.
Much information about the mobilization of a number of metals
has been obtained by de Groot 5 , who studied the changes of the
total metal contents in the sediments depending on the location of
deposition during the passage of the sediments to the lower courses
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of the delta and the coastal areas.However, little attention hasbeen
paid to direct determinations of mobile metal fractions in sediments.
The heavy metals in the sediment are distributed over various
chemical compounds and minerals (elemental partition). The metals
of the lithogeneous fraction, which are incorporated in the crystal
lattice ofthe minerals are,in general,immobile during the transport
of the sediment.
The heavy metals which are not present in the lithogeneous fraction are associated with the organic matter, the hydrous manganese
and iron oxides and/or occur asdiscreteinorganicmetal compounds.
The metals in these fractions are more or less mobile and can be
released to the overlying water. To determine the elemental partition selective extraction procedures must be developed. From studies on availability of metals in soils to plants it iswell known that
the contents of available metal forms depend on the extraction procedure used and show a great variety. These values represent no
absolute contents ofspecialmetalformsbecauseashaking procedure
is founded on the establishment of a dynamic equilibrium between
soil and extractant, often depending on covering soil factors.
However, differentiation ofmetalforms, basedondifferent chemical reactivity with extractants, can give valuable informations in
soil and sediment studies. We must realize in this respect that the
contents obtained are relative values.
From a review presented by M o r t e n s e n 8 it appears to be well
established that iron is made mobile in soils by its interaction with
the organic matter. When it became apparent that chelation played
an important role in the mobilization of iron, chelating agents able
to compete with the organic matter were used as extractants for
mobile iron in soils. For assessing the mobility of iron and other
metals in acid soils R a u t e r b e r g 1 0 used EDTA as an extractant.
Since at high pH competition effects of Ca2+ and O H - ions decrease
greatly the chelating capacity of EDTA for iron, this chelate isnot a
suitable extractant for mobileiron in river sediments and calcareous
claysoils.Alsomethodsinvolving theuseof acidsolutions of citrate,
oxalate oracetate areunsatisfactory, becauseimmobileforms ofiron
may be dissolved by these acid extractants.
On account of these considerations it is clear that the chelating
agent ethylenediamine di(o-hydroxyphenylacetic acid) (EDDHA)
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with a low affinity for calcium and a high affinity for iron at high
pH-valuesoffers thebest perspective for extracting mobileiron from
riversediments and calcareous claysoils.Alsothefact that EDDHA
can function simultaneously asacolorimetric reagent for iron makes
it attractive to use EDDHA for the analysis of mobileiron.The aim
of this investigation was to study the mobility of iron in river sediments during their way from the river to the sea and to give some
experimental background on the chemical compounds which are responsible for iron mobilization. From a viewpoint of availability for
plant nutrition the iron status of old and young cultivated soils, as
well asof flood plains derived from river deposits,was also involved
in this study.

METHODS
a. Determination of mobile iron in sediments and calcareous soils
In extracting arable soils with reagents of increasing concentration it is
possible to dissolve increasing quantities of the elements present in a certain
range of chemical forms. Although a high concentration of EDDHA dissolves
much more iron than a low concentration the relative differences in characterizing the iron availability among the soils are greater in the range of lower
concentration ofthereagent 1 4 . Therefore alowconcentration of 2.5 X 10 - 4 M
EDDHA was chosen as an extractant for our routine analysis of mobile iron
in sediments and calcareous soils.
To adapt the extraction solution to the p H of the sediments and soils, the
p H of the EDDHA solution was adjusted to 7.5with 0.1N KOH solution. In
1958U n d e r w o o d 1 2 described a method for the spectrophotometric determination of iron with EDDHA, using the intensity of the red-coloured chelate
Fe-EDDHA. Later studies 1 8 indicated that foreign metals did not interfere
with this reaction and that solutions of Fe-EDDHA followed Beer's Law over
a p H range from 3 to 9.
The effect of the shaking time on the extraction of mobile iron was investigated for four calcareous soils, differing in their iron availability for crops
and in their status of available iron. Samples of 2 g of dry soils were shaken
with 100ml of a 2.5 x 10" 4 M EDDHA solution for J, \, 1, 2, 3 and 4 hours
on a mechanical shaker. Then the suspensions were passed through a folding
filter (Macherey, Nagel & Co no. 619 eh J). After having removed the first
10ml of the filtrate the absorbance was measured against a blank of the
EDDHA solution at 485 nm.
Dependant on the relevant soils, highly different levels of mobile iron were
found. Carrying out the extraction procedure with one type of soil, however,
the amounts of extractable Fe were similar during shaking times from \ to
4hours. By using shakingtimes of J hour, the amounts of extracted Fe were
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somewhat lower. Since a rapid analysis is desirable and apparently no loss of
accuracy would result, half an hour shaking time was adopted for our work.
For testing the direct spectrophotometric measurement of iron in EDDHA
extracts from soils, this method was controlled by the o-phenanthroline
method. For this purpose the EDDHA extracts were digested with sulfuric
acid and perchloric acid and the iron contents were determined according to
V a n D r i e l 2 using o-phenanthroline.
Table 1 shows for a number of EDDHA extracts that a good agreement has
been found for both methods.
TABLE 1
Comparison of the spectrophotometric measurement of
Fe-EDDHA with the O-phenanthroline method in determiningtheironcontents(ppmFe)inEDDHA-soilextracts
Location of the
soil sample

Fe EDDHA
measurement

O-phenanthroline
method

's-Gravenpolder
Steenbergen
Yerseke
Tholen
Hoofddorp

38
17
75
51
147

38
18
73
51
144

b. Solubilization and fractionation of themobile iron compounds from, sediments
of the aquatic environment
The very slow rate at which in nature iron compounds are dissolved from
sediments into the surrounding water, makes adequate laboratory studies extremely difficult. In soil chemistry sodiumpyrophosphate and particularly
NaOH are popular extractants for organic iron compounds from soils, but
decarboxylation, hydrolysis and oxidation, involved in their use, produce
many artifacts and alter the properties of the extracted material. Therefore
these methods are not admissible for the characterization of the organic iron
compounds in sediments because almost all information on the originally
natural structure of the mobile iron compounds is lost. With the intention to
adopt the solubilization process asmuch as possibleto the natural conditions,
the following method has been developed. A 10-kgsample of fresh sediments,
mixed with 101of the surrounding river water, was kept in a closed black
polyethylene bottle during two weeks at 20°C. Every day the bottle was
opened for some minutes and the suspension was stirred, promoting the dissolution of the organic iron compounds and preventing the development of a
very low redox potential. In spite of the high p H of the water (pH 8) a part of
the mobile iron dissolved under these mildly reducing conditions. Then the
suspension was filtered on a Büchner funnel and the filtrate evaporated by
heating at 35°C under reduced pressure. Based on solubility characteristics
the extractable organic matter from soils is generally separated into three
fractions: fulvic acid fraction, which is alkali and acid soluble; humic acid
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fraction, alkali soluble and acid insoluble; and humin fraction, insoluble in
both alkali and acid. Analogous to this separation the residue after evaporating the filtrate was extracted with 0.1 N H2SO4and after centrifuging the
fulvic acid fraction was poured off and filtered. After washing the remaining
residue with water, extraction with 0.1 N NaOH was carried out and the
humic acid fraction was obtained in the same way by centrifuging and filtration of the supernatant. The insoluble part, that cannot be dissolved by dilute
acid and alkali, mainly consists of calcium sulphate. The fulvic acid and humic
acid fractions were adjusted to p H 2.0 and 11.0, respectively, and used for
characterizing the organic compounds. Carbon was determined in the extracts by a wet oxidation procedure according to K u r m i s c h 7 .
The major oxygen containing functional groups responsible for metal
chelation in organic substances are carboxyls and phenolic hydroxyls. Carboxyls were estimated in the fulvic acid fractions by Potentiometrie titration,
using the inflection points corresponding to COOH- and phenolic OHgroups 1 1 . According to the method of P a u l y 9 phenolic hydroxyls were determined with diazotized sulphanilic acid. Finally, the fulvic acid fractions
were subjected to circular paper chromatography and paper electrophoresis
and subsequently detected by means of specific sprays for iron, carboxyls and
phenolic hydroxyls (solutions of o-phenanthroline and hydroxylamine, the
indicator brom cresol green and a mixture of diazotized sulphanilic acid and
Na2CC>3, respectively).
MATERIALS
In the deltas of the rivers Rhine and Ems samples have been taken from
the surface layers of the sediments, which were freshly deposited close to the
low-water level. From each delta the samples were taken from both the inner
part of the delta, where fresh-water conditions occur, and from the outer
marine environment. All these samples were examined in the laboratory in
the wet state. To determine the influence of soil ripening processes on iron
mobility, more elevated parts as river flood plains and young embankments
were alsosampled. In both wet and dried samples mobileiron was determined.
To study the relation between chemical mobility and plant availability of
the iron alsosoilsamples of the layer 0-20 cm were collected from orchards on
calcareous clay soils, representing a wide range in susceptibility to iron chlorosis. These samples were dried at 35°C, homogenized and passed through a
2-mm sieve.
RESULTS

a. Mobility ofiron in theRhine andEms delta during the transport of
thesedimentsbythe streams
Before the execution of the Delta Plan the Rhine transported its
sediments by way of the fresh-water tidal area Biesbosch via the
Haringvliet into the North Sea and then they moved in a north-
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Fig. 1. Movements of sediments originating from the rivers Rhine and Ems.

easterly direction along thecoast into theDutch Wadden Sea (Fig.
1). The Ems transports its sediments byway ofthe fresh-water tidal
area near Diele totheDollard11. From both rivers themobile-iron
contents inthesediments ofthefresh-water tidal area and the marine area have been determined.
Table 2demonstrates that themobile iron contents decrease into
the downstream direction ofthe delta,whichindicates adiminishing
mobility into thedirection ofthe sea. Further, itisobvious thatthe
TABLE 2
Contents ofthemobileiron insediments from theEms-andtheRhine delta (mean values
of 10samples per location)
Location

Mobile
iron
content
(ppm)

Mobile iron inthe
sediment, expressed
asapercentage of
thetotal iron content

Ems
Diele; fresh water sediment of the Ems
Ditzum; sediment deposited in the brackish part
of the Ems

820

17.0

459

1.7

Rhine
Biesbosch; fresh water sediment ofthe Rhine
Zwarte Haan; marine sediment of the Rhine

150
410

5.1
2.1
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fresh water sediment of the river Ems contains more mobile iron
than that of the Rhine.
The mobile-iron contents of the different locations are the mean
values of a number of samples, which show a great variety in these
contents. This is demonstrated in Table 3, where the mobile-iron
content for a number of samples of one location has also been expressed as a percentage of the total iron content. The latter figures
indicate which part of the total iron content of the sediment occurs
inamobilestate. Probablythe differences betweenthesamples must
bepartly attributed to variations in the contents of the finest grainsize fractions of the sediments1.
TABLE 3
Comparison between the mobile-iron content and the mobile iron
expressed as a percentage of total iron, for a number of samples of one
location
Location

Oldendorp:
sediment deposited
in the brackish part
of the Ems

Sample
no.

Mobile
iron
(ppm)

Mobile iron
expressed as a
percentage of
the total iron in
the sediment

1
2
3
4
5
6
7
8

613
526
565
608
417
589
473
548

1.7
1.6
1.7
1.6
1.4
1.9
2.0
1.4

It isinteresting to knowwhat chemicalforms ofiron are extracted
by EDDHA. Besides chelating properties EDDHA has a slightly
reducing effect, which can be demonstrated by the discolouration of
a redox dye like methylene blue. For this reason EDDHA can dissolve freshly precipitated iron oxides, but aged oxides are not attacked. In a separate investigation the dissolution of reactive iron
oxideswasprevented bythe addition of asmallquantity of H2O2to
the extractant. In that wayit couldbeshown that about 20% of the
mobile iron in the sediments of Diele was present as reactive iron
oxides and about 80% was bound to the organic matter.
The presence of reactive iron oxides in the mobile iron fraction,
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however, doesnot suggest that thispart ofthemobileironleaves the
sediments in the form of iron oxides during transportation. In all
probability the fresh iron oxides are dissolved by degradation products of the organic matter like fulvic acids, which have also a reducing effect on reactive iron oxides even at high pH. Although the
mobile-iron contents in question refer to insoluble iron compounds
in the sediments, they are expected to reflect the contents of iron
solubilizing into the surrounding river or sea water.
b. Characterization ofthesoluble organic ironcompounds
According to the described method fulvic acid and humic acid
fractions wereisolated from thesamelocations asused for the analysis of mobile iron. The amounts of iron and organic Cin the humic
acid and fulvic acid fractions, which were extracted from 10kg of
sediment, are givenin Tables 4and 5.The contributions of the river
TABLE 4
Amounts of organic Cand iron in the humic acid fractions, isolated from 10kg of freshwater and marine sediments of the rivers Ems and Rhine
Location
Fresh-water sediment of the Ems
Sediment deposited in the brackish part of the Ems
Fresh-water sediment of the Rhine
Marine sediment of the Rhine

Organic C
mg

Fe
mg

98
38
80
45

3.8
0.4
2.0
0.3

and sea water to the amounts of iron and organic Care very small
and can be neglected. From these tablesit isobvious that only very
small amounts of the total contents of organic Fe are related with
humic acids. Consequently the contribution of the humic acid fraction totheironmobilization canbeneglected.Theresultsshow, that
thesediments after transport totheseahavelost agreat dealoftheir
mobile iron. In the fulvic acid fractions carboxyls and phenolic hydroxyls were determined. Phenolic hydroxyls were expressed in extinction units because the composition of the phenolic components
intheextractswasunknown.Theamounts ofcarboxyls andphenolic
hydroxyls in the fulvic acid fractions show the same trend as the
amounts ofiron andorganicC. From marinesedimentsmuch smaller
quantities of organic compounds with carboxyl and phenolic hy-
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TABLE 5
Amounts of organic C,iron, carboxyls and phenolic hydroxyls in the tulvic acid fractions,
isolated from 10kg of fresh-water and marine sediments of the rivers Ems and Rhine
Location

Organic C
mg

Fresh-water sediment of the Ems
Marine sediment of the Ems
Fresh-water sediment of the Rhine
Marine sediment of the Rhine

380
770
750
440

Fe
mg
622
20
290
41

COOH
meq

27OH

27
4
20
10

droxylgroupsweredissolvedthan from fresh-water sediments. However, under marine conditions not onlythe quantities of organics are
reduced, but also their occupation with carboxyl- and phenolic hydroxyl groups (Table 6). Finally a remarkable difference is noted
between the sediments of the river Ems and those of the Rhine. By
comparing the distribution of the functional groups it appears, that
inthesediments ofthe Emsmorephenolichydroxyls areinvolved in
iron mobilization than in the sediments of the Rhine, whereas the
dissolved organic compounds of the Rhine sediments contain more
carboxyls than those of the Ems.
Using salicylic acid as a standard in the analysis of phenolic hydroxyl groups the ratio of carboxyl to phenolic hydroxyl groups in
the fulvic acid fraction from the fresh-water sediments of the Ems
approaches the value of 3.
It is reasonable to assume that at the high pH of the sediments
and the riverwater iron can only dissolve asorganiciron complexes.
This assumption was proved by subjecting the fulvic acid fractions
to circular-paper chromatography and paper electrophoresis.
TABLE 6
Relative distribution of carboxyls and phenolic hydroxyls in the
organic compounds of the fulvic acid fractions
Location

F r e s h - w a t e r s e d i m e n t of t h e E m s
Marine s e d i m e n t of t h e E m s
F r e s h - w a t e r sediment of t h e R h i n e
Marine s e d i m e n t of t h e Rhine

COOH/mg C
meq

27O H / m g C

0.020
0.005
0.027
0.023

0.104
0.065
0.041
0.027

143
50
31
12
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After drying the chromatogram, iron, carboxyls and phenolic hydroxyls were located on the same place on the chromatogram after
spraying with solutions of specific colour reagents (solutions of ophenanthroline and hydroxylamine; brom cresol green and a mixture of diazotized sulphanilic acid and Na2CC>3 respectively). On the
electrophoregramsironmovedtogether withphenolichydroxyls and
carboxyls with the same velocity to the anode. This means that
ironispresent asachelated organicanioninthefulvic acid fractions.
However, thesesolubleorganicironcompoundsareconverted into
insolublecolloidalparticleswhenthey areexposedtothe oxygenated
river or sea water. This was demonstrated by aerating an extract,
obtained by filtration of an anaerobic mud suspension. After an
aeration period ofhalf anhour approximately 98% of theironin the
extract has been precipitated, while 2% of the iron remains in solution.
The extraction by means of EDDHA dissolves much more iron
from thesediments than the anaerobicsolubilization process because
the concentration ofEDDHA ismuchhigherthan the concentration
of the dissolved organic compounds. Therefore the EDDHA extraction will reflect the amount of mobile iron in the sediment. The
solubilization process,however,refersinthefirst placetothe amount
of organic compounds formed by the decomposition of the organic
matter in the sediment.
The ligands of the organic compounds in the fulvic acid fractions
of fresh sediments are not able to bind more iron.
c. Influence ofthestageofripening onmobile-ironcontentsofsediments
In the Biesbosch transformations in sediments like loss of water
and oxidation, summarized under the term 'ripening' may occur,
when the sediments are deposited above the low-tide level of the
river. After sedimentation has reached a height of 60cm above the
meanhigh-tidelevelthestageoftheriverfloodplainswith acharacteristicvegetation begins.Further ripeningprocessestakeplace after
embankment of the river flood plains, by which procedure the usual
arable soils are obtained (Fig. 2).
Table7shows that duringtheprocessesofripeningfrom deposited
mud via river flood plains to arable land the mobile-iron contents
undergo a sharp decrease. Alsoit isseen that drying of the samples
at 35°C has a different effect on the mobile-iron contents. Whereas
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Fig. 2. The process of the accumulation of land in the Biesbosch.
TABLE 7
Effect of drying at 35°C on the mobile iron
contents (ppm Fe) of sediments, river flood
plains and arable lands in the Rhine delta
Ripening stage

Wet soil

Dried soil

2
3
4

1976
1868
2280
2463

305
268
353
381

2
3
4

1140
1075
854
1179

134
118
109
234

2
3
4

23
21
73
84

25
24
85
89

Fresh mud no. 1

Flood plain no.1

Arable land no.1

themobile-iron contents ofthe arablelands arehardlyinfluenced by
drying, the mobile-iron contents of freshly deposited mud and river
flood plains decrease to about 15% of the values in the originally
wet state.
The consequences of this phenomenon with respect to the iron
supply of plants have been demonstrated in a pot experiment with
spinach. The plants were grown on three calcareous soil types from
the Biesbosch: - an old cultivated soil,a young cultivated soil and a
river flood-plain soil. Before planting, the soils were made air-dry,
which results in arapid fall of the mobileiron contents of the young
cultivated soil and of the flood plain soil. The plants only received
just sufficient water as needed for a healthy growth, so that the
mobile-iron contents remained low and also a high bicarbonate con-
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TABLE 8

Effect of drying on mobile iron in different stages of ripening in Biesbosch soils with
regard to the iron supply of spinach plants
Ripening stage

Organic
matter

(%)

Flood plain soil
Young cultivated soil
Old cultivated soil

14.2
5.9
1.7

Mobile-iron
content in
wet
condition
(field
condition)
(ppm)

Mobile-iron
content in
dry condition
(condition of
the pot
experiment)
(ppm)

Degree
of iron
chlorosis
in
spinach
plants

356
116
15

37
22
16

Moderate
Mild
Healthy

tent wasprevented (highbicarbonate concentrations canprevent the
uptake of iron by plants). The results of this experiment are shown
in Table 8. Notwithstanding that even after drying the mobile iron
contents of the flood-plain soiland the young cultivated soil are still
higher than the mobile iron content of the old cultivated soil, these
soilsinduceironchlorosis.Apossibleexplanation ofthis phenomenon
may begiven by the role of the organicmatter in theiron uptake by
plants. Both roots andligands of the organic matter compete for the
mobile iron. The drying process causes a drastic fall of the mobileiron contents, but the contents of the organic matter remain unaltered. Probably the occurrence of iron deficiency on the flood
plain andyoung cultivated soilin the driedstate must be attributed
to an unfavourable ratio between the contents of mobile-iron and
organic matter. This explanation is also supported by the relation,
which is found in orchards on calcareous clay soils, between the
mobile-iron content, the content of organic matter and the occurrence of iron deficiency. Fig. 3 demonstrates that the occurrence of
iron deficiency isnot directlyrelatedwith themobileiron content of
the calcareous soils. However, a distinction between healthy and
iron-deficient orchards on calcareous soils could be made if the mobile-iron contents were correlated with the contents of the organic
matter of the relevant soils.Sothe relationship between the mobileiron content and the content of the organic matter, represented by
approximatively the equation y = 27'x —16,can beused to predict
the susceptibility of a calcareous soil to iron deficiency.
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Fig. 3. Relation between mobile iron (ppm) and organic matter (%) with regard
to the susceptibility of orchards to iron chlorosis.
Regression line: y — 27'x — 16.
Legend: • susceptible to iron chlorosis,
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DISCUSSION

Theiron-mobilization processesarecausedbytheintensive breakdown of the organic matter of the sediments of the fresh-water tidal
area.The decomposition products ofthe organicmatter form soluble
organometallic complexes with the iron from the sediments.
In this study these organic substances, responsible for the iron
mobilization, are defined as fulvic acids, because the bulk of the
components in this fraction shows a great similarity in chemicalbehaviour to soilfulvic acids.From Table5itisseen,that the amounts
of organic C and iron in the fresh-water sediments of the Ems are
mobilized in the ratio 2:1. This ratio approached the value, which is
found by de Groot 4 .
Although themobilization ofironisnot sointeresting from aview-
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point of pollution, its behaviour in this respect may be of great importance for the understanding of the mobilization behaviour of
other metals like copper, zinc, and mercury. As a result of the high
iron contents in the sediments and of the fact that ferric-iron forms
the most stable organometallic complexes according to the seriesof
I r v i n g and Williams 6 , the amount of mobilized iron is much
greater than that of any other metal 5 . Therefore iron may have a
strong competition effect on the mobilization of other metals and
perhaps this effect can give an explanation for the difference in
mobilization behaviour between the rivers Rhine and Ems. The
Rhinemobilizesmuch lessironthan the Ems,thelatter river, on the
other hand, shows a smaller mobilization for copper, zinc, and chromium, possible due to the competition effect of iron.
The above-mentioned consideration makesit clearthat the extent
to whichmetals aremobilizedinthemouthing area of ariver cannot
be expressed in a single measure. Besides the quantity of decomposable organic matter and the series of I r v i n g and W i l l i a m s 6
concerning the stability of metal chelates, other considerations, like
mutual competition between the metals and selective chelation of a
metal by special ligands may be of importance in the regulation of
the mobilization of metals.
The percentages of iron mobilization in Table 2are small in comparison with the natural values found by de Groot 5 . Thisis understandable becausethemobileironcontents donot represent absolute
values. During the extraction with EDDHA a dynamic equilibrium
is established between the mobile iron in the sediment and the iron
in the extractant. In fact, if the extraction is repeated, a considerable amount ofiron isreleased again from thesediment. For characterizing the iron mobility, however, the EDDHA extraction procedure is very .useful and gives a reliable index.
The organic iron compounds were solubilized from the sediment
under mildly reducing conditions. This artifact seems to be in conflict with the naturally occurring aerobic environment of the river
system. But even in such an aerobic ecosystem reducing processsss
take placeby microbiological attack. Underthemildlyreducingconditionsoftheexperiment, however,theseprocessesarefavoured over
the oxidizing processes. Transportation of sediments is a complex
process and related to the circulation patterns of the water. Under
the influence of the flow conditions sedimentation and subsequent
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erosion of the sediments take place alternately. Probably these processesoccurmany times before thesediments reach thefinal placeof
deposition. As the oxygen supply in the state of deposition will be
lower than in the state of movement with the stream, the state of
deposition may favour the mobilization of iron.
When these soluble organic iron compounds have left the sediments, they are directly converted into colloidal particles under the
oxidizing conditions of the river and sea water. Thus the mobilization of iron may be attributed to chelation, followed by processesof
hydrolysis, which lead to the formation of a colloidal fraction of
insoluble Fe compounds. According to Aston and C h e s t e r 1 these
compounds can be adsorbed by fine, suspended clay particles and
may be transported by tidal and current action.
Both ripening and drying of the sediments cause a large decrease
of the mobile-iron content. Especially with respect to the empowering of newland the effect of drying may have harmful consequences
for plant nutrition. Thesedimentary deposit loosesagreat part of its
water in a relatively short period, whereas the organic matter content onlydecreasesslowlywhenthe depositisripening to arablesoil.
In this way an unfavourable ratio between mobile-iron and organic
matter may lead to a low iron availability. The competitive action
of the organic matter on iron availability has alsobeen found in old
calcareous soils.The combination oflowcontents of mobile-iron and
high contents of organic matter implies susceptibility of these soils
to iron chlorosis.
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