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The Behaviour of Dissolved Iron and its Variability
in the Keum Estuary, a Macretidal System
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The behaviour of dissolved iron and its temporal variability were investigated in the Keum Estuary,
a temperate and macrotidal system on the west coast of Korea, by means of laboratory mixing
experiments and field surveys. Four field surveys were conducted under different tidal and fluvial
conditions with an aim of understanding the effects of these two most important environmental
variables on dissolved iron.

Results from the mixing experiments clearly showed an extensive removal (>90%) of dissolved
iron during the early stage of estuarine mixing (<5%. S), as was reported from many other estuaries.
In the field data, however, this pattern was observed in only one survey among four, which was
conducted under low rniver discharge and neap-tide condition. The data obtained from the other
three surveys, representing either different tidal or fluvial conditions. showed scatter which in some
cases obscures the iron removal in the estuary. This variability of dissolved iron was discussed in
terms of various physical processes including water circulation, sediment resuspension and defloccuia-
tion.
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INTRODUCTION

During the past two decades there has been con-
siderable progress in our knowledge of metal be-
haviour during its transition through an estuarine
zone. For dissolved iron, numerous field and la-
boratory studies have contributed in establishing
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its large scale removal at an early stage of estua-
rine mixing (Boyle et al., 1974, 1977; Holliday and
Liss, 1976; Sholkovitz, 1976; Moore et al, 1979)
as well as the mechanisms involved in this remo-
val process. These studies elucidated various me-
chanisms of dissolved iron removal, such as the
adsorption onto particles (Aston and Chester, 19
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73), the precipitation as iron hydroxide flocs (Coo-
nley et al, 1971), and the flocculation of colloidal
humic acids and iron hydroxides (Eckert and
Sholkovitz, 1976; Boyle et al, 1977; Sholkovitz.
1978).

The dissolved iron content in the inflowing river
waters varies greatly both spatially —within a range
of two orders of magnitude from one estuary to
another—and temporally for a given estuary (Fi-
gueres et al., 1978; Yeats and Bewers, 1982; Shiller
and Boyle, 1985). Although the removal during
estuarine mixing is now generally accepted as a
global behaviour pattern of dissolved iron, the
magnitude of this removal also varies greatly from
one estuary to another. Moreover, on some occa-
sions the removal of dissolved iron could not be
observed (Eisma, 1975; Shiller and Bovle. 1991).
Besides these variabilities. Boyden et al. (1979) also
reported considerable differences in concentrations
and behaviour of trace elements, including iron.
on a tidal and seasonal basis from their study
on two Comish estuaries in the United Kingdom.
All these facts clearly show the highly complex
nature of metal geochemistry in the estuarine en-
vironment.

Therefore, it is necessary to understand the tem-
poral variability in relation to the local environ-
mental conditions before we estimate the chemical
mass balance of trace elements in any particular
estuarine system. This is especially important for
a temperate macrotidal estuary where great varia-
tions in river discharge and tidal energy occur over
seasonal and fortnightly time scales. The seasonal
variation in river flow regime and the spring-neap
tidal cycle exert great influence on the residence
time of water and suspended sediment in estuaries.
which in turn can affect the sediment-solution in-
teractions in that environment.

During the last ten years numerous studies have
been carried out for the Keum Estuary, located
on the west coast of Korea (Chung et al. 1983

Chung and Bhang, 1984: Lee, 1985; Kim and Ki.

1987, Lee and Kim, 1987; Choi et al, 1989). As
a result of these studies. the sedimentary processes
and related dynamic phenomena of this estuary
are now relatively well understood. Very litle atten-
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Fig. 1. The Keum Estuary.

tion, however, has been paid to the geochemical
processes of trace elements in this estiary. Recent-
ly, Byrd et al. (1990) studied the behaviour of
some trace metals in the Keum Estuary and repor-
ted the rapid removal of dissolved iron during
estuarine mixing. Their data,. however, are restrict-
ed to field samples collected during one particular
hydrologic condition and the temporal variability
in metal behaviour is still unknown.

The present study was conducted in order to
investigate the temporal varability of dissolved
iron concentration in the Keum Estuary with re-
gard to the different dynamic conditions, principa-
lly related with the varying river discharge and
tidal energy. 1 will discuss here the estuarine beha-
viour of dissolved iron under various tidal and
fluvial conditions. with an emphasis on its relation-
ship with various physical processes whenever
appropriate.

THE STUDY AREA

The Keum Estuary is a shallow macrotidal es-
tuary which is located on the western coast of
Korea (Fig. 1). The tide at the estuary mouth is
a semi-diurnal type with a mean range of 43 m,
and exhibits a large fortnightly spring-neap varia-
tion. The average spring- and neap-tidal ranges
are estimated at 57 m and 2.8 m, respectively.
This great fluctuation in the tidal energy input
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into the estuary controls not only the residence
time of fresh water within the estuarine zone but
also the dynamics of fine sediments in this environ-
ment. Consequently, a periodic resuspension and
deposition of bottom sediments occurs along with
the spring-neap cycle, which results in the periodic
growth and waning out of a turbidity maximum
(Lee and Kim, 1987). The annual fresh water dis-
charge is estimated at about 6X10° m® yr™*, most
of which is concentrated in the summer rainy sea-
son, causing a great seasonal variation. According
to Lee and Kim (1987), this seasonal fluctuation
in river discharge controls mainly the seaward
transport of the estuarine fine sediments through
modification of the flood-ebb asymmetry in cur-
rent velocity and the flushing rate of suspended
sediments.

MATERIALS AND METHODS

The estuarine waters were sampled four times
during the year 1987, on different periods of tidal
and fluvial conditions; the period of low river dis-
charge and neap-tide (May 22), high rver dis-
charge and spring-tide (August 12), high river dis-
charge and neap-tide (August 19), and medium
river discharge and spring-tide (November 5). Wa-
ter samples were collected along the Keum Estuary
and its adjacent offshore area, covering the entire
salinity range of estuarine mixing, on a small ship
using a pole-type sampler. During collecting and
subsequent handling of water samples every pre-
caution was taken against possible contaminations.

The samples were stored in an ice-box and trans-
ferred to the laboratory within 24 hours. Upon
arrival in the laboratory, the water samples were
immediately filtered through precleaned 045 ym
membrane filters, acidified with redistilled HCI
to pH 1.8, and stored in clean high-density poly-
ethylene bottles with vinyl cover until the time of
analysis.

Analysis of dissolved iron was made colorime-
trically using ferrozine as reagent (Stookey, 1970).
This colorimetric method determines only that
fraction of iron species which is solubilised by
storage at pH 1.8 and subsequently reduced to

Table 1. Dissolved Fe contents of the Keum River
waters, measured at Kongju on five different
periods during the year 1987

River Discharge Dissolved Fe

(m¥/sec) (ug/ly
April 30 216 524
July 8 54.4 417
August 2 3594 83.7
August 13 5489 312
September 20 456 208

Fe’* by hydroxylamine at room temperature.
Some authors termed this as ‘colorimetric iron’,
distinguishing it from ‘total dissolved iron’ mea-
sured by graphite furnace atomic absorption spec-
trophotometry. However, Boyle et al. (1977) found
that the ratio of colorimetric Fe to total Fe was
constant within a given estuary. The ‘colorimetric
jiron’ was shown to comprise about 88% of the
‘total dissolved iron’ in the Keum Estuary. The
precision of anaysis was fairly good, generally
within 2% for the entire concentration range analy-
zed.

Mixing experiments were carried out in the la-
boratory using aliquots of both river water and
secawater endmembers. Two types of experiments
were done: one with unfiltered endmembers and
another with filtered ones. Aliquots of river water
and seawater were mixed in varying proportions
in order to obtain 12 mixtures of different salini-
ties. After allowing 3 hours of mixing time, the
mixtures were filtered, acidified and stored, as des-
cribed for field samples. All the laboratory proce-
dures were carried out in a laminar-flow bench.

RESULTS AND DISCUSSIONS
Dissolved Iron in River Waters and Seawaters

The dissolved iron content in the Keum River
waters at Kongju, located at about 100 km up-
stream from the estiary mouth, varied between 208
and 83.7 ug/l. The result of five different measure-
ments, shown in Table 1, does not show that dis-
solved iron content has any relationship with the
river discharge. Instead, the dissolved iron content
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in September was reduced to less than half of
that observed in spring under the same discharge
condition, suggesting an apparent seasonal varia-
tion in riverine iron content. This decreased con-
tent in autumn, compared to spring and summer,
may be expressed in terms of hysteresis effect
(Whitfield and Schreier, 1981), though more detail-
ed time series study is required in order to eva-
luate the seasonal pattern. However, the washout
of the drainage basin during the rainy season may
result in the reduced availability of dissolved iron
during the subsequent dry season. In the same
context, the maximum content observed in early
August may be explained as a result of the excep-
tionally dry weather which persisted during the
spring and early summer of 1987.

In contrast to the temporal variability, the dis-
solved iron content of the Keum River waters does
not appear to vary noticeably in space. On July
8, 1987, river waters were collected at three diffe-
rent locations along the Keum River; at Kongju,
Buyeo and Kang’-ﬁg?ogng, located at about 100, 60
and 40 km, respectively, upstream from the mouth.
The measured dissolved iron values at the above
three freshwater stations were 41.7, 356 and 40.0
ug/! respectively. This result suggests that there is
no significant process that affects the dissolved
iron content in the upstream of the salt water in-
trusion. The dissolved iron level observed in the
Keum River is similar to those reported from the
Gota River, Sweden (Danielsson et al, 1983), the
Connecticut River, US.A. (Hong and Kester, 1985),
the Amazon (Gibbs, 1977), and perhaps the Chang-
jiang, China (Chen and Zeng, 1983).

In the offshore areas, the dissolved iron values
vary widely both in space and in time, with an
overall range of 0.2 and 12.2 pg/l. This may reflect,
at least in part, the influence of anthropogenic
inputs from localized sources. Both the frequent
dredging operations in the area for the mainte-
nance of navigation route and the construction of
dams along the coastline for land reclamation can
be the additional iron sources into the coastal wa-
ters. But at the same time, it may also be conceiv-
able that such various iron contents result from
the mixing of different coastal water masses by
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Fig. 2. Results of laboratory mixing experiments using
the river water and seawater endmembers.

periodic tidal movement, most of which lies be-
tween 1-5 pg/d. Whatever the reason, it is evident
from our result that the dissolved iron content in
coastal waters is highly variable and sometimes
more elevated than in the estuarine waters.

Behaviour of Dissolved Iron in the Mixing Experime-
nts

The behaviour of dissolved iron in the estuarine
mixing zone was investigated by means of artificial
mixing experiments using the river water and sea-
water endmembers. The controlled laboratory ex-
perimental conditions can allow us to characterize
the processes involved in the field observations.
Two types of experiments, one with unfiltered end-
members and another with filtered ones, were
performed with an aim of distinguishing the two
most important effects: the adsorption-desorption
behaviour and the colloid flocculation. In these
experiments, a river water sample containing 31.2
ug/l of dissolved iron, collected on August 13 at
Kongju, and an offshore water sample with 04
pg/! of dissolved iron value were used as endmem-
bers of mixing.

The result of these laboratory mixings, shown
in Fig. 2. exhibits a similar pattern for the both
types of experiments: a rapid decrease with increas-
ing salinity in dissolved iron content in the 0-5%«
salinity range followed by a conservative dilution
pattern at higher salinities. The magnitude of dis-



The Behaviour of Dissolved Iron in the Keum Estary 105

20 T T T T T T
1987.5.22. Dissolved fe

= N
ob
E)
7
[

- 4
@
2
©
0
2

& 4

38

Salinity(per mil)

250 T T T T T T ‘

1987.5.22. SPM '\

200 [, g

Z 150 |, y
]
£

F 100} |
7]

50 - . 4

0 1 1 1 ! i L3, )
0 5 10 15 20 25 30 3z

Salinity(per mil)

Fig. 3. Concentrations of (a) dissolved iron and (b) SPM
against salinity, observed in the Keum Estuary
on May 22, 1987 (low discharge, neap-tide). The
best-fit regression curve: Fe (ug/)H=—0.063 S+
1588 e 98354323 (for S<25%s), r*=0937.

solved iron removal in these experiments was esti-
mated by the method of Boyle et al. (1974) and
was shown to be 94% and 90% for filtered mixing
and unfiltered mixing, respectively. The rapid and
extensive removal of dissolved iron during the
carly stage of estuarine mixing was reported
from numerous estuaries, including the Amazon
(Sholkovitz et al, 1978), the Zaire (Figueres et al.,
1978), the Connecticut (Hong and Kester, 1985) and
the Changjiang (Chen and Zeng, 1983; Edmond
et al, 19895).

The fact that there is no difference in the iron-
salinity relationships between the filtered and un-
filtered mixings indicates that the observed remov-
al of dissolved iron was caused by some process-
es which were independent of suspended particles
(>045 um). Numerous studies have shown that
a major part of dissolved iron in river water con-
sists of colloids (<045 pm) stabilised by organic
material, which flocculates rapidly upon encounter

with the seawater electrolytes (Boyle et al, 1977;
Sholkovitz et al., 1978; Moore et al., 1979; Hunter
and Leonard, 1988). Therefore, the rapid removal
of dissolved iron at low salinities observed in the
mixing experiments is most probably due to the
flocculation of colloidal iron.

Dissolved Iron and SPM in the Estuarine Mixing
Zone

May 22 1987 (Fig. 3)

This was the period of low river discharge and
neap-tide. The tidal range at Kunsan Harbour was
36 m, a value somewhat greater than the average
neap-tidal range (28 m) but smaller than the
mean tidal range (4.3 m) in this environment. The
salt water intruded into the estuary up to about
a 20 km upstream position from Kunsan. Water
samples were collected from a distance of about
40 km along the estuary and adjacent coastal
areas, and covered a range in salinities from 0.5%e
to 30.5%o.

The dissolved iron content varied between 1.5
and 16.5 pg/l, with an overall decreasing trend with
increasing salinity. The decrease in dissolved iron
content, however, was most pronounced in low
salinity areas, less than about 5%o. Beyond that
salinity range, the dissolved iron content did not
vary much and remained below 4 pg/l along the
rest of the estuary. The removal of dissolved iron
was thus confined to the early stage of estuarine
mixing, mainly in the 0.5-5%. salinity range. The
magnitude of this removal was about 84% of the
dissolved iron introduced to the estuary by river
water.

In offshore waters, the dissolved iron content
varied in the range of 2.6-62 pg/l. Some of these
offshore dissolved iron values were higher than
those observed within the estuary, suggesting a
heterogeneity of offshore waters with regard to dis-
solved iron.

With increasing salinity, concentrations of the
suspended particulate matter (SPM) also showed
a decreasing trend, with a maximum value of 200.6
mg/l near the saline intrusion limit. Fluctuations
in the SPM concentration near the 5%o and 15%0 S
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Fig. 4. Concentrations of (a) dissolved iron and (b) SPM
against salinity, observed in the Keum Eswary
on August 12, 1987 (high discharge, spring-tide).
The best-fit regression curve: Fe(ug/)=—01 S+
896 ¢ 92854+0014 (for S<15%), r*=0339. Dot-
ted line represents the least-square regression line
assuming conservative mixing within the salinity
range of 0-12%. : Fe(ug/N=—469 S+605, r'=
0677.

were probably caused by the resuspension of bot-
tom sediments. The SPM level in coastal waters,
on the other hand, was very low and showed a
range of 3.4-70 mg/l.

August 12, 1987 (Fig. 4)

This was the period of high river discharge and
spring-tide. The tidal range at Kunsan Harbour
was 7 m, the largest among the four periods stu-
died. This, in spite of the extremely high river dis-
charge, allowed salt water to intrude up to about
12 km upstream fromi Kunsan. However, only
those waters with salinities of less than about 15%e
could be observed within the estuary proper and
higher salinities were encountered in the adjacent
offshore waters.

Both the SPM and dissolved iron concentra-

tions in estuarine waters were relatively high on
this day, the SPM concentration varying in the
range of 25.5-1370 mg/! and the dissolved iron in
the range of 2.5-1113 pg/l. Great scatters in both
the SPM and dissolved iron contents were observ-
ed in the low salinity zone of less than 10%o0
S. The removal of dissolved iron at low salinities,
which was shown in the mixing experiment, was
thus not evident in field samples during this high-
discharge, spring-tidal period. Instead, the removal
appeared to have occurred at an intermediate sali-
nity area, probably near 10%o S. However, a limit-
ed number of samples from the area covering
10-23%0 of salinity during this ficld study makes
any definitive conclusions difficult.

The high SPM level as well as its great variabi-
lity in the low salinity zone is readily explained
in terms of resuspension of bottom sediments by
strong spring-tidal currents. The tidal resuspension
of bottom sediments are known to provide the
principal mechanism in the formation of a turbi-
dity maximum in this estuary (Lee and Kim, 1987).
The variation of SPM in respect to salinity was.
on the other hand, very similar to that of dissolved
iron. It may thus be assumed that behind this
similar trend in the behaviour of SPM and dissolv-
ed iron lie some related causes, notably vigorous
resuspension of bottom sediments caused by
strong spring-tidal currents.

August 19, 1987 (Fig. 5)

This was the period of high river discharge and
neap-tide. The tidal range at Kunsan Harbour was
only 14 m, a value far below the average neap-
tidal range of 2.8 m. This extremely weak tidal
condition together with the strong fluvial regime
hindered the salt water intrusion mainly to the
downstream part of Kunsan Harbour. The water
samples were collected over a salinity range of
0.1-26.5%0, but only samples with less than about
15%0 were found within the estuary.

The dissolved iron content varied between 5.1
and 479 pg/l, with a maximum value occurring
at the uppermost part of the estuary. A general
trend of decreasing dissolved iron content with
increasing salinity could be discerned. In spite of
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Fig. 5. Concentrations of (a) dissolved iron and (b) SPM
against salinity. observed in the Keum Estuary
on August 19. 1987 (high discharge, neap-tide).
The best-fit regression curve: Fe(ug/)=—0705 S
+306 e 95+160 (for S<15%0), =0.802.

the scattered data, the dissolved iron vs salinity
relationship appears as a curvature which suggests
a removal of dissolved iron. However, the extent
of this removal was greatly reduced compared to
the May data, with an estimated rate of less than
60% of the river-borne dissolved iron.

The SPM concentrations were very low compar-
ed to the other periods and showed on the whole
a monotonous decreasing pattern with increasing
salinity. Under the weak tidal energy condition
the resuspension of bottom sediments was greatly
reduced. The fluctuation of dissolved iron contents
in estuarine waters was thus, unlike August 12,
not accompanied with fluctuation in SPM during
this period.

November 5, 1987 (Fig. 6)
This was the period of intermediate river dis-

charge and spring-tide. The tidal range at Kunsan
Harbour was 6 m. The salt water penetrated into
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Fig. 6. Concentrations of (a) dissolved iron and (b) SPM
against salinity, observed in the Keum Estuary
on November 5, 1987 (medium discharge, spring-
tide).

the estuary up to about 10 km upstream from Kun-
san. Water samples, collected from a distance of
about 36 km along the estuary, covered a range
of 0.1-17.3%, salinities.

The dissolved iron content, varying in a range
of 02-5.7 pg/l, was lowest among the four periods
studied. The data are scattered within the estuary,
in an area of less than about 7%, S, which makes
it difficult to conclude that the removal of dissolv-
ed iron occurred within the estuary. However.
underlying this fluctuation persisted a relatively
low dissolved iron content of 0.3-0.6 pg/l in waters
with salinity higher than about 3%.. It is hence
probable that the removal occurred at low salinity
if we assume that the three samples with relatively
high dissolved iron were influenced by localized
secondary inputs or contamination during han-
dling. Byrd et al. (1990), who analyzed water sam-
ples collected on October 24, 1986 from the Keum
Estuary, also found a removal of dissolved iron.
The dissolved iron content reported by Byrd et
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al. (1990), which was analyzed by graphite furnace
atomic absorption spectrometry, was of the same
range as our data. This will serve as another evi-
dence supporting the fact that the colorimetric iron
makes up the major part of the total dissolved
iron in the Keum Estuary.

The SPM concentrations varied between 27.5
and 86.6 mg/l. Along with a general tendency of
the decreasing SPM level with increasing salinities.
some fluctuations deviating from this general trend
were observed in the salinity range of 1-8%s.

Temporal Variabiliy in the Dissolved Iron Beha-
viour

The above-described observations from four
field studies show that a wide variability, both in
time and space, of dissolved iron occurs in the
Keum Estuary and its adjacent coastal waters. One
conspicuous feature which emerges from this va-
riability is the great difference in the dissolved iron
content between the high and low river discharge
periods. During the high river discharge, dissolved
iron contents in estuarine waters were generally
higher by a factor of 5-10 compared to the low
discharge period, with the maximum values more
elevated than in the inflowing river waters. A wide
scatter in the dissolved iron content with respect
to salinity could be also observed within the es-
tuary under this enhanced river regime. During
the low nver discharge, on the other hand, the
maximum dissolved iron values observed within
the estuarine zone were much lower than the river
water contents in contrast to the high discharge
period.

The ‘dissolved’ iron, which pass through a 045
um membrane filter, is known to be present in
river water mainly as colloidal iron(III) oxides sta-
bilized by association with humic substances
(Sholkovitz, 1976, Boyle et ai., 1977; Moore et al.,
1979; Hunter, 1983). The removal of dissolved iron
during estuarine mixing may be said to result
from destabilization of these colloids under the
influence of seawater electrolytes. The rapidity of
this flocculation reaction, reported by various au-
thors (Boyle et al., 1977; Mayer, 1982; Hunter and

Leonard, 1988), can explain the early removal of
dissolved iron, which is generally restricted within
the arca of less than 5% S, during estuarine mix-
ing. The results from our mixing experiment and
one of our field data (May 22) also clearly show
this early removal pattern of dissolved iron (Fig
2 and 3). Therefore, in order to understand the
contrasting feature of dissolved iron observed bet-
ween the high and low discharge periods, we
should consider the possible effects of fluvial dis-
charge upon the metal behaviour in the Keum
Estuary.

It is well known that the residence time of water
in an estuary, or the flushing time, is related to
river discharge. Thus an increased river discharge
is accompanied by a more rapid exchange of fresh
water with the sea (Dyer, 1973, 1981). It also causes
both a downstream movement of the salinity int-
rusion and a more rapid circulation of water. Th-
rough these modifications, the variation in river
discharge can influence the metal behaviour in
the estuary. Both the reduced flushing time and
the increased water movement under the high ri-
ver discharge condition will broaden the zone
where the flocculation of colloidal iron occurs.
When it happens, flocs of various sizes will be
dispersed over a wider salinity range and in con-
sequence a scatter in the iron-salinity relationship
may be produced. But at the same time, a high
level of water turbulence under the increased flu-
vial discharge might also be held responsible in
part for the lack of any distinct removal pattern
in the low salinity zone from the August field
data.

The water turbulence however is influenced
more by the tidal condition than by river dis-
charge in the Keum FEstwary. Lee and Kim (1987)
have shown that the tidal range is the dominant
factor in controlling the SPM level in this estuary
since it regulates the resuspension of the bottom
sediments. The sediment resuspension, which is
directly related with the turbulence of overlying
water, brings various particulate chemical compo-
nents into the water column as well as the intersti-
tial solution. Therefore, if an anoxic condition pre-
vails within the bottom sediment, then a large
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amount of dissolved iron could come from this
source. Though such an extensive anoxic environ-
ment is not reported from the Keum Estuary, a
minor contribution of dissolved iron from this
source will not be fully rejected and may explains,
at least in part, the elevated dissolved iron content
from the August 12 data.

On the other hand, it is also imaginable that
the intensified water turbulence may bring about
deflocculation by breaking the aggregated flocs
into much smaller sizes. If this happens, the con-
tent of ‘dissolved’ iron, which passes through a
045 um pore size, will be increased correspond-
ingly. Though this deflocculation process has not
yet been reported from any estuaries of the world,
Yan et al. (1991) have suggested this as a probable
mechanism responsible for the increased dissolved
iron level observed in the coastal waters of New
Jersey, USA. Considering the coinciding of the
period of most highly elevated dissolved iron con-
tent (Aug. 12, 1987) with the highest water turbu-
lence under the conbined influences of both the
high river discharge and spring-tide (Fig. 4), the
addition of disolved iron within the estuary by
deflocculation process is very probable.

Nevertheless, there still remains a possibility of
anthropogenic inputs as additional dissolved iron
sources. The fluctuation of dissolved iron contents
in coastal waters, some of which are even higher
than in the upstream estuarine waters, supports
the probability of such additional sources. A dam
was being constructed during the study period
along the coastline near the estuary mouth, bet-
ween the Outer Harbour and Bieung Island, for
the reclamation of intertidal lands. Besides, the
secaward part from the Outer Harbor. located in
the estuary mouth, is frequently navigated by large
ships. All these circumstances makes it difficult
for me to ignore the pollution effect from the pos-
sible causes of scattered data in coastal waters,
even though the magnitude of its influence is still
to be investigated.

CONCLUSIONS

From the present study, the following conclu-

sions can be drawn on the behaviour of dissolved
iron in the Keum Estuary, a temperate macro-tidal
system on the western coast of Korea.

(1) The widely reported phenomenon of dissolv-
ed-iron removal during estuarine mixing was also

" confirmed in the Keum Estuary by both the labo-

ratory experiments and field data. The flocculation
of colloidal iron appears to be the major mecha-
nism responsible for this removal. More than 90%
of the dissolved iron from the inflowing river wa-
ters can be removed through this process. The re-
moval of dissolved iron occurs mostly within the
low salinity zone of less than 5%o.

(2) A great temporal variation was observed
both in the dissolved iron content and in its beha-
viour during estuarine mixing. In general, more
elevated content and greater scatter occurred in
estuarine waters under the high rniver discharge
condition. During the low river discharge, on the
other hand. the dissolved iron contents in the up-
permost part of the estuary waters were much lo-
wer than those in the inflowing river waters mea-
sured at Kongju, which suggests that additional
removal of dissolved iron had occurred in waters
dowmstream of Kongju before it entered the es-
tuarine zone.

(3) Different estuarine dynamics arising from the
varying river discharge and tidal range affects the
behaviour of dissolved iron during estuarine mix-
ing through modifications of the various physico-
chemical and sedimentary processes. The resi-
dence time of fresh water, which is dependent mai-
nly upon river discharge in this estuary, controls
both the areal extent and the time scale of interac-
tion between fresh water and seawater, affecting
distribution pattern of dissolved iron in the es-
tuary. In addition. the turbulence of estuarine wa-
ters, which is principally related to the tidal energy
in this estuary, controls the resuspension of bottom
sediments and can thereby further complicates the
iron behaviour in the study area. It is also suggest-
ed that the deflocculation process may also be
responsible for the high iron values and the scatter
observed during the extremely high energy period
under the combined effect of high river discharge
and spring-tide.
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