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Abstract

The Gediz River is the largest fresh water source for Izmir Bay. Several studies have been carried out
on the river’s physical and biogeochemical dynamics. However, there has not been a particular geographical
focus on the mouth of the river. In this study, along the salinity gradient towards the bay in 2004 and 2005,
the dissolved inorganic nutrients were seasonally measured at the river mouth. During the sampling period,
the concentration of the constituents showed variability in the range of 0.04-156 uM for NO3, 0.02-12 uM
for NO;, 0-237 uM for NH}, 0.02-26 uM for PO3~, and 1-293 uM for SiO, while the river discharge
fluctuated between 5.2 and 123 m®/s. Resulting highly contrasted salinity gradients between 0.29 and 39.62
psu significantly influenced the concentrations of dissolved inorganic nutrients. Furthermore, simultaneous
sampling carried out over the entire bay area provided an opportunity to study the effects of the river on
the bay during periods of maximum and minimum discharge.
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Introduction

The areas where the river current meets the sea,
termed estuaries, are ecologically specific environ-
ments. The quite unique biophysicochemical prop-
erties of these areas drive biogeochemical processes
that may have positive or negative consequences for
the seas as “receivers”.

Rivers are collectors and as such they collect sedi-
ments from erosion, dissolved material from decaying
plants and animals, and substances of anthropogenic
origin. They are one of the main sources of nutrients
for the ocean. Environmental threats are becoming
more prominent in parallel with increasing popula-
tions. These threats affect freshwater sources and

thereby coastal ecosystems, which are more produc-
tive regions than the offshore regions. At the coast,
where the rivers end, the fate of the discharge deter-
mines how the collected material will be distributed.
During the last decade, studies have reported that
the nutrient levels are 4 times higher in the western
European rivers than those flowing into the Mediter-
ranean (MED POL, 2002).

Rivers, with their dynamism, help flush terres-
trial pollution. However, concentrations of the dis-
solved material are important factors affecting the
properties of the river water (Froelich et al., 1982).
Rivers are the main sources of phosphorus (Froelich
et al., 1982), silica (Treguer et al., 1995), and ni-
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trogen (Schlesinger, 1997). Phosphorus in rivers is
usually absorbed by soil materials (Meybeck, 1982;
Froelich, 1988) and, in the plume area (i.e. the river
mouth), desorption renders phosphorus available for
phytoplankton uptake (Fox et al., 1986; Froelich,
1988). In the process of particle transportation by
rivers, clay minerals have an important role for carry-
ing silica to the oceans (Mackenzie and Garrels, 1965;
Mackenzie et al., 1967; Milliman and Boyle, 1975).
Silica is also important for phytoplankton, particu-
larly for those that form siliceous shells. Accord-
ing to recent reports, nitrate levels have dramatically
increased in the Mediterranean rivers (EEA/UNEP,
1999). This is in contrast to the decline in silica lev-
els, mainly due to the reduction in material loads of
2 major sources (e.g., the Danube and Nile). There-
fore, phytoplankton in the Mediterranean lacks es-
sential nutrients to grow (Turley, 1999).

A wide variety of inter-connected geochemical
and biological processes operate in the estuarine en-
vironment to alter the concentration and speciation
of biologically important nutrient materials, metals,
and pollutants. Individual elements (e.g., sodium
and chloride) may be non-reactive within the estu-
ary. Their concentrations reflect the relative dilution
of the freshwater or saltwater end members (Kaul
and Froelich, 1984). Humborg (1997) reported that
the inorganic nutrients are the most reactive sub-
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stances in estuaries and they frequently demonstrate
non-conservative behaviour. Other materials are also
actively taken up or released into the solution (Fig-
ure 1 in Furnas, 1995). The transition from freshwa-
ter (a medium with low ionic strength) to saltwater
(a medium with high ionic strength) directly affects
the concentration and speciation of many elements
and ions carried in river waters. For these reasons,
the plume zones have dynamic characteristics.

The aforementioned reports and findings on the
biogeochemical dynamics at river mouths are the
main motivation for the present study. In the Turk-
ish context, there is a lack of research focusing on
producing data and information on the evolving sta-
tus of Turkish estuaries. The selected site, the Gediz
River, is the largest freshwater source for Izmir Bay
and also the third largest for the Aegean Sea. Al-
though there are several studies being carried out
on the river’s physical and biogeochemical dynamics,
none of them includes the dynamics at the mouth of
the river. In this research, the dissolved inorganic
nutrients were seasonally measured at the mouth of
the river and along the salinity gradient towards the
bay in 2004 and 2005. The following section provides
a description of the study area and details of the
sampling and analysis methods. We also present the
results and discuss their significance together with
some suggestions for future studies.

Figure 1. Monthly discharge from Gediz River during 1980 - 2005.
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Materials and Methods

Study area

The Gediz River basin collects water from more
than 400 industrial locations, 4 cities (Kiitahya, Uak,
Manisa, and izrnir)7 17 towns, and 106 villages. Most
importantly, it is the largest freshwater source for
Izmir Bay, with its 17,500 km? watershed, the sec-
ond largest river flowing into the Aegean Sea from
Anatolia, and the third largest for the whole Aegean
basin. It reaches the sea at the north-eastern section
of Izmir Bay, between Foca and Izmir, after flowing
a distance of 401 km. Since 1960, the river’s regime
has been controlled via the Demirkopru Dam, which
has a reservation capacity of 1,125,00 m3. The water
is usually collected during winter and spring, and is
used for irrigation during summer and early autumn
(DSL 2007). It is reported that the crossing point
of Karacay Creek and Gediz River, the final crossing
before the river reaches the bay, is the most polluted
segment (Sunar and Ersan, 1989; Bayar and Oguz,
1990; Okur et al., 1997). These studies agree that
the Gediz River is heavily polluted due to agricul-
tural drainage and industrial wastewater, as well as
domestic wastewater from the entire provincial area.
Hence, it is a pollution source for Izmir Bay (Uslu,
1994; Aksu et al., 1998; Murathan, 1999; Batk, 2002;
Giindogdu and Turhan, 2004).

In general, the Gediz River has higher flow rates
from December to March (Figure 1). Since 1990, the
flow rate has decreased. The data from the last mea-
surement station preceding the river mouth showed
that annual mean flow rates were 45.31 m?3/s in the
1970s, 47.40 m3/s in the 1980s, 16.70 m3/s in the
1990s, and 20.27 m?/s in the 2000s.

The prevailing wind directions on the western
part of the Gediz Basin are east—south-east (ESE) in
the winter and north-north-west (NNW) in spring,
summer, and autumn (Uslu, 1994; Batk, 2002;
DMIGM, 2007). Karahanli (2002) and Sayn (2003)
reported that an anti-cyclonic current system forms
near the mouth of river when the wind blows from
the NW with a velocity higher than 5 m/s.

Sampling and analyses

In order to be able to reflect the patterns formed
by the salinity gradients, the study area is divided

into 4 zones (Figure 2): the Fresh Water Zone (river
mouth), the Plume 1 Zone (Stations 11D, 11E, 11F),
the Plume 2 Zone (Stations 11A, 11B, 11C), and the
Reference Zone (Stations 11, 11X). The locations of
the stations in the plume zones were determined by
the salinity profiles. However, the shallowness and
site-specific rapid spatio-temporal alterations in the
bathymetric patterns of the area make the locations
of the stations variable.

Sampling was carried out seasonally by a small
boat shuttled from and to the main research vessel
R/V K. Piri Reis, in August 2004, November 2004,
February 2005, April 2005, and August 2005. The
observations and measurements demonstrate that
the freshwater dispersed into the plume area through
a very thin surface layer in the order of tens of cen-
timetres. The locations of stations in the plume areas
were determined by the salinity profiles obtained via
the YSI 556 multi-probe system during the sampling
operation. Water samples collected were stored in
10-1 pre-cleaned plastic jars and were filtered through
Whatman GF/F filters pre-exposed to 450 oC in the
oven. The filtered water samples were kept frozen
for analysis in the laboratory. SiOs and NO3 were
analysed using the method described by Grasshoff et
al. (1983), and (NO, + NOj ), NH} PO} following
Strickland and Parsons (1972).

In addition to the data gathered for this study,
an identical and complementary data set obtained in
a simultaneous monitoring study for Izmir Bay was
also used in order to take the impacts of the Gediz
River on the bay’s nutrient regime into considera-
tion.

Results and Discussion

The vertical profiles at the stations showed that the
river had a salt wedge property throughout all sam-
pling periods. This property was particularly more
prominent during the period of maximum flow (i.e.
February 2005), when there was a freshwater layer
with a thickness of <50 cm overlying all plume zones.

Table 1 lists the means and the variation ranges
of each parameter measured. Discussion of the re-
sults is presented under separate sections for each
constituent group.
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Figure 2. Location of the sampling area in Izmir Bay (top left). Stations in the sampling area at each sampling period.
P1 and P2 are the transects over the plume area.

Dissolved inorganic nitrogen forms (NO;,
NO; , NH})

The maximum value of the total dissolved inorganic
nitrogen (TIN) was observed in February 2005 (mean
190 uM) when the flow was at its maximum (Figure
3). Nevertheless, the TIN values were also quite high
in April 2005 (mean 130 pM) and even in Novem-
ber 2004 (mean 116 puM) when the flow was at its
minimum. During these 3 months, water was not
released from the dam and the river flow depended
only on the precipitation over the lower section of
the catchment basin between the dam and the bay.
However, water was released from the dam in August
for irrigation, and hence the river flow was directly
determined by the volume released, since there was
practically no precipitation during that month. In
this period, the dam water was first transported to
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the regulation area and then distributed via chan-
nels to the agricultural area for irrigation. Along
this path, it is assumed that the pollution load of
the river water was reduced by enhanced sedimenta-
tion since there are several reservoirs, particularly at
the junction points of the network of the irrigation
channels, in which the water flow declines temporar-
ily. Quite high TIN levels were reported along this
path in the winter period (e.g., 626 M in January
1996, 251 uM in February 1996, and 60 uM in Febru-
ary 1999) (Okur et al., 1997; Batk, 2000). During
the study period, the TIN forms, particularly NH;I|r
and NOj , were remarkably high at the mouth of the
river, except in August 2004 and 2005, and these
relatively high levels were sustained towards the ref-
erence station (Figure 3). NH} and NO; were the
dominant forms in the river mouth and plume zones.
NH; was obviously the dominant form in November
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Table 1. Physical parameters and dissolved inorganic nutrient ranges, with means in parentheses.
Date Zone  Salinity psu _Temperature o€ DO mg/l PO uM NOy;uM NOzuM NH;uM SO uM
Ref 39.45 24.47 5.31 0.13 0.02 0.58 0.67 2.10
P9 39.2-39.5 24.33-24.4 3.34-6.19 0.08-0.1 0.12-0.2 0.22-0.6 1.1-14.4 2.1-2.8
Aug-04 (39.3) (24.4) (4.38) (0.1) (0.1) (0.4) (5.6) (2.3)
P1 1.83-40 26.5-29 7.46-9.02 0.29-5 0.02-2 0.6-37 0.83-22 4.7-111
(25.2) @7.7) 81) 2.3) 0.6) (10.0) 6.8) (382)
Ref 39.31 20.16 6.72 0.12 0.17 0.38 0.25 3.40
P2 12.8-13 19.04-19.12 6.85-7 1.8-6.8 1.0-4.4 3.0-8.6 39-75 20-98
(12.9) (19.1) (6.90) (A.10) (2.43) (523) _ _(56.33) __ (52.00)
Nov-04 o1 10.6-13 17.3-18 5.34-7 053-19  0.13-10 _ 0.63-43  1.4219 _ 12-188
(11.6) a7 (5.99) (11.18) (6.04)  (2188) (134.47) (125.00)
Gediz 5.0 12.8 8.8 26.0 4.7 10.3 237.0 220.0
Ref 30.3-36.7 13-13.4 7.79-7.9 0.11-0.3 0.02-0.3 0.33-5.4 0.1-2.3 1-13.0
€ (33.5) (13.2) (7.85) (0.19) (0.14) (2.89) (1.18) (7.00)
P9 1.5-4.1 12.4-13.6 1.52-2.9 1.1-1.6 4.9-11.6 59.1-86.4 134-158 225-238
Feb.05 @7 (13.0) (2.21) (1.30) (881)  (75.52)  (149.33) _ (232.00)
P1 2.7-3.02 11.14-12.5 2.22-3.4 1.3-2.2 4.9-6.3 70.3-86.7 143-174 226-293
(2.85) (11.68) (2.99) (1.70) (5.63) (80.03) _ (159.00) _ (266.00)
Gediz 0.29 9.95 3.31 1.50 7.30 95.20 161 249
Ref 38.8-38.9 15.6-15.9 6.95-7.6 0.02-0.1 0.1-0.3 0.26-1.4 0.17-2.2 2.6-3.9
© (38.80) (15.73) (7.25) (0.07) (0.20) (0.84) (1.19) (3.25)
P2 15 -34.2 16.97-19.2 5.17-8 3.3-4 2.3-8 25.7-70 44-119 38-61
Apr-05 (23.38) (17.78) 6.78) (3.50) (5.70) (52.63) __(89.00) _ (50.00)
P1 14.4-18.2 16.7-18.2 6.65-8.4 3.2-3.8 7-12.0 71-156 55-97 31-41
(16.70) (17.70) (7.16) (3.60) EXE) (99.90) _(80.00) _ (36.67)
Gediz (2.1) 17.5 9.6 1.3 8.2 116.8 33.0 10.0
Ref 39.4-39.41 24.7-25 - 0.56-0.9 0.12-0.2 0.04-0.7 - 2.7-7.0
€ (39.40) (25.14) - (0.75) (0.14) (0.39) - (4.82)
Po 23.2-37.7 26.6-27.2 6.35-8.3 1.56-11.4 0.14-0.8 0.09-13.1 0-3.6 5.1-80.4
Aug-05 (32.44) (26.89) (7.53) (5.52) (0.39) @7 (1.74) (32.01)
P1 18.4-25.3 27.5-27.9 7.65-9.1 16.4-18.4 0.82-1.1 13.7-16.5 1.46-4 81-96.2
(20.85) (27.66) (817) (17.19) (0.99) (15.05) (3.10) (91.07)
Gediz 8.54 28.74 8.75 22.17 1.29 38.45 4.03 134.51
AUG-04 FEB-05 AUG-05
P1 P2 Ref Gediz P1 P2 Ref Gediz K1 K2
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Figure 3. Time series of spatial distribution of TIN and its forms during the study period. The percentages refers NH;
values in the TIN. Distributions are given for P1 and P2 transects, Gediz and the reference stations.
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Figure 4. Time series of dissolved oxygen (DO) concentrations at the surface layer.
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Figure 5. The distributions of TIN (NO; + NO, + NH]) in the Izmir Bay and at the mouth of Gediz River during
the parallel sampling surveys.
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2004, while NO; was the dominant form in April
and August 2005, even though its level was not as
high as that of NHZ. The availability of DO might
be the controlling factor (Figure 4). When the data
obtained from the simultaneous monitoring survey
in the bay were analysed (Figure 5), it was found
that NO; and NHJ were the dominant forms over
the entire bay. On the other hand, the comparison of
the TIN levels measured at the river mouth to those
measured in the upper segments of the river in previ-
ous studies revealed that the TIN levels were usually
lower at the river mouth (Bizsel et al., 2008).

In February 2005, while NH} concentration was
high, DO levels were very low at the river mouth and
in plume zones. The NO; levels declined gradually
from the river mouth towards the reference station
(Figure 6) with consistent and expectedly very low
percentages among TIN forms. This may be inter-

preted as an indicator of the efficiency of nitrification
and/or denitrification processes in the study area.
The higher values at the river mouth and in plume
zones can be attributed to the deficiency in DO sup-
ply during nitrification, or conversely to the release of
DO during denitrification. The maximum NO; (12
uM) was observed in the P1 Zone in April 2005 and
in the P2 Zone (11.6 uM) in February 2005. As salin-
ity increased, the removal processes (i.e. conserva-
tive behaviour) within the Gediz Estuary were usu-
ally observed for TIN forms (Figure 7). As displayed
in the figure, NH; may have had a non-conservative
character (i.e. higher solubility) within the estuary
(e.g., in April and August 2005), while it usually
showed conservative behaviour. Table 2 shows that
the water quality criteria in terms of NH} and NO;
were clearly exceeded.
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Figure 6. Temporal (top) and spatial (bottom) distributions of NO; concentration.
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Figure 7. Variations in the concentrations of TIN forms along the salinity gradients existed at each sampling period.
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Table 2. Water Quality Standards (WQS) for coastal waters and the study zones (WQS was announced in the Gazette

number 19919 on September 4, 1998).

(uM) I II III

IV Gediz P1 P2 Ref

NH; 143 714 14238
NO, 1.43 0.71 355

>142.8 III I 1I I
>3.55 v Iv 1III I
I

NO; 356.9 713.8 1427.6 >1427.6 I I I

Dissolved inorganic phosphate (PO3")

The mean values of PO}~ were higher in November
2004 (8.99 pM) and August 2005 (10.2 pM) com-
pared to other months. In regard to the occurrence
of the lowest flow rate (5.2 m?/s) in November 2004
and an average flow rate (30.6 m3/s) in August 2005,
it seemed that the flow rate did not have a determin-
ing effect on the POZ_ concentration. Consequently,
the dynamical properties of the interaction between
the river and sea at the mouth of the river (i.e. in the
plume zone) were likely to be the determining fac-
tors. In that case, the sediment re-suspension from
the shallow bottom of the plume zone may be the

actual source of PO3 ™.

In general, POZ_ concentration decreased along
the track from the river mouth (mean 12.7 M) to
the reference station (mean 0.28 pM) (Figure 8).
Measurements carried out in the upper segments of
the river in previous studies demonstrated that the
total phosphate concentration (i.e. dissolved and
particulate forms) decreased as waters approach the
sea, which is in complete contrast with the proper-
ties of TIN forms (Okur et al., 1997; Batk, 2000).
The data obtained from the simultaneous monitor-
ing surveys (Figure 9) revealed that the dissolved
forms of phosphate, both organic and inorganic, are
abundant in the bay (Bizsel et al., 2008).
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Figure 8. Temporal (top) and spatial (bottom) distributions of PO3~ concentration.
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Figure 9. The distributions of TPO3™ (0-P44, DOP, PP) in Izmir Bay and at the mouth of Gediz River during the

parallel sampling surveys.

In the literature, a number of studies report that
POZ_is transported by clay minerals of approxi-
mately 2 pm in size. The distributions of PO}~ and
the counts of the suspended particulate matter be-
tween 2 and 5 um in size along the salinity gradi-
ent (Figure 10) did not display a significant negative
correlation. Instead, 2 threshold values of salinity
were apparent at 2.7 and 17.5 psu, which may im-
ply an acceleration in desorption of PO~ at these
particular salinity levels. However, the only concrete
outcome from this case was the dependence of PO}~
concentrations on the occurrence of re-suspension, as
stated at the beginning of this section. Thus, both
the conservative and non-conservative behaviour of
POZ_ observed during the study could be explained
(Figure 11). The comparison of PO3~ values with
those of other rivers revealed that the level in the
Gediz River was quite high (Table 3).
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Silica (SiOy)

The importance of the role of silica in primary pro-
duction is well known. Diatoms, which comprise 60%
of all phytoplankton, use silica dissolved in seawater
for building their cell wall (i.e. frustule) (Hamm et
al., 2003). The molar ratio for diatoms reflecting the
growth of living cells (i.e. Redfield ratio) is C:Si:N:P
= 106:16:16:1. This also represents the equivalent
amount of substances released to the seawater when
cells die (Redfield et al., 1963; Brzezinski, 1985).
Therefore, diatoms are the main consumers of dis-
solved silica, and hence play an active role in the
determination of the silica levels in aquatic environ-
ments.

In April 2005, the silica level expectedly dropped
to 10 uM because of increasing phytoplankton
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biomass (i.e. an average of 7,540,609 cells/1) (Bizsel
et al., 2008). The sharpness of this decline relative
to the value measured in February 2005 (195 M)
was attributed particularly to the occurrence of a
monospecific diatom bloom of Melosira sp. at the
level of 1,092,679 cells/1. The bloom was more appar-

ent at the mouth of the river. The maximum value
observed was in February 2005 at 249 M. The spa-
tial and temporal variations in the mean values are
given in Figure 12. It was observed that the higher
concentration at the river mouth gradually decreased
through P1 and P2 towards the reference station.
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Figure 10. The distributions of PO3™ and Silicate concentrations together with the counts of 2-5 pm particles along the

salinity gradient in the surface water.
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Figure 11. Variations in the concentrations of 0-PQO4 along the salinity gradients existed at each sampling period.
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Figure 12. Temporal (top) and spatial (bottom) distributions of SiO2 concentration.

Since the clay minerals are potential carriers for
silica as they are for PO3™, the fluctuations in the
concentration of silica may be related to their abun-
dance in the environment. On the basis of this rela-
tionship, the fluctuations along the salinity gradient
did not indicate any significant correlation between
silica and the suspended particulate matters in the
2-5 pm size range (Figure 10). Similar to the find-
ings for POZ_, the only finding was the determining
effect of re-suspending bottom sediments in shallow
plume zones. Thus, the silica values measured, which
were higher in the upper segments of the river (Batk,
2002) than those at the lower segments, i.e. towards
the river’s mouth, during the study period could also
be explained. As shown in Figure 13, the silica dis-
played conservative behaviour via biological uptake
or precipitation during the study period. According

to the results obtained in the simultaneous monitor-
ing survey, the silica values did not exceed 25 uM,
whereas those obtained in this study were higher. It
was particularly interesting that the highest values
were higher than 150 M in both the lowest and high-
est flow periods, i.e. November 2004 and February
2005, respectively.

Principal Component Analysis (PCA)

Prior to performing the PCA, a correlation matrix
was formed for dissolved oxygen, dissolved inorganic
nutrients, and physical parameters. The correlation
calculations were prepared using the STATISTICA
6.0 package (Table 4). Except for DO and PO},
all parameters have significant correlations among
each other. PCA was prepared using the Premier
5.0 package.
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Figure 13. Variations in the concentrations of Silicate along the salinity gradients existed at each sampling period.

Table 4. Correlation matrix for dissolved inorganic nutrients, dissolved oxygen, and physical parameters.

Salinity Temp. DO PO;” NO, NO; NH; SiO,
Salinity 1.00
Temp. 0.47 1.00
DO 0.26 0.48  1.00
PO}~ -0.29 0.25  0.34  1.00
NO; -0.69  -0.57 -0.33 0.09 1.00
NO; -0.66  -0.50 -0.26 -0.07 0.84 1.00
NH; -0.71  -0.68 -0.48 0.25 0.80 0.57 1.00
SiO, -0.78  -0.51 -0.57 0.32 0.58 0.51 0.82 1.00

There is no prominent variance source among the
parameters used in the analysis since the variance
distribution among them is quite even along the pri-
mary axis, which corresponded to 70% of total vari-
ance (Table 5). Nevertheless, the plot of the results
(Figure 14) shows significant similarities and differ-
ences among the sampling periods. The similarity
is particularly remarkable between August 2004 and
2005, in which the river flow has quite same pattern.
In November 2004, there is a partial similarity with
the periods of August through some stations such
as B, C, and D. February 2005 and April 2005 are
apparently different from each other and all other
periods. Consequently, the main determinant of the

80

variance should be the salinity and temperature, and
thereby the intensity of river flow, which influences
the area of the river plume, the quantity of the loads
carried by the river, and the rates of biogeochemical
processes.

Dissolved Inorganic Material (DIM) Loads

The DIM loads mainly depend on the river flow and
concentrations in the water. In addition to the mag-
nitude of the loads, their distribution in the marine
environment is controlled primarily by the speed and
the direction of prevailing winds, the magnitude of
tidal movements, and by the river discharge.
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Figure 14. Schematic explanation of PCA for dissolved inorganic nutrients and physical parameters. The sampling period
is represented by the number codes given in legend while the letters refers the stations. The distinctive periods

are remarked by circles.

Table 5. Eigenvalues and eigenvectors for dissolved inorganic nutrients and physical parameters.

PC Eigenvalues %Variation Cum.%Variation
1 4.21 70.2 70.2
2 0.67 11.2 81.4
3 0.62 10.3 91.7

Eigenvectors
Variable PC1 PC2 PC3
Salinity 0.416 -0.101 -0.459
Temperature 0.351 -0.161 0.823
NO; -0.434 -0.423 -0.027
NOg -0.393 -0.652 0.085
NH -0.443  0.287 -0.107
SiOq -0.405 0.528  0.305

The DIM loads were calculated using river flow
measurements (DSI, 2004-2005). The highest DIM
load was observed in February 2005 (Table 6). Dur-
ing the winter, the peak season for DIMs, waste ma-

terials accumulated and relatively higher bacterial
growth utilized DO at and around the river mouth
(Figure 4). It should be emphasised that the sam-
pling day in February 2005 was the day when the
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highest annual flow (123 m®/s) was recorded. The
highest DIM values measured in the simultaneous
monitoring survey in the bay also were recorded on
the same day in February 2005 (Bizsel et al., 2008).
Since highly variable characteristics of the river and
plume zones were obvious, the daily loads were cal-
culated only for the periods when the dam was closed
(i.e. the 2 periods sampled in August 2004 and 2005
were excluded, since the applied irrigation regime
was unpredictable). Excluding that on the PO},
the profound effect of the magnitude of the river flow
on these calculated loads became apparent (Table 6).
Low concentration during high flow period and high
concentration during low flow period was the main
factor that mitigated the difference between PO}~
loads during these opposing periods. For the others,
the rule that “the higher the flow, the higher the
load” was valid, even in the case when the concen-
trations were almost equal.

To be able to infer concrete conclusions based on
all the results and discussion presented in the above
paragraphs, the physical properties of the study area
and the river should be reviewed more comprehen-
sively. An anti-cyclonic current system close to the
plume zones and reference station has been reported
by Sayn (2003) and Karahanli (2002). The main
driving force of this system is the NW winds. When
triggered, the system first moves the water masses in
the study area southward towards Homa Lagoon and
then circulates them back through a westward curve
to the mouth of the river and plume zones. When the
wind blows SE with a sufficient velocity, the system
becomes cyclonic and the water masses from Homa
Lagoon move towards the river mouth and then cir-
cle back again through a westward curve. In August
2004 and 2005, the wind blew from the NW with an
average velocity of >9.7 m/s and the anti-cyclonic
current system was active in the study area. While
the wind blew from the SSE with an average velocity
of 11 m/s the cyclonic current system was active in
April 2005. During other periods, the wind velocity
was below the level (<5 m/s) that may trigger the
current system in both possible directions.

Conclusions

The physical properties of the water masses in the
study area are clear evidence that prove the impact
potential of the Gediz River on Homa Lagoon. Fur-
thermore, the very same properties restrict the im-
pact potential of the Gediz River on Izmir Bay dur-
ing extremely high flow periods. In regard to the
river’s properties, the most important events to be
considered are the initial floods of the season, partic-
ularly those following prolonged dry periods. These
floods frequently contain high concentrations of nu-
trient materials, dissolved or particulate, which have
accumulated within the watershed or are stored in
sediments in the upper reaches of individual streams.
In this study, this was the case observed in terms
of phosphate and silica. Nutrient level comparisons
among rivers and/or estuaries in Turkey and else-
where are given in Table 3. As seen in the table, all
DIMs have quite high levels in the Gediz River.
Another significant point to be considered is
the strong variability caused by the episodic fac-
tors affecting the river’s regimes. The results ob-
tained in this study showed highly variable and site-
specific/time-specific interactions in biogeochemical
processes occurring between freshwater, seawater,
and sediment. Moreover, there were anthropogenic
factors (i.e. the dam, irrigation networks, wastes,
etc.) and meteorological factors (i.e. precipitation,
evaporation, etc.) that interfered in these processes.
To be able to resolve, or at least predict, such vari-
ability, the rivers and estuaries must be monitored
with much finer spatio-temporal resolution at least
once or perhaps several times per day during peri-
ods of high flow variability. Without attaining such
a volume of data, any effort on any scale for mitigat-
ing river or coastal pollution, sustaining, protecting
or recovering the coastal ecosystems, and enhancing
agricultural and fisheries production on and around
these environments will at best be admirable, but
insufficient and thus expensive attempts.

Table 6. Dissolved inorganic nutrient loads when the Gediz River is flowing at its capacity.

Date Discharge NO5 NO3 NH; PO3~ Si09
(m3/s) (ton/day) (ton/day) (ton/day) (ton/day) (Ton/day)
Nov-05 5.2 0.03 0.06 1.48 0.36 2.75
Feb-05 123.0 1.09 14.17 23.97 0.49 74.33
Apr-05 18.7 0.19 2.64 0.75 0.07 0.45

82



SUZAL, BiZSEL, BiZSEL, HUSREVOGLU

References

Aksu, A.E., Yasar, D. and Uslu, O., “Assessment
of Marine Pollution in Izmir Bay: Heavy Metal and
Organic Compound Concentrations in Surficial Sedi-
ments”, Turkish. J. Eng. Env. Sci. 22, 387-415, 1998.

Altnayar, G., “Assessment for Problems of Gala Lake,
Reasons and Solutions” (In Turkish), DSI General Di-
rectorate of State Hydraulic Works, XI. Regional Direc-
torate, Edirne, 46, 2003.

Atici, T. and Ahiska, S., “Pollution and Algae of Ankara
Stream”, G.U. Journal of Natural Sciences, 18, 51-59,
2005.

Batki, H. “Assessment of Chemical Parameters for
Gediz River” (in Turkish), PhD Thesis, Ege University
Department of Aquaculture, 93, 2002.

Bayar, M. and Oguz, F., “Analysis of Stream Polution
in Gediz Basin” (in Turkish), Dokuz Eylil University
Department of Environmental Engineering, Graduate
Project, 1990.

Bennekon, A.J., Van Gieskes, W.W.C. and Tijssen,
S.B., “Eutrophication of Dutch Coastal Waters”, Royal
Society of Proceedings 189, 359-374, 1975.

Bizsel, C., Bizsel N., Siizal, A., Demirdag, A. and
Oztiirk, M. Transportation of Particle and Dissolved
Organic and Inorganic Matters through the Salinity
Gradient around the Mouth of Gediz River (Izmir
Bay, Aegean Sea). TUBITAK CAYDAG, Project No:
104Y 037, 2008.

Boran, M. and Sivri, N., “Nutrient and Total Suspended
Solitude Determination for Solak and Surmene brooks
(Trabzon, TURKEY)” (in Turkish), E.U. Journal of
Fisheries & Aquatic Sciences. 18, 343-348, 2001.

Boyacioglu, H., “Surface Water Quality Assessment
Using Factor Analysis”, http://www.wrc.org.za. ISSN
0378-4738 = Water SA Vol. 32 No. 3, ISSN 1816-7950
= Water SA (on-line), 2006.

Briggs, J.C. and Ficke, F.J., “Quality of Rivers of the
United States”, 1975 Water Year-Based on the National
Stream Quality Accounting Network (NASQAN): US
Geological Survey Open-File Report, 78, 200-436, 1977.

Boynton, W.R., Garber, J.H., Summers, R. and Kemp,
W.M., “Inputs, Transformations and Transport of Ni-
trogen and Phosphorus in Chesapeake Bay and Selected
Tributaries”, Estuaries, 18, 285-314, 1995.

Brzezinski, M.A. “The Si:C:N Ratio of Marine Diatoms:
Interspecific Variability and the Effect of some Environ-
mental Variables”, Journal of Phycology, 21, 347-357,
1985.

Defra, “Developing Measures to Promote Catchment-
Sensitive Farming. A Joint Defra-HM Treasury Consul-
tation”, Department for Environment, Food and Ru-
ral Affairs. Nobel House, 17 Smith Square, London,
www.defra.gov.uk, 2004.

DMIGM, ”Republic of Turkey Ministry of Enviro-
ment and Forestry Turkish State Meteorological Ser-
vice” (in Turkish), Regional Directorate of Meteorology
Izmir, Cigli Meteorology Station’s Wind Data, 2004-
2005.

DSI “General Directorate of State Hydraulic Works” (in
Turkish)

http://www.dsi.gov.tr/bolge/dsi2 /manisa.htm, (Jan-
uary 2007).

EEA/UNEP “European Environment Agency and
United Nations Environment Programme”, State
and Pressures of the Marine and Coastal Mediter-
ranean Environment. EEA Environmental Assess-
ment Series NO5 Environmental indicators:  Ty-
pology and Overview EEA Technical Report No
25, http://reports.eea.eu.int/TEC25/en EPA, 1994. A
Conceptual Framework to Support the Development
and Use of Environmental Information. EPA 230-R-94-
012, 1999.

Fox, L.E., Sager, S. and Wofsy, S.C., “The Chemical
Control of Soluble Phosphorus in the Amazon Estuary”,
Geochim. Cosmochim. Acta, 50, 783-794, 1986.

Froelich, P., Bender, M., Luedtke, N., Heath, G. and
Devries, T., “The Marine Phosphorus Cycle”, Ameri-
can Journal of Science, 282, 474-511, 1982.

Froelich, P.N., “Kinetic Control of Dissolved Phosphate
in Natural Rivers and Estuaries: A Primer on the Phos-
phate Buffer Mechanism”, Limnology and Oceanogra-
phy 33, 49-668, 1988.

Furnas, M.J., Land-Sea Interactions and Oceanographic
Processes Affecting the Nutrient Dynamics and Produc-
tivity of Australian Marine Ecosystems. In: State of the
Marine Environment Report for Australia: The Marine
Environment - Technical Annex: 1. Ed. Leon P. Zann
Ocean Rescue 2000 Program,

http://www.environment.gov.au/coasts/publications/
somer /annex]1/land-sea.html#HDR7, 1995.

Gerritse, R.G., Wallbrink, P.J. and Murray, A.S., “Ac-
cumulation of Phosphorus and Heavy Metals in the
Peel-Harvey Estuary in Western Australia: Results of a
Preliminary Study”, Estuarine, Coastal and Shelf Sci-
ence, 47, 679-693, 1998.

Giindogdu, V. and Turhan, D., “Study on the Pollution
of Bakrcay River Basin”, DEU. Department of Engi-
neering, Journal of Natural and Engineering, 6, 65-83,
2004.

Grasshoff, K., Ehrhardt, M. and Kremling, K., Meth-
ods of Seawater Analysis, Second Revised and Extended
Edition. Verlag Chemie, Berlin, 418, 1983.

83



SUZAL, BiZSEL, BiZSEL, HUSREVOGLU

Hamm, C.E., Merkel, R., Springer, O. Kurkoje, P.,
Maler, C., Prechtel, K. and Smetacek, V., “Architec-
ture and Material Properties of Diatom Shells Provide
Effective Mechanical Protection”, Nature, 421, 841-843,
2003.

Humborg, C., “Primary Productivity Regime and Nu-
trient Removal in the Danube Estuary”, Estuarine,
Coastal and Shelf Science 45, 579-589, 1997.

Jennerjahn, T.C., Ittekkot, V., Klopper, S., Adi, S., Nu-
groho, S.P., Sudiana, N., Yusmal, A., Prihartanto and
Gaye-Haake, B., “Biogeochemistry of a Tropical River
Affected by Human Activities in Its Catchment: Bran-
tas River Estuary and Coastal Waters of Madura Strait,
Java, Indonesia. Estuarine”, Coastal and Shelf Science,
60, 503-514, 2004.

Kaul, L.W. and Froelich, P.N., Jr., “Modeling Estuarine
Nutrient Geochemistry in a Simple System”, Geochim.
Cosmochirn. Acta 48, 1417-1433, 1984.

Karahan, H., “The Impacts of Sedimentation Caused
in Izmir Bay by Gediz River on Circulation and Wa-
ter Quality”, In: C.A. Brebbia (Ed.). Coastal Environ-
ment, Wit Press, Southampton, UK, 2002

Mackenzie, T. and Garrels, R.M., “Silicates: Reactivity
with Sea Water”, Science, 150, 57-58, 1965.

Mackenzie, T., Bricker, O.P. and Bickley, F., “Silica in
Sea Water: Control by Silica Minerals”, Science, 155,
1404-1406, 1967.

Mainstone, C.P. and Parr, W., “Phosphorus in Rivers—
Ecology and Management”, Science of the Total Envi-
ronment, 282-283, 25-48, 2002.

McCarthy, J.J., Kaplan, W. and Nevins, J.L., “Chesa-
peake Bay Nutrient and Plankton Dynamics. 2. Sources
and Sinks of Nitrite”, Limnology and Oceanography, 29,
84-98, 1984.

MED POL, Monitoring of Mediterranean Marine Eu-
trophication: Strategy, Parameters and Indicators.
Consultation Meeting on MED POL Eutrophication
Monitoring Strategy Athens, Greece, 2002.

Meybeck, M., “Carbon, Nitrogen, and Phosphorus
Transport by World Rivers”, American Journal of Sci-
ence, 282, 401-450, 1982.

Milliman, J.D. and Boyle, E., “Biological Uptake of Dis-
solved Silica in the Amazon River Estuary”, Science,
189, No. 4207, 995-997, 1975.

Murathan, A. “Relation of Subterranean Water Layer
in Menemen Plain, Surface Water Block, Bird Paradise
and Gediz River” (in Turkish), DEU. IMST Master
Thesis, 1999.

Ohowa, B.O., Mwashote, B.M. and Shimbira, W.S.,
“Dissolved Inorganic Nutrient Fluxes from Two Sea-
sonal Rivers into Gazi Bay, Kenya”, Estuarine, Coastal
and Shelf Science, 45, 189-195, 1997.

84

Okur, B., Hakerler, H., Anac, D., Anac, S., Dorsan, F.
and Yagmur, B. An Investigation on Monthly and Sea-
sonal Variaiton of Some Pollution Parameters of Gediz
River. Research Report, Project Number:93-ZRF-043,
1997.

Quinlan, E.B., Consequences of Nutrient Loading in the
Suwannee River and Estuary Florida, USA. A Disserta-
tion Presented to the Graduate School of the University
of Florida in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy University of
Florida, 2003.

Redfield, A., Ketchum, B. and Richards, F. The Influ-
ence of Organisms on the Composition of Sea Water.
In Hill, N., Editor, the Sea, Interscience, New York, 2,
224-228, 1963.

Sayn, E. “Physical Features of the Izmir Bay”, Conti-
nental Shelf Research 23, 957-970, 2003.

Schlesinger, W.H., Biogeochemistry. An analysis of
global change. Academic Press, New York, 1997.

Seitzinger, S.P. and Nixon, S.W., “Eutrophication and
the Rate of Denitrification and N20O Production in
Coastal Marine Sediments”, Limnology and Oceanog-
raphy 30, 1332-1339, 1985.

Strickland, J.D.H. and Parsons, T.R., A Practical
Handbook of Seawater Analysis (2nd. Edition bulletin
167), Fisheries Research Board of Canada, Ottawa, 310,
1972.

Sunar, M. and Ersan, L. “Pollution Source of Nif
Stream in Kemalpaa and Control” (in Turkish), D.E.U.
Department of Environmental Engineering, Graduate
Project, Tzmir, 1989.

Tagdemir, M. and Goksu, Z.L., “Some of Water Qual-
ity of Asi stream (Hatay, Turkey)” (in Turkish), E.U.
Journal of Fisheries & Aquatic Sciences 18, 55-64, 2001.

Turley, C.M., “The Changing Mediterranean Sea — A
Sensitive Ecosystem”, Progress in Oceanography, 44,
387-400, 1999.

Treguer, P., Nelson, D.M., Van Bennekom, A.J., De
Master D.J., Leynaert, A. and Queguiner, B., “The Sil-
ica Balance in the World Ocean: A Reestimate”, Sci-
ence 268, 375-379, 1995.

Uslu, O., “Pollution of ?zmir Bay” (in Turkish).
MEDOCO 1994, 40, 1994.

Van Bennekom, A.J. and Wetsteijn, F.J., “The Win-
ter Distribution of Nutrients in the Southern Bight of
the North Sea (1961-1978) and in the Estuaries of the
Scheldt and the Rhine Muese”, Netherlands Journal of
Sea Research, 25, 75-87, 1990.

Withers, P.J.A. and Lord, E.I., “Agricultural Nutrient
Inputs to Rivers and Groundwaters in the UK: Policy,
Environmental Management and Research Needs”, Sci-
ence of the Total Environment, 282-283, 9-24, 2002.



