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MESAEP
Mediterranean Scientific Association of Environmental Protection e.V.

The 15th International Symposium on Environmental Pollution and its Impact on Life in the Mediterranean Region
was organised by MESAEP and other international and national institutions in Bari, Italy from October 7 to 11,
2009.
The objectives of this symposium were to provide a forum for interested scientists of different countries to:
•

exchange recent results related to environmental pollution processes and their effects on natural resources,
public health and economy in the Mediterranean region

•

discuss current scientific, technological and legal issues to avoid or reduce the degradation of the Mediterranean environment

•

provide suggestions and recommendations to regulatory authorities on environmental quality and safety in the
Mediterranean and other neighboring countries.

The General Theme of the Conference was:
“Environmental Threats in the Mediterranean Region: Problems and Solutions”.
The main results of the 15th symposium papers are included in six successive issues of the international journal
“Fresenius Environmental Bulletin” (FEB):
Issue 1: Agricultural, domestic and industrial wastes - Soil quality, pollution, degradation and desertification
Issue 2 and 3: Water quality and pollution
Issue 4: Outdoor and indoor air quality and pollution - Crops and food quality and pollution - Environment and
human health
Issue 5: Animal health risks - Intercompartmental element fluxes and climate changes and effects on the ecosystem
and human health
Issue 6: Biodiversity and sustainability - Sustainable mobility and renewable energy use to combat pollution Natural and artificial radioactive pollution
The results of this symposium will contribute undoubtedly to the advancement of the environmental scientific
knowledge and hence, to the improvement of the Mediterranean region environment.
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THE USE OF ARTIFICIAL NEURAL NETWORKS (ANNs)
FOR THE FORECAST OF PRECIPITATION LEVELS
OF LAKE DOIRANI (N. GREECE)
Konstantinos Ioannou*, Dimitrios Myronidis, Panagiotis Lefakis and Dimitrios Stathis
School of Forestry and Natural Environment, Aristotle University of Thessaloniki, P.O. box 247, 54124 Thessaloniki, Greece

ABSTRACT
Precipitation is a main part of the hydrologic cycle and
constitutes the major source of the freshwater on the earth.
Some of the most common and frequent natural hazards,
such as droughts and floods, are related to the precipitation
level. The knowledge of the precipitation’s magnitude and
the prediction of future values in an area are essential in
order to plan and construct the appropriate hydraulic works.
In this paper we make an effort to forecast the level of precipitation at the transboundary natural Lake Doirani which
is situated at the borders of Greece and FYROM. In order
to estimate future precipitation levels, we train an Artificial
Neural Network (ANN) which will be able to predict future
values, based on a time series of past precipitation, temperatures and lake levels. The forecast of the precipitation
level can be used in order to prepare an effective management plan concerning the water resources of the lake.

the top priorities of the hydrologic science. However, the
accurate prediction of quantitative precipitation amount is
one of the most difficult and challenging tasks in meteorology [5]. In the literature we can found numerous methods which are used to forecast precipitation levels, the
most popular are discussed continuously. Rainstorm warning systems that used radar-based information’s [6] can
provide short-range quantitative precipitation forecasting.
Statistical techniques can also provide probabilistic quantitative precipitation forecasting [7]. The application of
Auto-Regressive Integrated Moving Average (ARIMA)
models [8] or specialized algorithms [9] to annual precipitation series produces results with reasonably accuracy.
Hybrid methods such as combinations between predicting
algorithms and remote sensor inputs [10] or radar measurements and numerical weather prediction models [11] can
produce operational probabilistic quantitative precipitation
forecasts. Finally, in the last decade more advanced techniques such as ANNs are used to precipitation prediction.
In the literature, there are a limited number of papers
which are using ANNs in order to forecast precipitation
although that ANN has been extensively used so as to provide solutions in various environmental problems [12-15].
The precipitation forecast thought the ANN technology
can be achieved for various time steps such as 1-3 hours
ahead [16], some days ahead [17-20], next months precipitations [ 21, 22] or precipitation amount [23].

KEYWORDS:
ANN, Precipitation, Forecast, Doirani

INTRODUCTION
Precipitation is one of the key climatic elements which
is highly variable in space and time [1] while the
knowledge of its magnitude and distribution is fundamental to several disciplines such as geography, hydrology,
forest management, agriculture, ecology and others [2]. In
Greece intense changes in the distribution of precipitation
height (1,400–400 mm) prevail with augmenting tendency
from south to north and from east to west [3]. The accurate knowledge of precipitation levels is required for a variety of planning tasks in civil engineering, agriculture and
forestry and especially in establishing effective waterresource management strategies [4].
The ability to forecast precipitation and simulate the
possible new state is of outmost importance and is one of

The purpose of this research is to train an ANN so as
to predict the precipitation levels of the lake Doirani on an
annual time step. Some researchers [24] are trying to
estimate the annual precipitation level with an ANN by
using precipitation levels of past years and evapotranspiration, others [25] make an effort to estimate the daily flow
by using past daily flows time series and information regarding the drainage area and the mean discharge. In our
effort we will use the annual temperature time series, the
lake level and will present an estimation of the rainfall
expected in the next years. This lake has a very interesting
trans-boundary issue because 2/3 of the open waters of
the lake are in FYROM, whereas 3/4 of its basin area is in
Greek territory. Between the years 1970-2002 the lake
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water surface has withdrawn up to 9.5 km2 in length and
the water level has dropped 5m with an average annual
rate of 15.6cm/yr [26]. This phenomenon has caused numerous environmental problems, the most important being the ecological collapse that threatens the aquatic forest
of Mouries (a Natura 2000 area that is designated as a Preserved Natural Monument). Therefore, there is an urgent
need for quantitative prediction of the future precipitation
amounts that are expected to occur so as to develop a sustainable plan for the rehabilitation of the lake.
In the case of the ANN studied here, we used the sigmoid function, as the activation function on each neuron,
the Kalman filter for the training of the network and we
normalized the inputs on the [0,1] range before applying
them to the network. In order to check the quality of the
predicted values we calculated the R2, Root Mean Square
Error (RMSE) and Mean Absolute Percentage Error
(MAPE) and we evaluated the ANN accuracy by comparing
the predicted values with the recorded values from the
2000-2005 period. The result from our analysis is an ANN,
which will be able to predict future precipitation levels thus
it will be able to predict the water level in the lake.
MATERIALS AND METHODS
Artificial Neural Networks.

ANNs constitute a rather new area in natural sciences,
and have only become known in the last decades. The
first research in the area of neural networks was made by
Warren McCulloch and Walter Pits in 1943 [27]. Since
then significant developments have been observed which
can be recognized by the increasing number of scientists
using ANN and by their achievements. Their main characteristic is that their principles and functions are based
and inspired by the neural system of living creatures, but
their research and use has gone far beyond that of biological organisms. In essence, a new area of informatics has
emerged which has completely been cut off from biology
and which uses ANN in order to solve all kinds of problems through the use of computers, although their philosophy is different to the way computers work. Their operation
tries to combine the way the human brain works with the
abstract mathematical way of thinking. Thus in neural networks we use terms like: a neural network is learning, training, remembering or forgetting a value, terms which until
now have only been used to describe humans. Of course
they can also use complex mathematical functions and
tools from mathematical analysis.
A neural network consists of a number of elements
called neurons. Each neuron receives a number of signals
which come to it as an input. Neuron's internal structure
has some possible states which are defined from the incoming signals. Finally each neuron has only one output,
which is a function of the input signals (Fig. 1).
Each signal transmitted from one neuron to another
through the neural network is coupled with a weight value,

w, which indicates how closely connected these two neurons are to this weight. This value fluctuates at a specific
interval, for example the interval between -1 and 1, although
this interval is an arbitrary choice and depends on the problem we want to solve. The meaning of the weight value is
to show us how important the contribution of the specified signal is to the configuration of the network structure
for the two neurons that it connects. When the w is big,
then the contribution of the signal is also big [27].

FIGURE 1 - Sample Neuron
Building the ANN

The data collected from the Meteorological station
were used in order to create the optimal ANN. Neural
Works Predict was used for the implementation, training
and testing of the network.
The human brain is a very complex system of interconnected neurons. Similarly, a neural network is an interconnected system of artificial “neurons”. In neural network
terminology, neurons are called Processing Elements or
nodes. Like a neuron in the brain, each Processing Element
(PE) can accept input data, process the data, and pass it on
to the next PE. A PE processes data using one of several
types of mathematical functions. In effect, an entire neural
network represents a composition of the functions represented by all PEs.
One disadvantage of neural networks is the possibility that the network will over fit the training data. This
means that the network might closely predict the target
values during training but produce inferior results for new
data. Training for too long (too many recurrences through
the training set) can cause the function to become very
complex in trying to produce the target values, at the expense of generalizing effectively on unseen data. However,
if a network is not trained long enough, it does not fully
comprehend the trends and relationships in the data.
One way of knowing when to stop training is to stop
training and periodically test performance on a test set
during training. When the performance starts to drop on the
test set, it is time to stop training – the neural network has
started to learn relationships which are only specific to the
training set. At the end of training, the neural network can
be further tested on an additional independent validation
set [28].
In our case, we used the Kalman filter in order to train
the network which consists of two input neurons, 24 hidden
neurons and 1 output neuron. Kalman filters are based on
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linear dynamic systems. They are modelled on a Markov
chain built on linear operators perturbed by Gaussian noise.
The state of the system is represented as a vector of real
numbers. At each discrete time increment, a linear operator is applied to the state to generate the new state, with
some noise mixed in, and optionally, some information
from the controls on the system, if they are known. Then,
another linear operator mixed with more noise generates
the visible outputs from the hidden state. The Kalman filter
may be regarded as analogous to the hidden Markov model,
with the key difference that the hidden state variables are
continuous (as opposed to being discrete in the hidden
Markov model). Additionally, the hidden Markov model
can represent an arbitrary distribution for the next value
of the state variables, in contrast to the Gaussian noise
model that is used for the Kalman filter. There is a strong
duality between the equations of the Kalman Filter and
those of the hidden Markov model. The Kalman filter
model assumes the true state at time k has evolved from
the state at (k − 1) according to

niques, no history of observations and/or estimates is required. It is unusual in being purely a time domain filter;
most filters (for example, a low-pass filter) are formulated
in the frequency domain and then transformed back to the
time domain for implementation.
The state of the filter is represented by two variables:
, the estimate of the state at time k;

•
•

, the error covariance matrix (a measure of the
estimated accuracy of the state estimate).

The Kalman filter has two distinct phases: Predict and
Update. The predict phase uses the estimate from the previous time step to produce an estimate of the current state.
In the update phase, measurement information from the
current time step is used to refine the prediction in order
to arrive at a new, (hopefully) more accurate, estimation.
Predict

(5)

(1)

(Predicted state)

where

(6)

• Fk is the state transition model which is applied to the
previous state xk−1;
• Bk is the control-input model which is applied to the
control vector uk;

(Predicted estimate covariance)
Update

(7)

• wk is the process noise which is assumed to be drawn
from a zero mean multivariate normal distribution with
covariance Qk.

(Innovation or measurement residual)
(8)
(Innovation (or residual) covariance)

(2)
At time k an observation (or measurement) zk of the
true state xk is made according to

(9)
(Optimal Kalman gain)

(3)

(10)
(Updated state estimate)

where Hk is the observation model which maps the
true state space into the observed space and vk is the observation noise which is assumed to be zero mean Gaussian white noise with covariance Rk.
(4)
The initial state, and the noise vectors at each step
{x0, w1, ..., wk, v1 ... vk} are all assumed to be mutually
independent. In order to use the Kalman filter to estimate
the internal state of a process, given only a sequence of
noisy observations, one must model the process in accordance with the framework of the Kalman filter. This
means specifying the matrices Fk, Hk, Qk, Rk, and sometimes Bk for each time-step k, as described below.
The Kalman filter is an efficient recursive filter that
estimates the state of a dynamic system from a series of
incomplete and noisy measurements. This means that only
the estimated state from the previous time step and the
current measurement are needed to compute the estimate
for the current state. In contrast to batch estimation tech-

(11)
(Updated estimate covariance)
In the case of the ANN studied here, we used the sigmoid function (1.1) as the activation function of each neuron. Because of this, the values of the data variables of the
model must be normalized onto range [0,1] before applying
the ANN methodology. This problem was solved through
the following scaling (1.2).
f(x )=

V b* =

1
1 + e−x
Vb − Vmin,b
Vmax,b − Vmin,b

(12)

(13)

Where Vb are the values of the data variables; Vb* is
the scaled value of the variable; Vmin,b is the minimum
value of variable Vb minus 15%; and Vmax,b is the maxi-
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mum value of variable Vb plus 15%. Hence the scaled series
are in the range [0,1]. This scale has the advantage of mapping the desired range of a variable to the full working
range of the network input and moreover, the scaled series
lies in the central zone of the sigmoid function, where the
function is approximately linear. Therefore, during the validation model which is described next, the problem of the
output signal saturation that can sometimes be encountered
in ANN applications is avoided [29].
Description of the study area and datasets

The study area is the trans-boundary lake Doirani
(N43o23’ - E22 o45’) which is situated on the Balkan Peninsula in South-eastern Europe and is shared between Greece
and FYROM (Fig. 2). The lake is a swallow natural lake
with a maximum depth of 10m, a total basin area of 270km2
and it is 22km long and 19km wide. The supply of the lake
is mainly carried out by small streams that often dry up
completely in summer, resulting in a significant decrease
in the water level.

a water usage plan for the lake. However, in the following
decades a distrustful political climate that prevails between
Greece and F.Y.R.O.M. during the last two decades did not
offer a possibility for establishing effective bilateral agreements of cooperation on the water management of Lake
Doirani and the implementation of the WFD [30].
Precipitation and temperature data were obtained from
the meteorological station that operates in Doirani village
close to the lake Doirani. The Ministry of National Works
and Environment of Greece is responsible for the operation of meteorological station in Doirani (146 m.a.s.l.).
Monthly precipitation and temperature data for the period
1961-2005 have been used. The data used were processed
to obtain consistent homogeneous databases. Double mass
method and two parametric statistical tests (Student’s t
and Chi-Square test) were applied to adjust any heterogeneity of the precipitation and temperature data [17]. Details
of these methods can be obtained from WMO (1986). After
demonstrating the previous tests of randomness the precipitation and temperature data were found homogeneous.
RESULTS AND DISCUSSION
The ANN which we used in this paper is trained in order to predict future precipitation levels, based on the following time series: past precipitation height, mean annual
temperature and lake level.

FIGURE 2 - Location map of the study area.

Lake Doirani is under the protection of international
and national law. It has been characterised as “Important
Areas for the Birds of Greece” (Important Bird Area,
IBA) in Greece and Former Yugoslavia (codes GR023
and MK 010). In Greece the lake area has been recommended to be included on the European Network “Natura
2000” as Special Protected Area (GR1230003). In 2002
Lake Doirani was included as an Area of Special Conservation Interest (ASCI), was included to the National Emerald Network in Former Yugoslavia. The Lake is of great
significance for the people that are located on the banks of
it. The main problem of the lake is the low water level,
which is caused by the decrease of the precipitation, and
the use of the water for irrigation. During the 70s and 80s
efforts were made from both the Greek and the Yugoslav
governments for the preservation and the development of

The quality and utility of the model depends ultimately on whether the user can achieve incremental improvements in comparison with alternate models. The application used incorporates a Test facility, which provides
general evaluation measures which can be used for model
comparisons. The results for the selected model are presented in Table 1.
From Table 1 it is clear that we used 27 records in order to create the train set and the entire data set to test the
ANN. The reason for selecting fewer records for the creation of the Train set is that by using this methodology we
can easily test the network configuration using real world
data. All the measures in this table are calculated with
respect to real world target outputs. These are the outputs
that are contained in the training data set. When training the
model, the real world outputs are transformed into internal
target outputs for training the neural net. The raw predictions which are generated by the neural net are referred to
as the neural net output. These neural net outputs are transformed into model outputs in real world units by putting
them through the inverse of the transformation that was
used to map real world to neural net targets.

TABLE 1 – Results
OUT_1
Train
Test

R
0.912
0.720

Net-R
0.912
0.720

Avg. Abs.
39.25
57.56

Max. Abs.
125.66
279.79

RMS
49.03
79.75

1924

Accuracy (20%)
0.888
0.825

Conf. Interval (95%)
100.70
160.85

Records
27
40
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The first sign of good model training is when the
training set and test set performances are fairly similar. It
is always possible to get a good performance on a training
set, but the important thing is to have it perform well on
new data.
• R is the linear correlation between the real world
target output and the real world prediction. Perfectly
correlated outputs have an R value of 1.0. Anticorrelated outputs have an R value of -1.0. Uncorrelated outputs have an R value of 0.0. What constitutes
a good value for R is very dependent on the problem
domain. For some very noisy domains, such as financial markets, a value of 0.15 or 0.2 might be considered good. The real test of effectiveness of a model
can only be gauged by comparing it with other models on previously unseen data.
• Net-R is the linear correlation between the real world
target output and the neural net predicted output.
• Avg. Abs. is the average absolute error between the
real world target output and the real world prediction.
• RMS is the root mean square error between the real
world target output and the real world prediction.

•

•

Accuracy is the fraction of times the real world target is “close” to the real world prediction, whereas
for this test, “close” is defined as being 20% of the
output range.
The confidence interval corresponds to an error bar
around output. For this test a 95% confidence level
is used [33].

Additionally we also calculated the Root Mean Square
Error (RMSE) and the Mean Absolute Percent Error
(MAPE).
• The RMSE is a quadratic scoring rule which
measures the average magnitude of the error. Expressing the formula in words, the difference between
forecast and corresponding observed values are each
squared and then averaged over the sample. Finally,
the square root of the average is taken. The RMSE
error for the predictions was 79.75.
• Mean absolute percentage error (also known as MAPE)
is measure of accuracy in a fitted time series value in
statistics, specifically trending. It usually expresses
accuracy as a percentage. The MAPE is approximately
9.5 %. This means that the prediction is normally off
by 9.5%.

Comparison of measured and predicted values
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FIGURE 3 - Comparison Diagram.

Scatter plot of real and predicted values
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FIGURE 4 - Scatter plot of the predicted and the actual values.

In Figures 3 and 4 we present a comparison diagram
between the predicted and the actual values and a scatter
diagram presenting the dispersion of the predicted values.
From Figure 4 it is clear that the dispersion can be
described by a linear function with an adequate accuracy.
The findings show that the ANN model developed is able
to estimate and produce water level predictions at lake
Doirani (N. Greece). The results will be valuable for effective management plans concerning the water resources
of the lake. These plans must be based on the expected
precipitation for the following years, in combination with
a modification of the types of crops being cultivated in
lakeside and water use. Additionally local authorities in
agreement with those of the FYROM, must make an effort
to enhance the creation of a network for monitoring the
lake level, and manage water level accordingly. A good
designed monitoring system can constitute the base for the
determination of the rate of success or failure of restora-
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tion activities, and the determination of possible additional
action for the readaptation of the management plan.
Monitoring will be issued for those parameters (biological, hydromorphological, physical, chemical), which
are more sensitive to the pressures being issued to lake
Doirani, having under consideration the demands of the
European Direction Framework for water (60/2000/EK).
CONCLUSIONS
Precipitation is one of the most difficult elements of
the hydrologic cycle to forecast due to the tremendous
range of variability it displays over a wide range of scales
both in space and time. The situation is aggravated by the
fact that precipitation is also very difficult to measure at
scales of interest to hydrology and climatology. Even precipitation measurement at a point by a single rain gauge is
not an easy task [34, 35].
The artificial neural network which we presented accomplishes an adequate prediction based on three time
series, annual mean temperature, annual mean precipitation level and lake level. In the future we can enhance the
accuracy of the prediction by training an ANN which will
either use more inputs due to a larger time series or will use
more type of inputs (for example we could use the evapotranspiration, or the runoff). Finally as it is already shown
[13], the level of accuracy can be further improved with
the use of a hybrid methodology which combines ANN
and ARIMA models.
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ASSESSMENT OF LAND-USE CHANGE
EFFECT ON A DESIGN STORM HYDROGRAPH
USING THE SCS CURVE NUMBER METHOD
Dimitrios Stathis*, Marios Sapountzis and Dimitrios Myronidis
School of Forestry and Natural Environment, Aristotle University of Thessaloniki, P.O. box 268, 54124 Thessaloniki, Greece

ABSTRACT
This study attempts to assess the effects of land-use
changes, which took place in Greece during the last decades, on the design storm hydrograph. For this purpose,
the coupling of the Soil Conservation Service (SCS) model
and Geographical Information System (GIS) has been applied. The proposed method is applied in the catchment of
Eleonas (18.62 km2), which is located in Northern Greece
and subjected to rapid land-use changes that are due to
forest fires and urbanization. The extensive man-induced
land-use changes, which have affected the drainage basin
during the last decades, have been assessed by using
scanned airphotos and a Google image that refer to the
years 1968, 1979, 1996 and 2007. During the period 19682007, urban land-uses increased from 3.7 to 19% and the
forest vegetation decreased from 53 to 24.5%. Flood
hydrographs corresponding to land-use conditions and various return periods (10, 50, 100 and 1,000) were simulated
and relative changes in the peak flow, time to peak and
flood volume of the subsequent conditions were determined. The results indicate that the sensitivity of the floods
regime to land-use change decreases when the return period of the simulated peak flow increases.

KEYWORDS: Land-use change, SCS-CN method (US Department of Agriculture 1985), flood hydrograph

INTRODUCTION
On local, regional and global scales, the most significant human impacts on the hydrologic system are caused
by land-use change. Land-use changes are recognized as a
priority issue in the Mediterranean basin because it is thought
that their effects in the short term may override climatic and
atmospheric effects [1, 2]. Mediterranean region has experienced a serious decline in environmental resources resulting in land degradation [3]. Forest fires and clearing
lands for urbanization are the main causes for land-use

change. Conversion of land-use significantly alters the hydrologic characteristics of the land surface, and modifies
pathways and rates of water flow. Many studies have been
carried out on the effects of land-use change on watershed
hydrology, and of their effects on the rainfall-runoff and
runoff-sediment relationships all over the world [4-6], and
especially under Mediterranean conditions [7-12].
Modeling and understanding responses of land-use
compositions and hydrologic components to both past and
future land-use is useful for optimizing land-use planning,
management and policy in a watershed. In this study, an
analysis was used to examine the effect of land-use changes
on rainfall-runoff relationship in a Mediterranean catchment in northern Greece. For this purpose, a hydrologic
impact assessment model has been developed using the
curve number (CN) method. For assessment of land-cover
changes impact to hydrological regime, four scenarios were
carried out (10, 50, 100 and 1000-year return period) of
1-day design precipitation events in combination with different initial conditions (soil saturation).
The proposed method is applied in the catchment of
Eleonas (18.62 km2) which is subjected to rapid land-use
changes that owned to forest fires and urbanization. Flood
hydrographs corresponding to past land-use change conditions for four different time periods (1968, 1979, 1996
and 2007) were simulated, and relative changes in the peak
flows of the subsequent conditions were determined. The
study provides an example of integration modeling with
advanced technology to allow plausible forecast for the
future understanding the impact of landscape change on
ecological services and enabling the decision-makers to
plan improved land-use changes policies.
MATERIALS AND METHODS
Study area

The study area concerns an 18.62 km2 catchment of
Eleonas stream, south-eastern of the city of Thessaloniki
in Northern Greece (Fig. 1). This catchment has experienced
extensive land-changes during the last decades caused by

1928

© by PSP Volume 19 – No 9a. 2010

Fresenius Environmental Bulletin

FIGURE 1- Location map of the study area.

urbanization and forest fires. Study area is part of the grove
of Thessaloniki, and a fire in summer of 1997 destroyed
about 60 % of the forest [13].
The catchment is constituted mainly by hilly areas with
elevations ranging from 60 to 560 m, and the main stream
length is 8.37 km. The study area is located on inclined
terrain with generally moderate slopes (average mean slope
of 24.75 %). Mean annual temperature in the catchment is
15.8 0C (5.9 °C in winter (January) and 25.9 °C in summer
(July)). The mean annual precipitation is 450 mm (58% of
this quantity falling during the 6 cold months (October to
March) and 42 % during the 6 warm months (April to September)). The soils are developed on various lithological
formations, such as tectonic sediments of Pleistocene age,
schist and gneiss [14]. The dominant vegetation community
was a forest of Pinus brutia (65 years old), with average
tree height 6-8 m and dense canopy closure (80-95%) [13].
Data

Available datasets for the study area:
Τoposheet of the Hellenic Military Geographical Service (HMGS) on a scale of 1:50,000, used to create the
contour map, the watershed boundary and the hydrographic
network of the study area in WMS software. The geology
map (1:50,000) of the site was obtained from the Hellenic
Institute of Geology and Mineral Exploration (IGME).
Thematic layers of land-use were delineated for four different time periods from the black and white aerial photographs of 1968 (scale 1:40,000) and 1979 (scale 1:15,000),
the vertical frame photographs of 1996 (orthophotos), and
a Google image of 2007. The scanned airphotos and the
Google image were geometrically rectified to minimize
radial distortion [15] by employing ERDAS Imagine spatial analyst software (ERDAS Imagine Essentials 9.3, Leica
Geosystems). The process of georectification involved
finding similar features (ground control points, GCPs) that
could be clearly identified both on the airphoto and the
reference image (orthophoto of 1996), such as road intersections and other locations that were identifiable on the

imagery. At least 20 GCPs with known x, y and z coordinates were located in each airphoto. The GCPs were digitized close to the area of interest and throughout the center
of the image so as to achieve a more accurate geometric
correction in the area [16]. Additionally, the scanned
airphoto images were re-sampled by using the Nearest
Neighbor method, and were rectified to the Greek Grid
projection in ERDAS Imagine with an absolute accuracy
of nearly 12 m. Finally, the individual rectified images of
each time period were compiled into one single composite
image by using IMAGINE’s Mosaic tool. A subset of the
resulted images, which contained the study area and was
produced by the Erdas Imagine elaboration, was used as
background so as to extrapolate the land-use of the study
area.
Homogenous daily precipitation data [17] for the longterm period 1961-2007 were collected from the Meteorological Station of the Departnent of Meteorology and Climatology of the Aristotle University of Thessaloniki (MS/
AUTH), which is located in the University Campus near to
the study area ( φ = 220 57' E, λ = 370 58' N, h = 42 m
Above Mean Sea Level – A.M.S.L.). The annual maximum daily precipitation series was used to determine the
designed precipitation of different probability exceeding.
For the analysis, the 10, 50, 100, and 1,000-year daily storm
values (probability of 0.1, 0.05, 0.01, and 0.001) were used
as precipitation input in the hydrologic model.
Runoff modeling

In this study, CN method was selected to simulate the
hydrologic response of the catchment. The CN method is
an empirical set of relationships between rainfall, land-use
characteristics, and runoff depth. The basic equations used
in the CN method for average conditions are as follows
[18, 19]:
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Q=

(P − I )2
(P − I ) + S

Q = 0 for P ≤ 0.2·S and I = 0.2· S

(1)
(2)
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100
− 1)
CN

(3)

where:
Q = the runoff depth (mm); P = the precipitation
depth (mm); I = the initial abstraction (mm) or the amount
of water before runoff, such as infiltration or rainfall interception by vegetation; S = the potential maximum retention
(mm) after runoff begins; and CN = curve number.
The value of CN depends on factors, such as landuse/cover, slope and soils which the SCS has divided into
four groups according to their infiltration, retention and
evaporation capacity. These factors control not only the
amount of water that becomes runoff, but also the initial
abstraction I. In order to develop the CN maps corresponding to 1968, 1979, 1996 and 2007 years, hydrologic
group map was overlaid by the land-use maps in the GIS
environment. CN was extracted from published tables [20].
Design storm hydrographs were simulated using the Watershed Modeling System module [21].

RESULTS AND DISCUSSION

Land-use

Land-use and land cover patterns for 1968, 1979, 1996
and 2007 were mapped (Fig. 2) by adopting the modified
version of the Anderson scheme of land-use/cover classification [22]. Between 1968 and 2007, urban areas in Eleonas catchment exhibited progressive changes (Fig. 2). In
1968, 0.69 km2 of the catchment was residential area. By
2007, this figure has risen to 3.54 km2 representing 19.03%
of the total catchment area (Table 1, Fig. 3). By comparing
conditions, the urban areas in 2007 have expanded five
times. During the period 1968-2007, there was a notable
decline in cropland and pasture areas, with a 58% reduction. A wildland fire which occurred in the summer of
1997 has destroyed the forest land by almost 50%. The
cross-tabulation of the 1968 and 2007 land-use/cover
maps reveals that most of the agricultural land has been
converted to residential area (68%) due to urban expansion of the city of Thessaloniki, and that half of the forest
land has been converted to barren land due to the wildland
fire in 1997. Moreover, significant modifications of the
land-use/cover between the periods of 1968-1979, 19791996 and 1996-2007 were observed (Table 1, Fig. 3).

FIGURE 2- Land use distribution in the Eleonas catchment in 1968, 1979, 1996, and 2007.
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TABLE 1- Land-use changes in Eleonas catchment during 1968-2007 periods.

Residential
Cropland and pasture
Forest
Shrub and Brush Rangeland
Mixed barren Land

km2
0.69
5.16
9.89
2.55
0.33

1968

1979
km2
1.12
4.32
11.85
1.07
0.26

%
3.71
27.74
53.17
13.71
1.77

%
6.02
23.23
63.71
5.75
1.40

km2
1.74
3.52
12.5
0.84
0.02

1996
%
9.35
18.92
67.20
4.52
0.11

km2
3.54
2.19
4.55
2.93
5.41

2007
%
19.03
11.77
24.46
15.75
29.09

80

Land use changes (%)

70
60
1967

50

1979

40

1996

30

2007

20
10
0
Residential

Cropland and
pasture

Forest

Shrub and Brush
Rangeland

Mixed barren Land

FIGURE 3 - Land-use changes in Eleonas catchment during 1968-2007 periods.

FIGURE 4 - CN distribution maps.

The hydrologic soil group map rating was generated
by reclassifying the various lithological units (as defined
by geological map) using the infiltration rate assigned to
the surficial geology map texture [23]. By superimposition, the generated hydrologic soil group layer and the
land-use from the land-use map, a map with new polygons
representing the merged soil hydrologic group and landuse (soil-land map) was produced. For each polygon, the
appropriate runoff CN values were assigned [20], and a
map with the CN distribution over the study area was generated (Fig. 4).
Finally, a composite area-weighted CN for the entire
watershed was computed by using the relevant command

in the Watershed Modeling System – WMS hydrologic
module [21]. The CN method is well adapted to catchment
scale studies [24], and is implemented in many hydrological modeling studies [25]. CN values have been estimated
as 67 for 1968, 65 for 1979, 63.5 for 1996 and 80.3 for
2007. Curve numbers indicate the proportion of rainwater
that contributes to surface runoff. They vary from 0 to 100
where greater curve numbers represent a greater proportion
of surface runoff [26]. Therefore, areas with high CN values produced a large amount of direct runoff and, thus,
contributed strongly to the flood peak [27]. The overall CN
value for the study area has been reduced both in 1979 and
1996 compared to the prevailing conditions in 1968 due to
the increase of the forest land although, at the same time,

1931

© by PSP Volume 19 – No 9a. 2010

Fresenius Environmental Bulletin

the urban area has been doubled and tripled, respectively.
A large increase of the CN value compared to 1968 conditions was recorded in 2007, as a result of two simultaneous phenomena, which were the sextupled expansion of
the urban area and the large wild-land fire that consumed
half of the forest land.
Effects of land-use pattern on rainfall-runoff relationship

Hydrologic simulation runs used the same meteorological and geologic data, while the land-use and soil related data comprised measured and estimated values for
each period (1968, 1979, 1996, and 2007), in order to
reveal potential hydrologic modifications caused only by
land-use changes. The effect of different land-use conditions in the outflow peak discharge was investigated for
storms with different return periods from 10 to 1,000 years.
Table 2, Fig. 5 and Fig. 6 show the flood peak, flood volume and time to peak of the catchment corresponding to
1968, 1979, 1996, and 2007 land-use conditions. Comparison of the Eleonas catchment land-use maps of 1968 and
1996 show that the forest area was increased from 9.89 to
12.5 km2.
The model simulations show that, for a given return
period, flood peak decreased from 1968 to 1996 as a result that forest in the study area was increased from 53.17
to 67.20%, and they overlapped the effect from the increase

of urban regions from 3.71 to 9.35% during the same time
period. On the contrary, between 1968-2007, the extent of
forest was decreased dramatically from 67.20 to 24.46%.
The cause of reduction was an extended fire in 1997 which
destroyed more than 60% of forest. As a result of the
destruction of forestland and the extension of urban areas,
peak flow was severely increased.
The model runs illustrated that even a small reduction
of CN values, just like those recorded in 1979 and 1996
compared to the one in 1968, is able to reduce the peak
flow of a frequent storm (10 years return period) by 18 and
30%, respectively. However, when the return period is
increased, the decrease of the peak flow is lower, and it
was found to be 10 and 18%, respectively, under extreme
event conditions (1000-years return period). On the contrary, when the CN value is significantly increased (19682007), a huge increase of the peak flow is observed, which
ranges from 180 (10-years return period) to 92% (1000years return period). Previous research has estimated that
runoff increases more than 200% of peak discharges as a
result of increasing urbanization in a watershed [28]. Furthermore, the decrease of the relative effect of land-use
changes in flood events of higher return periods was found
to be consistent with the results of other researchers [2830].

TABLE 2 - Changes in flood peak, volume and time for different return periods.
Return
period
(yr)
1968
7.3
14.8
18.4
32.2

1979
6.0
12.8
16.1
28.9

1996
5.1
11.4
14.5
26.5

Flood volume
(*1,000 m3)
2007
20.5
34.1
50.2
61.9

1968
164.8
335.5
418.7
730.6

1979
137.6
294.2
371.7
666.5

1996
118.9
264.9
338.3
619.9

Time to peak
(h)
2007
417.6
682.5
801.5
1,217.9

1968
11.7
11.3
11.0
10.6

1979
12.0
11.5
11.3
11.0

1996
12.2
11.6
11.5
11.2

70
Land use 1968
60

Land use 1979
Land use 1996

50
3

Peak Flow (m /s)

10
50
100
1,000

Peak flow
(m3/s)

Land use 2007

40
30
20
10
0
10

50

100

1000

Return Period ( year)

FIGURE 5 – Comparison of peak flow for different return periods corresponding to different land-use conditions.

1932

2007
9.7
9.3
9.2
9.2
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T=10years
(63mm/24h)
T=10years
(63mm/24h)

2007 2007

1996
2007 2007
1996

30
35

1996
2007 1996
2007

25
30

1979
1996 1979
1996

20
25

1968
1979 1968
1979

Time (min)
Time (min)

5060

50
60

1530

1620

1620

1530

1620
1440

1620
1440

1440
1260

1530
1350
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1350

1440
1260

1260
1080

1350
1170

1350
1170

1260
1080

1170
990

40
50
30
40

1968
1979 1968
1979

20
30

1968 1968

The flood volume was reduced by 16 and 28% along
with the decreases of the CN values for the periods 19681979 and 1968-1979, respectively. However, the increase
of the return period for the same computations showed that
the flood volume is smaller and reaches up to 9% (19681979). Moreover, the flood volume increase followed the
CN value increases (1968-2007) that were ranging from
67 (extreme flood event) to 153% (frequent storm).

CONCLUSIONS
In this study, the effects of land-use changes, which
occurred in the last decades on flood hydrographs, have
been investigated in a Mediterranean-type catchment. For
this purpose, the coupling of the Soil Conservation Service (SCS) model and Geographical Information System
(GIS) has been applied. This proposed method was applied
in the watershed of Eleonas (Thessaloniki, N. Greece), which
is subjected to rapid land-use changes that are mainly
caused by forest fires and urbanization. Flood hydrographs
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FIGURE 6 – Design storm hydrographs for different return periods.
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A comparison of the time to peak, between the periods
1968-1979 and 1968-1996, produced similar results (an increase of the time to peak about 4-5% under any return
period). Additionally, the same comparison (1968-2007)
showed a decrease of nearly 17-18% for all return periods,
except in extreme event cases where the decrease is less
(14%).
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corresponding to past land-use conditions and various return periods were simulated and relative changes in the peak
flow, time to peak, and flood volume of the subsequent
conditions were determined.
The results of the analysis have highlighted the remarkable sensitivity of the flood flow regime in response
to the occurring land-use change, which implies a significant increase in the flood peak and flood volume. In percentage terms, the peak flow and the flood volume increments are greater for the low return period discharges,
whereas it seems to be less significant for high return period discharges.
The research also indicated that even a small reduction of a catchment CN value, through the raise of the forest cover, has produced considerable benefits on the runoff
hydrograph. On the contrary, a raise of the CN value due
to urban expansions and wild-land fires has induced significant negative effects on the hydrograph. The results of
such studies are quite helpful in flood control projects and
assessments of flood characteristics of catchment areas
corresponding to the land-use scenarios.
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AN OIL SPILL DISTRIBUTION STUDY
IN AN INDUSTRIAL COASTAL ZONE
M. Sedat Kabdasli*, S. Erkan Kacmaz, Bilge Bas, Elif Oguz and Taylan Bagcı
ITU, Institute of Science and Technology, Coastal Science and Engineering Department, Maslak 34469, Istanbul, Turkey

ABSTRACT
Numerical modeling studies are carried out to determine the wind and current effects on oil spill distribution.
The study is performed by using a simulation software
named OILMAP for estimating oil spill distribution together with AQUASEA for obtaining the current pattern in
the marine environment. For this purpose, various simulation scenarios are created for the Gulf of Izmit, which is an
important industrial coastal zone in the north-west of Turkey. In simulation scenarios, constant and variable wind
directions and speeds are used to understand the effect of
these parameters on oil spill distribution. Obtained results
showed that the wind speed was the dominant factor in oil
spill distribution compared to the current effect regarding
the closed areas representing insignificant tide heights. Also,
simulation scenarios executed for continuously changing
wind directions showed that wind direction variation during
oil spill time span significantly affects the area of oil slicks
on the water surface and onshore. It is concluded that the
emergency action plans should include proper oil spill simulations by considering real time wind speed and direction
data to take immediate precautions to provide sufficient
and satisfactory marine protection.

KEYWORDS:
Oil spill, simulation, oil slick.

INTRODUCTION
Besides causing economic losses and negative effects
on coastal activities, oil spills pose serious problems in the
marine environment. In coastlines that are assigned to be
used as industrial zones, these negative effects become
more significant. The fate and transport of oil spills are
investigated by many researchers for various purposes such
as; weathering processes of in the marine environment
concerning chemical properties and environmental conditions [1-5], numerical modeling on sea surface (2D) and
through the water column (3D) [6-9], and developing oil
spill response and clean-up technologies [10-13]. Numeri-

cal modeling in these studies resulted in numerical oil spill
models which are used for simulation of oil slick pathway
on water surface. These models are used to simulate the
route of spilled oil on water surface with time according to
hydrodynamic and meteorological conditions for different
types of oils [4, 6, 14]. There exists several commercial software programs for oil spill modeling that are used to simulate transport processes of spilled oil within marine environment with respect to time and different meteorological
and marine conditions for various petroleum types [13].
Data obtained as a result of these models are used to develop strategies for taking proper remedial measures in case
of accidental spills. This is achieved by means of using simulation results in preparation of oil spill contingency planning
and in development of oil spill response practices. This
leads to utilization of proper response methods in case of
emergency situations such as booms, dispersants and sorbents that are useful to reduce or restrict the movement of
oil slick [4].
In this study, it is aimed to determine the effect of wind
and currents on the surface distribution of oil in marine
environment and significance of oil spills in industrial
coastal zones. Surface transport of oil spill is investigated
for Gulf of Izmit by means of a GIS-based oil spill model
system (OILMAP software) to predict the movement and
fate of oil spill in marine water using land-water interfaces
and current & wind data under different scenarios. Gulf of
Izmit is one of the most important industrial coastal zones of
Turkey with a great number of industrial plants. Within
the context of the study, oil spill distribution simulations
were obtained for a dominant constant wind direction with
four different intensities and two dominant directions with
variable wind directions under the presence of currents
and without currents.
MATERIALS AND METHODS
Study Area

This paper presents a study of oil spill modeling in the
Gulf of Izmit, located in the Sea of Marmara (Figure 1). It
owns coastal and offshore petroleum terminals as a consequence of hosting several refineries (Figure 2). Those
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plants and petroleum loading and unloading operations increase the probability and dimensions of accidental oil
spills in the area. Thus, Gulf of Izmit is an especially critical area facing oil pollution problem. It has a length of
nearly 45 km and widths varying from 1.8 to 9 km with
an area of 261 km2 [15].
Environmental Conditions
Winds

Oil spreads on the water surface as a result of gravity
and interfacial tension between oil and water, even if
there is no wind or current. However, winds and currents

are the primary factors contributing to the spread of oil
slick on the water. For those slicks that are close to the
shore, surface currents become the main driving factor of
spreading when the wind speed is less than 10 km/h. In
the case of offshore oil spills, the main force becomes the
wind with speeds exceeding 20 km/h. Because of these
characteristics of oil spills, winds and surface currents are
taken into account during modeling studies [4].
In this study, long-term wind data is obtained from
the Meteorological Bulletin of Turkish State Meteorological Service [16] which includes meteorological data belonging to Kocaeli measurement station representing the

N

FIGURE 1 - The Sea of Marmara and Gulf of Izmit

Spill Location

N
FIGURE 2 - Offshore and coastal petroleum terminals in the Gulf of Izmit and spill location in this study
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study area. Although measured winds from South-East (SE)
and East (E) directions are more frequent than the other directions, effective storm directions are South-West (SW)
and North-East (NE) in this region. Besides, West (W) and
North-East (NE) are the directions that have strong winds.
The wind rose belonging to the study area is given in Figure 3. When the annual average wind speeds are considered, SW and NE directions have the values of 2.3 m/s and
1.7 m/s, respectively. In addition, SW is found to be the
direction with most extreme values, because of having short
or no fetch distances for eastern, western and northern
directions depending on geographical location of the study
area. In addition, coastal protection structures such as breakwaters have not yet been constructed for the existing ports
and jetties due to this characteristic of the region. The wind
speed and direction directly affect the spreading process.

In this study, SW and NE wind directions are used to represent the most critical situation in all the simulation scenarios.
NNE

NW

NE

W
WNW

E NE

W

E

WS W

ESE
SE

SW
SSW

S

SSE

FIGURE 3 - Wind rose of the region

Velocity time: 37,200001
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FIGURE 4 - Bathymetry (a) and current study results (b) of the study area obtained by AQUASEA
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Currents

Characteristics of surface currents are obtained using
AQUASEA which is a software package developed by
Vatnaskil Consulting Engineers to solve the shallow water
flow and transport equations using the Galerkin finite
element method under Windows. The surface hydrodynamic
flow model of that software is used in this study. In the module, continuity and momentum equations (Navier Stokes
and Saint-Venant) are approximated in a numerical finite
element grid and calculated on the basis of information on
the bathymetry, bed resistance coefficients, wind field and
boundary conditions. The outputs of this model are used
as an input for this study as a driving factor affecting the
spread of oil besides winds. Currents of the study area
for one tide condition are given in Figure 4.

of the event, the volume and type of oil and environmental conditions. In this study, different accident scenarios
are considered for simulation studies. In each scenario
allision that is defined as collision between a moving vessel
and a fixed object, generally a jetty or pipeline is chosen as
the accident type. Spill location is shown in Figures 2 and 5.
Spilled oil amount is 50 m3 for all of the simulation scenarios.

Spill Location

Temperature

When an oil spill enters the marine environment, it
changes physically and chemically because of weathering
processes (evaporation, emulsification, dispersion, dissolution, photo-oxidation, sedimentation, adhesion to materials,
interaction with mineral fines, biodegradation, and the formation of tar balls). Temperature is an effective parameter
on weathering processes [4]. OILMAP considers the effect
of temperature on weathering processes and has a graphical
user interface (GUI) that allows the user to enter the sea
water temperature in the model. In this study, 15°C average
sea water temperature value is used to simulate the winter
conditions [16].
Spill Modeling

In the present study, OILMAP Oil Spill Model and
Response System Model developed by ASA Science is used
to simulate the spill trajectories. The model has 4 modules;
surface trajectory model, subsurface model, stochastic model
and receptor model. Each of them allows different needs
of the users. All of these models use environmental data
(winds, currents, etc.), geographic data of the study area
obtained from the Geographic Information System (GIS)
embedded in OILMAP, physical data such as the proximity
of shorelines and chemical data provided from Adios oil
type database embedded in OILMAP. All of these components can be changed according to the user’s needs by
the help of GUI. In this study, surface trajectory model is
used to simulate the spill scenarios by means of oil distribution in various environmental components like water
surface, atmosphere and shoreline. The simulation results
are given as oil distributions on water surface and via
charts of oil weathering. The model domain (Figure 5) is
bounded by 40° 42′ 43′′ N- 40⁰ 46′ 30′′ N latitudes and
29°50′ 59′′E- 29°56′ 49′′ E longitudes and it is divided
into 150 x 150 grids, each one having a grid size of 55 x 42
m. In this study different accident scenarios are considered
for simulation studies which are given in Table 1. Bathymetry of the study area is taken from Magellan, which is a
software providing digital maps (Figure 4).
Physical distribution, and thus the environmental impacts of accidental oil spill mainly depend on the location

N
FIGURE 5 - Model domain

Each scenario is repeated for one dominant wind direction (NE) and four different wind speeds (1-4 m/s), and under the presence of currents and without currents. In addition, 6 more scenarios are executed with continuously changing wind directions. One hour is chosen as the duration
that oil continues spilling after accident, and 24 hours is
chosen as the simulation length. A summary of the simulation data for all scenarios is given in Table 1.
TABLE 1 - Summary of simulation scenarios
No. of scenarios
Wind Direction
Wind Speed (m/s)
Current
Oil Type

14
SW & NE
1-4
Yes/No
Crude Oil

RESULTS AND DISCUSSIONS
Outputs which belong to scenarios considering NE
wind direction with different wind speeds and current are
presented in Figures 6-9. In these figures, for each wind
speed, the distribution of oil on the water is shown for
1 hour and 24 hours after the spill as cumulative distribution area. In addition, weathering results of oil are given as
a pie chart which includes the oil percentage evaporated
from the water surface and on the shore at the end of the
simulation time. Surface and ashore oil percentages vary
according to changing wind speeds and directions and current whereas evaporation amounts indirectly change depending on these parameters because of altering surface area
of oil slicks.
As can be seen from these figures, oil spreads to a wider
area with increasing wind speed at the end of 24-hour
simulation period.
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Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 1 h after spill

Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 24 h after spill

Surface 6.576%

Evaporated 13.342%

Ashore 80.082%
Weathering Results
FIGURE 6 - Simulation results for NE direction for wind speeds of 1 m/s
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Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 1 h after spill

Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 24 h after spill

Evaporated
20.475%

Surface 14.081%

Ashore 65.444%
Weathering Results
FIGURE 7 - Simulation results for NE direction for wind speeds of 2 m/s
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Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 1 h after spill

Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 24 h after spill

Surface 2.257%

Evaporated 23.321%

Ashore 74.422%
Weathering Results
FIGURE 8 - Simulation results for NE direction for wind speeds of 3 m/s
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Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 1 h after spill

Oil Thickness (mm)

0->.01
.01->.02
.02->.03
.03->.04
.04->.05
.05->.06
.06->.07
.07->.08
.08->.09
.09->.1

t = 24 h after spill

Surface 1.642%

Evaporated 26.688%

Ashore 71.689%
Weathering Results
FIGURE 9 - Simulation results for NE direction for wind speeds of 4 m/s
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In Table 2, simulation results are presented according
to their wind directions and speeds, the presence of current and water surface area covered with oil. Scenarios 1
to 8 were executed with OILMAP with constant wind
directions for 24 hours. These scenarios were set to observe the effect of current and wind speed on oil distribution. Figure 10 also demonstrates the results of these
scenarios. As it can be seen from Table 2, spill area in

Scenarios 2 and 7 are maximum among other scenarios in
their sets due to amount of oil washed up onto the shore
in other scenarios. In addition, surface area of oil slick is
higher where there is current except for the wind speed of
1 m/s. This result is almost compatible with [4], who
stated that oil slicks near land move with the surface current
and 3 % of the wind speed for speeds less than 10 km/h
(~ 2.8 m/s).

TABLE 2 - Simulation results
Scenario
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Current
(Yes/No)
Y
Y
Y
Y
N
N
N
N
Y
N
Y
N
N
N

Wind Direction
NE
NE
NE
NE
NE
NE
NE
NE
NE-NE-SW-SW
NE-NE-SW-SW
NE-NE-SW-SW
NE-NE-SW-SW
SW-SW-NE-NE
SW-SW-NE-NE

Wind Speed
(m/s)
1
2
3
4
1
2
3
4
2-1-1-2
2-1-1-2
1-2-2-1
1-2-2-1
2-1-1-2
1-2-2-1

Water Surface Area
Covered With Oil (km²)
9.527
17.472
16.480
15.272
10.809
14.040
15.222
14.299
2.883-2.967-1.660-0.936
2.919-3.065-1.662-0.582
1.224-3.205-0.878-0.307
1.256-3.360-0.626-0.039
0.311-0.964-3.641-7.073
0.811-0.989-4.770-3.069

Total Water Surface Area
Covered With Oil (km²)
9.527
17.472
16.480
15.272
10.809
14.040
15.222
14.299
8.446
8.229
5.613
5.282
11.989
9.639

20
18
16
Spill	
  Area	
  (km2)

14

12
10
8

No	
  Currents

6

With	
  Currents

4
2
0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Wind	
  Speed	
  (m/s)
FIGURE 10 - Simulation results of scenarios with constant wind direction for scenarios 1-8

In the last six scenarios (9-14), wind direction and
speeds were changed within 24 hours simulation in four
6 hour-periods. The wind speeds and water surface covered with oil in these 6-hour periods are given in Table 2
as well. These areas are calculated from the simulation outputs for each period (Figure 11). Also, total surface area
covered with oil at the end of 24 hours is presented for

comparison. In case of constant wind speed, the final area
of water surface covered with oil is wider for almost all
scenarios due to wind effect causing oil spread in an offshore direction. In other scenarios, changing wind speed
caused oil spread to shore ending with less amount of oil
on water surface due to the application of opposite wind
directions consecutively in one simulation scenario.
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Scenario 10 (24 hour)
Scenario 10 (18 hour)
Scenario 10 (12 hour)
Scenario 10 (6 hour)
Scenario 9 (24 hour)
Scenario 9 (18 hour)
Scenario 9 (12 hour)
Scenario 9 (6 hour)

N

Scenario 10 (24 hour)
Scenario 10 (18 hour)
Scenario 10 (12 hour)
Scenario 10 (6 hour)
Scenario 9 (24 hour)
Scenario 9 (18 hour)
Scenario 9 (12 hour)
Scenario 9 (6 hour)

N

FIGURE 11 - Calculation of water surface areas covered with oil for 6-hour periods
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[9]

In conclusion, it can be stated that significant wind
speeds and directions directly affect the oil spill distribution. According to the simulation results, wind speed is the
dominant factor for oil spill distributions in closed areas
with insignificant tide heights, such as Gulf of Izmit even
for wind speeds under 3 m/s. Increasing wind speed causes
oil spread over a wider area if the wind direction is towards
offshore. This also affects the facilities on the opposite shore
of the spill location. Also, evaporation amounts indirectly
change depending on winds and currents because of altering
surface area of oil slicks. In the case of varying wind direction, the direction of oil slicks changes as well. This can
cause oil spread towards the shoreline according to the
study area. Another conclusion of this modeling study is
that for near land oil spills, oil slicks reach larger areas
where there is current for the same environmental conditions except for low wind speeds. In case of spill in industrial areas with dense navigation and marine traffic increasing slick movement speed makes the rapid reaction
even more important in case of spill in industrial areas
with dense navigation and marine traffic. In addition, in
dense industrial coastal zones such as Gulf of Izmit, an
accidental oil spill event can affect a much wider area and
several onshore and offshore industrial plants and activities at the same time. Thus, oil spill simulations are important for emergency response studies.
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EFFECT OF WATER pH ON THE EQUILIBRIUM OF COPPER
CONCENTRATION IN STREAM BED SEDIMENTS FROM A
SMALL BASIN PARTIALLY DEVOTED TO VINEYARDS
Jose Antonio Rodriguez-Suarez* and Benedicto Soto-Gonzalez
Departamento de Biologia Vegetal y Ciencias del Suelo. Facultad de Ciencias. Universidad de Vigo. 32004, Ourense (Spain)

ABSTRACT
This study reports on the effect of water pH on the retention or release of copper from bed sediments in a small
river draining catchment, partially devoted to vineyards.
The equilibrium of copper concentration (ECuC) is defined as the concentration of copper in water which, when
placed in contact with sediments, produces no change in
copper concentration in water. A concentration in water
higher than ECuC implies copper adsorption by sediments,
whereas a concentration in water lower than ECuC produces copper release from sediments. In this study, ECuC
was determined in three samples of sediments at different
pH values.
Results show that ECuC values at pH 4.5-7.5 are similar to copper concentration in water and, therefore, sediments neither adsorb nor release copper. For very acid or
basic conditions (pH >9 and <3.5), ECuC presents high
values causing the release of copper retained in the
sediments.

Due to high affinity of copper for soil organic matter
and crystalline oxides, Cu remains in sediments for a long
time unless the chemical conditions in the stream water are
modified [5-7].
With the aim to study the effect of water pH on copper release from stream bed sediments, we have used the
concept of Equilibrium Copper Concentration (ECuC). This
parameter was used in several studies to analyze the distribution of phosphorus between particulate and dissolved
forms [8-10]. ECuC can be defined as the concentration of
copper in water which, when placed in contact with sediments, produces no change in copper concentration in water.
Copper retention by sediments takes place when the concentration of copper in water is higher than ECuC whereas
copper release from sediments happens when its concentration in water is lower than ECuC.
In this work, we have evaluated the influence of pH on
equilibrium copper concentration (ECuC) and the risk of
copper release from sediments due to pH modification of
water.
MATERIALS AND METHODS

KEYWORDS: Copper, River bed sediments, Equilibrium copper
concentration, vineyard.

The study area

Stream bed sediments were taken in a river draining a
small catchment (2.86 km2) devoted to vineyards (23% of
surface), forests (61%) and other land-uses, such as residential areas, roads or orchard (16%). Mean annual discharge of the river was 5.4 L/s in 2007.

INTRODUCTION
Copper-containing fungicides have been used since
1800, and are still used in large quantities in vineyards.
Some of the applied copper is found to be sorbed to soil
and then retained by soil colloids [1, 2].
Soil erosion is a frequent process in vineyards resulting from the fact that these soils are sparsely covered by
vegetation during the rainy period, thus creating favorable
conditions for water runoff and sediment loss [3].
Soil erosion mobilizes the top layer of soils with high
copper content and some of these materials are deposited
in river beds [4].

Mean annual rainfall is 850 mm and mean annual
temperature is 14.3 ºC. The main geological materials are
granite and schist in high- and middle-lands and quaternary sediments in low-lands.
Analytical methods

Three sediment samples (S1, S2 and S3) were collected from the river bed and stored at 4 ºC before use.
Sediments were freeze-dried and then sieved to <2 mm.
Sediment pH was measured in H2O and 0.1 M KCl,
using a 1:2.5 sediment:solution ratio. Total organic carbon
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and nitrogen were determined by total elemental analysis
(Thermo Finnigan Elementary Analyzer Flash EA 1112).
Particle size fractionation was obtained by wet sieving (50
µm to 2 mm) and the pipette method of Gee and Bauder
[11] for particles <50 µm.

ECuC at basic (pH 8-9.25) and very acidic conditions
(pH 3-4.75) ranges from 15 to 168 µmol/L. This means
that when copper concentration in water is below the
ECuC value, copper will be released from the sediments
to water.

Total copper content was determined by digesting 0.5
g of sediment with 5ml of HNO3, 4 ml of HF and 1 ml of
HCl in a microwave oven. The analyses of three determinations per sample were performed by using a Varian
SpectrAA-250 Plus atomic absorption spectrometer.

1.6

pH 8.0 - 8.5
pH 9.0 - 9.25

0.8

0.4
Adsorbed
Released

0.0

S1

-0.4
0

To analyze the effect of pH on ECuC, 5 ml of NaNO3
with different concentrations of Cu were mixed with 5 ml
of NaOH (0.01, 0.02M) or HNO3 (0.01, 0.02M). This was
centrifuged after a 24-h equilibration period with sediments, and thus Cu in solution was determined.
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The main properties of sediments are summarized in
Table 1. All the samples show similar characteristics, although S2 has the highest content of organic matter and
total copper. Copper content of sediments is very high due
to the presence of vineyards in the basin (23% of total surface). The value of 100 mg kg-1 is usually accepted as the
threshold of phytotoxicity [13].
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ECuC is obtained from the regression line at the point
where copper is neither adsorbed nor desorbed.
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FIGURE 1 - Copper adsorption by stream sediments (S1, S2 and S3).
The intersection between each adsorption regression line and 0 line
(neither adsorption nor desorption) is the ECuC for each pH value.

TABLE 1 - Main properties of the sediments used in this study (O.C. organic carbon; N. Nitrogen)
pHH20

100

1.5

Figure 1 shows Cu adsorption or desorption at different
equilibrium concentrations and different pH values. The
relationship between equilibrium copper concentration in
water and the variation of copper adsorbed is linear at the
interval of concentration used.

Sample

100

1.5

RESULTS AND DISCUSSION

As we can see, ECuC is lower than 5 µmol/L in all
the samples at neutral (pH 7-7.5) or moderately acid conditions (pH 4.75-5) (Table 2). If copper concentration in
water is below this value, sediments will behave as sinks
of copper, and dissolved copper will be adsorbed by sediments.

pH 7.0 - 7.5

1.2

Δ Adsorbed Cu (µmol/g)

Equilibrium copper concentration (ECuC) was determined by the method of White and Beckett [12]. 1 g of
sediment was equilibrated for 24 h in 10 ml of 0.025 M
NaNO3 containing differing amounts of Cu(NO3)26H2O
(0 to 10 mg/L of Cu). The equilibrated samples were centrifuged at 1000 g for 15 min. ECuC is calculated as the
intercept of the adsorption-desorption curve where copper
is neither adsorbed nor desorbed (Fig. 1).

pH 3.5 - 4.75
pH 4.75 - 5.0

N
(%)
0.27
0.42
0.59

1947

Sand (%)
(2000-50 µm)
43
51
41

Silt (%)
(50-2µm)
32
31
39

Clay (%)
(< 2µm)
25
18
20

Total Cu
mg kg-1
204
162
270
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TABLE 2 - Equilibrium copper concentration, ECuC, (µmol/L) at
different pH values for the 3 samples of sediments (S1, S2 and S3).
pH
3.5 - 4.75
4.75 - 5.0
7.0 - 7.5
8.0 - 8.5
9.0 - 9.25

S1
15.66
2.11
0.38
38.20
63.80

S2
22.90
4.94
0.74
30.80
53.30

The sediments analyzed in this study have a high concentration of copper due to the presence of vineyards in the
basin.

S3
135.70
0.97
0.65
19.58
168.20

Copper concentration in stream water was determined
in 63 samples taken in 2007, and the obtained mean concentration was 2.1 µmol/L. Therefore, this value is similar
to ECuC at neutral and moderately acid conditions but
much lower than ECuC at basic and very acid conditions.
As the pH in stream water is 7.4 (mean value of 230
measures registered in 2007) and copper concentration in
water is close to ECuC, sediments neither adsorb nor release Cu under current conditions. If water pH is considerably modified (to very acid or basic conditions), sediments will behave as source of copper to the stream water.
The relationship between ECuC and pH for all the
sediments shows a “U” shape function (Fig. 2). The inner
area of “U” includes those conditions -pH and copper concentration in water- in which sediments retain copper from
solution; the “U” line represents the Equilibrium Copper
Concentration (ECuC), and the outer area of “U” represents
the conditions in which sediments release Cu to the water.
When water pH is between 4.5-7.5, the ECuC values
are close to 0 and, therefore, sediments will behave as sinks
of copper if copper concentration in water is higher than
ECuC. If water pH moves away from this interval, ECuC
increases quickly, and sediments always behave as sources
of copper for pH values higher than 9 or lower than 3.5.

The equilibrium of copper concentration (ECuC) obtained for analyzed sediments was lower than 5 µmol/L
between pH values of 4.5-7.5. Taking into account that
water pH of this river is 7.4 and copper concentration in
water is similar to EcuC, these sediments neither adsorb
nor release copper.
Water quality can be negatively affected by any spill
that modifies the pH to values greater than 8 or lower than
4.75 because, as a result, copper will be released to water
from sediments.
Therefore, it is very important to avoid modifications
of the water pH in rivers or streams draining vineyard areas
mainly due to the risk of copper release from sediments to
the water.
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Although these pH values are unusual for river water,
some acid/basic spills could easily modify water pH due
to the low buffering capacity of freshwater.
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STUDY OF THE CAPABILITY OF FILAMENTOUS
CYANOBACTERIA IN BINDING METAL IONS
Manos Ladakis, Manos Dassenakis*, Cristina Zeini and Vasiliki Paraskevopoulou
University of Athens, Faculty of Chemistry, Laboratory of Environmental Chemistry, Panepistimioupolis, Athens 157 71

ABSTRACT
The aim of this work was to study the capability of filamentous cyanobacteria and especially that of Microcoleus
chthonoplastes in binding ions of Cd, Cu, Ni and Zn.
Cultures of cyanobacteria were developed and exposed
to various concentrations of these metals. The highest Cu
uptake by the cyanobacteria was observed during the
second week of exposure, and a gradual decrease was
observed after that period. Similar responses were observed
in the case of Ni. For Zn, the adsorption rate was faster
and the maximum was achieved in the first week.
The growth of the cyanobacterial cultures was not inhibited in the presence of Cu, Ni and Zn, even at concentrations reaching 80 µg/L, whereas the cyanobacteria did
not survive when the concentration of Cd exceeded 1 µg/L.
However, the dead tissues sustained their ability to strongly
bind Cd. When cyanobacteria were exposed to lower concentrations of Cd, maximum absorption was observed in
the first week.
At the end of the fifth week, the concentrations of all
the studied metals in the cyanobacteria were lower than
those at the end of the first week, indicating that the filamentous cyanobacteria have a mechanism for detoxifying
metals.

KEYWORDS:
algal mats, bioconcentration, cyanobacteria, metals

INTRODUCTION
In coastal marine environments with shallow, warm and
calm waters, it is sometimes possible to observe some organosedimentary forms called cyanobacterial or algal mats.
They are produced by sediment trapping, binding and/or
precipitation as a result of the growth and metabolic activity of microorganisms, principally cyanobacteria [1]. They
have a well-defined vertically stratified structure. The cohesion of the layers (in particular of the surface layer) is
attributed to the capability of the cyanobacteria, specifi-

cally the filamentous types, to secrete polysaccharides in
order to create protective sheaths. These sheaths of polysaccharides have functional groups such as –CHO, C=O
or –COOH that can bind metal ions [2].
There are several published papers on metal biosorption by various algae, including cyanobacteria, alive or not
[3-9].
The present work studies the ability that cultures of the
filamentous cyanobacteria Microcoleus chthonoplastes exhibited in binding Cd, Cu, Ni and Zn. M. chtonoplastes
grows in coastal environments of the Mediterranean Sea, or
other places of the temperate zone, and its colonies create
algal mats on the surface of coastal marine sediments.
The study of the bioaccumulation of Cd, Cu, Ni and Zn
by M. chtonoplastes isolated from algal mats is an attempt
to understand the behavior of these mats in polluted marine
environments, their ability for metal biosorption, and the
possibility of using them for bioremediation purposes.
MATERIALS AND METHODS
Relatively small amounts (20–30 g) of cyanobacterial
mats that mainly consisted of Microcoleus chthonoplastes
were collected from a small and semi-enclosed shallow bay
on the coast of Saronikos Gulf, 50 Km west of Athens,
named Anavissos where a layer of algae extends across a
large area of the sea bed [10].
The collected material was placed in Erlenmeyer flasks,
containing marine nutrient (MN) solution. After the initial
growth of the cultures, algal filaments consisting exclusively of M. chthonoplastes (selected with the use of microscope and stereoscope) were removed from the mat and
placed in new Erlenmeyer flasks (containing fresh marine
nutrient solution) for further growth. This procedure guarantees the isolation of the M. chthonoplastes in the final
cultures, which were then used for the ecotoxicological
experiments.
The cultures of M. chthonoplastes were exposed to
various concentrations of Cd, Cu, Ni and Zn (Table 1). The
exposure time was 7, 14, 21, 28 and 35 days. After the end
of each exposure time, the filaments were collected by
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TABLE 1 - Metal concentrations of the solutions used for the growth of the cultures.
Metal
Cd
Cu
Ni
Zn

0.05
3.0
3.0
3.0

0.10
9.0
9.0
9.0

0.30
27
27
27

Concentration (µg/L)
0.50
1.0
81
81
81

filtration through pre-weighed 0.45-µm nitrocellulose filters.
The filters were dried at room temperature and weighed for
the determination of the algal mass. The filters were treated
with 10 ml of concentrated HNO3 in Teflon beakers at 80 °C
for 2 h. The metal concentrations in the final solution were
determined using Graphite Furnace Atomic Absorption
Spectrometry.

3.0

9.9

29

intra-cellularly for physiological purposes, and another
part is chelated on the polysaccharide surface of the cells
[10, 14].

RESULTS AND DISCUSSION
A. Copper, Nickel and Zinc

It is apparent from Fig. 1 that exposure to increasing
concentrations of metals resulted in increased absorption
by the cells. This finding has also been reported for Zn
and Cd after the exposure of the cyanobacteria Nostoc
linckia and Nostoc rivularis to diluted wastewater (25, 50
and 75%) where metal levels were raised in the cells as
wastewater levels were increased [5]. Similar behaviour
for Cd and Zn was also exhibited by the cyanobacterium
Microcystis aeruginosa. The intracellular Cd and Zn quotas
increased upon acclimation to increased metal concentrations and were reduced following 1- or 5-day recovery [11].
In our experiments, the cyanobacteria were not transported
to new metal-free media for recovery. However, we also
observed a decrease of the metal content with time.
The Zn absorption maximum was reached faster
(7 days) in contrast to Cu and Ni (14 days) in the case of
the highest exposure concentrations (27 and 81 µg/L). Another interesting point is that the maximum adsorbed and
final concentrations of Zn taken up by the cells were more
than two times higher than the corresponding levels of Cu
and Ni. Also, the Ni content retained after exposure to the
highest concentration was double than that of Cu, despite
the fact that the maximum absorption level at 14 days for
these two metals was approximately the same. These
differences could be attributed to different requirements for
intracellular utilization of these metals by Microcoleus
chthonoplastes as well as different mechanisms of export
of excess metal. It has been reported that cyanobacteria
have metal requirements often absent from other bacteria;
for example, copper in thylakoidal plastocyanin and zinc
in carboxysomal carbonic anhydrase [12], and it is also
known that marine phytoplankton, including cyanobacteria,
use the Ni-containing enzyme urease to hydrolyze urea to
ammonium and carbon dioxide [13].
Therefore, a part of the metals absorbed by the cyanobacterium studied is taken up by the cells, to be utilized

FIGURE 1 - Cu, Ni and Zn content in the plant tissues in relation to
the time of exposure and the respective metal concentration in the
nutrient solution.
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The similarities in Cu and Ni behavior are revealed
by statistically significant correlations (P <0.05 and n =
5), on the basis of both time and exposure level (Fig. 2).

in two fractions, the cell pellets and the cytosolic fraction.
About 60–65% of Cd or Zn were retained by the cell pellets, and the remainder was found in the cytosolic fraction
of the cells bound to proteins. [5].
Thus, in our experiments as well, it is possible that
originally Cd is absorbed fast on the cell surface and partly
transported inside the cells, but then, the excess Cd is exported outside the cells after protein complexation.

FIGURE 3 - Cd concentrations in the plant tissues in relation to the
time of exposure (initial concentrations of up to 1 µg/L).

FIGURE 2 - The correlation of Cu and Ni content in the cyanobacterial tissues: a) on the 14th day of the experiment for all exposure
levels, b) for the exposure level of 9 µg/L for all exposure periods.

For exposure concentrations higher than 1.0 µg/L, the
cyanobacteria died quickly but it was ascertained that the
dead tissues exhibited strong binding capability for Cd as
presented in Fig. 4. We suppose that this behavior is attributed to the functional groups (carbonyl, hydroxyl, carboxyl etc.) of the polysaccharide sheath, which encloses the
cy-anobacterial filaments. The small variation of the Cd
content in the dead tissues (1.28 – 1.48 µg/g) also supports
this assumption.

B. Cadmium

A significant adsorption of Cd was observed at exposure concentrations (0.05 - 1.0 µg/L) during the first week.
Then, the Cd content was reduced to half and remained
stable (Fig. 3). Similarly to the other metals, higher exposure concentrations resulted in higher initial uptake [15,
16]. However, towards the end of the experiment, the
final Cd content of the cells did not vary significantly
regardless of the original exposure concentration.
Two main mechanisms for the removal of heavy metals from solutions by biomaterials have been reported to
be physico-chemical interaction (e.g. adsorption) and the
influence of metabolic-dependent processes (e.g. carriermediated transport), the former resulting in rapid removal
of heavy metals, while the latter is slow. It has been found
that when Cd-resistant strains of Tolypothrix tenuis were
exposed to Cd concentrations above 1 mg/L, 90% of the
metal was adsorbed on the cells [14]. In another study,
where the cyanobacteria Nostoc linckia and Nostoc rivularis were exposed to wastewater, the cells were separated

FIGURE 4 - Cd concentrations in the plant tissues in relation to
the time of exposure (initial concentrations of more than 1 µg/L).

CONCLUSIONS
In view of the experiments described above, it has
been concluded that when the cyanobacteria are exposed
to increased concentrations of dissolved Cu, Zn, Cd and
Ni, they adsorb the metals at different rates. Increasing
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exposure concentrations resulted in increased metal contents in the cyanobacterial cells.
The plant tissues adsorb all metals relatively fast during the first two weeks of exposure. The adsorption rate is
slowing down during the rest of the exposure time.
Cd and Zn reach the maximum of adsorption in the
plant tissues at the end of the first week while Cu and Ni
reach their maximum at the end of the second week.
The content of the studied metals in plant tissues is
significantly decreased after the second week of exposure
indicating that the filamentous cyanobacteria have a selfremoval capacity of metals [17].
There are statistically important similarities between
the uptake of Cu and Ni, as well as between that of Cd and
Zn.
The tolerance of the cyanobacterium M. chthonoplastes
to relatively high concentrations of Cu, Ni and Zn, in comparison to natural levels, indicates that it can survive in
polluted surface waters. On the contrary, this cyanobacterium is much more sensitive to Cd.
Further research of M. chthonoplastes is required, in
order to investigate the possibility of using this cyanobacterium for bioremediation applications.
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ABSTRACT

INTRODUCTION

The European Water Framework Directive requires the
monitoring of priority pollutants entering surface waters.
This includes notably the stormwater network. In this study,
the contribution of discharges from wash stations to pollution of the stormwater network was investigated. Six wash
stations discharging wastewater into the stormwater network were selected: (i) one trucks wash station, (ii) two
self-service stations for cars and motorcycles, (iii) two bus
wash stations, (iv) one subway wash station. Classical parameters (conductivity, pH, turbidity, chemical oxygen demand, total nitrogen, total phosphorus, suspended solid)
and organic micropollutants (Polycyclic Aromatic Hydrocarbons (PAHs), Total Hydrocarbons (TH) and Methylterbutylether (MTBE)) were checked and measured. Concentrations were compared with limit values from Greater Toulouse decontamination service regulations for the discharge
licenses of carwashes, and under the French decree for discharges into the natural environment and with the proposed
directive from the European Parliament and the Council,
dealing with environmental quality standards. The result
showed a decrease of pollution downstream of the pretreatments for subway wash stations but not for bus wash
stations. According to the directives, the pre-treatment processes are not sufficient to justify a discharge into the
stormwater network.

KEYWORDS: Organic compounds, concentrations, separated
sewage system, water quality, run-off waters.

Stormwater is known to be an important source of received water pollution [1]. With regard to the European
Water Directive [2], it is necessary to monitor a wide range
of organic micropollutants in addition to classical water
quality parameters.
Concentrations of classical parameters observed in
urban runoff are listed in Table 1. The values observed in
the literature for classical parameters show an average pH
around 7.5 [3, 4]. The COD values varied according to the
type of surface considered [5, 6]. Organic micropollutants
in the environment originate from anthropogenic activities.
Their concentrations observed in urban runoff are listed in
Table 2. The main sources of polycyclic aromatic hydrocarbons originate from pyrolysis of organic matter under high
temperature [7]. Actually, urban surfaces can receive deposits of PAHs from different sources via both atmospheric
transport and local activity [8]. Methyltertbutylether is a
volatile organic compound produced from natural gas. It is
introduced into the environment via leaking petroleum
storage tanks, urban runoff, and motorized watercraft [9].
The case of Toulouse in France is particularly interesting since the town has a separated sewer system where
organic micropollutants in the wastewater system cannot
mix with the stormwater [10]. However, water in the
latter system comes not only from runoffs but also from
wash station discharges. Indeed, industrial waters can be
discharged into sewers under a permission of discharge
from the community [11]. Wash stations can discharge their
waters after pre-treatment through two structures (Figure 1).
Waters go through the scrubber, where the solids are removed, then through the oil separator to remove hydrocarbons. These systems should be in accordance with French
norm XP P 16-441 [13] and require regular maintenance
to keep up their efficiency [12].
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TABLE 1 - Reported concentrations of classical parameters in waters.
Water type
Runoff water: -Tank structure
-Drainage area
Runoff water
Runoff water
Runoff water
Runoff water
Dam water
Runoff water: - Boulevards outlet
- Mirail outlet
Runoff water
Runoff water

n
28
16
48
27
29
9
30
20
19

Runoff water
Runoff water: - Boulevards outlet
- Mirail outlet

46
27
29
9
20
19

Runoff water: - Boulevards outlet
- Mirail outlet
Dam water

20
19
30

Runoff water: -Roof

16
15
26
31
18
45
20
19

Runoff water

-Courtyard
-Street
Runoff water: -Tank structure
-Drainage area
Runoff water
Wastewater GOS
Wastewater UCW
Runoff water
Runoff water
Runoff water
Runoff water: - Boulevards outlet
- Mirail outlet
Runoff water: -Roof
-Courtyard
-Street
Runoff water: -Tank structure
-Drainage area
Runoff water
Runoff water
Runoff water
Runoff water
Runoff water
Runoff water
Wastewater GOS
Wastewater UCW
Runoff water: - Boulevards outlet
- Mirail outlet
Runoff water
Runoff water
Runoff water
Runoff water
Wastewater GOS
Wastewater UCW
Runoff water: - Boulevards outlet
- Mirail outlet
Runoff water
Runoff water
Runoff water: - Boulevards outlet
- Mirail outlet

16
15
26
31
19
16
27
29
9
20
19
43
27
29
9
20
19
26
29
20
19

Origin

France

Min.
pH
6.1
6.2

France
France

Concentrations
Max.
Mean
8.7
8.1

6.3
7.9
6.9
8.2
France
6.8
8
France
6.7
7.7
Turkey
8.1
8.4
Toulouse
6.8
9.2
(France)
7.4
9.4
Conductivity (µS/cm)
France
France
60
17620
50
244
France
107
402
France
54
110
Toulouse
52
533
(France)
80
462
Turbidity (NTU)
Toulouse
6.4
619
(France)
13
223
Turkey
3.5
30
COD (mg/L)
5
318
France
34
580
48
964
<20
36
France
<20
43
France
129
178
Turkey
28.1
107
France
21
507
France
16
75
Europe
20
365
Toulouse
20
360
(France)
<10
123
Suspended Solid (mg/L)
3
304
France
22
490
49
498
0.6
139
France
5
86
France
France
267
France
1
150
Europe
1
4582
11
458
France
25
964
France
4
130
8.0
197
Turkey
940
958
Toulouse
4
1063
(France)
11
314
Total Nitrogen (mg/L)
France
0.6
10.2
Europe
0.4
20
1
12
France
1
50
France
1.2
3.6
24
200
Turkey
7.6
10.2
Toulouse
<10
32
(France)
<10
40
Total Phosphorus (mg/L)
Europe
0.02
14.3
0.3
4.7
France
0.3
19.1
Toulouse
0.5
3.6
(France)
0.1
2.5

1955

References
Median

7.5
7.2
7.3
7.5
7.5
7.1
8.3
8.1
8.3
245
1356
99
189
74.4
293
230
123
48
8.4

[4]
7.51
7.4

[3]
[18]
[26]
8.1
8.0

290

2.3
3.2
2.8
4.7
2.2
55
8.9
12
6.1
0.34
0.56
1.1
1.2
0.5

[19]
[6]

[18]
285
227

[10]

65
28

[10]
[26]

[5]
[4]
[19]
[26]

80

[6]
[20]
[21] ; [28]

56
37

[10]

29
74
92,5

[5]

13
33
71
18
190
158
199
45
54
949
211
81

[10]

[3]

31
95
131
<22
<23
116
169
67.6
103
27
85
116
48

[19]
[6]

[4]
152
47

[19]
[6]
[20]
[21] ; [28]
[3]
[18]
[26]

96
45
1.7

[10]
[6]
[21] ; [28]
[3]
[18]
[26]

11
0

[10]
[21] ; [28]
[3]

0.8
0.2

[10]

© by PSP Volume 19 – No 9a. 2010

Fresenius Environmental Bulletin

TABLE 2 - Reported concentrations of organic pollutants in waters.
Organic micropollutants

Water type

n

Origin

Min.

Concentrations
Max.
Mean

References

Median

PAHs (µg/L)

PAHs (Σ12)
PAHs (Σ15)
PAHs (Σ11)

Surface water
Sea water
Runoff water
Raw wastewater
Underground water
Surface water
Rainwater
Runoff water
Fresh water
Wastewater
Surface water
Rainwater
Surface water

TH
TH
TH

Runoff water
Runoff water
Runoff water

MTBE

Rainwater
Runoff water

PAHs (Σ11)
PAHs (Σ15)
PAHs (−)
PAHs (Σ16)
PAHs (Σ15)
PAHs (Σ14)
PAH (Σ16)

MTBE
MTBE

Drinking water
River water
Drinking water

6
France
4.10-3
UK
1.10-3
35
France
0.011
4
France
1.277
1
1
Germany
1
33
France
5
<0.05
Turkey
5
3.73
27
Spain
2.10-3
6
France
0.031
10
France
0.123
Total hydrocarbons (mg/L)
56
France
0.1
44
France
0.14
Europe
0.04
MTBE (µg/L)
35
<0.01
Germany
12
0.030
5
3
83

Italy
Germany

0.05
0.10
0.017

0.036
24.821
0.474
3.240
1.85
8.33
0.336
0.105
0.407

0.020
1.002
0.096
1.998
9.4.10-3
0.280
0.079
0.149
0.83
5.35
0.042
0.060
0.227

0.074
1.737
0.063
0.79
4.45
0.013
0.061
0.211

[22]
[30]
[6]
[26]

4.9
4.2
25.9

2.3
1.2
1.9

0.86
-

[3]
[6]
[18]

0.085
1.174

0.032
0.204

0.024
0.114

[9]

0.40
0.15
0.712

0.17
0.12
0.089

0.08
0.10
0.038

[23]
[31]
[30]
[32]
[27]
[8]

[25]
[24]

FIGURE 1 - Pre-treatment diagram.

The aim of this work was to study the efficiency of
these pre-treatment processes and the rejects from wash
stations upstream of the stormwater network to accurately
evaluate the impact of this source of pollution on stormwater quality.
MATERIALS AND METHODS
Sampling sites

The pre-treatment efficiency was evaluated at three
points for the subway and three points for bus wash stations. For the subway station, the three points tested were:
machine parts washing (site A), vehicle washing (site B)
and rail washing (site C). The selected points for bus sta-

tions were the large workshop wash (site D), vehicle wash
station (site E) and the machine parts washing (site F).
One subway, one bus, one truck and two car wash stations were selected to evaluate pollution. On Site 1, trucks
only, were washed manually. The second site chosen was
for cars and motorcycles with a self-service high-pressure
water jet (Site 2). Site 3 was in a petrol station and comprised a self-service high-pressure water jet and roller brush
washing. Site A was a subway wash station (machine parts
washing). Site E was a bus wash station. These five sites
discharged wastewater into the stormwater network downstream of a pre-treatment system composed of a scrubber
and an oil separator.

1956

Figure 2 shows the sampling site locations.
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FIGURE 2 - Location of sampling sites

Sampling method

Concerning sites selected to evaluate pre-treatment
efficiency, samples were collected and analysed between
September 2002 and September 2003. Five samples per site
were taken during the year. Samples were taken manually
upstream and downstream of the pre-treatment system.
Each time, around 15L of discharge was collected and then
homogenized in order to obtain a representative sample.
Concerning sites 1, 2 and 3, samples were collected
and analysed between December 2006 and December 2007.
For sites A and E samples were collected and analysed between September 2002 and September 2003. Five samples
per site were taken during the year. Samples were taken
manually from a conveyance at the pre-treatment process
exit. Each time, around 15L of discharge was collected and
then homogenized in order to obtain a representative sample.
Analysis

Conductivity, pH and turbidity of total water samples
were checked and measured. Commercial tests (Spectroquant ®, Merck) were used to analyze chemical oxygen
demand (COD), nitrogen (tot-N), phosphorus (tot-P) on raw
and filtered samples. Suspended solid (SS) was investigated
by filtration using NF-T90-105-1 and NF-T90-029 respectively.
To complete the common characterization, organic micropollutants were analyzed. Polycyclic aromatic hydrocarbons (PAHs) were analysed using liquid-liquid extrac-

tion with Hexane followed by liquid chromatography with
fluorescence detection according to NF EN ISO 17993. The
elution was made with mobile phase consisted of acetonitrile and water. A mixed of two deuterated compounds was
used as internal standard. Detection was performed with a
fluorescence detector at emission and excitation wavelengths
of studied compounds. The 16 PAHs from the United States
Environmental Protection Agency were targeted. Limit of
quantification (LOQ) for the sum of PAHs was 0.01 µg/L.
Methyl tert-butyl ether (MTBE) was analysed with gas chromatography-mass spectrometry after head-space extraction
with a limit of quantification of 1 µg/L. A deuterated compound (MTBE-d3) was used as internal standard. Mass chromatography of m/z 73 (MTBE) and m/z 76 (MTBE-d3) in
full scan mode was used for quantification. Total hydrocarbons (TH) were analysed using liquid-liquid extraction
with oil ether and a gas chromatograph equipped with a
flame ionization detector according to NF EN ISO 9377-2.
Two compounds were used as references for the retention
time: n-Decane and n-Tetracontane. Limit of quantification
was 0.10 mg/L.
Table 3 and 4 resume analytical methods.
To complete the study, subway wash station effluents
(site A) were tested using a biodegradability test according to the standardised OCDE 301 B test. This test is based
on the modified Sturm method. Principle of the method is
to quantify the CO2 release by the effluent during 28 days.
This is a respirometric method. In the modified Sturm test,
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TABLE 3 - Analytical methods for classical parameters.
Parameters

Standard

pH
Conductivity
Turbidity
SS
COD
tot-P
tot-N

NFT 90-008
NF EN 27888
NF EN ISO 7027
NF EN ISO 872
NFT 90-101
NF EN ISO 11905-1
NF EN ISO 6878

Spectroquant® test
reference
1.14541.0001
1.14543.0001
1.14763.0001

Measuring range

Method

100 – 1500 mg/L
0.05 – 5 mg/L
10 – 150 mg/L

potentiometric
condutimetric
optical
filtration
Photometry (593 nm)
Photometry (710 nm)
Photometry (338nm)

TABLE 4 - Analytical methods for organic micropollutants.
Organic micropollutants
PAH

Standard
NF EN ISO 17993

Extraction
Liquid – Liquid with Hexane

Analyse
HPLC – FLD
(Acetonitrile/Water)

LOQ
0.01 µg/L
(sum of 16 PAHs from EPA)

MTBE

-

Head-space

GC - MS

1.0 µg/L

TH

NF EN ISO 9377-2

Liquid-Liquid with oil ether

GC - FID

0.1 mg/L

we consider that we have an easily biodegradable effluent
if produced CO2 reaches 60% in ten days after the rate of
produced CO2 reaches 10%.
RESULTS AND DISCUSSION
Pre-treatment system efficiency

The concentrations of classical parameters were determined upstream and downstream of the pre-treatment
for the bus and subway wash stations selected. Table 5
shows concentrations for raw and filtered samples.
From Table 5 it can be seen that concentrations of
COD, Tot-P, Tot-N and SS, for the three sites (A, B, C) of
subway wash stations and for site D, are less downstream
of pre-treatment than upstream. The Pre-treatments for
these sites seem to be efficient since a reduction of pollution is observed. On the other hand, concentrations of classical parameters are higher in downstream samples than in
upstream ones for sites E and F, and no reduction of pollution is observed. Therefore pre-treatment systems seem
to be inefficient to treat the wastewater from the bus wash
stations. This can be explained by the fact that either the
pre-treatment is not adapted to this type of effluent, or
there is insufficient maintenance.
On account of the high COD concentration of subway
wash effluent, a biodegradability test was performed on
site A effluent. Figure 3 shows the results obtained for the
biodegradability test.
As can be seen in Figure 3, the curve reaches 60% of
produced CO2 at the 10th day of the test. According to the
modified Storm method, the subway wash effluent was
easily biodegradable. Moreover, the curve reaches 100%
biodegradability after 25 days. The subway effluent rejected a lot of pollution into the stormwater network but
considering its biodegradability this effluent rejected into

the stormwater network, was an acceptable effluent. This
result showed that the pollution covering classical parameters is not sufficient to characterize the effluent considered and the biodegradability should also be tested to
evaluate the quality of the effluent rejected.
Concentrations of Tot-P and Tot-N are almost equal
between raw and filtered samples. These types of pollutant are more concentrated in aqueous phase than in particulate phase. The values of COD decrease between the raw
and filtered samples for sites A, B, C, D and F. For site E,
COD values are higher in filtered samples than in raw
samples. The difference between raw and filtered samples
corresponds to suspended solids (SS). The pollutants (totN, tot-P and COD) are fixed on the suspended solids and
consequently they transport most of the pollution. This
result agrees with the studies of Xaumier et al. [14], Aires
and Tabuchi [15], and Chebbo [16]. They explain that more
than 80% of pollution is conveyed by suspended solids.
Concentrations in wash station samples

Minimum, maximum, mean, median and standard
deviation values were calculated for each parameter for
the six wash stations selected (Table 6). Values less than
the quantification limit were taken as zero for statistical
calculations.
According to Table 6, pH of water seems to be constant during the study for each site. It satisfies the legislation which requires a value between 5.5 and 9.5 for discharge in surface water [17] and corresponds to the values
found in the literature [4, 10, 18]. Conductivity is high and
variable over the sampling period with mean values from
490 to 4 360 µS/cm according to type of wash station.
Globally, the observed values are higher than those found
in urban runoff literature [3, 10]. Mean values of COD
(from 227 to 949 mg/L) are always above the required
threshold of 125 mg/L [17] and these observed values are
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TABLE 5 - Concentration of classical parameters for the bus and subway wash stations studied.
Units

n
Upstream of
pre-treatment

Site A: machine parts washing – Subway
COD
mg/L
5
Tot-P
mg/L
5
Tot-N
mg/L
5
pH
5
Conductivity
µS/cm
5
Turbidity
NTU
5
SS
mg/L
5
Site B: vehicle washing – Subway
COD
mg/L
5
Tot-P
mg/L
5
Tot-N
mg/L
5
pH
5
Conductivity
µS/cm
5
Turbidity
NTU
5
SS
mg/L
5
Site C: rail washing – Subway
COD
mg/L
5
Tot-P
mg/L
5
Tot-N
mg/L
5
pH
5
Conductivity
µS/cm
5
Turbidity
NTU
5
SS
mg/L
5
Site D: large workshop wash – Bus
COD
mg/L
5
Tot-P
mg/L
5
Tot-N
mg/L
5
pH
5
Conductivity
µS/cm
5
Turbidity
NTU
5
SS
mg/L
5
Site E: vehicle wash station – Bus
COD
mg/L
5
Tot-P
mg/L
5
Tot-N
mg/L
5
pH
5
Conductivity
µS/cm
5
Turbidity
NTU
5
SS
mg/L
5
Site F: machine parts washing – Bus
COD
mg/L
5
pH
5
Turbidity
NTU
5
SS
mg/L
5

Raw samples
Downstream of
pre-treatment

Filtered samples
Upstream of
Downstream of
pre-treatment
pre-treatment

3290 ±329
108 ±10.8
31 ±3.1
10.3 ±0.1
2820 ±10
950 ±95
1136 ±114

1790 ±179
42.9 ±4.3
22 ±2.2
10.1 ±0.1
1906 ±10
870 ±87
790 ±79

2200 ±220
47.5 ±4.8
31 ±3.1
10.2 ±0.1
2670 ±10
-

1172 ±117
42.9 ±4.3
24 ±2.4
9.9 ±0.1
1789 ±10
-

106 ±11
1.9 ±0.2
7.0 ±0.7
8.7 ±0.1
255 ±10
81.5 ±8.2
314 ±31

38 ±4
0.8 ±0.1
5.0 ±0.5
8.5 ±0.1
230 ±10
27.5 ±2.8
20 ±2

43 ±4
0.6 ±0.1
6 ±0.6
8.4 ±0.1
236 ±10
-

21 ±2
0.6 ±0.1
2 ±0.2
8.4 ±0.1
233 ±10
-

1148 ±115
1.5 ±0.2
22 ±2.0
9.7 ±0.1
1395 ±10
958 ±96
1252 ±125

51 ±5
0.7 ±0.1
11 ±1.0
9.2 ±0.1
234 ±10
59 ±6
81 ±8

372 ±37
0.4 ±0.1
16 ±2.0
8.4 ±0.1
1129 ±10
-

25 ±3
0.4 ±0.1
11 ±1.0
8.1 ±0.1
227 ±10
-

413 ±41
0.6 ±0.1
<10
7.6 ±0.1
534 ±10
203 ±20
318 ±32

285 ±29
0.2 ±0.1
<10
7.4 ±0.1
540 ±10
79 ±8
77 ±8

298 ±30
0.1 ±0.1
<10
6.7 ±0.1
518 ±10
-

144 ±14
0.1 ±0.1
<10
6.9 ±0.1
512 ±10
-

129 ±13
0.17 ±0.1
<10
7.6 ±0.1
255 ±10
76 ±8
94 ±9

349 ±35
0.3 ±0.1
<10
7.0 ±0.1
222 ±10
59 ±6
73 ±7

190 ±19
0.13 ±0.1
<10
6.2 ±0.1
237 ±10
-

1119 ±112
0.34 ±0.1
<10
6.8 ±0.1
199 ±10
-

669 ±67
7.5 ±0.1
252 ±25
420 ±42

786 ±79
7.5 ±0.1
324 ±32
869 ±87

233 ±23
7.8 ±0.1
-

209 ±21
7.6 ±0.1
-

100%

Kinetics of degradation
(% produced CO 2)
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FIGURE 3 - Biodegradability curve of subway wash effluent.
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TABLE 6 - Statistical data on water quality of the three carwashes studied.
*Environmental standards under French legislation (Decree February 2nd, 1998)
Units
Site 1: truck carwash
COD

mg /L

Tot-P
Tot-N
pH
Conductivity
Turbidity
SS
Σ PAHs (16)

mg/L
mg/L
µS/cm
NTU
mg/L
µg/L

MTBE
µg/L
TH
mg/L
Site 2: self-service carwash
COD
mg/L
Tot-P
Tot-N
pH
Conductivity
Turbidity
SS
Σ PAHs (16)

mg/L
mg/L
µS/cm
NTU
mg/L
µg/L

MTBE
µg/L
TH
mg/L
Site 3: petrol station carwash
COD
mg/L

n
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Tot-P
Tot-N
pH
Conductivity
Turbidity
SS

mg/L
mg/L
µS/cm
NTU
mg/L

Σ PAHs (16)

µg/L

MTBE
TH
Site A: subway wash station
COD
Tot-P

µg/L
mg/L

Tot-N
pH
Conductivity
Turbidity
SS
Σ PAHs (16)
MTBE
TH
Site E: bus wash station
COD
Tot-P
Tot-N
pH
Conductivity
Turbidity
SS
Σ PAHs (16)
MTBE
TH

mg/L
µS/cm
NTU
mg/L
µg/L
µg/L
mg/L

5
5
5
5
5
5
5
5
5
5
5

mg/L
mg/L
mg/L
µS/cm
NTU
mg/L
µg/L
µg/L
mg/L

5
5
5
5
5
5
5
5
5
5

mg /L
mg/L

Min.

Max.

Mean

Median

Standard
deviation

539

1 506

949

654

462

16.5
8
4.9
687
60
46
1.002

53.2
19
6.9
8450
152
518
2.740

35.5
12
6.0
4357
126
302
1.778

29.6
11
5.8
3849
133
236
1.726

15.6
4
0.8
2884
38
208
0.638

10*
30*
5.5-9.5*
35*
-

<LOQ
<LOQ

12.0
0.92

2.4
0.56

<LOQ
0.58

5.4
0.34

10*

80

421

239

185

145

125*

4.0
6
8.6
562
42
35
0.016

99
14
9.6
2880
203
223
0.826

28
9
9.1
1457
100
130
0.372

5.4
8
9.2
1273
80
124
0.361

41
3
0.4
958
68
67
0.318

10*
30*
5.5-9.5*
35*
-

<LOQ
<LOQ

1.5
0.12

0.3
0.02

<LOQ
<LOQ

0.7
0.05

10*

144

301

227

235

59

125*

0.3
6
6.7
254
23
13
0.101

0.8
13
7.5
638
43
90
0.731

0.5
10
7.0
490
32
45
0.319

0.5
9
7.1
523
27
51
0.170

0.2
3
0.3
153
9
32
0.276

10*
30*
5.5-9.5*
35*
-

<LOQ
<LOQ

1.3
0.24

0.3
0.09

<LOQ
0.11

0.6
0.10

10*

38
0.7

1790
42

626
14

51
0.8

1008
24

125*
10*

5
8.5
230
28
20

22
10.1
1906
870
790

13
9.3
790
319
297
<LOQ
<LOQ
<LOQ

11
9.2
234
59
81

9
0.8
966
478
428

30*
5.5-9.5*
35*
10*

285
0.2
<10
7.0
222
58.6
73

349
0.3
<10
7.4
540
79
77

317
0.2
<10
7.2
381
68.8
75
0.037
<LOQ
0.47

317
0.2
<10
7.2
381
68.8
75

45
0.1
<10
0.3
225
14.4
3

125*
10*
30*
5.5-9.5*
35*
10*

higher than those found in the literature [10, 19-21]. The
mean values for SS from 45 to 869 mg/L do not conform
to the legislation which requires a value below 35 mg/L.
Concerning tot-P, only Site 3 and Site E satisfy the limit
value of 10 mg/L. Concentrations of tot-N for the five sites

Environmental
standards
125*

are lower than the limit value of 30 mg/L. For conventional water parameters, Site 1 (manual truck wash) and A
(subway wash station) appear to be much more polluted
overall than Sites E, 2 and 3. Nevertheless, classical parameters give values with an order of magnitude closer to
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wastewater than urban runoff and these results show that
the pre-treatment processes of at least one of these wash
stations are not sufficient to justify discharge into the
storm water network.
Mean values for the sum of PAHs was higher than
values found in the literature for urban runoffs [22, 23].
MTBE mean concentrations correspond to German and
Italian drinking water values for instance [24, 25]. Total
Hydrocarbons were always under the 10 mg/L fixed by
the discharge license. Results overall show that Site 1 is the
most polluted in the organic compounds analyzed.
CONCLUSIONS
This study aims to evaluate the efficiency of pretreatment systems of wash stations and the impact of their
discharges on the stormwater quality in a city equipped
with a separated sewer system. Screening of classical parameters upstream and downstream of pre-treatment was
performed. It reveals that this system is not adapted to
treat water from bus wash stations unlike the subway
wash stations. It was noticeable that suspended solids
transport a lot of pollutants. The screening of classical
parameters and organic micropollutants in wash station
wastewaters reveals that measured concentrations in wash
station discharges were closer to values found in
wastewater than in runoff water. According to this observation and the directive, pre-treatment processes are not
sufficient to justify discharge into the stormwater network.
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EVALUATION OF FLOW RATE IN UNSATURATED ROCK:
FIELD TEST WITH INTEGRATED APPROACH
Maria Clementina Caputo*, Lorenzo De Carlo and Francesco De Benedictis
Water Research Institute (IRSA), National Research Council (CNR), Viale F. De Blasio N.5, 70123, Bari, Italy

ABSTRACT
The knowledge of the unsaturated flow rate is essential for both groundwater protection and management, however it is not easy to determine experimentally, especially
on the rocks and in the field.
This study aims to evaluate the flow rate of potential
contaminants in a porous aquifer using an integrated approach that combines electrical resistivity measurements
with a large ring infiltrometer test.
Specifically, the field tests were carried out on the outcrop of sandstone in a quarry, located in Southern Italy,
which has recently been affected by mycelium sludge derived from pharmaceutical industry waste. The electrical
resistivity tomography was carried out to visualise the infiltration of water in the subsoil in order to evaluate the unsaturated water flow in the sandstone. Simultaneously, the
vertical flow into the unsaturated subsoil was investigated
by measuring water levels in a large adjustable ring infiltrometer, sealed directly on the rock. The results of this
study confirm the efficacy of the combined methodologies
to monitor the vertical flow through unsaturated porous rock.

KEYWORDS: Large ring infiltrometer, porous rock, calcarenite,
field saturated hydraulic conductivity, infiltration rate.

INTRODUCTION
The monitoring of hydrological processes that occur
within the vadose zone is important even though it is
usually difficult and expensive. When the vadose zone is
comprised of rock, technical aspects increase the difficulties. Many methods and techniques commonly utilized to
investigate the unsaturated zone flow process in soils [1,
2] are not easily adaptable to rocks. Infiltrometer tests can
be conducted under different hydraulic conditions [3] but,
such tests have been rarely performed directly on rocks
[4]. In the study area considered for this work it was diffi-

cult to perform an infiltration field experiment using commercially available equipment developed mostly for soils.
Therefore we used an integrated approach that consisted in
a large-diameter infiltrometer ring, suited for direct installation on rocky outcrops, and large enough in order to include the heterogeneity and anisotropy of the medium [5],
coupled with subsurface electrical resistivity measurements.
Usually different kinds of probes are used to measure water
content during infiltration, such as TDR and TDT [6]; but
due to the difficulty inserting them at different depths in the
rock, we have used electrical resistivity tomography as an
important tool to visualize the changes in water content of
the subsurface during the experiment [7-9]. Moreover, the
electrical resistivity images have allowed to check the performance of the apparatus and that the decrease of water
level in the ring was due to the infiltration and not to the
losses along the edge of the ring.
MATERIALS AND METHODS
Study area

The study area is an abandoned calcarenite open quarry,
located near San Pancrazio Salentino (Southern Italy, Fig.1).
The quarry was used for about 10 years (from 1980 to 1990)
for the disposal of waste from a pharmaceutical company
that produced antibiotics (in particular erythromycin) by
using fermentative processes and subsequent chemical transformations.
The geology of the study area consists of a Cretaceous
bedrock formed from dolomitic limestone and limestone,
unconformably overlaid by Plio-Pleistocenic calcarenite.
The oldest formations contain a deep and confined aquifer
characterized by a potentiometric surface ranging from 70 m
to 80 m in depth below ground surface. Electrical resistivity measurements have detected a shallow aquifer with a
water table about 25 m below ground surface and about
12 m below the bottom of the quarry in the Plio-Pleistocenic calcarenite.
Field infiltrometer tests coupled with electrical resistivity measurements were carried out to evaluate the infiltration rate under both saturated and unsaturated conditions.
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FIGURE 1 - Study area.

Large ring infiltrometer

A large infiltrometer ring was designed to be installed
in the field directly on the rock surface with an adaptable
size to fit the condition in the field. We used a strip of 30 cm
high flexible plastic material to build an in-situ infiltrometer ring of about 2 m in diameter, sealing the two edges
with an impermeable tape. The large diameter provides infiltration data that is representative of both the anisotropy
and heterogeneity of the rock, characteristics which could
not be sampled adequately using smaller rings [5]. The ring
was installed into a 5 cm deep thin furrow hollowed in the

calcarenite in the bottom of the quarry and sealed with
gypsum (Fig. 2).
The infiltration tests were performed with constant
and falling head conditions. About 0.27 m3 of water were
poured in the ring until the water level reached 8 cm from
the bottom and then others 0,2 m3 to maintain that constant level in the ring for the duration of the test, which
took 3 hours. No more water was added for the falling
head test because it started from the constant water level
considered for the first test (under constant head condition). The second test took 2,5 hours.

FIGURE 2 - Set up of the experimental apparatus.
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FIGURE 3 - Scheme of electrodes array. The photo on the left shows more than 8 electrodes in the ring,as expectable because, in addition,
electrical resistivity azimuthal surveys have been conducted but the collected data are not discussed in this work.

Successively, the falling-head test was carried out by
means stopping to pour water in the ring and monitoring
the infiltration using a pressure probe (PTX DRUCK
LTD – England) to measure the change in head within the
pond. Simultaneously with both the infiltration tests,
measurements of subsurface electrical resistivity were
carried out in order to monitor water infiltration/redistribution in the rock.
Electrical resistivity profiles

The electrical resistivity, measured in Ω m, is an intrinsic property of rock and soil, and it is a measure of how
strongly a material opposes to the flow of electric current.
The direct current (DC) resistivity tomography method [10]
considers spatial variations in electrical resistivity among
geologic materials for mapping the subsurface structures.
Many factors affect the electrical resistivity, such as the
texture, porosity, water saturation, clay content, permeability and temperature.
In order to study the infiltration/redistribution of water
in the subsurface, electrical resistivity tomography (ERT)
was carried out contemporarily with the infiltrometer tests.
The resistivity data were collected along two electrical
profiles, each of them was 11.5 m long, with 24 steel electrodes with 0.5 m spacing. The two electrical profiles were
set up, perpendicular to each other, with the same length
and the same electrode spacing for each direction (x, y),
and in a symmetrical position with respect to the center of
the ring infiltrometer (Fig. 3).
The so-called Wenner array was chosen over other array types because it provides a good signal-to-noise-ratio.
Additionally, it is also highly sensitive to vertical changes
in the subsurface resistivity. This makes the Wenner array
a useful tool in studying the movement of a wetting front
with time. In this study the investigation depth is about
1.5 m, easily achievable with the chose electrode configuration.

An IRIS Instruments resistivity meter, Syscal Switch
Pro 48, was used to measure the resistivity of the subsurface. During the infiltrometer tests, monitoring of the infiltrated water was carried out by means of a “time-lapse”
technique, collecting more than 2000 measurements for each
acquisition. The total acquisition time was about 3 hours
for the constant head test and about 2.5 hours for the
falling head test. To obtain 2D resistivity models, the field
data were inverted using RES2DINV software [11]. In the
processing of resistivity data an inversion routine based
on the smoothness-constrained least-squares method was
implemented [12].
RESULTS AND DISCUSSION
The results of the field experiments carried out on the
calcarenitic layer of the vadose zone, outcropping at the
bottom of the quarry, are shown in Figures 4 and 5. The
figures show the infiltration data and the ERT images,
respectively.
In order to interpret the results of constant head infiltrometer test we have plotted the infiltration rate, q = dI / dt ,
vs. time, t, as shown it the graph of Figure 4a. The value
of q initially decreases rapidly with time and then approaches a constant value. Practically, the rate of infiltration falls starting from very high values, at the beginning
of the test when the subsurface is in an unsaturated condition, up to a value of 9x10-4 ±0.0001 cm/s (i.e. between
0.036 m/h to 0.0288 m/h) when the rock is in quasisaturated condition. For the studied calcarenite, this value
of the infiltration rate, obtained by considering the horizontal asymptote of the curve, was reached after about two
hours from the start of the infiltration, depending upon the
water content of the rock at the beginning of the test. This
value should be approximately equal to the so-called field
saturated hydraulic conductivity value K fs .
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In order to interpret the results of falling head infiltrometer test, we have considered the simplified equation
from Nimmo et al. (2009) [13]:

K fs =

LG ⎛ LG + λ + Do ⎞
⎟
ln⎜
t ⎜⎝ LG + λ + D ⎟⎠

(1)

where K fs (LT-1) is the field-saturated hydraulic
conductivity, t is the time, D and D are the initial and
o

final ponded depths, respectively, LG = C1d + C2 b is the
ring-installation scaling length, with 0.993 and 0.578 as
recommended values for C1 and C2 [9] while d and

b are the ring insertion depth and ring radius, respectively, and λ is an index of how strongly water is driven by
capillary forces in a particular medium. Elrick et al.
(1989) [14] proposed a λ value of about 0.08 m suitable for
most soils with structural development, a value of 0.03 m for

gravelly soils and 0.25 m for fine-textured soil without
macropores. In this study we used a λ value equal to 0.01 m
for the calcarenite, taking in account that the sensitivity of
conductivity calculations to the value of λ is small [13].
The Figure 4b shows the plot of the effective infiltration length vs. time and the slope of this regression line is
a convenient calculation of K fs . The graph shows how
the K fs values decreases during the infiltration test, from
the highest value of 1.22x10-3 cm/s, at the start of the test,
until the lowest of 5.61x10-4 cm/s, at the end of the infiltration, with an average value of 8.13x10-4 cm/s. This last
value is consistent with the quasi-steady infiltration rate
value, obtained from the constant head test (Fig. 4a). The
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FIGURE 4 - a) Constant head infiltration test – infiltration rate vs. time;
b) Falling-head infiltration test - effective infiltration length vs. time.

variability of the field saturated hydraulic conductivity,
Kfs, observed in Fig. 4b depends on the changing in water
content with the time during the experiment: higher Kfs
values are obtained in the initially dry rock than in that
wet. In fact the soil water content during the test has been
considered an important factor that affects the Kfs value
of the experimental area [15]. In order to have a rough
estimation of the wetting front depth a porosity value of

about 40% was considered. In fact, using this value of
porosity and the high infiltration rate of about 4 cm/s for
the first 20 minutes of the constant head test, it was estimated that the wetting front should reach the depth of
about 20 cm; while up to the end of the falling head test,
by considering an average infiltration rate of about 9x10-4
cm/s, it should deepen only about 6 cm more. Known that
the shallow aquifer is at 12 m below the bottom of the

1968

© by PSP Volume 19 – No 9a. 2010

Fresenius Environmental Bulletin

FIGURE 5a - Electrical resistivity profiles obtained from the inversion of
data collected during infiltration tests - profile 1.
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FIGURE 5b - Electrical resistivity profiles obtained from the inversion of
data collected during infiltration tests - profile 2 (perpendicular to profile 1).

quarry where the waste was disposed, it was estimated that
the time required from the pollutants to reach the shallow
groundwater is bit more than 15 days.
Concerning the results of the electrical resistivity surveys, we obtained 2D resistivity imaging for 22 different
acquisition times. The electrical resistivity images showed no
significant differences between the two perpendicular di-

rections (Fig. 5). The first two profiles on the top of the Figure 5, measured before starting of water infiltration (t ≤ 0
min) and characterized by resistivity values above 1000 Ωm,
represent the profiles with which to compare the following
profiles in order to monitor the water flux in the subsurface.
The images from the constant head test, show that the
wetting front (resistivity values around 60 Ωm) deepens, in
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the first 20 minutes of the experiment, much more than in
the following 4.5 hours, up to the end of the test. These
results are consistent with the high values of infiltration
rate, correspondent to the initial part of the constant head
test. The images related to the sequences of the electrical
resistivity profiles acquired during the falling head test
(Fig. 5) are similar to the last profile of the constant head
condition, such as we expected by considering that the field
saturated hydraulic conductivity values, obtained from the
tests under the different conditions, are similar.

important information regarding the risk of the contamination, especially in case of shallow aquifer as that studied.
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CONCLUSION
Infiltrometer tests combined with electrical resistivity
tomography have been carried out on the outcrop of calcarenite, affected by sludge of pharmaceutical industry, allowing the evaluation the infiltration rate through a layer of
rocky vadose zone under unsaturated and saturated conditions.
Specifically, the vertical flow into the unsaturated subsurface was investigated by means of infiltration tests using
a large adjustable ring infiltrometer, sealed directly on the
rock surface. Simultaneously, surface electrical resistivity
tomography was carried out to visualize the infiltration of
water in the subsoil in order to evaluate the unsaturated
water flow in the rock. The large ring infiltrometer proposed in this note has proved to be a simple and inexpensive tool capable of evaluating the infiltration rate of rock
formations. The possibility of building on-site a ring with
a large adjustable diameter has the advantage of including
the features of the rock at field scale in order to obtain infiltration data, representative of field heterogeneity, with
negligible border effects. Some technical difficulties with
the installation of the large infiltrometer ring in the field
have been solved using a non-standard equipment and installation procedure.
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tool to evaluate the unsaturated flow in rock, whereas water
content measurement devices (i.e. TDR, TDT, etc.) can
provide only point or relatively small volume measurements of water content and are hard to install and calibrate
in the rock.
The results of this study confirm the efficacy of the
combined methodologies to monitor the vertical flow
through an unsaturated porous rock and to show how
the infiltration rate varies depending on the water content
of the medium. Particularly for calcarenite we found very
high values of infiltration rate (average of 2x10-2 cm/s) at
the start of the test, corresponding to an unsaturated condition, and about 9x10-4 cm/s under quasi-saturated condition after 2 hours of infiltration. On the whole, data from
infiltrometer tests are consistent with the electrical resistivity measurements and have allowed to estimate how long
the pollutants need to reach the groundwater, giving an
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ABSTRACT
In this study, two districts of Istanbul, the most crowded
city of Turkey, were selected to determine the public consciousness on marine pollution by utilizing a specifically
designed questionnaire consisting of 30 questions prepared
by means of Geographical Information Systems (GIS). The
questionnaire was randomly distributed at two districts in
some preselected institutions and at various centers of these
districts. The filled forms were graded and different queries
as well as mappings were conducted and further displayed
via GIS. For each district, utilizing the evaluations and the
relationship between the public consciousnesses on marine
pollution, age and education levels were displayed. The
findings indicated that consciousness level and public
awareness related to environmental issues like marine pollution increased parallel to education level.

KEYWORDS: public consciousness, questionnaire, GIS, marine
pollution, Istanbul.

INTRODUCTION
Overpopulation, natural disasters, deforestation and
pollution are among the current major environmental problems faced in the world. Pollution is considered to be the
most widespread and most dangerous factor among the
other environmental issues. Increasing population and industrial development have put further pressure on the marine environment, and thus human activities accelerated
marine pollution. Human health and the environment are
negatively affected by marine pollution [1, 2]. Primary factors of the marine pollution are transportation, tourism, raw
or partly treated domestic and industrial discharges, oil
spills, surface run-off at the coastal zones, and diffuse
pollutants such as agricultural wastes. Marine pollution
can be classified according to the source of pollutants, such
as physical (mechanical) contamination, chemical contamination, synthetic pollution (pesticides), organic pollution,
detergents, oil pollution and radioactive contamination [3, 4].

As the three sides of Turkey are surrounded by seas,
marine pollution has become a crucial issue. The size of
the seas that surrounds the mainland of Turkey, compared
with the oceans, is relatively small, and limited exchange
of substances that occurs in water causes accumulation of
pollutants. The Istanbul Strait (Bosphorus) that separates
the city into two parts, as European and Asian sides, is accepted as one of the most dangerous water-ways of the
world. Each year, around 50 000 vessels pass through this
strait and more than 5000 of them are oil tankers [5-7].
Level of consciousness is a measurement of a person's awareness and responsiveness related to environment.
The public awareness and the corresponding consciousness
level on marine pollution and water culture vary in different
societies [8]. It should be determined and displayed using
conventional surveys, modern analysis and visualization
tools such as Geographic Information Systems (GIS). In
this context, GIS with its efficient, procreative structure
and ability to reach people with its visualization opportunities, is accepted as one of the best and reliable analysis
methods. It is a system that acquires and re-evaluates the
information and records of the related environment. Depending on the standards, it determines the areas belonging
to the questioned environment texture, finds the relation between data-sheets on this texture, analyzes the location data,
helps the application-focused models that evaluate the alternatives causing environmental effects to choose the related
data, and provides visualization of the questioned location
[9, 10].
In this study, a questionnaire consisting of 30 questions was used to determine public consciousness and awareness on marine pollution, environmental protection and
utilization of the sea in the selected two districts (Kadiköy
and Bakirköy) of Istanbul. Istanbul is the largest city of
Turkey with a population of more than 12.5 million [1115]. The study area is shown in Fig. 1. A total number of
766 surveys were carried out to determine the public consciousness. According to the findings, evaluation grades for
various analyses were performed. Based on these surveys,
the distribution of consciousness level with respect to the
age and educational level of the public are presented visually in GIS environment.
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of 13-17, 195 (100 from Bakirkoy and 95 from Kadikoy)
for the age group of 18-25, and 197 (145 from Bakirkoy
and 52 from Kadikoy) for the last group.
Questions and evaluation of the replies

Age group: a) 7-12, b) 13-17, c) 18-25, d) >25
Educational level: a) Primary School, b) High School, c)
University, d) Post graduate
Affair: a) Student, b) Self employment, c) Government
affairs, d) Retired
1.
2.

FIGURE 1 - Study area.

Additionally, a short-term education is given to a small
control group and their answers were evaluated both before
and after the education to indicate the significance of education.
MATERIALS AND METHODS
Data used in this study is basically extracted from the
questionnaire which is specifically designed for this study
to measure the public consciousness level on marine pollution, environmental awareness. The questions of the questionnaire were in the form of ‘multiple choice’ and each
question had 4 answers. The objective of the questionnaire
was to find the optimum answers related to consciousness
level. Children under 7 years of age were excluded and the
remaining population was divided into 4 age groups of 712, 13-17, 18-25 and >25. In this study, gender has not
been considered.
At the first stage, 3 age groups were divided into subgroups of primary, middle and high education level sampling units, and sampling on the >25-years old group was
evaluated separately. For the first 3 groups, the questioners were selected randomly and the questionnaires were
raised at the 10 educational institutions of the 2 districts.
For the last group, the questioners applied to participate in
the survey in different centers of the districts.
In the survey, each answer had 0.25 ratios to be chosen. The minimum number of the questioners (n) was calculated as 203 with the following formula that considered
0.90 meaning level with 0.05 errors:

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

n = (1.645)2 x (0.25x0.75) / (0.05)2 = 203
In this study, 766 surveys were realized. The number
of surveys based on the age groups was 205 (63 from
Bakirkoy and 103 from Kadikoy) between ages 7-12, 169
(130 from Bakirkoy and 39 from Kadikoy) for the age group

1974

29.
30.

For which purpose do you use the sea?
What do you think about the coastlines of
Istanbul?
How the pollution affects the lives in the sea?
What affects the sea directly?
How transportation plays a role in sea pollution?
How often do you consume sea food?
Why do you consume sea food?
What kind of seafood you prefer?
How healthy the sea foods are?
Which region do you prefer when you buy
seafood?
Why do you prefer this region?
How the poaching or illegal fishing affects the
sea environment?
When the waste of an Industrial Establishment
pollutes the sea, what kind of consolidation
policy should be applied?
How does air pollution affect the sea pollution?
How do the humans directly affect the sea?
What happens after the tanker accidents?
How the concrete structures affect the coastline?
How would you act if you see someone polluting
the sea?
If you do not react, why?
Who controls the sea?
Which organizations are most likely related to
cleaning the sea?
What is the first application that you would think
about the Water Quality Control Regulation?
In which period you follow the news related to
sea pollution?
How do you think people show sensitivity to sea
pollution in Turkey?
How important is the visual cleanliness of the sea
for your perspective?
What may happen if somebody goes into
no-clean water?
Even though the water may look clean, what are
the pathogenic diseases that come to your mind?
What do you think when you see a color change
in the sea?
What do you think on the most important factors
leading to sea pollution?
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Do you think that it is appropriate to discharge
domestic wastewater into the seas?

The conducted surveys were evaluated according to
the evaluation chart in which every question had its own
grades depending on the expectancy order. In this chart, 0
is given as the minimum value for the unexpected choice,
while 4 is given to the mostly expected reply.
After the evaluation of the questioners, the findings
showed that >25-years individuals have higher consciousness level on marine pollutants than younger ones. Overall
results present that the consciousness level of Bakirkoy
district is higher than that of Kadikoy district. In parallel
to the increase in the education level, the consciousness
was rising.
Istanbul’s seawater is polluted in many aspects and
this situation is widely accepted by the participants as seen
in Fig. 2. It is also argued that the water may look clean,
but its quality is not very high (choice of b). Choice a represents the answer that water is really clean and c represents the answer that water may not look clean, but its
quality is sufficient.

is healthier; mostly fresh ones are preferred and consumed
at least once a week. Most of them preferred to consume
seafood from the Black Sea region due to their cleanliness
and taste.
Media news about seawater pollution were pursued occasionally, considering that they are irrelevant and ineffective. While the 7-12 years age group has higher knowledge
about sea pollution, other groups have not paid sufficient
attention. One of the interesting results of the assessment
was about the question related to the importance of the visual
cleaning of the sea. The mostly expected answer given by
the majority of the youngest participants stated that the
main significance was aquatic life as seen in Fig. 3 with the
choice of c. In this figure, a represents the choice of “it is an
indicator for the clean sea”; b represents the answer regarding necessity for the sporting activities, whereas choice d
represents the answer of ‘not important’. However, the
15-17 years and 18-25 years age groups stated that it was
more important for sporting activities.

FIGURE 3 - The importance of visible cleaning.

FIGURE 2 - Answers to the question on sea water quality in Istanbul.

Most of the questioners think that technology plays
an important role in the pollution of coastal areas, and
younger population use the marines mostly for sporting
activities. Results indicated that the people aged less than
18 years are more conservative than the others on the procedures applied to the enterprises that discharge their
wastewater to the sea. The respondents are aware of the fact
that a clean environment is a legal right and it should be
guaranteed by the government. However, a majority of
those over 18 years old believes that institutions are insensitive and that the legislation is insufficient. A common
response from the primary and middle school students
was that besides the governmental institutions improperly
working on the control of sea pollution and environment,
non-governmental organizations (NGOs) were not also
satisfying their responsibilities. However, the 18-25 years
old and >25 years age groups believed that coordination
was lacking between those management groups related to
sea pollution and the environment. The questions related
to seafood consumption were mostly answered as seafood

In relation to the sporting activities in the sea, the water-borne diseases that first came into mind of the participants were typhoid, cholera and toxic poisoning. Figure 4
represents the choices of a, b, c and d, respectively, for
typhoid, cholera, toxic poisoning and dysentery.

FIGURE 4 - Possible water-borne diseases

Most of the participants and the majority of the 1825 age group answered the question about the possible
reason of the changes in the natural color of the seawater
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was possibly due to the organisms in the water with the
choice of c, which was also the most expected answer. The
other choices of this question are leakage and contamination after the accidents, contamination with the textile industry wastewaters and indicator of another phenomenon
represented with a, b and d, respectively. In this question,
even though the answer for the d choice was the unexpected one, it had been chosen approximately by 16% of
the participants (Fig. 5).

prising some selected questions from the main questioner
related to environmental knowledge was applied once more.
Obtained results (pre- and post training) are given in
Table 1. Some significant findings indicate that students
changed their perceptions after participating in an educational seminar on marine pollution and its consequences.
It is found that, with education, it is possible to increase
the awareness pertaining to environmental protection and
pollution hazards.
TABLE 1
Obtained results of pre and post training of control group
Selected answers

1

Sporting purposes
Recreational purposes

33.7
53.8

46.7
46.7

2
4

56.4
51.8

66.7
63.3

61.2
39.5

76.7
23.3

26

Polluted by all means
Developing technology and
industry
I would warn them myself
It’s important for the organisms
in the sea
It’s not important
Toxic shock and quick death

4.0
13.4

46.7
60.0

55.1

40.0

27

Serious illness due to the
microorganisms in the sea
Typhoid

33.9

36.7

Toxic shock
Sewage discharge into the
water
Industrial waste and cooling
water
Turkey doesn’t have any other
choice
If it has been engineered, then
there isn’t a problem
It should not be done

22.5
50.1

60.0
93.3

22.1

3.3

15.0

10.0

31.3

13.3

46.1

76.7

18
25
FIGURE 5 - Comments about change in the natural color of the sea

The entire group knew very well that sewage discharge
and solid waste disposal were the main reasons of sea pollution which represented c and d choices, respectively (Fig.
6). In this figure, choice a represents the leakage from the
pipelines, and choice b represent the natural disasters. It
was strongly defended by the participants that domestic
wastewater should not be discharged into the sea.

Control Group
(%)
Pre
After

Questions

29

30

FIGURE 6 - Various ideas on sewage discharge
Training of the control group and assessments

After the primary questionnaire was applied, a brief
educational seminar covering the topics related to the questionnaire items had been organized at various educational
institutions. In these seminars, some general issues were
illustrated in details. After these seminars, a control group
from the participating institutes was randomly selected and
a brief questionnaire (consisting of nine questions) com-

FIGURE 7 - Significant changes in pre and post training
Analysis of the questionnaire using GIS

The significant changes observed between the pre- and
post-training process can be seen clearly in Fig. 7 where
only answers of questions 26, 27 and 29 are displayed.
After training, possibility of acute death or diseases related
to different micro-organisms was sufficiently understood by
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the participants when they swim in the dirty sea. Other
choices for these questions were causing skin problems,
severe diseases such as cholera, and not important in the
choices of b, c and d, respectively. By taking the obtained
results into account, consciousness levels were formed and
the general conscious levels of each selected district were
gathered. Instead of displaying all the results given to
each question in GIS, combined analyses were modified
and consciousness levels of the districts calculated and
displayed separately for the 6 different determined analyses.
These are the consciousness levels on marine pollution in
Istanbul, consumption of seafood, marine pollution and
control mechanisms, sensitivity and pursue of the media,
visual cleanliness of the sea, and components causing marine pollutions. General evaluations of these analyses are
given in Table 2. Each analysis was mapped using GIS
and the obtained results are given in Fig. 8. The analyses
are described as follows:

tricts had satisfactory awareness levels. The similarity in
awareness levels was due to the fact that both districts are
adjacent to the sea. The types of sea products consumed
varied with respect to age groups. While the 13-17 age
group opted for canned food, those ≥25 preferred fresh or
frozen food. In this analysis, in the both districts, an inverse
relationship was observed. While the education level and
age increased, consciousness level decreased.

Analysis 1: Most respondents of the survey thought
that Istanbul coastlines are polluted. Those who thought that
the seas were clean generally belonged to ≥25-years age
group. Both districts have a coastline; therefore, the results
of the analyses conducted to compare these two districts
were similar. Although the consciousness level in Bakirkoy
was higher than in Kadikoy, this was not the case for those
above 25 years of age. It would be a mistake to relate the
awareness levels in the districts to education levels. However, the prevalence of the idea that the seas are polluted,
in all aspects increased in parallel to an increase in education level, and no one with high level of education supported the arguments that “the seas are actually clean”
and “seawaters are not harmful to health”.

Analysis 4: In both districts, there was an inverse relationship between education and age, and the consciousness level. The argument that media primarily used to give
information was not valid for this issue.

Analysis 3: It was observed that consciousness level
in Kadikoy was higher than Bakirkoy. In this study, in parallel to the results of the other analyses, the effect of education was existing in 7-12 age group, while the impact of
education decreased in 13-17 and 18-25 age groups. Consciousness levels in individuals at or above 25, i.e. the mature individuals, were found to be very good at the end of
the analysis of the two districts with respect to age groups.
This result emphasizes on the fact that education given to
individuals in elementary school years is more effective.

Analysis 5: Majority of the participants thought that
visual cleanliness of the sea was crucial for the aquatic organisms. Consciousness levels of the districts were close
to each other. In this analysis, consciousness level in both
districts increased with age and education level. In Bakirkoy, participants of 7-12 age group had a higher consciousness level than the others. On the other hand, in Kadikoy,
participants in 18-25 age group had a high consciousness
level.

Analysis 2: Considering the minimum and maximum
values in the survey results, it can be stated that both disTABLE 2 - General evaluation of the determined analyses

Short description of the consciousness
level analysis

Selected
Questions

Analysis 1. Marine pollution in Istanbul

2, 3, 5

Analysis 2. Seafood consumption

6-12

Analysis 3. Marine pollution and control
mechanisms

13, 15,
18-21

Analysis 4. Sensibility and pursuing of
media

1, 23, 24

Analysis 5. Visual cleanliness of the sea

2, 25-28

Age
Interval
7-12
13-17
18-25
> 25
7-12
13-17
18-25
> 25
7-12
13-17
18-25
> 25
7-12
13-17
18-25
> 25
7-12
13-17
18-25
> 25

Bakirkoy

Kadikoy

9.25
8.38
9.02
9.18
17.63
17.83
17.37
17.20
15.16
14.46
13.78
14.07
7.68
8.04
8.07
8.06
12.89
13.04
14.87
14.03

9.08
8.51
8.68
9.73
18.54
17.26
16.59
16.71
15.19
15.18
13.96
15.02
7.84
8.03
7.79
7.71
13.79
12.36
13.74
14.77

1977

Consciousness Levels
Average
Bakirkoy
Average
9.14
8.87
8.41
8.86
9.32
18.20
17.61
17.72
17.22
17.07
15.18
14.29
14.60
13.87
14.32
7.78
8.01
8.04
7.93
7.97
13.45
13.71
12.91
14.32
14.23

Kadikoy
Average

Analysis
Output

8.99

8.93

17.40

17.51

14.76

14.49

7.83

7.92

13.75

13.73
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7-12
Analysis 6. Components causing marine
pollution

10.54

11.94

11.41

15, 17,
29, 30

12.50

12.54

12.52

FIGURE 8 - Outputs of the determined analyses

Analysis 6: It is known that coastal buildings and industrial enterprises pollute the seas. Participants from Kadikoy had a higher awareness on this issue. Analysis of the
factors revealed the importance of education. Increase in the
level of education surely affects the level of consciousness.

CONCLUSIONS
As marine pollution gets more critical, especially in the
bigger cities like Istanbul, the importance of the education
level comes upfront. The major finding of the study is that
education makes a significant difference in terms of environmental protection and increasing consciousness level
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on marine pollution. It is also proven that it is possible to
make a small but important difference on how perceptions
may change by conducting short seminars to the participants on marine pollution and environmental protection.
In order to increase public awareness and consciousness level on the protection and conservation of the environment, it should be considered as a mission of the education systems and should start at an early age in the schools.
Local authorities, municipalities, and media should perform
activities to increase public awareness. It is unquestionable
that media education is the most important tool to be used
to increase public awareness on the environmental issues.
In the study, due to time and personnel limitations,
survey was realized in some specific region and with specific age groups. The importance of education in marine
pollution and effectiveness of visual presentations have been
proven. Furthermore, it was observed that GIS is an efficient tool for conducting such studies. For achieving better
and reliable results, survey should be evaluated for each
group which reaches the minimum survey number not only
in the selected district, but also at other districts that share
the coastal area.
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