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SEC O T O X

MESAEP
Mediterranean Scientific Association
of Environmental Protection

SECOTOX
Society of Ecotoxicolgy
and Environmenatl Safety

The 12th International Symposium on Environmental Pollution and its Impact on Life in the Mediterranean Region was jointly organised by MESAEP and SECOTOX (Society of Ecotoxicology and Environmental Safety) in Antalya, Turkey from October 4 to 8, 2003.
The objectives of this symposium are to provide opportunities for scientists of different countries to:
- exchange recent results related to the processes of pollution in the Mediterranean region
- discuss current technological and/or legal measures to avoid or to reduce the degradation of environmental elements
- present suggestions and recommendations to the regulatory authorities on environmental quality and
safety in the Mediterranean and other neighbouring countries.
362 scientific papers have been presented as oral and poster presentations by environmental scientists
from 30 countries: Albania, Belgium, Brazil, Canada, Croatia, Cyprus, Czech, Egypt, Estonia, France,
Georgia, Germany, Greece, Hungary, Iran, Israel, Italy, Morocco, Poland, Portugal, Russia, Slovenia,
Spain, Syria, Turkey, Uganda, UK, Ukraine, USA and Yemen.
The main results of the 12th symposium papers are included in four successive issues of the international journal “Fresenius Environmental Bulletin” (FEB) and they will contribute undoubtedly to the
advancement of the environmental scientific knowledge and hence, to the improvement of the Mediterranean region environment.

Dr. Kostas Nikolaou

Prof. Dr. Ivan Holoubek

President of MESAEP
Organisation for the Master Plan and
Environmental Protection of Thessaloniki, Greece

President of SECOTOX
RECETOX - TOCOEN & Associates
Brno, Czech Republic

805

© by PSP Volume 13 – No 9. 2004

Fresenius Environmental Bulletin

Proceedings of the 12th International Symposium
“Environmental Pollution and its Impact on Life in the Mediterranean Region”

TOPIC: Environmental Management

FOREWORD
International experience on efforts to apply environmental protection policies shows that low citizen participation is usually one of the most important obstacles.
Citizen participation requires environmental awareness
and conscience. A prerequisite of these is the knowledge
of the environmental issues.
The passage from the knowledge and the conscience
stage to the participation stage develops a corresponding
way of life, which is an everyday process and is the result
of long term effort. To this end, formal environmental
education can contribute at all the education levels by
cultivation of the citizens of tomorrow, and the informal
environmental education by transforming the conscience
of the citizens of today.
The integration of environmental education and citizen participation procedures in environmental management theory and practise, environmental planning and
policy is generally a challenge for all environmental scientists, engineers and managers.
Environmental management was one of the topics of
the 12th International Symposium on Environmental Pollution and its Impact on Life in the Mediterranean Region,
jointly organised by the Mediterranean Scientific Association of Environmental Protection (MESAEP) and the
Society of Ecotoxicology and Environmental Safety
(SECOTOX) in Antalya, Turkey from October 4 to 8,
2003.

Since 1979, when MESAEP was founded, environmental management and related issues have been predominant topics in the framework of this series of symposia.
Providing a forum for an interdisciplinary scientific dialogue of environmental scientists, engineers and managers
is one of the MESAEP objectives. Consequently,
MESAEP interest on this topic is obvious given the fact
that environmental management is per se an interdisciplinary scientific field.
On behalf of the Steering Committee of this 12th International Symposium, we hope that the results of the
scientific papers included in the present volume will contribute considerably to the advancement of the environmental scientific knowledge and to the improvement of
the environmental policy, planning, education and public
awareness especially in the Mediterranean region.
Concluding, we acknowledge the contribution of the
authors of the papers presented in this volume, the scientific work of whom made this edition feasible. Special
thanks are addressed to the Editor-in-Chief and the editorial staff of “Fresenius Environmental Bulletin”, the official Journal of MESAEP for their outstanding work and
constructive collaboration.
Dr. Kostas Nikolaou
Organisation for the Master Plan and
Environmental Protection of Thessaloniki - Greece

Dr. Ana Paya-Perez
European Commission Joint Research Centre, Ispra - Italy
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THE USE OF PASSENGER CARS GASOLINE TAXATION AS A
MEAN TO CONTROL EMISSIONS AND ENERGY CONSUMPTION
Kostas Nikolaou1 and Socrates Basbas2
1

OMPEPT, Organisation for the Master Plan and Environmental Protection of Thessaloniki, 105 Vas.Olgas Str., 54643 Thessaloniki, Greece
2

Department of Transportation & Hydraulic Engineering, Faculty of Rural & Surveying Engineering,
Aristotle University of Thessaloniki, 54006 Thessaloniki, Greece

Presented at the 12th International Symposium on Environmental Pollution and its Impact on
Life in the Mediterranean Region (MESAEP & SECOTOX), Antalya, Turkey, 04 – 08 Oct. 2003

SUMMARY
Environmental taxation is considered to be an efficient
method to deal with the problem of external cost imposed
by the passenger car use, which is responsible for a number
of environmental impacts like pollutant emissions and
energy consumption. Within the framework of this paper, it
has been shown that a small percentage of passenger cars
(about 1/3 of the total fleet) contribute to more than half
(about 60%) of gasoline consumption and related vehicle
pollutant emissions. A scenario of an increase by 4% in the
gasoline price as an environmental tax exclusively dedicated to air pollution control measures would raise a significant revenue and only a small percentage of drivers, with
the higher gasoline consumption and related vehicle pollutant emissions will pay a significant extra annual cost.

KEY WORDS:
emissions, energy consumption, taxation, passenger cars.

INTRODUCTION
Traffic and associated environmental problems caused
by the increase in the number of vehicles and their uncontrolled use, mainly in urban areas, are very significant and
the situation has become worst every year. Vehicular traffic
is responsible for the emissions of CO, VOCs, NOx, SO2,
TSP (total suspended particulates) and PM10 (particulates
with an aerodynamic diameter of less than 10 µm). It is a
fact that all transport modes produce an additional cost to
the society, which cannot be always expressed in monetary
values. For example, people living in the near area of motorways suffer from the negative im-pacts of traffic, such as
emissions, noise, air pollution etc.

As a result, a number of external costs are created for
these people. In order to give an idea of the size of the
problem it must be mentioned that, according to an OECD
study [1], the external cost of air pollution due to transport
is equal to 0.4% of GDP. Energy is also a very important
aspect in transport and directly related to delays. The
additional energy consumption due to delays in Europe is
equal to 1.9 billion litres of fuels, which actually represent
about 6% of the annual fuel consumption from the
transport sector [2].
According to classical economic theory, in order to
maximise social welfare, transport charges should be based
on social marginal costs, namely that of providing an incremental unit of transport service including related external costs (mainly health, environment, accidents and
congestion) to an extent that these can be defined [3].
Current charging schemes seldomly promote clean
technologies. The shipping sector, for instance, produces a
considerable proportion of emissions of SO2 and NOx, and
emissions could be significantly reduced by greater use of
low sulphur bunker fuel and catalytic converters. If the
polluter pays principle is not applied, however, and emissions not charged for, shippers face no encouragement to
take such measures [4].
In the absence of market prices for most of the environmental goods, monetary valuation should be based on
Willingness to Pay (WTP) or Willingness to Accept (WTA)
studies, which can be either direct (based on stated preference surveys and the concept of hypothetical markets) or
indirect (based on revealed preferences and the concept of
surrogate markets) [5].
According to a survey in UK [6], 83.6% of responders
viewed congestion as being serious or very serious in the
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towns and cities of the UK. In terms of pollution the figures
were somewhat lower at 73.1%, although they still remain
a cause for concern.
An effective way to deal with this problem and to internalise the external cost of transport is the use of environmental taxation. This means in practice that all costs
related to the environmental impacts have to be undertaken
by the ones who are responsible (Polluter Pays Principle).
Environmental taxes provide motives to drivers for a more
environment-friendly behaviour as well as for a more positive attitude concerning compliance with Highway Code
regulations. They also constitute steps towards the direction
of collecting money for the improvement of the environment and offer the ability to the state authorities for reduction in other categories of taxes.
Environmental taxes include the following three types,
which are not mutually exclusive [7]: a) cost-covering
charges, “those making use of the environment contribute
to or cover the costs of monitoring or controlling that use”),
b) incentive taxes, “intended to change environmentally
damaging behaviour”, c) fiscal environmental taxes, “yield
substantial revenues over and above those required for related environmental regulation”. Environmental taxes (non
energy taxes according to EC classification of DGXXI)
represented only 1.5% of total EU taxes in 1993, while
taxes classified as energy taxes represent 5.2% of total EU
taxes for the same year [7].
Since the price of a product is only one of the factors
affecting the economic behaviour of the consumers, the
success of an environmental tax always depends on the
specific market under consideration. For example, car use
cannot easily reduced by increasing the fuel prices because alternative solutions for trips not always exist at the
same time (e.g. effective public transport systems, infrastructure for cycling and walking). Therefore, if no changes
in car use will be observed as a result of an increase in fuel
prices (inelastic demand), this can be explained either
because this increase was not high enough or by the absence of measures promoting environment-friendly
transport modes (public transport, bicycles). It must be
mentioned at this point that the environmental benefits
from the use of public transport are very important.
Environmental taxes have to be part of a package of
policy measures in order to maximize their effectiveness.
For example, taxes in unleaded gasoline have to be accompanied by campaigns concerning the impacts of Pb to
children.
Several European countries deal with Green Tax Reforms. Sweden was the first country to implement a tax
shift from income taxes to taxes on energy and pollution.
Tax differentiation for diesel according to an evaluation
study in the country carried out by the Ministry of the
Environment and Natural Resources in 1994 led to a decrease of sulphur emissions from diesel cars by 75%, and

even by 95% in cities [7]. Denmark had introduced a CO2
tax in 1992, Norway established a Green Tax Commission since 1994, while the Netherlands’ Green Commission was established in 1995.
It must be mentioned at this point that environmental
taxes often “cost” less that other types of taxes (e.g. taxes
on labour or capital), since they actually increase economic welfare. Environmental taxes can have a positive effect
in the environment, innovations and competitiveness,
employment and the tax system, when they are welldesigned and implemented.
MATERIALS AND METHODS
The basic objective for the formulation of the scenarios concerning the environmental taxation of passenger
cars is to examine the impacts of an increase in the price
of gasoline to the drivers. The policy scenarios tested had
as a reference area the Thessaloniki Metropolitan Area
(T.M.A.) in Greece, which is the second biggest population agglomeration in the country after Athens with a
population of over one million inhabitants. Traffic data
used in this research are based on the results of the origin
destination (O-D) home-based questionnaire surveys carried out in the study area during 1988 and 1998, respectively, in the framework of the General Transportation
Study of Thessaloniki, which was conducted under the
supervision of the Organization for the Master Plan and
Environmental Protection of Thessaloniki and data have
been presented elsewhere [8-10].

RESULTS AND DISCUSSION
In Greece the total number of vehicles is 5.389.996,
of which 3.423.704 (63,5%) are passenger cars (year
2001), while the respective figures for the year 1991 are
about half of the ones referred to year 2001 [11]. In Table 1
the evolution of the number of vehicles in Greece for the
period 1971-2001 is presented.
The evolution of the number of vehicles in Thessaloniki (T.M.A.) from 1988 to 1998 is presented in Table 2.
From Tables 1 and 2 it arises that the number of passenger cars in T.M.A. represents 8.7% of the respective national number.
From the total number of 255.955 passenger cars in
T.M.A. in 1998 only 53.8% (137.623 passenger cars)
were equipped with catalytic converters. The number of
passenger car kilometres driven in 1998 in T.M.A. together with the respective gasoline consumption is presented in Table 3. The assumption made for the respective
calculations was that the average fuel consumption of a
typical passenger car (engine 1400 cc) is 6.8 l/km (an average value for driving inside and outside the city).
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TABLE 1
Evolution of the number of vehicles in Greece for the period 1971-2001 [11].

Passenger cars
Buses
Trucks
Motorcycles
Total

1971
226.893
10.546
107.361
69.246
414.046

1981
912.385
17.367
441.081
106.381
1.477.214

1991
1.777.484
22.080
792.770
295.675
2.888.009

1999
2.928.881
26.769
1.023.987
710.775
4.690.412

2000
3.195.065
27.037
1.057.422
781.361
5.060.885

2001
3.423.704
27.115
1.085.811
853.366
5.389.996

TABLE 2
Evolution of the number of vehicles in Thessaloniki Metropolitan Area for the period 1988-1998.

Bicycles
2-cycles 2-times
2-cycles 4-times
Passenger cars
Semi trucks & 3-cycles
Trucks < 3.5 tons
Trucks > 3.5 tons
Taxis
Buses
Total

1988
5.857
11.622
3.318
137.592
6.757
4.212
2.441
2.716
160
174.675

%
3,4
6,7
1,8
78,6
3,9
2,4
1,4
1,6
0,1
100

1998
10.794
25.077
14.651
255.955
11.273
3.408
2.019
1.818
298
325.293

%
3,3
7,7
4,5
78,7
3,5
1,0
0,6
0,6
0,1
100

TABLE 3
Annual vehicle-kilometres and gasoline consumption in Thessaloniki Metropolitan Area (year 1998).

Kilometres driven annually
Up to 5.000 km
5.001-10.000 km
10.001-15.000 km
15.001-20.000 km
20.001-25.000 km
25.001-30.000 km
>30.000 km
Total

Number of passenger cars
20.512
62.832
81.279
44.554
18.132
11.615
17.031
255.955

%
8.0
24.5
31.8
17.4
7.1
4.5
6.7
100

From the data in Table 3 Figure 1 was created showing that passenger cars with more than 15.000 km/year
represent about 36% of the total number of vehicles in the
study area and are responsible for 60% of total gasoline
consumption. On the contrary, passenger cars with less
than 10.000 km/year are about 33% of the total number of
vehicles, but being responsible only for 14% of total gasoline consumption. The share of the passenger cars in the
emission levels and, especially in CO, NOx, and VOCs
(mainly produced by cars using gasoline), is in proportion
to their gasoline consumption [12-16]. The same applies
partially in the case of particulates [12-16].
These results show that a small percentage of passenger cars (about 1/3 of the total fleet) contribute to more
than half (about 60%) of gasoline consumption and related vehicle pollutant emissions.

Veh-km (millions)
51.28
471.24
1,015,99
779.69
407.97
319.41
681.24
3,726.82

Gasoline consumption (million litres)
3.48
32.04
69.09
53.02
27.74
21.72
46.32
253.41

This conclusion is very relative to the results obtained
by extensive emission measurement campaigns of many
thousands of on-road vehicles in different cities in the
world using a remote sensing method (based on infrared
radiation detection), which showed that only a small percentage of vehicles (10-20%) contribute to more than half
of CO and HC total vehicle emissions. Similar measurements in Thessaloniki showed that 15% of the vehicles
are responsible for the 50% of the total CO vehicle emissions and only 10% of the vehicles are responsible for
50% of total HC vehicle emissions (Figure 2). These
vehicles (mainly with maintenance and regulation problems) called «Gross Polluters» are not only oldtechnology obut also high-mileage vehicles. The newer
polluting vehicles are more numerous and dominate the
fleet emissions [17, 18].
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FIGURE 1 - Number of vehicles and respective gasoline consumption of car groups based on km driven annually in Thessaloniki.

50%
40%
30%
20%
10%
0%
% of the
total
vehicles

% of the
total CO

% of the
total
vehicles

% of the
total HC

FIGURE 2 - CO and HC emission levels resulting from 15% and 10% of vehicles,
according to measurements made in Thessaloniki by a remote sensing method [19].

TABLE 4
Increase in the price of gasoline by 4% as an environmental tax, exclusively
dedicated to air pollution control measures implemented in various European countries.

Country
Austria
Belgium
Swiss
Czech Rep.
Germany
Denmark
Spain
France
Finland
UK
Greece
Hungary
Italy
Eire
Luxemburg
Norway
Netherlands
Portugal
Poland
Sweden

Gasoline price (Euros/l)
0.89
1.06
0.86
0.79
1.10
1.12
0.83
1.02
1.10
1.11
0.81
1.01
1.09
0.87
0.81
1.08
1.18
0.97
0.78
1.06

811

Gasoline price after 4% tax (Euros/l)
0.93
1.10
0.89
0.82
1.14
1.17
0.86
1.06
1.14
1.15
0.84
1.05
1.13
0.91
0.84
1.12
1.23
1.01
0.81
1.10

© by PSP Volume 13 – No 9. 2004

Fresenius Environmental Bulletin

Based on the Polluter Pays Principle and taking into
account the above-presented data, it was estimated in a
first scenario, that a revenue of 7.6 million euros in the
study area of Thessaloniki could be achieved by transforming a 4% rate of the existing gasoline taxes to an
environmental tax, exclusively dedicated to air pollution
control measures. It must be mentioned at this point that
in Greece, in the year 2000, 70.6% of the existing price of
gasoline was a special fuel tax, 13.2% the cost of refining,
11.6% the price of the gasoline companies, 3.8% the
profit of the gas stations and 0.8% are other taxes.
In a second scenario, an increase in the price of gasoline by 4% as an environmental tax exclusively dedicated
to air pollution control measures (this means in practice
that the year 2003 price of 0.81 euros/l would become
0.84 euros/l) would raise the same revenue of 7.6 million
euros in the study area of Thessaloniki.
The implementation of the second scenario in the European countries will lead to a small increase of gasoline
price from 0.78-1.12 euros/l to 0.81-1.17 euros/l, as
shown in Table 4.

A scenario of an increase by 4% in the price of gasoline as an environmental tax, exclusively dedicated to air
pollution control measures, would raise a revenue of 7.6
million euros in the study area.
The results showed that only a small percentage of
drivers, with the higher gasoline consumption and related
vehicle pollutant emissions, will pay a significant extra
annual cost as an environmental tax in the gasoline price.
At the same time this increase in the fuel prices
would also have a negative effect to inflation (an increase
by 3 cents in the fuel price would lead to an estimated
increase of inflation by almost 0.1%).
Therefore, the examination of alternative scenarios
for environmental taxes on passenger cars needs extensive
research in the factors affecting car use by different types
of car users as well as about the direct and indirect impacts of such measures on the economy. This is necessary
to ensure that any decision in this context is socially fair
and maximizes the benefits for both the environment and
the transport system.

The implementation of this second scenario would
cause an extra annual cost to the drivers of the study area
of Thessaloniki as follows:
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SUMMARY
An empirical instrument validated for adolescent participants and derived from psychometric structures was
introduced to monitor two different pupil samples
(N1=287, N2=169) participating in an identical outdoor
education programme. Surprisingly two different outcomes resulted: The one sample reacted quite dichotomously in the expected manner, i.e. all scores in the
preservational domain increased and all scores in the
utilitarian domain decreased. In a contrast, the other sample intervened just with a few of the total of eight primary
factor variables and remained the residual uninfected. The
unexpected result is based on the pupils’ pre-test scores.
Before participation the first sample scored relatively low
in the preservational domain, but high in the utilitarian
domain; the second sample showed quite the contrary
pattern presenting a so-called ceiling or base effect.

KEYWORDS: environmental education, environmental perception, empirical evaluation, attitudes, values, ceiling effect.

INTRODUCTION
Outdoor ecology education programmes proclaim the
intention of promoting conservation and environmental
protection including the desire to increase awareness of
nature as well as shaping appropriate behaviour towards
the environment in order to reduce human impact [1, 2].
Relevant environmental behaviour is the specific goal of
educational interventions [3-5]. Hereby outdoor ecological education programmes generally are often to be synonymous with a support of willingness to take environmental action [6-8]. Consequently, encouragement of more
environmentally responsible behaviour in general is seen as
an integral part of any serious educational approach.

Measuring adolescent environmental perception is a
complex and delicate matter. Central problems in developing an empirical instrument are measurability, standardisation, validity and reliability [9, 10]. A series of
previous studies have identified prevalent world views,
for instance, the “Dominant Western World View” [11],
the “Human Exemptionalism Paradigm” [12], the “Dominant Social Paradigm” [13, 14], the “New Environmental
Paradigm” [13], the “New Ecological Paradigm” [15], the
“Ecological World View” [16, 17] as well as the revised
version of the “New Ecological Paradigm” [18]. Nevertheless, none of the cited scales have been developed for
and adapted to the pupil age group. Hence an age-adjusted
item battery employing more rigorous psychometric techniques was developed by [19], follow-up studies subsequently revised this scale and applied it to six different
(European) pupil populations (studies cited in [20, 21]
quantifying characteristics of ecological attitudes via first
order factors and encapsulating them in two orthogonal
higher–order factors (values)): Utilisation (U) and Preservation (P). U consists of four primary factors (mostly
composed of four items each): Man over Nature, Human
Dominance, Altering Nature and (negatively) Balance of
Nature, while P contains four primary factors (also largely
composed of four items each): Care with Resources, Intent of Support, Enjoyment of Nature and Limits to
Growth. Due to the orthogonality of this Two Factor
Model of Ecological Values (2-MEV) the respondents
vary their position on one dimension, independently of
their position on the other dimension, reflecting their
conflict-loaded balance between positions towards ecology and economy.
The present study objective was an evaluation of a
week-long National park outdoor educational programme
by introducing a pre-test / post-test design on the basis of
a repeatedly tested empirical instrument. Within these
intervention analyses individual changes in existing (pre-
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test) attitudes as well-potential gender effects were surveyed and also a comparison to related survey studies
based on this specific instrument.

group, not subjected to any outdoor ecology education
instruction, was evaluated in a similar way as the instruction group.

DESIGN AND PROCEDURES

RESULTS

Classes of 5th to 7th graders (mean age about 12 years)
were selected according to the booking schedule of the
field centre in the Bavarian Forest National Park. During
one season complete data sets were obtained from two
secondary school pupil samples participating in an outdoor ecology education programme at the Bavarian Forest
National Park (N1=287, N2=169). The number of boys
and girls in the sample was equally balanced. The residential outdoor programme was guided by the principle of
original encounters with biological and ecological themes
and required participants` involvement rather than a mere
receiving of factual information. It was developed by educators of the National Park; detailed content information
in a short synopsis is provided in [22] and [23]. For all
activities, the classes were divided into small groups of 710 students. Since only one team of educators was employed throughout the season, the teacher variable (a
problem in many studies in the field) was kept constant
for all participants. All pupils responded twice to an ageadjusted questionnaire containing a set of multiple choice
items (featuring two environmental perceptional domains,
Preservation and Utilisation). The responses to all items
were scored on a 5-point Likert scale ranging from
“strongly agree” to “strongly disagree” including an “undecided/neutral” category. A series of separate studies
cited earlier supported both, this factor structure and the
instrument’s validity and reliability [20, 24]. The control

5

The participation in a week-long education programme produced significant shifts in two of the eight
primary factors of adolescent environmental perception
(p<0.001): One within the higher-order factor of Preservation, the other within Utilisation (see Fig. 1, left section). Since the differences were provided on the basis of
each individual’s response, matched-pairs were computed. On a first glance, this shift seems to be marginal,
especially in the view of previous studies, which were
based on the identical empirical instrument (see discussions). However, the pre-test scores already point to the
exceptional character of the participating pupil sample:
even before participation the preservational variables show
extremely high scores in the intervention (about 4 out of
an optimum of 5), while the utilitarian do so with very
low scores (about 2 out of an optimum of 1). Thus, ceiling
effect, respectively base effect, may describe best the
level of pre-test scores. Comparisons with the control
group, which did not participate in the ecological programme, but was also surveyed twice with a time interval
of one month, confirm the shift dependency from the
educational intervention (not shown as figure): pre-test
scores remained constant and the differences between the
pre-test scores of the control group and those of the treatment group were not significant. The unchanged scores in
the control group also represent a good test-retest reliability (spanning a 5-week time interval).
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FIGURE 1
Pre- and post-test scoring of all eight primary factors of the 2-MEV model covering the higher order domains of Preservation and Utilisation (time difference between both tests ranged between 5-6 weeks). Both figures demonstrate the shifts of
the intervention programme (left figure: two shifts were significant; right figure: all shifts were significant; p<0.001).

815

© by PSP Volume 13 – No 9. 2004

Fresenius Environmental Bulletin

DISCUSSION
Both results of these two studies follow a consistent
pattern, although at first glance they do not look alike. An
education programme is expected to be followed by one
precise and consistent result. If not, we usually force
ourselves to find incentives. However, when we do not
focus just on to the absolute score changes of the involved
variables and, instead, concentrate on the absolute level of
post-test scores, a convincing message appears: the high
preservational scores are of major educational interest as
there are low utilitarian scores (see above). Before any
educational intervention occurred, the variables already
scored in the levels desired and that is why no shifts were
recorded anymore in case of the present study. An argument for this view is the primary factor “Intent of support” with the lowest pre-test scores and this variable
revealed the only increase of all four preservational factors involved. However, in the preceding study pre-test
scores were high in Preservation and low in Utilisation
and that is the reason why a high intervention shift occurred [25]. For this kind of pupil sample outdoor settings
(with structured learning activities) can help to accomplish a better citizenship within the environmental context
resulting in statistically significant shifts within selected
facets of the adolescent environmental perception; even
all eight primary factors without any exception were affected by participation in a week-long residential educational intervention. The preservational preference represents a declaration of intentional preservation, for instance,
by incorporating a set of beliefs acknowledging nature as a
value in itself, featuring altruistic principles, such as the
stewardship of nature and conservation, acknowledging the
balance of nature, crediting the integrity of ecosystems and
refusing environmentally destructive lifestyles as well as
considering the “spaceship earth” as being delicate and
limited with resources [26, 27]. The utilitarian secondary
factor preferences, for instance, involve the whereabouts of
human dominance over nature, the interference with environments, the existence of human-altered nature and the
exploitation of natural resources.
During post-testing the pupils tended to conceive and
understand nature and environments in a more sensitive
manner as well as they better recognised green environments as something generally affected by human beings [14,
15]. Therefore, the interaction of an education programme
with the utilitarian sector and an increase of the pupils'
sensibility towards nature as well could be expected.
Towards this challenge, various authors judged week-long
residential programmes (if provided in an exposure that is
long enough) to effectively intervene with an individual’s
attitude and value set [28, 29]. The education programme
of the present study exposed all participants to outdoor
activities at the field centre site and provided a substantial
shift in the surveyed primary factor set [22, 30, 31]. A
small meta-analysis on the basis of eighteen selected
intervention studies carried out by Zelezny [32] revealed a
mixed effect of different kind of interventions on envi-

ronmental behaviour. Of course, measuring the (real)
environmental behaviour of individuals is hardly possible
(especially with school adolescents, where restrictive
administrative regulations were applied and a monitoring
of real behaviour is prevented anyway). Consequently,
most if not all related studies were measuring self-reported
behaviour features rather than (real) observed ones. In
their meta-analysis Hines et al. [9] reported a preferred
usage of self-reported measures of behaviour rather than
of actual observed behaviour and they labelled this preference as the commonly selected moderator variable in
environmental studies. Subsequently, a series of studies
highlight the importance of educational interventions for
improving environmental behaviour [3, 33]. Therefore,
Cone’s and Hayes’s [34] critical conclusion of ineffectiveness of educational approaches towards changing
behaviour is to question.
Educational programmes increasingly face the need
of being assessed with regard to their efficacy. This request immediately enquires suitable empirical instruments
and evaluation designs. (Environmental) Education generally is regarded as a key element to improve the individual pro-environmental behaviour [3, 10]. The most
favoured assumption is built upon the belief that education leads to greater awareness and consciousness leading
towards an attitude change, which ultimately improves the
individual behaviour [35]. Others rate educational intervention as totally ineffective in changing any kind of
behaviour [10, 34, 36-38] and reported small and utmost
neglectful correlation scores.
A major persistent problem of the surveys in the field
of environmental education lies in the weak and even
non-existing proof of the scientific procedures employed
in many studies. Rexer and Birkel [39], for instance, drew
the conclusion that weak pupils learn better in outdoor
settings, but they fail to show any valid empirical basis
for this hypothesis. Bolay [40] undertook a large survey
study in a forest centre with some hundred pupils, again,
with non-existent empirical validations. Empirical surveys
of academic authors such as [40-45] not only failed to
offer appropriate designs, but also did not meet accepted
standards with their instruments applied and, therefore,
did not add any substantial information in this regard.
Their failure to provide any empirical instrument standard
can be compared with the poor late 1960ies, when every
(environmental) educator established her/his own ad hoc
instrument. There were as many instruments as researchers working in the field demonstrating the effectiveness of
their newly developed educational interventions. These
authors tended to prove as an excellent, outstanding success their own programmes. In consequence, the empirical batteries of those standards simply represent a subjective, arbitrary collection of items and fail to reach any
acceptable scientific standard. Additionally, what might
be the value of an attempt to measure attitudes when just
minutes after an exposure the related post-test data were
collected? A delayed post-test might have provided the
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necessary data. Furthermore, what are “values” for the
authors? “Values” are generally considered to consist of a
set of attitudes, which are themselves composed, in turn, of
sets of items [46]. Also suspectible is the cited authors’
claim that pro-conservational actions have been fostered,
since no proofs were provided. Consequently, as long as
the field of biology didactics does not prevent a publication
of questionable studies with limited standards, such as that
cited above, the scientific community cannot offer sufficient credit when so-called scientifically supported evaluations are presented. Additionally, the consistent failure of
those authors to build upon relevant literature (published in
easy accessible journals in the common language of science) does not help to increase their credibility.

CONCLUSION
Outdoor ecology education represents the brighter
side of science education mainly due to its fieldwork
potential, which provides an essential key for incorporation of hands-on-practice and meets nature with different
sensual channels. It may also provide a convincing answer for the urgent need within the biology education to
shift away from a materialistic and atomistic world view
towards an ecological approach with its characteristic
network thinking and its sense of identification of background pattern. Residential ecological education certainly
provides better settings which, for instance, intervene with
the participants’ self-esteem, with interpersonal relationships, with outdoor skills or with values and attitudes separate from the ecological and environmental context or our
survey. This underlines the simple fact that educational
programmes generally are complex and interdisciplinary
issues. Nevertheless, participation in field courses does
not confine pupils in national curricula with their strict
and inflexible frameworks as well as providing a means
of active participation contrasting with the frequent passivity given in classroom environments.
Ecology education in field centres has gained increased importance in the last decades both as an area of
study in its own as well as a component of biological
education. Additionally, evaluating field courses increasingly were seen as a need to provide proof for the huge
amount of school money as well as to get a tool for the
improvement of outdoor programmes. Eight primary
factors are representing just one part of a more complex
mosaic of environmental perceptions. However, our 2MEV model allows an integration of additional appropriate primary factors, when they fit our general model. As
soon as valid and reliable instruments are available, we can
survey programmes to assess their efficiency as well as we
can also inspect less effective sub-units and improve them
on the basis of a valid survey. Of course, education programmes must meet a variety of challenges which, by
themselves, do not promise simple and clear-cut answers.
Complex ecological and environmental issues are often

confusing challenges for pupils. However, pupils should
understand the anatomy of ecological issues including their
environmental dimension. The effects of educational programmes may be diluted by numerous other demands on
teachers and pupils. Therefore, some authors blamed evaluations in the field of environmental education for producing
a biased estimate of the potential of those programmes to
produce appropriate changes with regard to attitude to and
knowledge of the environment [2].
It is common sense that the way to change attitude
towards a higher preference for the conservation ethic
depends on the educational system providing the most
important key for that successful transformation. Ecology
and environmental education must provide the young with
appropriate tools which they need to achieve effective
citizenship, which will enable in turn to fight against the
environmental threats to our future existence. However,
nobody in the educational sector ever expects a precise
forecast of interventional effects on participating pupils.
Consequently, the use of verbs such as “support” and
“indicate” might be preferred rather than the strict and
final verb of “proof”. Nevertheless, we should handle
empirical data as fragile as they are, when we cautiously
draw (final) conclusions out of those evaluations. Summarising all potential impacts of an intervention focuses, at
first, on substantial shifts in values of pupils, secondly, to
the long-term effect of such shifts, thirdly, to the affective
ingredients of outdoor ecology education, which easily
goes beyond indoor potential, and last but not least, to the
imprint effect on the life of a young person which might
essentially induce her/his later decisions in whatever
profession she/he specialises in. The present study’s data
point to a substantial potential of outdoor educational
education as far as pre-test scores allow a shifting of attitudes and values. Therefore, we should follow this specific trail for further studies.
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SUMMARY
The ten years evolution of six air pollution indicators
is examined, using the DPSIR model (Driving forces Pressure - State - Impact - Response), which has been
applied in the Thessaloniki Metropolitan Area. During the
period 1990-2000 four of the indicators (emissions of
NOx, emissions of NMVOCs, consumption of petrol and
diesel oil by road vehicles, primary energy consumption)
present an increasing temporal trend, while two of them
(emissions of SO2, emissions of particles) present a decreasing one. The fleet renewal is not sufficient for a
decrease of the indicator values in a Metropolitan area,
where the total fleet is increasing continuously. A future
improvement of the vehicle fleet technology, fuel quality,
energy and urban traffic management could lead to considerable decrease in emissions and concentrations, but
also lower environmental changes.

KEYWORDS: Air pollution, indicators, emissions, concentrations,
energy consumption.

INTRODUCTION
The availability of environmentally relevant statistics
connected with economic data is a high-level priority for
the European Union (EU). The Communication from the
Commission to the Council and the European Parliament
on “Directions for the EU on Environmental Indicators
and Green National Accounting” of 1994 is a response to
this priority [1, 2]. One of the main actions of this Communication is represented by the Eurostat’s (the Statistical
Office of the European Communities) Environmental
Pressure Indices (PIP) project [3].

The concept of “pressures on the environment” is
taken from the DPSIR model (Driving forces - Pressure State - Impact - Response), which has been adopted as the
most appropriate way to structure environmental information by most of the Member States of the European
Union and international organisations, such as Eurostat,
the European Environment Agency and the OECD.
The development of a European System of Environmental Pressure Indicators (ESEPI) is based on the DPSIR
model, which is presented in Figure 1 [3]. The ESEPI places focus on the trends of ten policy fields: Air Pollution,
Climate Change, Loss of Biodiversity, Marine Environment & Coastal Zones, Ozone Layer Depletion, Resource
Depletion, Dispersion of Toxic Substances, Urban Environmental Problems, Waste, Water Pollution & Water
Resources. The first 60 indicators covering all ten environmental policy fields (6 indicators per policy field)
resulted from the Eurostat’s PIP project and have been
defined by a broad panel of European environmental
experts. A summary table connecting economic sectors to
policy fields represents the European System of Integrated Economic and Environmental Indices: ESIEEI [2].
The planning of an Environmental Pressure Indicators
System in a Metropolitan Area (EPISMA) based on the
above-mentioned three concepts: DPSIR model, ESEPI
and ESIEEI has been examined in a previous work [4].
Many environmental pressure indicators from various policy fields are necessary to be used in the implementation of
an EPISMA in an urban area. It is evident that all the indicators of the field “Air Pollution” are indispensable for the
system`s integral implementation in a local scale.
In this paper, the ten years evolution of the six indicators of the “Air pollution” field is examined, based on the
DPSIR model and using Thessaloniki urban area for this
case study.
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Driving forces
Basic sectorial trends,
e.g. in energy generation, transport, industry, agriculture

Pressure
Human activities directly
affecting the environment,
e.g. CO2 or CH4 emissions

Response
of society to solve the
problem,
e.g. research on solar
energy, energy taxes

State
Observable
changes of the
environment,
e.g. rising global
temperatures

Impact
Effects of a changed
environment,
e.g. decrease in agricultural production

FIGURE 1
The DPSIR model (Driving forces – Pressure – State – Impact – Response).

MATERIALS AND METHODS
The examined six environmental “Pressure” indicators of the “Air pollution” field are: AP1) Emissions of
nitrogen oxides (NOx), AP2) Emissions of non-methane
volatile organic compounds (NMVOCs), AP3) Emissions
of sulphur dioxide (SO2), AP4) Emissions of particles
(PM), AP5) Consumption of petrol and diesel oil by road
vehicles, and AP6) Primary energy consumption.
The “Driving force” considered in this study is the
temporal evolution of vehicles, which has been proven to
be the predominant factor for the temporal evolution of
the air pollution indicators in Thessaloniki, according to
other research works [5-9].
The assessment of the “State” of the environment is
based on the determination of the concentrations of NO2,
NMVOCs, SO2 and TSP (total suspended particulates)
corresponding to the indicators AP1 – AP4, respectively.
The emissions of CO2 corresponding to the indicators AP5
and AP6 have been used as representative of the general
impacts on the atmosphere from the evolution of these
two indicators.

The emissions data produced by national and international organisations have been used and combined with data
resulting from local authorities assessment [3, 9, 10-16].
The traffic and emissions data result from the General
Transportation Study initiated by the Organization for the
Master Plan and Environmental Protection of Thessaloniki (OMPEPT). This study started in 1988 and its second
phase was concluded in 2000 and including -among others- a roadside survey with a sample size of 33.836 drivers and a home-based interview survey with a sample size
of 3.324 households. All traffic scenarios have been tested
and evaluated with the use of the EMME/2 traffic model.
Within EMME/2 the geometrical and functional characteristics of the road network of the study area were represented in an adequate way and, thus, the analysis of the
trip characteristics at strategic level was made feasible.
The model supports the four stages of the classical transportation planning process concerning the future traffic
forecasts (trip generation, trip distribution, modal split
and traffic assignment). The study area was divided into
316 internal and external traffic zones and the origindestination matrices include data for all the zones. The
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length of the EMME/2 network was 4.357 km including
1.335 nodes and 5.120 links. The total number of daily
trips made in the study area with all transport modes was
1.600.000 [17].

an improvement of the urban traffic management (Driving
force) could lead to considerable NO2 emissions (Pressure)
and concentrations (State) decrease and lower environmental changes (Impact).

The scenarios were formulated for the year 2004, the
year 2014 and the period after the year 2014. The proposals within all scenarios were then tested and evaluated
with the EMME/2. The evaluation results of the above 3
scenarios were compared to the results of the base-year
scenario (1998, do nothing scenario). All scenarios cover
road infrastructure, parking and public transport tasks. The
evaluation of the scenarios concerning their air pollutant
emissions was based on the use of the COPERT II methodology, which was developed within the framework of
the EU program CORINAIR. Furthermore, the relationship traffic – emissions is examined for the above 4 scenarios and a qualitative and semi-quantitative prediction
is made for the expected air quality levels [9].

The temporal evolution of the air pollution indicator
AP2: “Emissions of non-methane volatile organic compounds (NMVOCs)” is presented in Figure 3.

The air quality data result from the monitoring stations of the Ministry of Macedonia-Thrace network. The
NO2 is measured by the chemiluminescence method, the
SO2 by the fluorescence method and the TSP by the high
volume air sampler method according to the reference
methods of the Hellenic State and the directives of the
European Union. Air quality data for NMVOCs are not
available. The data used are always from the station with
the higher air pollution levels [18].

RESULTS AND DISCUSSION
An application of the DPSIR model in Thessaloniki
Metropolitan Area for the air pollution indicator AP1:
“Emissions of nitrogen oxides (NOx)” is presented in
Figure 2.
Vehicles are responsible for more than 60% of NOx
emissions. The vehicle fleet (Driving forces) is almost
duplicated during the decade 1990-2000 in Thessaloniki,
but simultaneously a very important renewal in the vehicle fleet has been occurring, e.g. almost 50% of the new
passenger cars are equipped with three-way catalytic
converters.
The NOx emissions (Pressure) have been slightly increased during this decade. The fleet renewal (Driving
force) is not sufficient for a considerable decrease of the
NO2 emissions in a metropolitan area, where the total
fleet is increasing continuously. The NO2 concentrations
(State) have been also slightly increased in the air of the
urban area and they reflect the emissions increase. Their
levels are close to the new EC limit values.
The increase of NO2 emissions and concentrations
leads to further environmental impacts (see Fig. 2). These
impacts call for a societal response through various
measures (Response). According to the above scenarios
based on traffic modelling, a 50% reduction of NOx emissions is expected after the year 2014 [9]. Consequently,

Vehicles are responsible for almost the half of the
NMVOCs emissions. The NMVOCs emissions (Pressure)
have been considerably increased during this decade. The
fleet renewal (Driving force) is not sufficient for a decrease of these emissions in a metropolitan area, where
the total fleet is increasing continuously. NMVOCs concentration data (State) are not available, but it is assumed
that they have been also increased in the air of the urban
area reflecting the emissions increase.
The increase of NMVOCs emissions and concentrations
also leads to further environmental impacts (see Fig. 3).
These impacts call for a societal response through various
measures (Response). According to the scenarios based
on traffic modelling, a 30% reduction in NMVOCs emissions is expected after the year 2014 [9]. Implementation
of new catalytic technologies could lead to further reduction [19]. Consequently, an improvement of the vehicle
fleet technology and urban traffic management (Driving
force) could lead to considerable decrease in NMVOCs
emissions (Pressure) and concentrations (State), and lower
environmental changes (Impact).
The assessment results for the air pollution indicator
AP3: “Emissions of sulphur dioxide (SO2)” are presented
in Figure 4.
Vehicles are responsible for a smaller part of the SO2
emissions, but the diesel vehicles contribute considerably
to the concentrations observed in the air of the urban area
[20-23]. The SO2 emissions (Pressure) and concentrations
(State) have been remarkedly decreased (50-60%) during
this decade. Their levels are considerably lower than the EC
limit values. The fuel quality improvement (mainly diesel
oil) is the determinant factor for this temporal evolution.
The decrease of SO2 emissions and concentrations
leads to lower environmental impacts (see Fig. 4). According to the scenarios based on traffic modelling, a
slight reduction of SO2 emissions is expected after the
year 2014 [9]. Consequently, an improvement of the fuel
quality and urban traffic management (Driving force)
could lead to a further decrease in SO2 emissions (Pressure) and concentrations (State), but also to lower environmental changes (Impact).
The application of the DPSIR model for the air pollution indicator AP4: “Emissions of particles (PM)” is presented in Figure 5.
Vehicles are responsible for more than half of the PM
emissions and concentrations in the air of the urban area,
and especially for the polyaromatic compounds adsorbed
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Driving forces

Pressure

30

400000
300000
200000
100000
0

20
10
0

1990

2000

1990

NOx emissions
(kg per capita)

Vehicle fleet (gray area: new tech.
passenger cars)

q
q

q
q

2000

Response
Promotion of the urban public
transport system
Implementation of alternative
technologies in buses and taxis
Urban transport management
etc

State

50
0
1990

2000

NO2 concentrations
(µg/m3)

q
q
q
q

Impact
Acidification of surface water
(lakes, rivers etc.)
Photochemical smog episodes
Urban population respiratory
problems
etc

FIGURE 2
Application of the DPSIR model in Thessaloniki for the Air Pollution Indicator AP1: “Emissions of nitrogen oxides (NOx)”.
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Driving forces

Pressure

400000
300000
200000
100000
0

60
40
20
0
1990

2000

1990

Vehicle fleet (gray area: new tech.
passenger cars)

2000

NMVOCs emissions
(kg per capita)

Response
q Promotion of the urban public
transport system
q Implementation of alternative
technologies in buses and taxis
q Urban transport management
q etc

State
Non available
NMVOCs concentrations
(µg/m3)

Impact
q
q
q
q

Increase of photochemical
pollutants
Photochemical smog episodes
Urban population respiratory
problems
etc

FIGURE 3
Application of the DPSIR model in Thessaloniki for the Air Pollution Indicator AP2:
“Emissions of non-methane volatile organic compounds (NMVOCs)”.
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Driving forces

Pressure

30

400000
300000
200000
100000
0

20
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0

1990

1990

2000

SO2 emissions
(kg per capita)

Vehicle fleet (gray area: new tech.
passenger cars)

q
q
q

q

2000

Response
Fuel quality improvement
Promotion of the urban public
transport system
Implementation of alternative
technologies in buses and taxis
Urban transport management

State

200
150
100
50
0
1990

2000

SO2 concentrations
(µg/m3)

Impact
q
q
q
q
q

Acidification of surface water
(lakes, rivers etc.)
Winter smog episodes
Urban population respiratory
problems
Visibility degradation
etc

FIGURE 4
Application of the DPSIR model in Thessaloniki for the Air Pollution Indicator AP3: “Emissions of sulphur dioxide (SO2)”.
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Driving forces

Pressure

40
30
20
10
0

400000
300000
200000
100000
0

1990

1990

2000

PM emissions
(kg per capita)

Vehicle fleet (gray area: new tech.
passenger cars)

q
q

q
q

2000

Response
Promotion of the urban public
transport system
Implementation of alternative
technologies in buses and taxis
Urban transport management
etc

State

400
300
200
100
0
1990

2000

TSP concentrations
(µg/m3)

Impact
q
q
q

q
q

Winter smog episodes
Urban population respiratory
problems
Increase in death rates of those
suffering from heart and lung
diseases
Visibility degradation
etc

FIGURE 5
Application of the DPSIR model in Thessaloniki for the Air Pollution Indicator AP4: “Emissions of particles (PM)”.
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Pressure

Driving forces

800
600
400
200
0

400000
300000
200000
100000
0

1990

2000

1990

Vehicle fleet (gray area: new tech.
passenger cars)

q
q

q
q

2000

Oil consumption by vehicles
(kg oil equivalents per capita)

Response
Promotion of the urban public
transport system
Implementation of alternative
technologies in buses and taxis
Urban transport management
Energy management

State

3
2
1
0
1990

2000

CO2 emissions
(tons per capita)

Impact
q
q
q
q

Increase of pollutants emitted
in the atmosphere
Urban population respiratory
problems
Additional demand on oil
resources
etc.

FIGURE 6
Application of the DPSIR model in Thessaloniki for the Air Pollution Indicator AP5: “Consumption of petrol and diesel oil by road vehicles”.
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Driving forces

Pressure

1,5

400000
300000
200000
100000
0

1
0,5
0

1990

1990

2000

Primary energy consumption
(tons oil equivalents per capita)

Vehicle fleet (gray area:
new tech. passenger cars)

q
q

q
q

2000

Response
Promotion of the urban public
transport system
Implementation of alternative
technologies in buses and taxis
Urban transport management
Energy management

State

6
4
2
0
1990

2000

CO2 emissions
(tons per capita)

Impact
q
q
q
q

Increase of pollutants emitted
in the atmosphere
Urban population respiratory
problems
Additional demand on oil
resources
etc

FIGURE 7
Application of the DPSIR model in Thessaloniki for the Air Pollution Indicator AP6: “Primary energy consumption”.
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on suspended particulates [20, 24, 25]. The PM emissions
(Pressure) and TSP concentrations (State) have been insufficiently decreased during this decade and they are still
above the EC limit values. The fuel quality improvement
(mainly diesel oil) and the diesel vehicles` renewal is the
determinant factor for this temporal evolution.
The decrease of PM emissions and concentrations
leads to lower environmental impacts (see Fig. 5). According to the scenarios based on traffic modelling, a
more than 50% reduction of PM emissions is expected
after the year 2014 [9]. Consequently, an improvement of
the fuel quality and urban traffic management (Driving
force) could result in a further decrease in PM emissions
(Pressure) and concentrations (State) and may also lead to
lower environmental changes (Impact).
The temporal evolution of the air pollution indicator
AP5: “Consumption of petrol and diesel oil by road vehicles” is presented in Figure 6.
Vehicles are exclusively responsible for this oil consumption. The oil consumption by road vehicles (Pressure) has been increased by 50% during this decade. The
fleet renewal (Driving force) is not sufficient to decrease
this indicator in a metropolitan area, where the total fleet
is increasing continuously. The CO2 vehicle emissions
(State) have also been found to increase and they reflect
directly the oil consumption increase.

CONCLUSION
The assessment of the ten-years evolution of six air
pollution indicators using the DPSIR model (Driving
forces – Pressure – State – Impact - Response), which has
been applied in the Thessaloniki Metropolitan Area during 1990-2000 showed that four of the indicators (emissions of NOx, emissions of NMVOCs, consumption of
petrol and diesel oil by road vehicles, primary energy
consumption) present an increasing temporal trend,
whereas two of them (emissions of SO2, emissions of
particles) present a decreasing temporal trend.
The fleet renewal (Driving force) is not sufficient for
a decrease of these indicators values in a metropolitan
area, where the total fleet is increasing continuously. A
future improvement of the vehicle fleet technology, fuel
quality, energy and urban traffic management (Driving
force) could result in considerable decreases of emissions
(Pressure), concentrations (State) and environmental
changes (Impact).

The increase of this indicator values leads to further
environmental impacts (see Fig. 6). These impacts call for
a societal response through various measures (Response).
According to the scenarios based on traffic modelling, a
reduction of oil consumption is expected after the year
2014 [9]. Consequently, an improvement of the vehicle
fleet technology, energy and urban traffic management
(Driving force) could lead to considerable oil consumption (Pressure) decrease and lower environmental changes
(Impact).
The assessment results for the air pollution indicator
AP6: “Primary energy consumption” are presented in
Figure 7.
Vehicle fleet is a predominant factor for the temporal
evolution of the primary energy consumption. The primary energy consumption (Pressure) has been increased by
20% during this decade. The fleet renewal (Driving force)
is not sufficient for a decrease of this indicator in a metropolitan area, where the total fleet is increasing continuously. The CO2 emissions (State) have been also increased, again directly reflecting the primary energy consumption increase.
The increase of this indicator values leads to further
environmental impacts (see Fig. 7). These impacts call for
a societal response through various measures (Response).
An improvement of the vehicle fleet technology, energy
and urban traffic management (Driving force) could lead
to considerable primary energy consumption (Pressure)
decrease and lower environmental changes (Impact).
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SUMMARY
This paper aims to assess the pollution status of Umur
Creek Catchment Area, a region with rapid industrialization in Istanbul. It also evaluates the impact of domestic
and industrial discharges into this creek. The scope of this
research is the evaluation of a developed procedure for
the determination and characterization of domestic and
industrial wastewater sources. All domestic and industrial
sources, 4 and 16, respectively, are subjected to assessment of pollution profiles in terms of meaningful pollutant parameters as indicated in the literature. The distribution and intensity of domestic wastewater discharge canals together with industrial mills located along the Umur
Creek are also assessed and the time-based changes determined via satellite images of various dates. The comparative evaluation of 1993 and 2000 satellite images indicated significant changes and land use patterns that effectively
correlate with the deterioration of water quality. These
observations suggest the use of higher resolution satellite
images and, consequently, more detailed controls around
the catchment areas.

KEYWORDS: Catchment area, industrial categories, pollution
control strategy, pollution loads, remote sensing studies,
wastewater characterization.

INTRODUCTION
In developing countries, the pollutants from increasing urbanized and industrialized regions threaten the surface waters due to changes in natural characteristics and
water resources. The contamination of water quality related

to excessive building is the most important outcome observed via the urbanization concept in Istanbul, the industrial center of Turkey. Especially the creeks are of importance both for the conservation of water resources and
the arrangements with regard to the pollutants’ amount,
water quality and run-off to seawaters.
In research studies dealing with pollution control
strategies of water resources, remote sensing methods can
also be applied right along with environmental engineering applications. The determination of location, amount
and quality of domestic and industrial wastewater sources
causing pollution of surface waters and the designation of
the demographic properties of the settlements around
these water resources are among the main environmental
engineering applications. Especially during the evaluation
of pollution on regional basis, remote sensing data are
required for time-dependent changes in land use and land
cover when environmental engineering applications are
inadequate. Remote sensing data are of importance as a
modern tool in providing information on variation over
time, which is essential for environmental monitoring and
change detection. Satellite remote sensing has been widely applied and recognized as a powerful and effective tool
in detecting land use and land cover changes [1-3].
In this framework, the objective of this study is to determine the domestic and industrial wastewater sources, to
characterize these pollution sources and to calculate the
revealed total loads, but also to investigate and scrutinize
the time-dependent changes observed in land usage of the
catchment area via remote sensing studies, and, finally, to
express the proposed monitoring, inspection and control
methods applicable to Umur Creek Catchment Area in a
systematic way.
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MATERIALS AND METHODS
Description of Umur Creek Catchment Area

Umur Creek and its catchment area are located in Tuzla, a town in the eastern of Istanbul next to Kocaeli border. Tuzla, having a surface area of 11.8 km2, is surrounded by Kocaeli in the east and southeast, by Marmara Sea
in the south and west, and by Pendik in the northwest and
north. The settlement of certain parts of Pendik Shipyard
at the northern coast of Tuzla Peninsula in the beginning
of the eighties, the move of the Naval Forces from
Heybeliada to Tuzla in 1985 and the transmigration of
leather tanneries from Kazlıçesme into Istanbul Organized
Leather Tanning Industrial District in 1993 have brought
liveliness to the town. Becoming industrialized and being a
continuously growing settlement, the population of Tuzla
increased from 31671 in 1980 to 72781 and 123225, corresponding approximately to a two-fold augmentation in
every decade.

sulfide concentrations are examined by gravimetric and
iodometric methods, respectively. Phenols are determined
by gas liquid chromatography. All metal determinations
together with oil and grease, phenols, sulfate and total
cyanide assessments are carried out in the laboratory of
Istanbul Water and Sewerage Administration (ISKI).
In remote sensing studies satellite images, aerial photographs, and standard topographic maps with a scale of
1:25000 have been used as data sources. Ground truth
measurements have also been carried out. The main satellite images used in remote sensing studies are the IRS 1C1D and SPOT PAN images. The features of satellite images are given in Table 1.
TABLE 1 - Satellite images.
Image
SPOT
PAN
IRS 1C
LISS III

Experimental and Analytical Methods

Following an exhaustive land exploration, a double
sampling program is applied not only for domestic, but also
for industrial wastewaters. Domestic wastewaters originating from residences in Umur Creek Catchment Area are
discharged via four canals. These four canals together
with creek waters after the discharge points are the sampling areas for domestic wastewaters.
Wastewater treatment plant influent and effluent
samples of 12 industrial mills are chosen out of all facilities discharging their wastewaters into Umur Creek. To
estimate the impact of these industrial discharges on the
pollution process of the creek, samples are also taken
from the discharge canals of four organized industrial
districts, again along with creek waters after the discharging points.
Both the first and second sampling study on the creek
is carried out within two dry days with the intent to
achieve representative wastewater quality of domestic
wastewater discharge canals as well as treatment plant
effluents. The factories are subjected to a pollution-based
classification as indicated in the literature, in order to pick
out the meaningful pollutant parameters applicable for
wastewater characterization.
COD measurements are performed as defined in ISO
6060 [4]. All other conventional characterization analyses
are conducted in accordance with the Standard Methods [5].
Whatman GF/C glass-fiber filter papers with a pore size of
approximately 1.2 µm are used for total suspended solids
(TSS) and volatile suspended solids (VSS) measurements.
AAS method by means of direct air-acetylene flame is
applied for the determination of metals, except for mercury
and arsenic. These two metals are analyzed with cold-vapor
and electro-thermal atomic absorption spectrometric methods, respectively. Colorimetric method is performed for
total cyanide assessment, whereas sulfate and dissolved

Spatial
Resolution
(m)

Number of
Bands

Radiometric
Resolution
(bits)

1993

10 x 10

1

8

2001

5.8 x 5.8
23 x 23

1

6

Date

Raw digital images usually contain geometric distortions because of variations in the altitude, attitude, and velocity of the sensor platform. Therefore, they cannot be used
as a map base without being geometrically corrected [6].
Accurate geometric correction of the multi-temporal
image set is necessary for overlay-analysis, GIS integration and accurate change detection [7]. In geometric correction process, homogeneously distributed ground control points (GCPs) are selected and reference coordinates
of corresponding GCPs are obtained from the 1:25000
scaled topographic maps. Mathematical relationship between image coordinates and reference coordinates is
established by using first-order transformation polynoms.
The root mean square (RMS) error for all four rectifications is not permitted to exceed 0.5 pixels.
Methodology

In this study, a working program consisting of three
steps is carried out. In the first step, the discharge points
and the flow rates of domestic wastewaters originating
from the settlements are designated and all wastewater
samples characterized to assess their pollution profiles.
In the second step, the production data of all industrial mills discharging their wastewaters to Tuzla Umur
Creek are obtained and the individual plants have been
classified on the basis of a pollution-based categorization.
To define the important of industrial mills in the region,
their effects on the Umur Creek are comprehensively
investigated via wastewater characterizations and the
below-mentioned factors are taken into account:
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• The determination of the contribution to pollution
caused by industrial establishments with a flow rate
higher than 15 m3/day and discharging their
wastewaters into Umur Creek
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• The designation of the contribution to pollution occasioned by industrial plants exceeding the standards
described in Wastewater Sewer System Discharge
Regulations
• The close scrutiny of the contribution to pollution in
the cases where wastewaters of more than one factory are collected in a single canal network and sent
out into Umur Creek from a single discharge point
• The examination of influent and effluent wastewater
samples for the purpose of evaluation of the treatment efficiency of enterprises with a flow rate higher than 15 m3/day and discharging their wastewaters
into Umur Creek
• The assessment of probable negative effects on treatment efficiency from industrial mills that discharge
their highly polluted and untreated wastewaters to Istanbul Water and Sewerage Administration’s (ISKI)
Biological Wastewater Treatment Plant located in Tuzla after collecting them by the sewerage system
• The interpretation of the potential disagreeable impacts caused by organized industrial districts discharging their wastewaters to Istanbul Water and Sewerage Administration’s (ISKI) Biological Wastewater
Treatment Plant located in Tuzla via canal network
After the determination of the important industrial
mills, wastewater samples are taken and then subjected to

conventional characterization. At the end of the second
step, pollution profile studies are carried out.
In the third step, satellite images acquired in 1975,
1993 and 2000 with different resolutions together with
aerial photographs of 1996 are used as remote sensing
means. For this purpose, at first a geometric correction
process is applied to all satellite images. Discharge points
both for domestic and industrial wastewaters right along
with sampling points from the creek are ascertained. Apart
from that within the scope of this research, the distribution
and intensity of settlements and industrial mills located
along the Umur Creek are evaluated and the time-based
changes fixed via satellite images of various dates.
RESULTS AND DISCUSSION
Domestic Wastewater

Umur Creek Catchment Area houses six settlements,
namely, Aydınlı District, Orhanlı Merkez District,
Orhanlı District, Orhanlı Orta District, Tepeören District
and Cumhuriyet District. Among these settlings the whole
Orhanlı Orta District, the section of Merkez District bordered by Creek Catchment Area, and, finally, the entire
Cumhuriyet District send their domestic wastewaters into
Umur Creek. Domestic wastewaters arising from residences in Orhanlı Orta and Merkez districts are discharged
from three different points into Umur Creek via a network of closed canals built in 1999. Göçmen Residences

TABLE 2
Characterization of domestic wastewaters and population characteristics of discharge points.

PARAMETER
pH
Total COD (mg/L)
BOD5 (mg/L)
TSS (mg/L)
VSS (mg/L)
TS (mg/L)
Total TKN (mg/L)
Total Phosphorus (mg/L)
Oil and Grease (mg/L)
Phenols (mg/L)
Sulfate (mg/L)
Dissolved Sulfide (mg/L)
Total Cyanide (mg/L)
Cadmium (mg/L)
Tin (mg/L)
Zinc (mg/L)
Lead (mg/L)
Nickel (mg/L)
Total Chromium (mg/L)
Copper (mg/L)
Mercury (mg/L)
Arsenic (mg/L)
Number of Inhabitant
Flow rate (m3/day)

WW I

WW II

WW III

WW IV

Sample No

Sample No

Sample No
I
II
7.0
7.0
75
95
25
15
30
115
20
35
870
1175
35
4
<1
1
20
20
0.1
0.1
175
180
<1
0.20
0.06
<0.1
<0.1
0
0
0.4
<0.2
<0.5
<0.5
<0.5
<0.5
<0.1
<0.1
<0.1
<0.1
0
0
0
0
500
75

Sample No
I
II
7.5
7.0
90
155
70
70
55
150
30
70
550
565
40
25
1
2
<10
20

I
8.0
425
75
190
135
875
5
3
80

II
9.0
485
85
140
125
1450
85
10
55
0.1
<50
1.9
0.15
<0.1
0
<0.2
<0.5
<0.5
<0.1
<0.1
0
0
250
40

I
3.0
190
60
60
50
2505
10
<1
50
1.0
2550

II
7.0
43335
7390
90270
17630
97070
240
35
7850
1.7
460
<1
8
<0.1
0
2.8
1.3
<0.5
0.2
1.6
0
0

0.17
<0.1
0
1.0
0.7
<0.5
0.3
3.8
0
0
1750
265

WW = wastewater
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1.2

90
<1

0.1

<0.1

4000
600

Range

Average

250 – 1000
110 – 400
100 – 350
80 – 275
350 – 1200
20 – 85
4 – 15
50 – 150

500
220
220
165
720
40
8
100

20 – 50

30
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existing in Cumhuriyet District possess a wastewater treatment plant at the present time. In addition to this, the
wastewater treatment plant of Göçmen Residences is idle
and the wastewaters originating from this settlement are
discharged into Umur river-bed through an open canal.
Total domestic wastewater generation resulting from the
settlements in Umur Creek Catchment Area is calculated to
be approximately 1000 m3/day, on the basis of a unit
wastewater generation of 150 liters per capita per day. The
population characteristics around the domestic wastewater
discharge canals together with conventional characterization
of domestic wastewaters are shown in Table 2.
Due to detailed investigation the domestic wastewaters
stemming from the settlements are discharged into Umur
Creek from four different points. The experimental results
obtained after a double sampling program demonstrate that
the first domestic wastewater discharge canal is found to
have a medium (average) character, whereas the fourth one
is having a weak composition in terms of pollutant concentrations. The first sampling program reveals that both the
second and the third domestic wastewater comprise high
concentrations of TS and sulfate. After the second sampling
program, the second domestic wastewater is ascertained to
have a very strong character with a COD concentration of
43335 mg/L. The characterization of this second domestic
wastewater in terms of relevant pollutant parameters portrays that BOD5, TSS, TS, total TKN, total phosphorus, oil
and grease, phenols, total cyanide, zinc, lead and copper
concentrations are very high compared to those of a medium-level domestic wastewater.
After the conventional characterization of all domestic wastewater samples, the pollution profiles are assessed
by considering the flow rate of each discharge. With respect to the experimental data obtained after the second
sampling program, the WW II discharge canal, corresponding to a COD load of 4680 kg/day and reflecting
98% of the total COD load derived from domestic
wastewater sources, is the major contributor to the pollution observed in Umur Creek.
Industrial Wastewater

In this part of the study, the production processes, the
domestic and industrial flow rates, the pollution-based
categorization and, finally, the existence of treatment
plants of the important industrial mills, which are determined according to the factors mentioned in the previous
sections, are summarized in Table 3. Apart from the important industrial mills, small-scaled enterprises in Umur
Creek Catchment Area with low wastewater flow rates are
also compiled in Table 3.
As can be seen from Table 3, 31 industrial mills along
with 5 organized industrial districts exist in Umur Creek
Catchment Area. Textile production is the major industrial
activity in Umur Creek Catchment Area, followed by metal
finishing and meat processing categories. Twenty-nine of
the industrial mills and all the organized industrial districts
discharge their wastewaters with or without treatment into

Umur Creek, whereas only two plants lead their
wastewaters to Istanbul Water and Sewerage Administration’s (ISKI) Biological Wastewater Treatment Plant located in Tuzla after collecting them through a sewerage system.
During the land investigations in the studied region, the
treatment plant effluents of all important industrial mills and
the subsequent discharge points along the creek are subjected to a double sampling program. Samples taken undergo a
conventional wastewater characterization with the purpose
of exposing the impacts of industrial wastewater discharges
to the creek. Following the characterization step, pollution
profiles of the important industrial mills are assessed. Table
4 symbolizes the pollution profiles both for the first and
second sampling constituted with respect to flow rates and
characterization data of each industry.
By evaluating the outcomes in Table 4, it can be concluded that three industrial units are the salient contributors
to the total flow rate. Among the investigated industrial
mills, Tuzla Organized Leather Tanning Industrial District
has a flow rate of 5000 m3/day, which corresponds to 58%
of the total one, whereas the tank influent of Tuzla Organized Leather Tanning Industrial District and Solid Waste
Transfer Station, respectively, represent 19 and 14%. Under
these circumstances, the aforementioned industries stand for
91% of the total flow rate. Comparing the experimental data
obtained after first and second sampling steps leads to the
fact that Solid Waste Transfer Station, which is the third
facility in flow rate ranking, has an average COD load of
90%. The TSS load is clearly dominated again by Solid
Waste Transfer Station, whereas its percentage amounts
to 75. The tank influent constitutes about 15% of the total
TSS load. However, Tuzla Organized Leather Tanning
Industrial District is responsible for only 9%.
The TKN load, very similar to COD load distribution,
almost completely results from Solid Waste Transfer Station
and Tuzla Organized Leather Tanning Industrial District.
The TP load exhibits a totally different dissemination from
parameters such as COD, TSS and TKN. The total TP load
of the second sampling is only 1/3 of that of the first one
due to the lack of TP content in Solid Waste Transfer Station. But Solid Waste Transfer Station occupies half of the
oil-grease load. The conventional characterization studies
prove that the tank influent is of importance because of
phenols, sulfate, zinc, cadmium, lead, total chromium and
copper. The industrial accumulator production processing is
the main contributor of sulfate and lead, whereas the industry where fabric printing and scarf production processes are
carried out is mainly accountable for total cyanide. It is also
noteworthy that the influent of Tuzla Organized Leather
Tanning Industrial District plays an important role in the
total chromium load.
Apart from conventional characterization and assessment of pollution profiles, the treatment performances of
important industrial mills discharging their wastewaters
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into Tuzla Umur Creek are also scrutinized. Ten industries
that account for about 66% of the total wastewater volume
TABLE 3
General information about industries discharging their wastewaters into Tuzla Umur Creek.
Number
of
Industry

Production

Prepared Concrete

, ,

Φ Φ Φ

Cattle Hide Processing

,

Δ ⊗

Pollution-Based Categorization [8]

3

Category
Concrete Products Industry

Subcategory
---

1

Leather Tanning Industry

Fur-Suede Production

Flow rate of
Domestic
WW
(m3/day)

Flow rate of
Industrial
WW
(m3/day)

Existence of
Treatment
Plant

3.85

8.6

YES

---

5000

YES

Solid Waste Transfer*

1

Galvanize

1

Other Food Materials
Production
Enameling Industry
Enameling Industry
Solid Waste Disposal
Facilities
Metal Finishing Industry

1

Metal Finishing Industry

1
1

Metal Finishing Industry
Metal Finishing Industry

Galvanization
Chromium (+6) Containing
Wastewater
Cyanide Containing Wastewater
Oily Wastewater

1

Metal Finishing Industry

Oily Wastewater

4

0.01

YES

1
3
1

Meat Processing
Meat Processing
Meat Processing
Organic Chemicals, Plastics
and Synthetic Fibers Production

Combine
Combine
Combine

13.35
8.45
2.5

452.85
99.15
54

YES
YES
NO

Oxidation Excluding Production
Processes and Oxidation Including
Production Processes

0.85

0.18

NO

Lead

24.4

19.33

YES

Liquid Detergent Production

2.25

1

YES

0.6

3

NO

68.85

17.1

NO

33

2

Septic Tank

Industrial Enzyme

1

Φ

Sofa and Armchair Production
Luxurious Lamp and Electric Oven
Φ

Φ

Graphics and Laminating

Δ

Plating
Radiator Production
Technical Service and
Spare Part Production
Integrated Meat Processing
Meat and Meat Products , ,
Slaughterhouse*
Φ

Φ

Φ

1
1

Yeast Production

0.45

1

YES

Enameling on Steel
Enameling on Steel

3.3
0.55

0.8
0.3

NO
YES

---

5.35

1200

NO

0.15

0.35

NO

3.4

4.75

YES

0.25
3.35

10
5.35

YES
YES

Φ

Δ

Δ Δ Δ

Acrylic Panel Production
Accumulator Production
Soap Production

1

Φ

1

Δ

1

Φ

Car Washing and Oiling

,

2

Φ Φ

Dye and Chemical Production ,

, , , ,

Marble Cutting and Processing
Fabric Printing and
Scarf Production
Yarn Dyeing ,
Textile Printing and Sewing
Textile Weaving and Knitting
Textile Products
Textile Washing

⊗

Δ

Φ Δ

Φ

Φ

Δ

Φ

Ceramic Production, Vitrifying
TOTAL

1

Unclassified

Petrol Stations
Small Organized Industrial
Districts
Marble Processors

1

Textile Industry

Knit Fabric Finishing

2.6

23.62

YES

2
1
1
1
1

Textile Industry
Textile Industry
Textile Industry
Textile Industry
Textile Industry
Soil Products and Plaster
Industry

Knit Fabric Finishing
Knit Fabric Finishing
Knit Fabric Finishing
Knit Fabric Finishing
Knit Fabric Finishing

3.4
10
16
2.9
7

60
11.2
13
16.5
133

YES
YES
YES
YES
YES

3

⊗ ⊗ ⊗ ϕ ϕ ϕ

,

Φ Φ

Battery and Accumulator
Industry
Soap and Detergent Production
Unclassified
Unclassified

2

Glazed Products

36

2.6

1.3

YES

223.4

7138.4

19 out of 27

small industrial mills discharging their wastewaters into Umur Creek
important industrial mills discharging their wastewaters into Umur Creek and owning wastewater treatment plants
organized industrial districts
* important industrial mills discharging their wastewaters to Istanbul Water and Sewerage Administration’s (ISKI) Biological Wastewater Treatment Plant located in Tuzla
important industrial mills discharging their wastewaters into Umur Creek and having no wastewater treatment plants
Φ

Δ

⊗

ϕ

possess treatment plants. Among these industrial mills four
have an activated sludge plant for biological treatment, two
apply chemical coagulation-flocculation to wastewaters to
remove the pollutants, and the remaining ones subject their
wastewaters to a combined treatment to get a partial chemical treatment efficiency prior to biological treatment. Experimental data of the first sampling yield an average
treatment plant influent COD concentration of 4307 mg/L,
which decreases to 312 mg/L after treatment, corresponding to an organic matter removal efficiency of 93%. Analyses of effluent samples also reveal that average BOD5
concentration is below 10 mg/L, which, in fact, is attributa-

ble to the satisfying organic matter elimination effectiveness of the treatment plants. Furthermore, for the first sampling the industrial pollution load of the important mills
discharging their wastewaters into Umur Creek and owning
treatment plants is 24622.7 and 1780.7 kg COD/day before
and after treatment, respectively. The highest portion in the
total COD load, 16842.2 kg COD/day, can be attributed to
two important industrial mills discharging their
wastewaters to Istanbul Water and Sewerage Administration’s (ISKI) Biological Treatment Plant in Tuzla, corresponding to a percentage of 87.
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Image Processing

and the time-dependent variation in land use together with
land cover is evaluated in Figure 1.

As image processing means, satellite images of various dates are used for the determination of sampling
points. The distribution of sampling points is investigated

TABLE 4
Pollution profile of important industrial mills in Umur Creek Catchment Area.
PLANT
NO
1

Flow rate
(m3/day)

Production
Dye & Chemical
Production ,
Meat & Meat
Products
Accumulator
Production
Meat & Meat
Products
Fabric Printing &
Scarf Production
Yarn Dyeing
Textile Products
Integrated
Meat Processing
Tank Influent
Cattle Hide
Processing
Dye & Chemical
Production ,
Dye & Chemical
Production ,
Solid Waste
Transfer*
Slaughterhouse*
Graphics &
Laminating
Meat & Meat
Products
TOTAL

COD
(kg/day)
Sample No
I
II

TSS
(kg/day)
Sample No
I
II

TKN
(kg/day)
Sample No
I
II

TP
(kg/day)
Sample No
I
II

Oil-Grease
(kg/day)
Sample No
I
II

6.6

14.3

12.5

2.1

1.9

1.8

0.1

x

<0.1

0.5

0.5

18.35

1.7

1.2

0.2

x

0.1

x

0.3

0.2

x

x

43.3

0.2

0.7

0.4

1.3

0.1

0.1

x

x

0.4

x

85

20.4

6.8

8.1

3.0

1.3

0.4

0.4

1.7

1.7

0.9

26.17

13.9

14.9

0.5

0.4

xx

xx

xx

xx

0.4

x

53
20

73.7
4.0

49.8
11.7

1.9
0.6

0.8
3.2

xx
xx

xx
xx

xx
xx

xx
xx

1.6
*

1.1
0.4

⊗ ϕ

2

Δ

3
4

Δ

Δ

5

Δ

6
7
8

Δ

Δ

465

16.3

209.2

*

7.0

1.9

16.3

*

0.9

*

4.7

1680

747.6

478.8

201.6

235.2

58.8

42.0

4.2

3.4

67.2

33.6

5000

1650.0

1350.0

125.0

125.0

350.0

325.0

*

*

*

50.0

7.5

7.6

xxx

0.4

xxx

0.2

xxx

<0.1

xxx

0.1

xxx

3

1.2

0.2

0.2

0.1

0.1

<0.1

x

x

0.1

<0.1

1200

16776.0

25386.0

1056.0

1134.0

2328.0

2052.0

15.6

x

108.0

72.0

54

66.2

20.8

33.5

7.8

2.7

1.9

0.4

0.2

22.7

2.2

4.75

<0.1

0.2

0.3

<0.1

<0.1

<0.1

<0.1

<0.1

x

x

Δ

9
10
11
12

Δ

⊗ ϕ

⊗ ϕ

13
14
15
16

Δ

0.8

0.5

xxx

0.2

xxx

0.1

xxx

<0.1

xxx

<0.1

xxx

8667.47

19393.6

27542.8

1431.0

1519.7

2745.1

2437.8

20.9

6.4

202.7

165.4

Δ

important industrial mills discharging their wastewaters into Umur Creek and owning wastewater treatment plants
organized industrial districts
* important industrial mills discharging their wastewaters to Istanbul Water and Sewerage Administration’s (ISKI) Biological Wastewater Treatment Plant located in Tuzla
important industrial mills discharging their wastewaters into Umur Creek and having no wastewater treatment plants
x below detection limit
xx The experiment is not carried out because the corresponding parameter is not meaningful for this industrial category.
xxx The experiment is not carried out because the sample cannot be taken due to operation problems in the treatment plant
Δ

⊗

ϕ

(a)
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(b)

FIGURE 1 - Satellite images (a) 1993 (b) 2000.
1: The area of second domestic wastewater canal; 2: The area of tank influent; 3: The area of two organized industrial districts; 4: Tuzla Organized Leather Tanning Industrial District; 5: Göçmen Residences

to the increase in population and rapid industrial development. The growth both of population and industrialization has been most pronounced after 1993. Namely, the
circles in Fig. 1 make the changes observed in land-use
and cover from 1993 to 2000 obvious.
The locations of important industrial mills and the subsequent sampling points on the creek and positions of domestic wastewater discharge canals are marked in the aerial
photograph (Figure 2). It is noteworthy that all the important industrial mills except for plants 13 and 14 are very
close to Umur Creek. Only two of the mills, namely Solid
Waste Transfer Station and Slaughterhouse, discharge their
wastewaters instead of Umur Creek to Istanbul Water and
Sewerage Administration’s (ISKI) Biological Wastewater
Treatment Plant located in Tuzla. The unsystematic building of industrial establishments and domestic wastewater
discharge canals to be seen in Fig. 2 gives rise to the usage
of Umur Creek as an open sewer system.
Important industrial mill
Domestic wastewater discharge canal

Sampling point
on the creek

Umur Creek

FIGURE 2
Location of sampling points in Umur Creek Catchment Area.

The oldest one among the satellite images used for
remote sensing data portrays that Umur Creek Catchment
Area has been woodland and not opened for settling in
1975. In 1993, however, it is remarkable that the municipality zone and the industrial region have spread out due
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CONCLUSIONS
Based on observations and evaluations summarized in
this study, the following conclusions could be drawn:
• Umur Creek Catchment area is observed to receive
wastewater discharges both from domestic and industrial pollution. Only 66% of total volume originating
from industrial wastewater discharges receives treatment. Currently, the creek is used as an open sewer
system due to the absence of industrial wastewater
collectors. Installation of adequate collector systems
should be considered as the priority issue to improve
water quality in the creek. This solution is especially
important for illegal connections and sewage discharges with no treatment.
• Effective control should be exercised around the effluent discharges of the organized leather tanning industrial district, mainly for two different industrial
zones and, especially, for that of the solid waste transfer station.
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• This study clearly demostrates the value of remote
sensing surveys to effectively observe the dynamic
changes in the land use pattern around the catchment
area and to design a better control policy for effluent
treatment and control. In fact, comparative evaluation
of 1993 and 2000 satellite images has indicated significant changes and a land use pattern effectively correlating with water quality deterioration. These observations suggest the use of higher resolution satellite images and, consequently, more detailed controls around
the catchment areas.
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SUMMARY

INTRODUCTION

Artificial Neural Network (ANN) is one of the popular
methods in optimization of complex engineering problems
compared to the classical statistical methods. ANN approximates non-linear input-output variables and finds an optimum correlation between these variables. Thus the structure
of the overall system is simplified. ANN function approximation is achieved by identifying the input-output pattern
pairs, using the following steps: (I) Selection of the neural
structure (namely the number of layers and that of neurons),
(II) Training of ANN using Back-Propagation (BP) algorithms. ANN coefficients can be trained as any system performance characteristics by monitoring test data. (III) Validation of the network to verify generalization capability.
In this paper, we have applied ANN for future prediction of air pollution in the European parts of Istanbul, especially focused on modeling of CO distribution. We have
used various real data parameters measured as daily means
at four different air pollution stations and one meteorological station. Since our problem is complex and includes
many variables, only stochastic contemporary approaches,
such as ANN, can be used. In this study we have preferred
MultiLayer Perceptron (MLP) type of ANN model. MLP
consists of input, output and hidden layers. Our MLP model
has 10 inputs, 22 hidden and 1 output layers. All main parameters affecting the level of CO are taken into account as
in other environmental models. The input parameters are
average pressure, temperature, humidity, wind direction,
wind speed, strength of sunshine, sunshine, cloudy weather
and rainfall, whereas the output parameter is the future
prediction of CO. The outputs of MLP are compared to
classical Linear Regression (LR) results. The trend of CO is
well estimated for training and test data. We concluded that
MLP is one of the compromising methods in estimation of
environmental complex air pollution problems.
KEYWORDS:
Air pollution, prediction, neural networks, CO, meteorology.

Automobile pollution comes from the products of
combustion processes (exhaust) and the evaporation of
the fuel itself. Because the combustion process is not
“perfect”, automotive engines emit several types of pollutants that cause regional / local effects. Carbon monoxide
(CO), hydrocarbons (HC), and nitrogen oxides (NOx)
constitute 84 %, 8 % and 6 % of the air pollutions from
traffics, respectively [1]. CO is a colorless and odorless gas
produced by incomplete combustion of carbon-containing
compounds and is an important component of air pollution
caused by traffic exhaust fumes from the exhaust pipes. CO
reduces the flow of O2 in the bloodstream and is particularly dangerous to persons with heart disease. As the number
of vehicles in metropolitan areas increased, the CO level
has also increased in the city atmosphere, especially at
locations where the volume of traffic is high.
Stable atmospheric conditions cause air pollution episodes in big cities [2]. Meteorological factors, such as
wind speed, wind direction, humidity, temperature, pressure, are dominant agents for the regional mixture of air
pollutants. Air pollution modeling and prediction have
great importance in preventing the occurrence of air pollution episodes or will provide sufficient time to take the
necessary precautions. Recently, neural network-based
models have been applied to predict pollutant concentrations. These models provide a better alternative to statistical models because of their computational efficiency and
generalization ability [3, 4].
Nagendra and Khare [3] presented a review study of
LSMs (Line Source Models) used in carrying out dispersion studies of vehicular exhaust emissions, based on deterministic, numerical, statistical and artificial neural network techniques. They reported that in recent years ANN
approach, particularly MultiLayer Perceptron (MLP), is
apparent in applications where full theoretical (deterministic and statistical) models cannot be constructed, and especially when dealing with complex conditions. Moseholm et
al. [4] studied the usefulness of neural network in under-
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standing the relationships between traffic parameters and
CO concentrations, measured near an intersection, which
was sheltered from wind by multi-storied buildings. In another work, Dorzdowich et al. [5] developed a line source
neural network model for estimating hourly mean concentrations of CO in the urban area of Rosario city. Eleven
inputs, e.g. vehicular flux-vehicles/hour (cars, taxis, median
vehicles, trucks and buses), wind speed, and direction, solar
radiation, humidity, pressure, rain intensity and temperature
were used for development of the ANN-based model. Using hourly NOx and NO2 values and meteorological data of
Central London, Gardner and Dorling [6] developed MLP
neural network models. The predicted results showed better
performance when compared with previously developed
regression models [7] for the same location.
In this study, CO concentrations are estimated using
meteorological variables as predictors by a multilayer
perceptron neural network (MLP) for the European part of
Istanbul. The performance of the MLP is evaluated by
comparison with results from linear regression (LR) models. The performance statutes are calculated over the
whole of training, testing data and compared to observed
and predicted CO concentrations.
MATERIALS AND METHODS
Study area and data

The study area is in Istanbul metropolitan city, which is
located at 41oN and 29oE. The Bosporus channel separates
this city into two parts, the European and the Asian side.
The total area of all parts of the city is about 5700 km2.
More than 40% of the heavy industrial activities of Turkey are located in Istanbul. The fast development of Turkish economy in the past 10 years has led to an increase in
the number of cars engaged in the traffic. This is especially true for Istanbul, the largest city of Turkey with a population up to 12 millions in 2000. The total number of motor
vehicles in 2002 was 7,366,450 in Turkey [8]. 21 % of
automobiles and 17 % of all vehicles in Turkey are registered in Istanbul [9]. For this reason, air pollution problems are important for this city.

Istanbul Greater Metropolitan Municipality, Directorate of Environmental Protection, has measured air
pollution and its improvement in the 10 stations, placed at
various points of Istanbul considering the topography of
the city since 1992. In this study, the daily CO data were
measured by 4 stations in the European part using the
principle of an infrared absorption Model 48 sensor produced by the Environmental Inc. Here, we used the average of CO concentrations from all station data. The daily
meteorological data were provided by Florya meteorological Station in the European part of Istanbul operated by
the General Directorate of the Turkish State Meteorological Services in Istanbul. Mean, minimum and maximum
CO values and meteorological data of the year 1999 are
listed in Table1.
Regression Analysis

Statistical modeling involves determination of the functional relationship between the input and output variables in
a system as given in [10]. The most common statistical
method is linear regression, which has the general form:
y = a + bx

(1)

where, for a set of observations, the dependent variable y is a linear combination of a constant a and an independent variable x with coefficient b. In multiple regressions more independents (x1, x2, x3, etc) with matching
coefficients are used and these are determined by the
ordinary least squares procedure.
In this paper, to predict CO concentration, Artificial
Neural Networks (ANN) based approaches - Multilayer
Perceptron (MLP) are compared to linear regression (LR)
analysis. Regression analysis is done for the estimation of
CO values and various meteorological parameters shown
in Table 1. In this study, the regression curves of CO were
calculated using SPSS 11.5 statistic program described as
LR1 and LR2 model, and are derived using various parameters in Table 1 as follows:
LR1: CO(t)=-14273-34.126*T(t-1)-53.008*C(t-1)+ 8.270*RH(t-1)+
15.138*P(t-1)+29.321*SUN(t-1)-1.240*SSUN(t-1)-55.656*WS(t-1)5.585*WD(t-1)+2.979*RF(t-1)+0.332*CO(t-1)
(2a)

TABLE 1
The minimum, average and maximum values of various model parameters during 1999 in Istanbul.

Parameter
CO
Temperature
Wind Speed
Strength of Sunshines
Sunshines
Relative Humidity
Pressure
Cloudy Weather
Wind Direction
Rainfall

Notation
CO
T
WS
SSUN
SUN
RH
P
C
WD
RF

Unit
ug/m3
o
C
m/s
Cal/cm2.min.
hour
%
mbar
mm

841

Minimum
28
0.6
0.4
21
0
50.3
995.7
0
WSW
0

Medium
898
15.7
2.10
311
7.08
74.81
1011.60
3.95
N-NNW
0.82

Maximum
3571
27.6
6.7
587
13.6
93.7
1030.7
10
NW
31.4
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LR2: CO(t)=3119.491-22.711*T(t)-53.328*C(t)+3.203*RH(t)1.172*P(t)-4.227*SUN(t)-1.373*SSUN(t)-167.889*WS(t)29.129*WD(t)+1.063*RF(t)+0.359*CO(t-1)
(2b)
where notation T is temperature, SSUN is strength of
sunshine, P is pressure, WS is wind speed, SUN is sunshine, RH is relative humidity, WD is wind direction, C is
cloudy, RF is rainfall at (t) and (t-1) instants.

often referred as dynamics. In general, the neuron could
be modeled as a non-linear activated function of which
the total potential inputs into synaptic weights are applied.
It is assumed that synapses can impose excitation or inhibition, but not both on the receptive neuron. The artificial
model of neuron consists of three elements. These are:
1. A set of synapses or connection links, each of which
is characterized by a weight or strength of its own.
Specially, a signal xj at the input of synapse j connected to neuron k is multiplied by the synaptic
weight wkj. Unlike a synapse in the brain, the synaptic weight of an artificial neuron may lie in a range
that includes negative as well as positive values.
2. An adder for summing the input signals, weighed by
the respective synapses of the neuron.
3. An activation function or transfer functions for limiting the amplitude of the output of a neuron.

In order to evaluate the, the performance of the MLP
and LR models three statistical indices were used Mean
Absolute Error (MAE), the Root Mean Square Error
(RMSE) and correlation coefficient (r) values that are
derived in statistical calculation of observation in model
output predictions, defined as:

MAE =

1 n
∑ oi − pi
n i =1

1 n
∑ (o i − p i ) 2
n i =1

RMSE =
n

r = 1−

(3)

∑ (o

2

i

i =1
n

∑ (o

(4)

− pi )

(5)

The neuron model could also include an externally
applied bias, denoted by bk. The bias bk has the effect of
increasing or lowering the net input of the activation function depending on whether it is positive or negative, respectively. Mathematically the neuron k will be described
by the following equations:
m

2

i

− o ʹ′)

u k = ∑ w k, j x j

i =1

where, oi is the actual CO with {i=1,2,n days} observations, oʹ′ is the average of CO concentrations, n is the
total observation number and pi is the predicted CO value.
Artificial Neural Networks

The neural models are based on the perceived work
of the human brain. The artificial model of the brain is
known as Artificial Neural Network (ANN) or simply
Neural Network (NN). Neural networks have many applications. Generally, however, the ANNs are a cellular
information processing system designed and developed on
the basis of the perceived notion of the human brain and
its neural system. The influence of one neuron and one
another changes by changing the effectiveness of the
synapses and so that learning occurs. Also note that the
rapid, efficient propagation of electrical and chemical
impulses is the distinctive characteristic of neurons and
the nervous system in general. The neurons operate collectively and simultaneously in most cases for all data and
inputs, which perform as summing and non-linear mapping junctions. In some cases they can be considered as
threshold units that fire when total input exceeds certain
bias level. Neurons usually operate in parallel and are
configured in regular architectures. They are often organized in layers, and feedback connections both within the
layer and toward adjacent layers are allowed. The strength
of each connection is expressed by a numerical value
called a weight, which can be updated. They are also
characterized by their time domain behavior, which is

(6)

j=1

where {x1,…,xm} are the input signals; {wk,1,…wk,m }
are the synaptic weights of neuron k. The activation function, denoted by f(net), defines the output of a neuron
which considerably influences the behavior of the network:

net = u k + bk

(7)

y k = f (net)

(8)

where, b k is threshold value and f is activation function. Three basic types of activation function are generally
used in ANN. These are:
Piecewise-linear function:

1 ⎫
2 ⎪
⎪
1
1 ⎪
> v > − ⎬
2
2 ⎪
1 ⎪
v ≤ − ⎪
2 ⎭

⎧
⎪1
⎪1
⎪
f v =( ⎨)v
⎪
⎪
⎪⎩0

842

v≥

(9)

Threshold function:

f(v) = ⎧

⎩

1
0

if

if

v ≥ 0 ⎫
v < 0 ⎭ (10)
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Sigmoid function:

1
1 + e − av

(11)

where a is the slope of the activation function.
In this paper, we have used Multi-Layer Perceptron
(MLP) model of ANN approach, because of the complexity
of our problem. MLP consists of input, output and one hidden layer as presented in Figure 1. The ellipse-shaped processing units in all the layers represent artificial neurons.
b1
w1(1,1)

x1

∑ ∫

w1(1,2)

.
.
.
.

.
.
.

∑ ∫

RESULTS

y

∑ ∫

.

Two different model studies were trained on the data
as shown in Table 2. Linear regression (LR) models were
developed using the same data upon which the multilayer
perceptron (MLP) models were trained. Furthermore, two
different input-output sets were used as in Table 2 and in
all sets were trained and tested for MLP and LR models. In
the first model structure, effective input model variables
were selected as 9 meteorological parameters, described in
Table 1 and CO concentration at “t-1” time and output vari-

w2(k,1)
bk

w1(i,k)

Input Layer

b1

w2(2,1)
.

.
.

∑ ∫
Hidden Layer

Output Layer

FIGURE 1
Structure of the three layer-MLP.

TABLE 2
Training data for multilayer perceptron (MLP) models and linear regression (LR) models.

Model
MLP1, LR1
MLP2, LR2

Input data
T(t-1), WS(t-1), SSUN(t-1), SUN(t-1), RH(t-1), P(t-1), C(t-1), WD(t-1), RF(t-1), CO(t-1)
T(t), WS(t), SSUN(t), SUN(t), RH(t), P(t), C(t), WD(t), RF(t), CO(t-1)

Output data
CO(t)
CO(t)

7000
CO-Yenibosna
CO-Besiktas

5000

CO-Esenler
CO-Sarıyer

4000
3000
2000
1000

Time (day)
FIGURE 2
The daily average level of CO concentration obtained by Yenibosna, Esenler,
Besiktas and Sarıyer air pollution stations in the European part of Istanbul in 1999.
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343

325
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289
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253

235

217

199

163

145

127

109

91

73

55

37

0
19

CO (ug/m3)

6000

1

xj

w2(1,1)
b2

.

x2

(12)

⎡ (X − X min ) ⎤
Xnorm = 2 * ⎢
⎥ − 1.0
⎣ (X max − X min )⎦

181

f (v ) =

The monitoring data during 1999 were designed to
meet the requirements of training and testing the neural
network. This data base in its original time series form
was divided into training and test sets taking the odd
numbered patterns as training data and even numbered
ones as test data. Various MLP models were tested
changing the number of neurons in the hidden layer between 2 and 30. Neural network is trained and tested
using MATLAB 6.0. All the data were normalized into
the range {–1.0, 1.0}. This was carried out by determining the maximum and minimum values of each variable
over the whole data period and calculating normalized
variables using the following formula:
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ables CO concentrations at “t” time. In the second model
structure, input variables include 9 meteorological parameters at “t” time and CO concentration of previous day and
output variable is CO concentration at “t” time. In both
model structures, namely MLP1 and MLP2, optimum
input, hidden and output layer numbers are found to be 10,
22, and 1, respectively. Figure 2 shows the distribution of
the daily averaged CO concentration level values obtained
from four air pollution stations located in different parts of
the European section of Istanbul. In this study, we used
data obtained as an average of four station output values.
In MLP approach, the effects of all input/output parameters can be evaluated and various outputs can be
obtained for different environments. In MLP, the number
of input/output parameters, number of neurons in hidden
layer and the type of non-linear activation function, learning rate, and Sum Squared Error criteria affect the performance of the structure. We have chosen sigmoid function in equation 11, which is found as the best optimization function in meteorological data by Boznar et al. [11]
and Gardner and Dorling [12].

The neuron number of the hidden layer is an important factor, whereas the number cascade-connected
hidden layer is not so effective. In our study, we have
compared various input, hidden and output layers for our
problem and proposed two MLP structures as MLP1 and
MLP2. We have altered the number of neurons for hidden
layer between 2 to 30. The best-suited model for both
MLP1 and MLP2 cases is found as 10, 22, and 1 corresponding number of neurons in input, hidden and output
layers, respectively. The learning rate is also found to be
0.1. The best performance of Sum Square Error (0.05) for
normalized CO concentration has been obtained for a
hidden layer neuron number of 22.
Scatter plots of CO observations (x-axis) against the
predicted values (y-axis) for the linear regression and the
neural network model are shown in Figure 3. Since MLP2
performance is better than MLP1 model, the seasonal
increment and decrement of CO for MLP2 model output
is only evaluated as shown in Figure 4.

MLP1 and LR1 Test Results

Predicted CO (ug/m3)

4000
3000
2000
1000
0
0

1000

2000

3000

4000
3000
2000
1000
0
0

1000

2000

3000

4000

Observed CO (ug/m )

Observed CO (ug/m3)

MLP2 and LR2 Training Results

MLP2 and LR2 Test Results

4000
3000
2000
1000
0
0

1000
2000
3000
3
Observed CO (ug/m )

: MLP ,

Predicted CO (ug/m 3)

3

Predicted CO (ug/m3)

3

Predicted CO (ug/m )

MLP1 and LR1 Training Results

4000
3000
2000
1000
0

0

1000

2000

3000
3

Observed CO (ug/m )

: Linear MLP,

: LR ,

: Linear LR

FIGURE 3
Scatter plots of observed CO concentration against predictions for
Multilayer perceptron (MLP) and Linear Regression (LR) models.
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TABLE 3
MLP and LR model performance statistics calculated over the whole of training
and testing data in 1999 comparing observed and predicted CO concentrations.
MLP1
trained
15.30
28.33
0.999

Statistical parameters
MAE (µg/m3)
RMSE(µg/m3)
r

LR1
trained
293.72
416.30
0.779

tested
565.29
763.92
0.545

MLP2
trained
17.97
29.41
0.999

tested
315.26
422.42
0.752

tested
470.82
636.01
0.564

LR2
trained
296.47
377.74
0.781

tested
300.65
422.73
0.775

10
0
10
9
11
8
12
7
13
6
14
5
15
4
16
3

91

82

Predicted

73

64

46

37

28

19

10

55

Observed

4000
3500
3000
2500
2000
1500
1000
500
0

1

CO concentration (ug/m 3)

Training

Time (day)

97
10
5
11
3
12
1
12
9
13
7
14
5
15
3
16
1

Predicted

89

81

73

57

49

41

33

25

17

9

65

Observed

3500
3000
2500
2000
1500
1000
500
0

1

CO concentration (ug/m3)

Testing

Time (day)
FIGURE 4
MLP2 outputs for (10, 22, 1) model structure (Training set and Testing set).

Model results can be compared using measures of error.
These are based on the deviations between predicted values
and original observations. The mean absolute error (MAE)
is the averaged absolute value of these residual values (Eq. 3)
and root mean square error (RMSE) is the square root of all
squared residuals (Eq. 4). Evaluation can also be undertaken
by considering measures of agreement, such as the Pearson
product moment correlation coefficient (r) values (Eq. 5).
Here, they are derived using regression observation and
model output predictions. These are summarized in Table 3
to obtain MLP and LR model performance. Table 3 shows

the performance statistics of the trained and tested networks
and regression for the same data when used to predict pollutant concentrations for 1999.
Table 3 has demonstrated that neural network models
for training are producing considerably better predictions
than linear regression models using the same input data. At
each model structure, the neural network training results
reduced MAE value as compared with regression outputs.
The same results were also observed for RMSE values.
However, the neural network testing results slightly in-
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creased MAE and RMSE. When comparing MLP1 and
MLP2 models for testing, MLP2 correlation coefficient (r =
0.564) is higher than MLP1. Thus we have shown only
MLP2 results as in Fig. 4. As a result we conclude that
meteorological parameters at “t” time and CO concentration at “t-1” time can be used effectively to predict CO
concentration at “t” time by using MLP2 model.
DISCUSSION AND CONCLUSION
In this paper, CO concentration in the European part
of Istanbul is predicted using MLP approach and compared to multiple linear regressions for the actually measured values. During the training period, the correlation
coefficient is calculated between MLP-predicted and
observed CO concentration as approximately 1 in all
model structure (described in Table 2). During the test
period, the correlation coefficient of MLP is 0.545 for
MLP1 model structure and 0.564 for MLP2 model structure. The best suited ANN model is found as (10, 22, 1)
corresponding to the numbers of neurons in input, hidden
and output layers, respectively. When MLP and LR model
statistic results are compared for training, MLP1 and
MLP2 have the best prediction CO concentration. Since
the elements of the climatic system are commonly nonlinear, irregular and highly complex and, as a result, linear
regression cannot represent this problem exactly. As a
result, ANN-based approaches can be considered as a
compromising approach in parameter prediction problem.
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SUMMARY

INTRODUCTION

Different groups of an ever increasing human population are bound to compete with each other in order to gain
access to natural resource reserves, which, in turn, are
decreasing in quantity and being degraded. Water is a
typical resource of that kind.
Therefore, the time has come for a deeper understanding of the need to sustainably and collectively manage our ‘common’ property of planet earth. Contrary to
the dark ‘tragedy of the commons’ prophecies put forward
in recent decades, the future dictates a much more rational
‘careful egoism’ approach which might save for us time,
effort, money and natural resources.
Greek and Turkish societies are two social groups
that antagonize each other in many ways, one of these
being the exploitation of oil in the disputed region of the
Aegean Sea. Are we able to collectively exploit this specific natural resource without frictions of any kind? Or
even better, could both societies decide that the possible
extraction of oil would lead to the pollution of the Aegean
Sea, contribute to the greenhouse effect and distract both
countries from developing alternative sources of energy?
Could they, therefore, willingly leave the available oil
unexploited?

KEYWORDS: Conflict resolution, natural resources management,
social contract theory, peace studies.

Natural resources and conflict

Humans and natural resources are intertwined in
many different and multifaceted ways. Civilization consists of methods by which water, wood, land, fisheries etc.
are managed and consumed by people in order to improve
their well-being. Unfortunately a lot of natural resources
cannot be exploited ad infinitum. Typical cases of these
non−renewable natural resources are oil, coal and natural
gas, all of them energy generating materials.
Natural resources can be obtained either from national territories or from extra−national territories, including
the ocean beyond the national jurisdiction (and the sea
bed beneath it). It is possible that this may also include
Antarctica and celestial bodies such as the moon [1]. All
nations depend on a continuous flow of food, fuel, metals,
water etc. in order to sustain themselves and improve their
standard of living, inevitably leading to the fact that only
very seldom any nation can claim to be self-sufficient with
regard to a particular resource.
When human carrying capacity of a specific area is
exceeded (i.e. when demand of a natural resource exceeds availability), then all human groups are bound to
defend their uninterrupted access to, for example, energy
supplies [2]. Traditionally, in pursuing that aim, contemporary states very frequently resort to war, especially in
cases where either the populations involved are too large
(or increasing very fast) or natural resources are increasingly degraded through misuse.
In other words, the argument was that an ever growing
worldwide demand for natural resources (which are not
sustainably managed) by an ever increasing human population is more than likely to end up in disputes, an overt
threat of aggression or even actual war [3, 4]. Indeed, war
is used to be a routine means to achieve national aims.
Consequently, a heightened level of competition among
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natural resources hungry nations might encourage them to
resort to armed conflicts [1].
A MORE OPTIMISTIC VERSION
These gloom and doom perspectives were later revised in the light of more precise and careful analysis of
empirical data, which, in turn, produced much milder
descriptions of environmental conflicts. As far as the
discussion concerns about water as a strategic goal, this
seems to be grounded in anecdotal hearsay rather than in
rational and empirically researched and verified arguments [5] and at least to date there has never been a single
war fought over water [6]. What seems to be more reasonable to argue in the light of empirical evidence, is that
incidents which may result in conflict are more likely at
the sub-national level [7]. As Tamir [8] remarks “Why go
to war over water? For the price of a week’s fighting you
could build five desalination plants. No loss of life, no
international pressure, and a reliable supply you don’t
have to defend in hostile territory”. Nevertheless, there is
no argument that water scarcity will have a prominent
place on the international agenda for the decades to come.
In the same spirit Lomborg [9] argues about the problem of food production and oil: FAO estimated (1970)
that 35% of the people in developing countries were
starving, but that by 1990 this percentage had dropped to
21%, i.e. about 840 million people. For the developed
countries again, growth rates of per capita agricultural
production was not lower in a recent 8-year period when
compared with earlier eight-year blocks. On the other
hand, Brown [10] tells us that American wheat yield has
not increased since 1983, indicating an approaching limit.
But then again, other researchers having reviewed the
FAO’s recent data suggest that the dynamics of food
production point in a somewhat different direction [11].
At the end of the day, we may not need a permanent increase in yields, given the fact that for some plants yields
are declining at a much lower rate than the declining
growth rate of planet population [9:127-132].
It is the same story for oil. Prices have not shown any
long-term upward trend over the last 20 years, production
and consumption remained stable (and high) since about
1980, yet our known reserves based on figures from the
Energy Information Department of the USA Department of
Energy seem to have slightly increased (!) rather than decreased in the period between 1960 and 2000 [9:134-137].
Of course, the above-mentioned (too?) optimistic
analysis of some aspects of the environmental plague
threatening the Earth, perhaps justified partly because of
the very narrow time scale examined, should not tempt
somebody into underestimating other possibilities of
emerging threats against our security either because of
pollution (the greenhouse effect, the ozone layer, acid
rain) or of mismanagement and/or antagonism over com-

mon natural resources, be it the Nile basin water or Aegean Sea underwater oil. All of these have emerged as major
challenges to humankinds’ welfare on our planet, especially after the end of the Cold War and the decreased
possibility of a nuclear war. At the same time, these very
challenges have influenced our security in some of the
unprecedented directions which are dealt with below.

TRADITIONAL AND
COMPREHENSIVE SECURITY
One of the seminal conclusions relating to security issues and environmental problems has been the difference
between traditional security political thinking and the
comprehensive security political thinking [12].
The first concept corresponds to the origins of the
modern state, which was perceived as the sovereign actor
in modern history, therefore, undertaking the duty to
ensure integrity of its territory and the sociopolitical organization of the nation living in it. The way in which
those parameters were defended was by the use of force,
mostly armed.
The predominance of this mentality is responsible for
the economic drain of a permanent war economy, which
prevailed until the 1990’s and had the consequence of
‘obliging’ the world’s nations to spend some 6 per cent of
their gross national product (GNP) on defense [13]. The
world’s total military spending declined, due to the end of
the Cold War, from about 1 trillion dollars (1987) to
about 750 billions (1994) [14].
Over the years this traditional concept of security
proved to be limited at best and redundant at worst and in
need of either substantial extension or radical revision.
For a number of reasons, armaments and powerful armies,
in general, cannot contribute in any way to reducing the
insecurity we feel from such threats as overpopulation of
the planet, mismanagement of natural resources, poverty,
hunger, ozone layer thinning and the greenhouse effect.
Rather it seems that the building-up and sustaining of
armies deprives development and environmental problems from resources, which otherwise might be used to
alleviate them. Moreover, in some cases if resources were
used to tackle either environmental problems or poverty,
some of the reasons for the defense of a/some nation/s
would simply be eliminated.
The international community gradually came to realize that basing security on military might actually decreases rather than increases feelings of security, thus
creating a vicious circle of suspicions and counterarmaments. Ironically, this results in increasing the likelihood of violent conflict, as both the highly militarized
Israeli society [14] and the attack against the Twin Towers of September 11th, tragically and spectacularly proved.
In other words, militarily pursued security functions
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against its own original goal and proves itself to be a
highly problematic notion. Ever increasing interdependence between different societies requires a qualitatively
different notion of security.
Therefore, the second concept, that of comprehensive
security political thinking, might arguably be the solution.
The central notion of this new approach is the collective
and international (rather than individual and national)
security, which has emerged as a common benefit [12].
Having referred to the two different security approaches, what are the prospects for witnessing the withering away of the first and the cultivating of the second?
What is the relationship between society, conflict and
environmental issues?
DEMOCRACY AND THE ENVIRONMENT
The states of the world are not governed in the same
way. In other words, their regimes are different and we
can divide them crudely into two broad categories: democracies and totalitarian regimes. There is a whole literature, beginning with Kant, claiming that democracies do
not resort to war between each other when they know how
to solve problems with dialogue. There is among theorists
strong support on the positive relation between democracy and environmentally rational management of resources. Payne [15] offered five reasons why democracy,
in an environmental context, is a better regime for ensuring environmental protection: Firstly, democratic regimes
unlike totalitarian ones tend to respect individual rights.
Therefore, environmentalists are able to circulate their
ideas with the least possible obstacles, to spread information and feel free to publicize and lobby for them in
order to transform them into legislation.
Secondly, in a democratic milieu the voice of citizens
has more possibilities to be heard, at least most of the
time, simply because governments want to be re-elected
and, consequently, they intrinsically tend to be responsive
to their electorate.
Thirdly, open political structures such as democracies
permit an internal exchange of information between scientists, politicians, technocrats and the public opinion.
This fact favors political learning of some kind, which in
its term promotes a mature way of policy making.
Fourthly, the democratic atmosphere makes international environmental cooperation more successful and
national governments more prone to listening to transnational pressure groups with a sympathetic ear.
Fifthly, and finally, the more informed and active the
public opinion is in a democracy, the harder it is for businesses to avoid criticisms for environmental offences
committed and confront efforts by citizens/consumers to
diminish the market share of the company, which indulges in actions damaging the environment.

THE TRAGEDY OF THE COMMONS
Hardin [16] belongs to that group of intellectuals who
put forward the rather pessimistic approach of the tragedy
of the commons. Drawing from the Social Contract Theory tradition they argue that people are only too reluctant to
engage in a cooperative effort in order to produce or to
sustain a common property. They try to evade paying
their share for cleaning a public space, for giving money
through taxes for national schools and hospitals, or for
decreasing CO2 emissions in order to avoid the greenhouse effect etc. All their efforts are designed to try and
take advantage of co-operations undertaken by their fellow human beings and then participate and “free ride” on
their achievements. In this way, people who manage to
avoid paying their taxes will take advantage of schools
built with their compatriots’ taxes and the USA might
“free ride” the planet by disregarding any of the consequences of their contribution to global warming, simply
by waiting for other countries to take action to limit their
CO2 emissions.
Against this rather gloomy perspective, more optimistic workers have shown the realistic possibility of a cooperative spirit permeating human communities, where
everybody can benefit from a collective act. During the
last decades we have seen agreements on prohibiting any
military activities and permitting only strictly scientific
research in Antarctica (1959 and 1993), on the regulated
exploration and use of outer space for the benefit and in
the interests of all countries, irrespective of their degree of
economic or scientific development (1967), on establishing the legal regime of the ‘exclusive economic zone’ of
coastal states (1982), on regulating exploration and use of
the moon in accordance with International Law and in the
interest of maintaining international peace and security
(1979), on limiting production and trade of CFC’s in
order to avert the ozone layer ‘hole’(1989), on trying to
limit CO2 emissions in order to avoid melting of the Polar
Ice caps and excessive inundation of huge areas of land
by the sea (1997, Kyoto protocol onward).
Can these kinds of agreements, known as “environmental alliances”, show a more co-operative way forward?
THE THREAT OF REDUCED
(OR LIMITED) NATIONAL SOVEREIGNTY
But before trying to elaborate on those alternatives
we have to take into account a parameter of major importance, inexorably intertwined with success or failure of
those “environmental alliances”, namely, the controversial notion of national sovereignty.
Some of the aforementioned conventions, agreements, protocols etc. have been faced with sometimes
insurmountable obstacles (a typical example would be the
Kyoto protocol), which limited their effective application
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due to the divergent character of national interests. Furthermore, at the end of the day the great danger perceived
by modern states is a possible constraint of their hard won
sovereign right [13]. And it seems more than possible that
any similar “alliance” in the future is bound to confront
similar reluctance to relinquish any of those rights of
governments. In the case of attempted “environmental
alliances” for instance, France resisted a Dutch plan for
international inspection of suspected pollution sites, West
Germany (before 1992) objected to the Secretariat of the
United Nations Economic Commission for Europe Proposal to inspect sources of sulfur dioxide pollution and
Brasil refused to consent to the formation of an international environmental agency monitoring the destruction of
the Amazon rain forest. All for the reason that to sign up
to such agreements would constitute a threat of intervention in what is perceived as their internal affairs.
National sovereignty is the supreme, absolute and uncontrollable power by which any state is governed, the
power to do everything within its borders without accountability, to make and apply laws, to impose and collect taxes, to make war or peace, and to form treaties with
foreign nations. That absolute freedom of action is definitely eroded by a nation signing an international agreement on pollution or access to resources. Agreement on
Outer Space or Antarctica, for instance, means forgoing
the traditional right of territorial acquisition by discovery
and occupation in exchange for peaceful access to and
conducting scientific research into that domain [17:28].
Nevertheless, the issue of trans-boundary resources and
pollution (but not only that) makes clear that absolute
sovereignty is an idea whose time has passed [18], mainly
due to the realization that in the case of exhaustion of
renewable resources - fishery stocks for example - everybody will suffer. A group of nations instead, deciding to
limit their sovereignty on fishing, can ensure a high enough
level of yearly fish yield by imposing among themselves
collectively agreed quotas. Moreover, developing countries
of the South, confronted with the first-come-first-served
rule, which obviously favors already developed nations,
adopt the common heritage principle in morally objecting
to the hegemony enjoyed by the North.

GREEK-TURKISH RELATIONS
Recent generations of Greeks and Turks (though, of
course, not only them) are unfortunately carrying a heavy
load of suspicion, fear and animosity against each other
because of basically more than one and a half centuries of
antagonism, mistrust, conflicting interests and wars between them. The creation of antagonism between the two
entities was the comparatively early transition of Greece
to the capitalist mode of production. Greeks, influenced
by the European ideas, started to feel superior both economically and intellectually to their Turkish counterparts.
They identified the West as representative of progress,

while at the same time attributed the Ottoman Empire and
Turks with underdevelopment and traditionality. Ambitions and motives to be rational, scientific and progressive
led to the construction of The European Greek “Self”, in
opposition to the traditional, static Muslim, irrational and
non democratic Turkish identity ready to interfere and
exert military violence at any time. This was the context
into which Greece opposed the full integration of Turkey
into the modern European system because of the fear that
civilized, modernized and economically advanced Turkey
would be a powerful rival.
But the end of Cold War and the emergence of new
political realities seem to be strong catalysts to a transition period of critical rethinking of the “Other” in both
countries. That new perspective grew out of feelings of
insecurity (the Balkan crisis increased nationalism and
intensified religious attitudes in Greece furthering the
political influence of the Church, whilst Turkey seemed to
lose the previous strategic significance for the NATO
alliance) and also a feeling of isolation from the European
Union. This was especially true for Turkey which, after
its exclusion from the list of prospective candidates for
EU membership (during the 1997 Luxembourg Summit),
seems to have experienced the most intense sense of isolation since the Second World War [19].
The Imia-Kardak crisis marked a turning point after
which relations between the two countries are now heading in a cooperative direction. That option was followed
consciously and intentionally by the then Greek government embarking on a process of critical re-thinking of its
foreign policy. That evolution included a profound restructuring of previous “identity commitments centered
on the belief that the nation is encircled by enemies” [20],
prevailing in both countries. Greece seemed to define its
interests differently. It stopped alienating Turkey by according the country such attributes as “barbarian”. Similarly, Turkey started to revise the stereotypical image of
Greece being the “spoilt child of Europe” with which it
used to portray its neighbor. This rapprochement process
culminated in an emotionally loaded atmosphere during
the 1999 earthquake in Turkey (during which the Greek
help to the Turkish population who desperately needed
assistance was more than idolized by Turkish media and
people) and the Helsinki Summit later on that same year
where Greece dropped its veto of Turkey’s EU candidacy.
Reciprocation by Turkey might be one of the problems ahead, especially related to issues like Cyprus or the
continental shelf, on the one hand, and a continued improvement in their record on human rights (including
Kurdish education and the abolition of the death penalty)
and a genuine effort to scale down military involvement
in politics, on the other hand. These are not entirely connected to the reciprocation process, but spring out of the
new “European” role expected of Turkey.
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COMPETITION OVER THE
AEGEAN SEA OIL DEPOSITS
The first Greek oil drilling took place in 1973, south
of Lemnos without any protest from Turkey. At the end of
1973, the Turkish government unilaterally conceded to a
Turkish company the right to conduct research into oil
deposits considered to be part of the Greek continental
shelf. But Greece protested. After the Greek military junta
exported the coup d’ etat to Cyprus which, in turn, activated the Turkish role of protecting the status quo and
invading the island (1974), a new Turkish ship −The
Hora− searching for oil, infiltrated the Greek continental
shelf near Lemnos and Lesvos, thus igniting the first
serious oil crisis between the two countries which subsequently led to the signing by the two states of the Bern
protocol. According to that protocol both governments
agreed to abstain from oil research in the disputed areas.
The most thorough report concerning possible oil deposits was conducted by the French company BEICIP,
commissioned by the then prime minister of Greece, K.
Karamanlis. This concluded that the most promising
amounts of oil were east and west of Thassos and between
Samos and Ikaria. The second area is part of the so-called
‘grey’ areas whose legal status is disputed by Turkey [21].
The second big oil crisis between Greece and Turkey
took place in March 1987 out of an alleged permit to drill
for oil in the contested territories conceded by Greece,
leading to the Vouliagmeni agreement (1988) signed by
both Özal on behalf of Turkey and Papandreou representing Greece, which froze any further oil exploration in the
Aegean Sea.
Today, more than 30 years after the first Aegean oil
drilling, we are still ready to walk into a possible third oil
crisis, undermining the much needed ‘honeymoon ‘period
(although this has not been without minor problems)
enjoyed by the people of both sides of the Aegean Sea.
Do we have an alternative?

and this, combined with the high degree of uncertainty,
discourages additional explorations and has influenced
Greek governments into importing natural gas from CIS
(former USSR) and Algeria for the next 25 years [24].
CO−EXPLOITATION SCENARIO
The first scenario is the co−exploitation scenario. But
this would require difficult negotiations in what is currently an underdeveloped political culture, which is still
inadequate for this kind of achievement. Despite the improvement in Greek/Turkish relations inaugurated during
the devastating 1999 earthquake, the present peaceful
atmosphere between the two countries is still fragile.
Nationalists of both sides are quick to condemn any low
profile political statements as nothing less than concessions of sovereign rights. There will always be the danger
that those nationalists would create a much more competitive climate when the prospect of the co-exploitation of
rich oil deposits should be realized. Furthermore, the
military controlled Turkish political life and the relative
lack of a democratic tradition points in the same direction.
Clear disadvantages of this scenario are definitely the
ecologically disastrous repercussions of drilling in several
parts of the Aegean and the colossal financial load accompanying them, which will ultimately be paid for by
consumers in the two countries.
THE AEGEAN BELONGS TO THE FISH!!
The second scenario is a common decision by both
countries to abstain from everything connected with oil
extraction for a number of reasons:

IS THERE ANY OIL
UNDER THE AEGEAN SEA?
Most probably there are no oil deposits under the Aegean Sea bed, worth the expense of locating them. In the
whole of Greece there “appears to be a lack of large structures that would allow big hydrocarbon (oil) accumulations” [22]. High seismicity of the area seems to be the
critical parameter precluding Saudi Arabian type oil or
natural gas sedimentary basins existing under the Aegean
Sea bed. Prinos oil field, near Kavala in Northern Greece,
peaked at 26,600 barrels per day back in 1984, but has
today declined to 2,500 barrels per day representing a mere
0.3% of the total oil demand in Greece [23]. Furthermore,
every exploratory drilling costs about 30 million dollars
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1. The pollution argument.
2. A more eco-centric approach to the problem might
be that we do not have the right to disrupt the life
of non-human beings without a carefully reasoned
and well-grounded moral justification. It may be
the right time to stand up for the intrinsic value of
nature as opposed to the instrumental one [25, 26].
There is an already flourishing philosophical tradition examining dilemmas between vital nonhuman interests and non-vital human ones. The dilemmas elaborated in the Environmental Ethics
framework invariably show that we should put
aside our secondary interests (more cars, more factories, further increase of an ever−increasing
standard of living) in order to serve vital interests
(i.e. sheer survival) of non-humans.
3. Development of the oil sector would seriously diminish financial resources, which otherwise might
be dedicated to the development of alternative
sources of energy having clear advantages com-
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pared to conventional ones: they would boost employment which is desperately needed given the
high unemployment rates in both the developed and
underdeveloped world. It would disentangle oildependent economies away from a natural resource
whose price notoriously fluctuates according to
Third World leaders’ whims and USA perceived
strategic interests expanding -after 1989- uncontested all over the globe. It would provide people on
both sides of the Aegean Sea with more say on their
everyday life and infuse the ethics of participation
in the decision making process. This would, in turn,
provide a first stepping stone toward more control
over their production of (wind or solar) energy,
compared to the difficult and complicated control
related to the geopolitics of oil.
In the second scenario cooperative potential would
not disappear, of course. Greek-Turkish companies might
be established and assigned the duty to produce and install equipment. Energy producing wind power units
could very well be exploiting the rich aeolic potential of
the Greek islands and their product transferred to the
energy-hungry east Turkish coast. The mentality is there1
(although expressing itself in the field of traditional energies) but we still lack the financial interests to concur and
commit ourselves to it.
Somebody thinking along the lines of win-win solutions of conflict might very well envisage a common project between the two countries launched in order to increase, and manage sustainably, tourism in both Greek
islands and Turkish Mediterranean cities. Such projects
might include eco-tourist travels integrating local history
and ecology and orientated toward a common understanding springing out of the similarities and differences between nearby communities, who unfortunately do not know
each other very well, consequently making both vulnerable
to manipulation by both countries warlike media. Cooperative will could lead both countries environmental officials
to start thinking about and design and implement bilateral
agreements on pollution control, which are really desperately needed.
CAN ENVIRONMENTAL COOPERATION
PRODUCE A MORE PEACEFUL WORLD?
There is a heated discussion about the possibility for
environmental cooperation to decrease the possibility of
friction between the nations. Can that kind of cooperation
be a preamble and a spur to a wider cooperation? Is it
possible that environmental cooperation will induce a
generalized peaceful interaction among other sectors of
social and political life?
1
Back in January 2001 Greek and Turkish officials, under the
aegis of EU, signed a memorandum for the construction of a natural
gas pipeline transporting it from Central Asia and via Turkey and
Greece pooling it into the European markets.

In other words, can environmental cooperation change
the strategic climate between states, “alter the processes of
bargaining between governments, change the perceived
costs and benefits that shape this bargaining, enhance
confidence in the benefits of cooperation or lessen prevailing barriers to collective action” [27:227] and, finally,
create a peaceful transformation of societal institutions and
trans-societal linkages? The answer is possibly yes [27],
provided that three parameters are taken into account:
uncertainty, reciprocity, and the future.
International relations researchers distinguish between
two kinds of uncertainty: Strategic uncertainty (i.e. incomplete information about each other’s attributes, preferences, intentions) and analytic uncertainty (i.e. incomplete
understanding of cause and effect relations in a particular
system, domain or issue-area). For instance, the Montreal
Protocol, in many aspects the most successful environmental accord ever, was delayed for more than ten years in
order to sort out a definite knowledge regarding the consequences for human health caused by ozone depletion,
instead of the conflicting results previously publicized.
Reciprocity arguably is a key element in international
relations. It is the “tit for tat” strategy, which was singled
out in the field of international relations as the most successful one [28]. It meant cooperating on the first move
and then copying what the other party had done in its
previous move [29:8]. Obstacles to reciprocity in international relations constitute the difficulty in diffusing it
across time and politically different fields (what we call
asymmetries). Almost any government will have a bad
time trying to convince its electorate of the necessity of
exchanging their current actions for their “enemy” future
action. Also difficult is declaring they will accept as payment an action in a far-removed political sphere. For
instance, promote trade relationships in order to influence
progress on human rights.
Cooperation can become easier when the “shadow of
the future” is long enough [29]. Actors should perceive
each other in a relationship, which is bound to keep them
regularly interacting for ever. The EU might be a major
catalyst in this case “persuading” both actors about future
almost certain gains, which would be a result of their
cooperation.
DISCUSSION
The doomsday predictions of the previous generation
of environmentalists and strategic studies` analysts concerned about natural resources scarcity and overpopulation as possible threats to war do not always seem to be
accurate and need to be moderated in the light of more
balanced approaches refined through empirical research.
Moreover, people show themselves to be capable of
elaborating a diversity of cooperative solutions in many
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cases proving “tragedy of the commons” type scenario
rather outmoded and in need of revision, its main disadvantage being that the regulating crises ingredient, namely
democracy, is actually missing altogether. Deutsch [30,
31] argued that increasing international transactions per se
produce mutual trust toward and closer ties with the
“Other”, posit values in a transitional convergent orbit
and, finally, lead to political integration of a higher degree. The powerful convincing argument (naïve and problematic according to its critics claiming that even collaboration between France and Germany after the second
World War occurred because of the American-led military unification of Western Europe) for the previously
exposed position is that exactly the -political this timeunification of all Europe can provide the impetus for
mutually advantageous cooperation between the two
countries to happen. Besides, Cold War`s extreme hostility (or the Israeli-Palestinian conflict of the present time)
are most probably unique cases and should not lead us to
abandon environmental security building due to its “inability” to stop such crises [27].
In any case the control factor seems to be the social
atmosphere. In the context of a militarized and violent
culture, limited natural resources will provide ample opportunities to fight, but provided a political will for peace
exists, resources will not block the way to cooperative
management along sustainability guidelines.
Globalization and the end of the Cold War, with the
all powerful interdependence ingredients accompanying
it, seems to encourage aspiration for a collective security
defense mode, more able to guarantee societal welfare
than the previous individual border defense model.
For that model to be realized, a technical pre-requisite
is more research to erase uncertainties about the oil content of the deep sea bed of the Aegean Sea, in order to
minimize analytic uncertainty.
As far as it concerns the strategic uncertainty, this is
only just beginning to diminish, as recent developments in
Greek-Turkish relations show. Reducing both aspects of
uncertainty might be a vital component of relaxing anxiety in the Aegean Sea, given the fact that most of the time
tension between the two countries fed on an argumentative exchange combining suspect scientific hypotheses
and deep distrust and suspicions about each other’s motives. The almost inevitable result of this was a period of
non-dialogue and even a reluctance to take the continental
shelf issue to the International Court of the Hague to seek
an acceptable compromise.
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SUMMARY
Manavgat and Side, constituting a small part of Manavgat River and Titreyen Lake regions located along the
southern coastal zone of Turkey, have been selected as
study area. The analysis of land-use changes and their
corresponding environmental impacts in the study area
were aimed. For this purpose, 1984 and 1987-dated Landsat TM, and 2003-dated SPOT HRV remotely sensed
satellite images were used. The results obtained from the
evaluation of satellite images were merged together with
ground data, analyzed using GIS and changes in land
cover and both Manavgat River and coastal line were
evaluated. Significant changes, namely the increase in
urbanization and decrease in agricultural area, occurred in
land cover type because of intensive tourism activities.

tion. Tourism is actually one part of the effort to achieve
overall sustainable development. Mediterranean region is
considered to be the most popular destination worldwide
with ca. 155 millions of tourists in 1990 and estimated to
reach 235-355 millions in 2025 [1]. In this area, tourism is
considered as a very significant economic activity contributing to foreign exchange and leading to further economic
gains. As a result, mass tourism, which brings in immediate economic gains, at the expense of long-term viability
in many occasions, has flourished, often been extensively
promoted by the national authorities [2]. Hotels, airports,
roads and vacation homes for tourism development cause
the greatest negative impact to the fragile coastal and marine ecosystems in the Mediterranean. Loss of biodiversity
and landscape attractiveness already affect a number of
tourist destinations throughout the region.
Tourism activities in the coastal regions of Turkey are
being focused in general, quite as similar as in the other
Mediterranean countries. The regional and local effects of
coastal tourism taking place in a wide spectrum are topics
being discussed in several platforms in detail.

KEYWORDS:
Visual attributes, remote sensing, coastal line, GIS, land cover.

INTRODUCTION
Sustainable tourism is a recent concept used to reflect
the need for a comprehensive analysis and management of
tourism both as business and experience. Sustainable tourism operates without damaging wildlife or the environment, and within the natural capacities for their renewal.
Sustainable tourism respects the rights of people in the host
country. Local people need to have an equal share in the
economic benefits of tourism, by offering accommodation
to tourists, for example. Tourism development should be
guided by local peoples’ wishes and they need to be directly involved in decisions about developments on their doorstep. However, this should not be the only considera-

In general, tourism activities around the coastlines
have the least environmental effects among the others causing direct and indirect impacts. On the other hand, increasing density, especially during the warm seasons, and nonuniform structure of tourism in the annual base indicates
that these kinds of activities will bring environmental problems together. It should not be forgotten that a clean and
safe environment is one of the main components of tourism. Because tourism occurs in environmentally fragile
areas rich in biodiversity, its impact on the environment is
undoubtedly significant. Large-scale mass tourism is one of
the main forces behind the ecological loss and destruction
in the southern coastal part of Turkey, particularly in
coastal and marine areas that still maintain high natural
value and are important to safeguard biodiversity. Through
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inappropriate practice and development once pristine locations have been damaged, sometimes beyond repair [3].

The main reasons for selecting this area are rapid changes
parallel to increase in tourism activities since 1984.

During the last two decades, tourism became one of the
most important sectors in Turkish economy. Nowadays,
bed capacity in tourism increased very rapidly and placed
Turkey as the 16th in the 40 most development countries in
tourism, being capable to host about 15 million tourists
easily in tourist accommodation centers (8 million tourists
visited Turkey in 2001). More than 80% of tourists’ movement in Turkey took place at the Mediterranean cost [4].
Probable environmental impacts of tourism activities are
highly important for the sustainable management of the
coastal regions.

Data Sources

In this study, remotely sensed data and standard
topographic maps of scale 1:25000 have been used as data
sources together with ground truth studies that have also
been carried out. For the analysis of land-use changes, the
LANDSAT5 TM data from 1984 and 1987 have been
used together with SPOT HRV data taken in the year of
2003. The features of satellite sensor data were used is
given in Table 1.

Therefore, satellite sensor data have been widely applied and recognized as a powerful and effective tool in
detecting land-use and land-cover changes [5-12]. This
data collection provides cost-effective multi-spectral and
multitemporal data, converts them to information valuable
for understanding and monitoring land development patterns and processes, and to build land-use and land cover
data sets. Satellite imagery has been used to monitor discrete land-cover types by spectral classification or estimate biophysical characteristics of land surfaces via linear
relationships with spectral reflectance or indices [13].

TURKEY

Additionally, Geographic Information Systems (GIS)
techniques are widely used to analyse different characteristics of the landscape. Remote sensing and GIS-based
change detection studies have predominantly focused on
providing the knowledge of how much, where, and what
type of land-use and land-cover changes has occurred.
In this study, the main objective was to assess the
change in the visual attributes of the landscape using
techniques of Remote Sensing (RS) and GIS. The landscape of the study area has witnessed dramatic changes
during the past few decades because of the increasing
economic benefits of the coastal zones. This may have
direct impact on the visual quality of the landscape.
Therefore, an approach of preparing remotely sensed data
is carried-out to delineate different units. Different visual
attributes, such as land use/cover diversity, were selected
for the study. These attributes can be considered of great
value in measuring the visual quality of the landscape.

MATERIALS AND METHODS
This study was carried out in several stages. These
are mainly data selection and pre-processing, units identification, attributes definition, building the databases representation of analysis and results. Manavgat town, which
is one of the important tourism areas is located along the
southern coastal zone of Mediterranean Sea, and Side
town that belongs to Manavgat have been selected as the
study area (Fig. 1.), being approximately 9,256 hectares.

FIGURE 1 - Study area.
TABLE 1 - Information about
satellite sensor data used in this study.
Image
LANDSAT 5 TM
SPOT 4

Date
1984
1987
2003

Spatial
Resolution (m)
30 x 30
120 x 120 (6. band)
20 x 20

Number
of Bands
7
3

Image Processing

Satellite sensor images are rectified using image to
image registration methods and geometrically corrected to
the coordinate system using Universal Transversal Mercator (UTM) projection system with 0.5 pixel RMS accuracy [14]. In this study, the Iterative Self Organizing Data
Analysis Technique (ISODATA) unsupervised classification algorithm was used [15]. In the classification process,
classes were determined in accordance with Andersen
Level 1 [16].
Geographic Information Systems (GIS)

A geographic information system (GIS) offers the
possibility of structured data management and access. In
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this way, efficient and objective analysis procedures can
be applied to the data. Within GIS, objects are being built
by linking spatial data (points, lines or polygons that are
defined by geometry and topology) with semantic information. A GIS can be used to answer different queries
depending on the data stored in it and allows also their
analysis and derivation for further knowledge from the
data set [17, 18]. In this study, ArcView has been chosen
as GIS software.

RESULTS
Data obtained by the evaluation of remotely sensed
data are transferred to GIS and analyses were realized
based on the overall general land-cover, Manavgat river
bed and Titreyen lake data.
Land Cover

To examine the overall land-use classification of the
region, satellite images were classified. According to the
aim of the study, areas covered with water such as sea,
lake and river, were put in the same class named as water.
Besides the water class, sandy areas, agricultural lands
and bare soil areas, settlement areas and forests are the
other classes, which represent the total land-cover. Classification results of the images are given in Figure 2 that
shows the major increase in the settlement areas. These
results indicate a parallelism with the increasing tourism
activities after 1980.
Areal distribution of land-cover classes obtained
from satellite data are given in Table 2.
TABLE 2 - Classification results.
Class
Forest
Water
Agricultural
land and
bare area
Settlements
Sand
Total

1984
ha
983
2388
5451

%
11
26
59

1987
ha
970
2388
5378

%
10
26
58

2003
ha
983
2377
5206

%
11
26
56

132
302
9256

1
3
100

222
298
9256

2
4
100

390
300
9256

4
3
100

The major changes occurred in the settlement areas
and bare-land classes, but no significant changes were
evaluated for the forest class since 1984. These changes
occurred to be negative and the total agricultural area was
decreased by 3% between 1984 and 2003. If the study is
concentrated on the coastal line and city centers, this
percentage would be much higher. There is a parallelism
between the population increase in the city center of Manavgat town and that in the land-use classes obtained
from satellite images as shown in Fig. 3. Population
changes both in Turkey and Manavgat town are given in
Table 3.
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FIGURE 2 - Classification results.
TABLE 3 - Population of the study area.
Population
1990

2000

Population increase in
10 years (%)

Manavgat

118 897

199 385

5.2

Turkey

56473035

67803927

1.8
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years 1939-1996 was about 999,796 m2. About 98 % of
the progradation occurred with a rate of 22,220 m2/yr
before the construction of the Oymapınar dam in 1984
and that of the Manavgat dam in 1986. The rate of progradation after 1984 was reduced to about 8,580 m2/yr.
Under prograding and retrograding conditions, a progradation of 22,080 m2 has been occurred between 1984 1996 [19].

Settlement Area (ha)
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FIGURE 3 - Population and settlement area of Manavgat.

Rapid increases in the urbanization of Manavgat town
was analyzed using GIS as given in Fig. 4.

FIGURE 5 - Manavgat River.
Titreyen Lake

FIGURE 4 - Manavgat city plan.
Manavgat River

Manavgat River digitized on the satellite images that
were taken at different time intervals were compared.
Morphological changes in different parts of the river
could be analyzed. Oymapinar Dam which was built in
1984 could be shown as the main reason for these dramatic changes presented in Fig. 5.
The length of Manavgat River is about 93 km. It arises from Taurus Mountains and is fed with many streams
while passing through Manavgat plain before meeting the
Mediterranean Sea.
The construction of the Oymapınar and the Manavgat
dams in the years 1984 and 1986, respectively, greatly
reduced sedimentation in the Manavgat delta, but caused
erosion in the southwest side of the Titreyen Lake at a rate
of 1,125 m2/yr. From 1984 to 1996, an area of 13,500 m2
was eroded, and the western part of the delta became
retrogradational. The total amount of progradation in the

No significant changes could be observed from evaluation of the satellite images. But during the last two
decades dramatic changes have been evaluated at Titreyen
Lake located in the southern part of Manavgat River. The
connection between Titreyen Lake and the Mediterranean
Sea has been closed and the lake has become an inner
one. Because of this reason, its ecosystem was completely
corrupted, water quality has been almost changed and the
lake surface has been completely covered by rapidly
growing rushes. Changes of the lake characteristics can be
easily expressed with the digital reflectance values of the
lake water, remarkably differing from those of the river
and sea water. In the 1 band of Landsat TM satellite image dated 1984, where the connection between the lake
and the sea still existed, the reflectance values changed
between 65 and 70, whereas 1987 when connection was
removed, they were around 77-82.
It has to be considered that the water of Titreyen Lake
was renewed from time to time prior to lake-sea connection removement, because of the wave-runoff during
storms this salty sea water with a high level of oxygen
could pass over the beach and be discharged into the lake.
As the salty water was heavier than the lake`s fresh water,
it dived to the deeper parts of the lake. As a result of this
fact, fresh water level was increased and either joined the
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sea or leaked into the ground. Because of the small size of
the lake and diffusion effects, the mixturing process between the layers was realized very slowly and the twolayered water mass with different characteristics was
exposed and ecologic life replenished. The connection
removement between the lake and the sea has led to the
disappearing of ecologic life. The water level of the lake
is approximately 60-70 cm higher than that of the sea;
therefore, it is not possible for the sea water to leak into
the lake. Changes in Titreyen Lake obtained from satellite
images at different dates are shown in Fig. 6. To get reliable information for such small areas like Titreyen Lake,
satellite sensor data with higher resolution should be used.

important agricultural area due to its fertile soil and climatic conditions. The study results indicate that increases
due to urbanization and tourism will negatively affect the
agricultural lands. Due to dam constructions and urbanization significant changes occurred in the Manavgat river
bed. Furthermore, removing of the connection between
Titreyen Lake and the Mediterranean Sea makes it impossible to clean the water of the lake. All these diagnoses
indicate such changes in the ecosystem, which can be
realized all over the world, especially in tourism areas.
Therefore, all these above parameters should be arranged
and evaluated together in the future to avoid, even though
tourism is important for a country’s economy, that its
activities affect the environment negatively. A GIS contains all necessary up-to-date information obtained from
satellite sensors and would be helpful for planning purposes, decision making, but also monitoring and control
of the sensitive areas, especially in the coastal regions.
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SUMMARY
In this study, the temporal changes of sensitive areas
such as shorelines, wetlands, and rivers of Beysehir Lake
were determined by means of 1st October 1987 and 4th July
2000 Landsat 5 TM satellite sensor data. Digital image
processing techniques were conducted for the processes
of image enhancement, manipulation, registration and
classification for digital change analysis. Sensitive areas
were digitized from both images. The obtained results
were compared with each other, visualized and analyzed,
using Geographic Information System (GIS). According
to the results, it could be observed that the area of the lake
is decreased by around 2%, that of wetlands increased by
38 % between 1987 and 2000. Also the water above sea
level has been decreased from 1123.05 m in 1987 to
1122.12 m in the year of 2000.

KEYWORDS:
Lake shore management, wetlands, GIS, Remote Sensing.

Protection of naturally sensitive areas is very important for
sustainable development of ecosystem and changes around
these different kinds of areas should be defined precisely.
On the other hand, it is a known fact that the lake water levels changed during a long period. Human activities
also affect lakes’ hydrodynamics and may create coastal
flooding initiated by dramatic changes in response characteristics against hydrological phenomena with water level
fluctuations. The major hydrologic problem is the determination of water budgets of lakes as well as various
terms in their budget equations. For the lakeshore management information about these effects should also be
considered. Remote sensing techniques offer benefits in
the field of land use/ land cover mapping to analyze the
dynamics of their change. One of the major advantages of
remote sensing is its capability for repetitive coverage,
which is necessary for change detection studies at global
and regional scales.

Lakes are one of the most important components of the
nature with their sensitive and dynamic properties hidden
under their stationary surface, but are affected easily by
external factors because of their properties. Lakes are under
pressure from human activities, such as recreation, agriculture etc., increasing particularly in the last decade.

With the availability of digital multi-spectral remotely sensed data and the developments in digital processing,
remote sensing supplies a new prospective to determine
the extent and kinds of changes in land cover and land
use. Change detection is the process of identifying differences in the state of an object or phenomenon by observing it at different times [1]. There is a definite need for
change detection procedures that will automatically correlate and compare two or more time sets of imagery taken
of the same area and display the changes and their locations to the interpreter [2, 3].

Some parts of the lake shores consist of reeds and wetlands, which are crucially important for natural life and
ecosystem within their wide morphological spectrum including soft sand to hard rock properties for vegetation. In
order to enlarge and/or to gain the field for urbanization and
agricultural activities by draining or filling of sensitive areas
causes permanent changes of the natural environment.

The obtained results from change detection processes,
which use only maps or GIS coverages produced from
maps, are not reliable. There might be some differences
between the map sheets, which belong to same area. Differences between maps might occur due to some factors,
such as deformation of map sheet or/and scanning and
digitizing errors. A more powerful method of change detec-
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tion incorporates the analyses of remotely sensed imagery
and/or field examinations using Geographic Information
Systems (GIS) [4].
MATERIALS AND METHODS
Study area

The Beysehir Lake, which is the largest freshwater
lake and drinking water reservoir in Turkey, is located
between the Beysehir (Konya) and Sarkikaraagac (Isparta) townships and has been selected as study area (Figure
1). This lake is the most important drinking and irrigation
source for the Central Anatolian region and lies at an
altitude of 1121 meters and is a tectonic subsidence lake.
The area of the lake is approximately 656 km2 and it has a
circumference of 45 km. The average depth of the lake is
only about 6 m, with the deepest parts reaching 11 m. The
population of the whole area is 106000, whereas that of
the center of Beysehir town is 35000. The climate of the
study region is continental. The water of Beysehir Lake is
used for several different purposes, such as agriculture,
fishery and discharge of wastewater.
The dynamics of underground inflows and outflows
at the north-western part of Beysehir Lake affected the
water balance. Precipitation and water level of the lake
measured in 1987 and 2000 are given in Table 1. These
measurements have been done by the State Hydrological
Works (DSI) and State Meteorological Works (DMI).
TABLE 1
Precipitation and water level of Beysehir Lake.
Date
October 1987
July 2000

Precipitation (mm)
20.5
0.0

Methodology and data

In this study, investigation of changes on land use and
shoreline of Beysehir Lake by means of Landsat Thematic
Mapper (TM) was aimed. The data acquired on October 1,
1987 (Fig. 2a) and July 4, 2000 (Fig. 3a) were used as
remotely sensor data. Together with these satellite images, 1/25000 scale topographic maps and existing land use
maps were selected for analysis. In order to extract
land/water interface, digital image processing techniques
were performed including image enhancement, geometric
correction and classification from the multi-date and multi-sensor satellite data.
On July 04, 2000 the Landsat TM image was rectified
to a common UTM projection system based on 1/25000
scale topographic maps of the region using a first-order
polynomial method. During image registration the nearest
neighbour re-sampling algorithm was used, the root mean
square error (RMSE) with 0.47 pixel. On October 01,
1987 the Landsat TM image was transformed to the same
coordinate system by means of the rectified 2000 Landsat
TM image date using the same re-sampling method with
0.49 pixel accuracy. Landsat TM images were enhanced
using Principal Component Analysis (PCA) enhancement
technique to improve the interpretation of images (Figs.
2b and 3b). A moderate 3x3 convolution edge enhance
filter was used on each band to slightly sharpen the land/
water boundary for further processing [6]. Sensitive areas,
such as shorelines, islands, wetlands and rivers, were
digitized from two images taken at different dates. Digitizing has been carried out on the 5th band of Landsat TM
data from two different date images. The areas of islands
have been calculated as average values (Table 2).

Water Level (m)
1123.05
1122.12

TABLE 2
Average areas of islands.
Name of Islands
Mada Island
Kilise Island
Esek Island
Igdeli Island
Orta Island
Aygir Island
Kizil Island
Keltas Island
Hatibin Island
Helimin Island
Tek Island
Hacı Akif Island
Yılan Island
Telkenli Island
Kıztıfan Island
Akburun Island

STUDY AREA

FIGURE 1 - Study Area.

Island Area(ha)
821.0
1.0
20.8
291.9
224.8
109.9
8.7
13.6
4.5
8.5
8.2
282.4
1.4
74.8
3.6
29.2

Unsupervised ISODATA (Iterative Self Organized
Data Analysis) classification algorithm was applied on the
Landsat TM bands 3, 4 and 5 for land/water discrimination of the study region. Land and water classes were calculated from the classification results (Figs. 2c and 3c).
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a

a

b

b

c

c

FIGURE 3
a - 4th July 2000 Landsat TM orginal image,
th
b - 4 July 2000 Landsat TM PCA result,
c - 4th July 2000 Landsat TM classified image.

FIGURE 2
a - 1th October 1987 Landsat TM orginal image,
b - 1th October 1987 Landsat TM PCA result,
c - 1th October 1987 Landsat TM classified image.
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The overall accuracy of the classification is finally obtained by the computation of the confusion matrix to assess
the reliability of the prepared maps. Classification of water
is usually much more successful than that of most land
cover types. In this study, the classification accuracy
assessment of land/water discrimination was calculated as
95 % done with land use. The edge between water and land
was enhanced, classified and cleaned. Subset land/water
files were converted to vector polygon files using raster-tovector conversion software creating connected points
(lines) along cell boundaries (i.e. the land/water edge).
ERDAS Imagine 8.4 software has been used for image
processing and raster-to-vector conversion. Information
obtained from image processing was used for overlay analyses.

portant to determine and monitor the ecological balance
of the lake and its surrounding area.

GIS offers the possibility of a structured data management and data access. In this way, efficient and objective
analysis procedures can be applied to the data. A GIS can
be used to answer different queries depending on the data
stored in it. The system allows also the data analysis and
derivation of further knowledge from them [7]. Within
GIS, objects are being built by linking spatial data (points,
lines or polygons that are defined by geometry and topology) with semantic information [8]. In this study, ArcView
has been chosen as GIS software.

0 km

10 km

FIGURE 4
Comparing of lake’s wetlands and rivers between 1987 and 2000.

RESULTS AND CONCLUSIONS
The temporal changes in land use/ land cover of Beysehir Lake due to natural and human activities and their
impact on the environment were observed effectively
using the satellite sensor data.

Beysehir

There are 16 small islands in the Beysehir Lake. The
areas of these islands, the shoreline of the lake and the
areas of wetlands have been changed between 1987 and
2000. According to the classification results, the lake`s area
decreased from 66317 ha (1987) to 65261 ha (2000). While
the total area of wetlands was calculated to be 3572 ha
from the digitized satellite image results dated 1987, in
the image of 2000 it was calculated as 5751 ha, indicating
an increase by 38 % in the time period from 1987 to 2000.
The image can be mapped or visualized with other
data, measurements can be taken, and a variety of spatial
analyses could be carried out by using GIS technique (see
Figs. 4 and 5).
While the total area of the islands in the lake was calculated to be 1895 ha obtained from enhanced image in
1987 by means of digitizing, this value also increased to
1913 ha in the year of 2000. It is quite useful to have reliable information for monitoring, management and planning
with regard to the lakes. Unfortunately, a few data for the
four islands, whose areas are larger than 200 ha, is available from previous studies. Derivation data of small islands
not to be seen on the standard topographic maps were
found out from satellite images, which are highly im-

Beysehir

0 km

10 km

FIGURE 5
Comparing of lake’s shoreline between the year of 1987 and 2000.

Temporal data obtained for the lake’s islands were
transferred into GIS. When the temporal changes of these
16 islands have been analyzed, Yilan and Kilise islands,
each with an area of about 2 ha and clearly to be seen on
the image of 1987, have disappeared in that of 2000. All
these islands can be classified as sensitive areas, and this
idea has been additionally supported by the measurement
of the surface water level of the lake done by DSI. It has
changed from 1123.05 m at October 1, 1987 to 1122.12 m
at July 4, 2000. But also the area of the close shoreline of
the lake has been changed by 2 %, using the digitized data
from satellite images for calculation.
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In this study the capabilities of remote sensing and
GIS techniques were used to define and find out the Beysehir Lake`s sensitive areas, which could not be seen on
traditional data sources like topographic maps.
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SUMMARY
This case study was carried out with the overall objective to expose a strategic wastewater management
system for the coastal area of the municipality of Kumburgaz, located in a sensitive rural area in Istanbul. The
sewage in Kumburgaz is collected with a separate system.
The existing network was constructed about 20 years ago.
The collected wastewater is discharged into the sea from
7 different points without any treatment causing pollution
at the shoreline and that is harmful for the tourist destination character of the city. The city might loose this status
if the necessary precautions are not taken. The present
situation was investigated in this study and treatment
alternatives for Kumburgaz were discussed with respect
to the operation and maintenance. The cost analysis was
also performed showing that the connection of the Kumburgaz sewage to the existing pre-treatment system in
Buyukcekmece (Istanbul Water and Sewerage Administration - ISKI) and deep-sea discharge would be the better
alternative.

KEYWORDS: Kumburgaz, wastewater management, coastal
area, pre-treatment plant.

INTRODUCTION
Pollution problems caused by small wastewater flows
are usually restricted to small areas, however, in view of
the high per capita costs, treatment requirements and
alternatives have to be studied carefully. In comparison to
larger plants, more pronounced and different boundary
conditions, such as load fluctuations, operation and
maintenance problems, per capita costs, and a large variety of feasible treatment and disposal systems ask for experienced engineers with a broad and sound knowledge in
rural water quality management. The technical alternatives reaching from mechanical and simple biological low

rate systems such as ponds, sand filters and reed beds to
complex high rate suspended and fixed biomass reactors
have to be evaluated regarding plant size, operation safety, reliability, demand for skilled personnel, investment
and operation costs [1].
In many countries more than 80–95 % of the population is connected to wastewater treatment plants. Problems mostly arising from small pollution sources are still
waiting for a solution. Although the population from small
wastewater flows is usually very local, the number of
plants still to be constructed is tremendous, and considerable financial efforts from the individuals connected to
small treatment works have to be raised. The management
of wastewater at rural areas not connected to a sewer
system should be environmentally, socially and economically sustainable. In Turkey, 45 % of the total population
is not served by sewer systems. Also, 28 % of the municipalities are served with septic systems. Thus, when the
total population is considered, only 10 % of total
wastewater is treated in Turkey. In other words, about 87
% of domestic wastewater is given to the receiving medium without any treatment [2].
Therefore, the present situation for Kumburgaz is investigated in this study and treatment alternatives were
discussed with respect to the characteristics of the sewage. The cost analysis was also made.
METHODS
The Study Area

Kumburgaz is a tourist destination at the Marmara
Sea shore and 50 km away from Istanbul (Figure 1). Due
to that fact, there is a big difference between the summer
and winter population of the town. The settling area is
vast and sloped. While its summer population is almost
40,000, its winter population is only around 10,000. Kumburgaz is constituted of two parts because the E-5 high-
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way goes parallel to the shore and divides the town into
two parts. The lower part of the E-5 highway has the
shore and the facilities. The upper part of the road is surrounded by farmland. This fact shows that there is heterogeneity in sewage characterization.

FIGURE 1 - Location of the Kumburgaz

The sewage collection system in Kumburgaz is a separate system with a wastewater collection basin of about
484 ha [3]. It consists of (1), the network that collects rain
and water from the farmlands, and (2), the network that
collects industrial and residential sewage. Collected sewage, water from the farmlands and rain water are discharged to the sea from 7 different locations without any
treatment. In view of the relatively high per capita costs
resulting from small wastewater treatment plants, it is
important to define actual or future problems arising from
small wastewater flows, and, based on this, to approve the
necessary treatment requirements.
RESULTS
In many countries, treatment plants and on-site solutions are only chosen if the connection to the next larger
treatment plant is not practical, not appropriate and does
not demand too much financial effort from the individuals.
In some regions of Switzerland, for instance, sewage connections are forced to maximum costs of up to 4.000 US $
per capita. With sewage conduits, preferably in the form
of low diameter polyethylene pipes, substantial improvements in quality, reliability and economy were achieved,
which enlarge the domain where sewage collection systems
are the more practicable and economical solution. Taking
into account additional features, such as better performance, better operation and control, centralized sludge
handling of larger plants, the authorities tend to prefer
appropriate collection systems even when the costs are 15 20 % higher than individual solutions with small treatment plants. This is confirmed by an example where evaluated wastewater management in a rural area of Austria
with the help of a multi-objective planning method is
given [4]. Studies on various treatment options in Japan,
including sewer system to larger plants, revealed that on-

site treatment is practiced in areas where the population is
on average below about 9.5 houses/ha [5]. On the other
hand, more reliable treatment systems considering the
aspects of easy operation and maintenance and minimized
construction costs by careful cost comparison and evaluation and, in some cases, by standardization are increasingly in favour of small treatment units [6].
By analyzing the sewage system, there are three applicable alternatives for Kumburgaz. These are connection to Buyukcekmece pre-treatment, design of a new pretreatment plant for Kumburgaz, and construction ponds.
The first alternative is that Buyukcekmece pre-treatment
and deep sea discharge plant has 155.120 m3/day project
capacity. The plant was finished in 1998 as a pre-treatment
plant [3]. But it has not been worked at the optimum capacity because the collection system has not finished yet. By
2010, a secondary treatment plant will be in service. Later,
the third treatment step is going to be established. After
pre-treatment, the wastewater is discharged to the Marmara
Sea by twin pipe lines. The pipe line in a depth of 40 m is
1800 m long and has a diameter of 1600 mm [3]. The sewage has to be transferred 9 km far to the Buyukcekmece
pre-treatment plant and would be released to the Marmara
Sea with a deep sea discharge after the relevant treatment
steps. The second alternative is that a new pre-treatment
plant would be built in a suitable location in Kumburgaz
and the sewage would be released to the Marmara Sea like
in the first alternative after going through treatment at this
facility. The third alternative is that ponds construction. As
mentioned before, Kumburgaz is constituted of tourist and
farmland areas. Farmland of Kumburgaz is very productive. Furthermore, water from the rain collection system
might be stored in tanks or ponds and may be used at the
farmlands when necessary. Unused rain water should be
discharged with connection to the deep discharge system. A
series of laboratory experiments have been carried out to
understand the pollution level. For this purpose, two samples were taken from Kumburgaz sea water. The sample
points, which were 100 m far from the discharge points, are
shown in Figure 2. Total and fecal coliforms` values at
Kumburgaz, Turkish Water Pollution Control Regulation
(TWPCR) and Blue Flag Standard values are given in
Table 1 [7, 8].

FIGURE 2 - Mesaruments points in the coastal zone of Kumburgaz.
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DISCUSSION

wastewater flows within a catchment area depends strongly
on the population density and the settlement pattern.

Because of many problems a lot of small towns have
not constructed and/or operated their wastewater treatment plants properly yet. The economic status of these
small towns is very important and may enlarge the problem to make investments for infrastructure. The other
problem often is distributed settlement, which makes the
costs of infrastructure higher.
As can be seen from Table 1, shoreline sea water is
under the wastewater pollution risks. This unwanted pollution in the shoreline is harmful for the tourist destination character of the city. When the measured values are
compared with TWPCR and Blue Flag Standards, it can
be seen that they are higher than those of the related regulations and standards. Therefore, the city might loose that
status if the necessary arrangements are not taken. Some
wastewater disposal alternatives must be now considered
and the best alternative should be chosen for Kumburgaz.
The distance between wastewater discharge points and
coastal border is a very important parameter and some
environmental problems may occur due it. Three different
levels of pollution problems are distinguished (Table 2),
which may help to classify the necessary processes and
fulfill the requirements. The importance of small

As already mentioned before, there are three applicable alternatives for Kumburgaz wastewater disposal,
namely connection to Buyukcekmece pretreatment plant
(ISKI), a new pre-treatment plant for Kumburgaz, and
construction of ponds. In other words, costs, operation
and maintenance criteria may decide whether single houses, hamlets and small villages are connected to larger
collection networks and treated in larger plants or small
treatment plants are more appropriate.
The construction of traditional wastewater treatment
plants is very complex for small towns, especially in the
case of Kumburgaz, because the amounts of wastewater
show very large fluctuations between winter and summer
seasons due to population variations. If the design will be
made on the basis of summer population, in winter only
one fourth of wastewater will come into the plant and
some parts of it will also be not operated properly due to
the very low flow rate. The other problem is that the construction of a new treatment plant requires high investment and skilled operators. In Turkey, many small towns
have still not enough budget to construct and operate
wastewater treatment plants adequately. So, this possibility will not be suitable because of economical aspects.

TABLE 1
Standard and actual values of coliforms in receiving waters at the sampling points.
Parameters
Total Colifoms
Fecal Coliforms

1. Sample Point
1500 EMS/100 ml
920 EMS/100 ml

2. Sample Point
920 EMS/100 ml
540 EMS/100 ml

TWPCR
1000 EMS/100 ml
200 EMS/100 ml

Blue Flag Values
500 EMS/100 ml
100 EMS/100 ml

TWPCR = Turkish Water Pollution Control Regulations; EMS = environmental management system

TABLE 2
Pollution from small wastewater flows affecting the environment and corresponding treatment requirements [1].

Level of Pollution
Manifestation of Pollution
Local pollution problems in the envi- - Aesthetics(paper, tissues, etc.)
ronment some 10 m from discharge
- Heterotrophic growth
- Sludge deposition
- Hygienic aspects (drinking water for
man and animal)
- Infiltration of wastewater
- Odor problems
Pollution problems in the nearby envi- - O2 depletion in receiving waters
ronment some 100 m from discharge
- Heterotrophic growth
- Sludge deposition
- Fish toxicity due to NH3 and NO2
- Infiltration into drinking water resources
Pollution problems from discharges in - Substantial input of NO3 in ground
a larger environment reaching some
water used for drinking purposes
1000 m
- Substantial input load of P and N to
lakes and estuaries
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Process Requirements
- Removal of suspended solids
- Removal of degradable organics
(BOD)

- Removal of suspended solids
- Removal of degradable organics
- Nitrification (NH4NO3N2)
- Eventually filtration
- Removal of suspended solids
- Removal of degradable organics
- Phosphorus removal (chemical or
biological)
- Nitrogen removal (nitrification/ deni
trification NH4+NO3-N2)
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Wastewater and saved fresh water stored in ponds can
be used for agricultural facilities and purposes. But ponds
are also expensive and as Kumburgaz resort is next to the
Marmara Sea, bad smell may occur by these ponds in
summer seasons disturbing the tourists.
At the end of investigations, it was decided to connect
to Buyukcekmece pre-treatment plant. Only a storage tank
and a pump station will be enough for the necessary
wastewater transfer to this plant.

CONCLUSION
Three treatment alternatives were evaluated for Kumburgaz. The best alternative is the wastewater transfer to
Büyükçekmece pre-treatment plant. This alternative does
not require high investment and high operational costs.
Only a transportation sewer line from Kumburgaz to
Büyükçekmece pre-treatment plant, a storage tank and a
wastewater pump station have to be installed.
As a result of this action, Marmara shore next to
Kumburgaz will not be polluted and especially many
domestic tourists will pay attention to have a weekend or
a holiday in Kumburgaz.
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SUMMARY

INTRODUCTION

Rapid improvements in the hardware and software for
geographic information system (GIS) have enhanced its
potential for solving various types of engineering and
management problems. In this study, the network system,
in order to establish a solid waste collection information
system, has been formed in the ArcView GIS 3.2 environment as 11 layers. Towards this aim, an area with a
dense activity of solid waste collection, which contains all
of the graphical and verbal data and has approximately
220 km of roads, is chosen as the case study area. It includes some parts of the Besiktas, Beyoglu and Sıslı districts of Istanbul in Turkey. Fieldwork has been conducted in the area initially and the number and locations in the
streets of all the containers in the area, the numbers of all
buildings, traffic signs and directions and the needed
specifications of the collection vehicles and the factors
affecting the solid waste collection vehicles speed have
been determined.

KEYWORDS: Geographic Information System, Solid waste collection, Network system.

Because of the increasing population and differing
consumer behaviours, the environmental problems originating from solid wastes have also been increasing. The
changing volume and the characteristics of wastes have
made the problem more complex. The high costs of its
collection call for modifications of the collection routes in
urban areas, in order to reduce the number of collecting
teams and the distances travelled by them. Solid waste
need to be stored and kept in appropriate places and conditions by the time it is collected and removed from the
area of origin. The economical period of collection is
between once a week and every day. The solid waste
collection cost constitutes between 65-95 % of the total
costs in a solid waste management system. Between 7080 % of the collection costs are the workers` wages. Turkey is considered to be a median income country and its
solid waste collection costs are known to be around 30 40 dollars per ton [1]. Istanbul has a population of 10 million and there is about 1 kg of solid waste per head daily.
If we assume that the collection costs are 30 dollars/ton, the
yearly collection costs amount to 100 million dollars [2].
They can be decreased to 15 dollars/ton with the use of an
optimization model and there would be savings of around
50 million dollars.
The objective of this study was to develop a network
system in order to establish a solid waste collection information system in the ArcView GIS 3.2 environment
software mode.
MATERIALS AND METHODS
The Design of the Solid Waste Collection Information System

In order to establish a solid waste collection information system, planning has been made in this section for
a detailed gathering of information. For this purpose,
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parameters have been set to act as a base for the optimization of the solid waste collection process. In this context,
a detailed study has been made in the field to collect detailed information, such as the related avenue and street
names, traffic direction and signs, building numbers, the
locations of the containers used for the temporary storage
of solid waste in their streets, the traffic density of the
related avenues and streets, the speed of collection vehicles, the locality of the government buildings, and characteristics of collection vehicles. Notably macro and micro
parameters, which have effects on the speed of collection
vehicles, were considered and numeric values were given
for them.
The minimum configuration and features were specified as the first step in the design of the solid waste collection information system. Information design, process
design, and physical design were done simultaneously.
The processes that would be done were specified in process design. The processes that would meet the system
requirements were designed as drawing, geographical
analysis and questioning, output and report preparation,
information input and updating. In the physical design,
the software and hardware to be used have been finalized
and the information design has been made physically by
taking into account the software specifications. In this
study, personal computers, ArcView 3.2 and ArcLogistics
Route 1.1a GIS software, Microstation CAD software and
Windows’98 operating system have been used due to the
available resources.
Software Specifications

The development of the work and the geographical
analysis and questioning will be done in the ArcView
software. Along with ArcView, the Network Analyst
module has been used to make network and road analysis.
Also, the Microstation SE software has been used to prepare the graphical input and its coordination. The data that
have been prepared in the Microstation DGN format have
been converted using the ArcView software. Nongraphical data are maintained in the system in the database tables. There are three types of graphical data in the
layers used in the software: point, line and closed area.
The characteristics of each layer are stored in the database
in the DBF format and this information is linked with the
graphical data.
The Conversion of Data Design to Physical Design

In order to convert the data design to physical design,
the question of whether or not the layers are designed
logically and the databases could be made suitable for the
ArcView form and whether or not they would meet the
needs was addressed. The results are summarized below:
The numerical photometric maps in the DGN format from
the Istanbul Metropolitan Municipality were used as a
base to prepare graphical data also in the DGN format.
Then, these data were converted to ArcView layers. The

DGN data were entered into the system with their DGNArcView conversions according to the characteristics of
the layer formed. The graphic data to be digitalized were
first prepared in the DGN format and then converted into
the SHP format because the digitalizing could be done
faster with the Microstation software. The coordination
system used is the 3 degree UTM coordination system.
The data to be digitalized in the local coordination system
were converted using the ArcInfo software. The orthophoto maps to be used as a base were coordinated by the
ArcInfo software. The icons to be used in the preparation
of layers with ArcView were taken from the icon database
of ArcView. No new icons were made for the layers.

RESULTS
The Building of the GIS for the
Solid Waste Collection Activities

An area, with a dense activity of solid waste collection, which contains all of the graphical and verbal data
and has approximately 220 km of roads, was chosen as
the sample study area. The fact that this area has different
geographic and district characteristics and some areas
have heavy traffic in day hours have been effective for
choosing it. The sample area includes some parts of the
Besiktas, Beyoglu and Sıslı districts of Istanbul in Turkey. Information about the present condition and the administrative borders, the area, ortho-photo and photomaps, graphical and verbal data about the UTM section of
map index have been obtained digitally from the Istanbul
Metropolitan Municipality Maps Department. Fieldwork
has been conducted in the area initially and the locations
of all the containers in the area, the numbers of all buildings, traffic signs and directions and the needed specifications of the collection vehicles have been determined.
Then, the network system, which is a precondition in the
operation of the ArcLogistic Optimization software, has
been formed in the ArcView environment.
The Formation of the 11 Layers in the ArcView Environment

The ArcView GIS 3.2 software has been installed on
the study computer for the purpose of this study. The
main page of the ArcView GIS 3.2 software can be seen
in Figure 1. The AllSt.shp, MajorSt.shp, HwySt.shp, Oneway.shp, ZIP.shp, Parks.shp, Addedoneway.shp, Lakes.shp,
Turn.shp, Addedturn.shp, and Dtl-Cnty.shp layers that were
needed in the Network system for the case study area were
formed separately. In this study, three of the 11 layers,
AllSt.shp, Turn.shp, Addedoneway.shp were investigated,
respectively.
The map and table page of AllSt.shp, which was
formed in the ArcView environment, can be seen in Figures 2 and 3. All road information is included in the table
page and it consists of 3208 lines.
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FIGURE 2
The map view of Allst.shp layer[3].

FIGURE 1
The main page of the ArcView GIS 3.2 software [3].

FIGURE 3
The table view of the Allst.shp layer formed in the ArcView environment [3].

The map and table page of the Turn.shp layer, which
was formed in the ArcView environment, can be seen in
Figures 4 and 5. All road information is included in this
table and it consists of 3644 lines. All turns in the case
study area are shown on the map page.

Another important layer is the Addedoneway.shp.
The Addedoneway.shp layer can be seen in Figures 6
and 7. All one-ways in the case study area are shown on
the map page. The table page also gives information about
all one-ways in the case study area. This table consists of
2159 lines.
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FIGURE 4
The map view of the Turn.shp layer [3].

FIGURE 6
The map view of The Addedoneway.shp layer [3].

FIGURE 5
The table view of the Turn.shp layer [3].

FIGURE 7
The table view of The Addedoneway.shp layer [3].

All other layers like MajorSt.shp, HwySt.shp, Oneway.shp, ZIP.shp, Parks.shp, Lakes.shp, Addedturn.shp,
and Dtl-Cnty.shp have to be determined for the case study
area to obtain the network system.

DISCUSSION AND CONCLUSION
The case study area, with a dense activitiy of solid
waste collection, includes some parts of the Besiktas,
Beyoglu and Sıslı districts of Istanbul in Turkey. The
network system, which is a precondition in the operation
of the ArcLogistic Optimization software, has been
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formed in the ArcView environment. The AllSt.shp, MajorSt.shp, HwySt.shp, Oneway.shp, ZIP.shp, Parks.shp,
Addedoneway.shp, Lakes.shp, Turn.shp, Addedturn.shp,
Dtl-Cnty.shp, layers that were needed in the network
system for the selected area were formed separately.
There were some updating problems because the digital photometric maps were produced in 1995 and also
omissions in the road names on the section of the map.
These maps were inadequate in terms of data and framework because they were not designed for use in the Geographic Information Systems. It was for this reason that
the middle road lanes had to be rebuilt.
It was necessary to use comprehensive and detailed
data about the physical properties of the web and the
traffic laws in order to form the path web and these data
had to be connected on the field. For this reason, the formation of the path web took a long time and also because
data concerning road webs and road turns are kept in
different database tables due to the specifications of the
software. It became apparent that there was a need for
considerable funds and skilled personnel when taking into
account that this study was done in Istanbul.
As a summary, ArcView software was used in the
solid waste collection activities. In future research, the
affecting parameters for the ArcLogistic Optimization
software should be determined. After that, route optimization of the Besiktas, Beyoglu and Sıslı districts of Istanbul
for solid waste collection vehicles can be simulated.
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SUMMARY

INTRODUCTION

The APNEE-TU project establishes a uniform and
transposable portal for environmental information in
different European regions, using air quality as the application domain, which may serve citizens as well as professionals and authorities. This portal provides real-time
or forecasted air pollution information via a user-friendly,
schematic visualisation, accompanied by a variety of
services including online newsletter, early warning, personalised notification, geo-localisation etc. Dissemination
of information is based on high sophisticated communication channels including mobile telephone functionality
(SMS, WAP, GPRS, J2ME), multimedia, electronic panels,
voice servers and the Internet. Via the services provided,
APNEE-TU aims at increasing the awareness of citizens
concerning urban environmental pressures, using air quality
as the application example. Thus, an environment-friendly
behaviour is promoted, via a quality of life posture that
would also allow for a wider consensus regarding decision
making for the urban environment. The APNEE-TU project integrates software components, as additional modules
in existing Air Quality Management Systems in European
cities, based on new information technology, and also
serves as a reference for providing access to environmental
information throughout urban agglomerations. APNEE-TU
is a take-up action on the basis of the EU supported IST
project APNEE (http://www.apnee.org), and includes a
considerable number of end-user sites, institutions, universities, and telecommunication/informatics companies in
Europe. The current paper provides preliminary project
results on the basis of the APNEE-TU field trials for Thessaloniki, Greece.

KEYWORDS: information and communication technologies, environmental information services, environmental informatics, SMS,
Java 2 platform micro edition (J2ME), PDA, wireless application
protocol (WAP), general packet radio services (GPRS), Internet, air
quality, Air Pollution Network for Early warning and on-line information Exchange in Europe, Take-Up Trials (APNEE-TU).

“Improved access to environmental information is a
pre-condition for a higher degree of involvement of citizens and stakeholders in environmental decision-making”
(Environment Commissioner Margot Wallström, [1]).
Nevertheless, citizens still miss in their every day life
access to environmental information anytime, anywhere,
in an easily understandable way, timely or even in advance. Focusing on air quality (AQ), and according to the
relevant EU legislation (Dir. 90/313/EEC for Public Access to Environmental Information as it was repealed by
Dir. 2003/4/EC, and Directives 92/72/EEC and 99/30/EC
on air pollution levels by various pollutants), the goal
should be to provide AQ information that includes “a
short assessment in relation to limit values and alert
thresholds, and appropriate information regarding effects
on health”. In addition, when the alert thresholds are exceeded, member states shall ensure that the necessary
steps are taken to inform the public, by employing the
internet and new IT technologies.
Following the development of new types of personalised electronic information service technologies, especially in the mobile phone industry, a new, service-related
need is emerging: that of the citizen-centred environmental information services. These types of services, being
linked with quality of life indicators, have also the advantage that they may promote citizen involvement in
improving the urban environment. The availability of
these services acts as a lever for a conceptual change,
towards treating the urban environment as a whole, and
managing urban air quality problems following an integrated, multi-domain, holistic, and systematic approach.
In this way, environmental management techniques and
methods developed for coping with air quality problems
may help in the creation of a citywide environmental
conscience from the citizen's point of view.
This position is supported by the fact that citizens prefer timely and high-quality environmental information,
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linked to their personal well-being. This interest recommends an easy-to-understand and easy-to-access presentation of such information. Rather than presenting raw data in
an extensive fashion, one ought to engineer customisable
information services, which can be tailored to individual
user groups. APNEE-TU has designed information services
that draw upon various communication channels and promotes user-friendly information management and dissemination, applicable in multiple environmental information
domains. Based on such high quality dissemination potentials, environmental information gradually becomes part of
popular electronic information services. The current paper
discusses the APNEE-TU electronic information services
that are offered in Thessaloniki, Greece.
MATERIALS AND METHODS
The APNEE-TU electronic environmental information
services are accessed on the basis of preliminary field trial
results, following the operation of the APNEE-TU Regional Server (ARS, http://www.apnee.gr) in Thessaloniki,
Greece. The city of Thessaloniki (region of Central Macedonia in Northern Greece) has about 1.000.000 inhabitants,
an important industrial region and a rapidly increasing
vehicle fleet. This metropolitan area plays a considerable
role in the region of south-eastern Europe and constitutes
an interesting example regarding photochemical and classical air pollution [2, 3]. Environmental concerns are
continuously rising in the city, as air pollution remains at
the top of the agenda concerning the environmental prob-

lems of the Greater Thessaloniki Area (GTA) [4]. The
city also serves as the largest de-centralised node of the
National Environmental Information Network [5], now
implemented in Greece. The citizens of Thessaloniki have
expressed their interest in environmental information
based on recent gallop polls conducted in the area. For
these reasons, the GTA was an appropriate selection for
conducting the APNEE-TU field trials.
The ARS application is the core of the APNEE-TU
platform architecture, and provides an object-oriented
interface for the handling of resources and directing
information flow to and from the output and input modules. The APNEE-TU Consortium elected to build the
regional server architecture using Jakarta Turbine (jakarta.apache.org/turbine/), a modular web application
framework in conjunction with the Jakarta Velocity (jakarta.apache.org/velocity/) macro-enabled HTML template engine, both based on the Java language, in collaboration with the Apache httpd web server [6]. The APNEETU solution is based on the regional Server central system
allowing new users sites as well as new interface providers to easily connect to the system. The technology/interfaces used include Web GIS, street panels, mobile
phones, voice server, and internet. An indicative list of
supported functionalities consists of air pollution visualisation, early warning, forecasting, discussion groups, and
bulletin boards, while an overview of the overall service
palette offered in the various project application sites is
presented in Figure 1.
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FIGURE 1
The APNEE-TU electronic environmental information services palette (© The APNEE consortium, http://www.apnee.org).

In the frame of the installation and pilot operation of
the APNEE-TU regional Server in Thessaloniki, two field
trials were conducted. The first one was aiming at verifying that the ARS with its accompanied information services may be installed from scratch in a new operational
environment without pre-existing environmental information system infrastructure, and the second one aimed at
testing the applicability, acceptance and user interest
concerning the application of the new Information and
Communication Technologies (ICT) for mobile devices,
for providing electronic environmental information services. Thus, the 2nd field trials focused on mobile devices
that allow for J2ME applications to be downloaded and
run, and on PDAs, both operating under a GPRS connection. For this purpose, the following services were tested:
• J2ME/GPRS Screen images: A J2ME service allowing the periodic connection of the mobile phone with
the APNEE-TU server for retrieving a numerical
value to be associated with screen images available
in the mobile device.
• Mobile/J2ME application: A J2ME based, scalable
version of the WAP application offering access to
new services like tactile screen selections etc.

• PDA summary table: A summary of Air Quality and
meteorological parameters displayed with the use of
icons.
• An APNEE-TU version for PDA: The regional server application adapted to fit to PDAs.
A schematic representation of the APNEE-TU services operating in Thessaloniki during the 2nd field trials
is presented in Figure 2.
With the aim to evaluate the APNEE-TU project from
the citizen point of view, a questionnaire was circulated to
different groups of people. For the GTA, 96 answers were
received by 4 groups of citizens, as reported in Figure 3.
These groups represent various categories of citizens
concerning age, level of education, occupation and individual needs and aspects about the daily problems of the
urban environment. The population included citizens of
both sexes and a wide range of age (18-60). The questionnaires were completed via a personal or group-based
interview, which included a live demonstration and explanation of the available electronic information services.

J2ME/GPRSbased

PDA/GPRSbased

PC/Internetbased

APNEE-TU
Regional Server
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FIGURE 2
Schematic representation of the APNEE-TU electronic environmental
information services operating in Thessaloniki (city’s photomap used as a background).
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FIGURE 3
Percentiles of the participants in the 2nd APNEE-TU Thessaloniki field trial.

RESULTS AND DISCUSSION
More than 60% of the participants stated that they are
interested in a variety of information provided via a mobile device. Weather, news, general information, bus
timetables and music are among the most favourite categories of information among the participants. Almost two
thirds of the respondents stated that they would be willing
to download an application enabling them to have access
to environmental information, such as pollutant definitions and impacts on health, a catalogue of hospitals,
relative legislation etc., provided that it is offered as a free
service, tailored to their personal needs. Concerning the
awareness and knowledge of the participants for related
environmental issues, 2/5ths of the correspondents stated
that they are unaware of the high levels of Particulate
Matter in the city, while the majority of the participating
citizens stated that they were informed and concerned
about the high values of the discomfort index, especially
during the summer period. It should be noted that a similar survey conducted in the suburbs of Thessaloniki [7]
revealed a proportional lack of appropriate information
about the environmental threats (focusing on traffic).
The majority of the respondents stated their preference to receive additional city-related information like
traffic conditions and quality of drinking water, followed
by information on waste management and recycling, on
the quality of swimming water, and on pollen issues.
More than half of the responses considered APNEE-TU
services to be welcomed by colleagues and friends. A

number of respondents, though, argue the acceptability of
the services, unless some assumptions are imposed: The
simplicity, the low cost or preferably the free dissemination of the services and the age of the user seem to be
factors of great importance regarding their general acceptability and usage.
In addition, most of the questioned citizens believe
that the services should be provided on a daily basis or
only in case of an emergency (forecasted air pollution
episode), so as to preserve the user’s attention. Moreover,
half of the correspondents consider that the APNEE-TU
services promote the environmental awareness of the
public. At the same time, the other half feels that in order
to improve the environmental consciousness of the general public, an integrated educational system is required.
Furthermore, only the minority of the participants stated
that they would be willing to modify their daily routine in
order to incorporate a more environmental-friendly behaviour. Generally speaking, environmental abatement
actions undertaken by the authorities were often doubted
by the participants and their acceptance was mainly depending on the personality and lifestyle, as well as the
age, sex, and education. This finding should be combined
with the fact that one of the major environmental problems of the city, i.e. traffic conditions, are aggravated by
the increase of car ownership and usage during the last
decade: almost 40% of the total trips were made by passenger cars in 1998, while more than 40% were made by
public transport and taxis 10 years before, in 1988. The
total fleet of the passenger cars has also increased by 43%
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[8]. At the same time, the results of another survey suggest that almost every measure related to the reduction of
traffic congestion in the city centre will have a direct
impact on the air pollution [9].
The problems regarding traffic-related congestion
were recorder to relevant answers collected, stating that
traffic is one of the main reasons for the environmental
quality at the city centre to be unacceptable. It is interesting to note that a different survey showed that the use of
telematics’ applications in urban transport and the environment [10] is considered to be important for promoting
public transport, reduce the use of private cars in the city
centre and, consequently, traffic congestion and urban air
pollution.
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SUMMARY
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In this study, effects of potential accidents at the Kozloduy nuclear power plant (NPP) in Bulgaria and that of
the NPP at Akkuyu, which will be located on the Turkish
Mediterranean coast, were investigated using numerical
modeling. The approach used in the study was to choose an
accident day in the ideal year 2000, which would result in
the highest radionuclide deposition over Turkey. A comprehensive modeling was performed for that particular
day. A potential accident in the worst case scenario resulted in up to 106 Bq m-2 activity deposition over the
Marmara region. Calculation of delayed health effects of
the deposition and surface activity levels indicated that
approximately 21 000 people would be affected from the
accident with fatal and non-fatal consequences.
The same approach used to determine the health risk
due to a potential accident at the proposed Akkuyu NPP
showed that in case of an accident at the worst possible
meteorological conditions depositions as high as 107 Bq m-2
would result over a narrow strip including Niğde -NevşehirKayseri and extending to the north coast of Turkey. When
such an accident occurs, 30 500 people could be expected
to suffer from late effects of radioactivity deposition and
levels in the atmosphere. The deposition patterns resulting
from accidents were explained using the forward trajectories calculated for the days of accidents at both locations.

INTRODUCTION
Though nuclear power is a good source of energy and
is generally not a threat, a major nuclear reactor accident
can lead to a catastrophe for the people and environment.
By definition, a major reactor accident would lead to severe overheating and subsequent melting of the nuclear
fuel, which would cause a substantial quantity of radioactive material escaping, after breaching several barriers,
into the environment. There have been instances of nuclear
reactor accidents like in Chalk River (1952), Sellafield
(1957), Three Mile Island (1979), and Chernobyl (1986),
which have shown that in the case of a severe nuclear
reactor accident not only the country where the accident
occurs, but also the surrounding countries can be affected.
Turkey is surrounded by the world’s oldest design
and threatening nuclear power plants, like Kozloduy in
Bulgaria, Metsamor in Armenia, Cernovada in Romania,
Paks in Hungary. Among them, only the health risk associated with Kozloduy Plant has been investigated in this
study.
The main objective of this study was to investigate
and compare the risk associated with Kozloduy Nuclear
Power Plant (NPP) in Bulgaria and that at the proposed
NPP of Akkuyu, Turkey. The study was performed in two
phases. In the first stage, atmospheric levels and deposi-
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tion amount of different radionuclides after a hypothetical
major accident at Kozluduy and Akkuyu NPPs were determined with numerical modeling. The year 2000 was
selected as a typical year using the meteorological data
from two stations (İpsala and Çorlu) in Turkey, based on
the similarity with the long-term records and used as the
study period. In the second stage, lifetime dose commitments resulted from deposition and ground level activities
were calculated for a 70-year period, via inhalation, ingestion and external exposure pathways. Radiation dose acquired by the population was calculated for 12 receptor
points at different parts of Turkey. The health risk in
terms of stochastic effects at these receptors was calculated and the results obtained from the two reactors were
compared.

MATERIALS AND METHODS
Kozloduy NPP consists of six units of 3760 MW(t)
power, four of which are VVER 440/V230 and the remaining two units are VVER 1000. VVER refers to watercooled and water moderated light water reactor of Soviet
design. The number 440 refers to electrical power and 230
and 1000 are the name of the design. The standard VVER
440/V230 type reactors were developed in the Soviet Union between 1956 and 1970. The VVER/V230 has no containment, emergency core cooling systems and auxiliary
feed-water system similar to those required in Western
plants. In addition the plant instrumentation and control,
safety, fire and protection systems, quality of materials,
construction, operating procedures, safety culture are below
Western standards. The VVER 1000 is a newer version of
VVR 440/V230. It has common safety features with the
reactors in the Western countries, was designed between
1975 and 1985 [1].
The proposed nuclear power plant at Akkuyu site is assumed as 1000 MW(t) pressurized water reactor (PWR).
The pressurized water reactor was one of the first types of
power reactors developed commercially in the United
States.
The model used to calculate atmospheric dispersion
and deposition of radionuclides in this study was Hybrid
Single Particle Lagrangian Integrated Transport Model
(HySPLIT). It was developed at the Air Resources Laboratory of the National Oceanic and Atmospheric Administration in the United States for calculating the trajectories of air parcels or the transport, dispersion, and deposition of pollutants, and found fairly widely used in literature
[2]. User supplied inputs include pollutant species characteristics, emission parameters, gridded meteorological
fields and output deposition grid definitions. Gridded meteorological data are required for regular time intervals.
The term Hybrid refers to the additional capability of
HySPLIT to treat the pollutant as Gaussian or top/hat puff
in the horizontal, while treating the pollutant as a particle

for the purposes of calculating vertical dispersion. An
advantage of the hybrid approach, that is the higher dispersion accuracy of the vertical particle treatment, is combined
with the spatial resolution benefits of horizontal puff splitting [3]. All model runs for this work were made in the
default hybrid particle/top-hat mode. The meteorological
input data for all simulations were provided by FNL archive. The 6-hourly archive data comes from the National
Centers for Environmental Prediction (NCEP)’s Global
Data Assimilation System (GDAS) in the United States.
There are five different types of core damages for the
light water reactors [4]. Among them, core meltdown accident has been used in this study, since the radiological
consequences are larger than other accidents with a higher
probability.
This accident has been postulated to occur together
with early catastrophic failure of the containment for both
reactors. When such an accident occurs, all radionuclides
in the containment escape to the atmosphere without any
reduction in the containment due to natural systems like
radioactive decay or engineered safety systems like sprays
and filters. These assumptions are used for both power
plants since both of them are light water reactors. The release fractions of the radionuclide group for this type of
accident were taken from relevant literature [4].
The whole volume of the containment is assumed to
release to the atmosphere in one hour in the case of early
catastrophic failure of the containment. One-hour duration
of the accident is typical in these types of worst-case scenarios and is frequently used in literature [4]. The form of
radioisotopes that are released to the atmosphere is important in subsequent transport studies. The forms of
radioisotopes used in this study were obtained from US
Nuclear Regulatory Commission (NRC) accident scenario
that involves loss of coolant water in a light water reactor
[5]. Based on the NRC values, 95% of the radioiodine
released from the reactor coolant system to the containment
is assumed to be cesium iodide (CsI), 4.85% elemental
iodine, and 0.15% organic iodide. With the exception of
noble gases, elemental and organic iodine, the fission
products were assumed to be in particulate form. The
release of isotopes to 800 m altitude, including plumerise, was adopted after sensitivity runs.
Calculation of dry deposition is one of the most sensitive and most uncertain areas, because dry deposition is
sensitive for interaction between the modeled parameter (in
our case isotopes) and the ground cover, which changes in
time and space. Dry deposition calculations in the model
(HySPLIT) were performed using “dry deposition velocity” approach. Dry deposition velocity over agricultural
surface [6] was used in calculations, as it is the most representative for the general surface cover over Turkey. Deposition over seawater was not taken into account, as the
objective is to calculate health risk.
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In the model, wet deposition is calculated by separate
handling of in-cloud and below-cloud processes. There are
two important parameters in wet deposition of isotopes that
are the efficiencies with which isotopes in particulate form
are incorporated into clouds or into rain droplets. The values for in-cloud efficiency and below cloud capture rate
were obtained from studies performed in the NOAA, Air
Resources Laboratory [3]. The values used for in-cloud and
below-cloud capture efficiencies in the model are 3.2x105
and 5.0x10-5 s-1, respectively. The fraction of gaseous isotopes that are captured by cloud and rain droplets is determined by their solubility in water. Hence the Henry’s Law
of constant is an important parameter for gaseous isotopes.
Noble gases are assumed to neither dry nor wet deposit and
they are assumed to be removed from the atmosphere only
by decay process. Isotopes that are dry or wet deposited to
the surface can be resuspended, if the winds are strong
enough, and resuspended radioactivity can be inhaled like
the isotopes that exist in the atmosphere. The resuspension
rate used in this was 1.0x10-6 m-1 [7]. Formulations for
exposure assessment methodology and dose conversion
factors used in this study were adopted from approaches
used to evaluate the radiological risk of the European nuclear power plants [8]. The dose following the accident was
calculated over a period of 70 years. The counter measures
to reduce the exposure were not considered. Doses were
computed for adults to give a good representation for the
overall population at the selected receptor grids. Exposure
due to being wrapped up in the contaminated air, breathing
the contaminated air, radioactive material deposited on the
ground, and drinking and eating food contaminated by
deposited radioactive particles are taken into account for
calculations.
Since the ingestion, which results from deposition of
radionuclides to the ground has the highest contribution to
acquired dose [8] the worst day was taken as the day, in
which the highest deposition of radioactivity resulted over
Turkey. However, in order to take into account the air
concentrations of radionuclides in the dose calculations,
maximum daily air concentrations through the 15-day
simulation period were also calculated and included in
dose estimations.
The most populated cities in each region of Turkey,
which are İstanbul, Balıkesir, İzmir, Manisa, Samsun,
Kocaeli, Ankara, Konya, Şanlıurfa, Erzurum, Adana and
Antalya were used as the receptor points for the exposure
and risk calculations.
The deposition, concentration and time-integrated
concentration of all the radionuclides were calculated for
each grid over Turkey. The radioactivity’s for the selected
cities were obtained by interpolation of activities at the
four neighboring grids. The area of each grid used in this
study (1˚x1˚) is 111x85 km2. The activity values that
deposited over the actual areas of the cities were calculated by simple proportionality.

Only stochastic (late) effects for the accidents postulated to occur at both reactors were investigated in this
study. The following relation given in the RODOS health
effects modeling system to calculate the individual stochastic risk [9] was used:

r = eff .dose * riskfactor

(1)

The risk factors for fatal, non-fatal and hereditary effects of radiation recommended by ICRP-60 [10] were
applied to determine stochastic risk. Fatal, non-fatal and
hereditary effects were calculated by multiplying the
accumulated lifetime dose commitments that are given in
Table 1 and coefficients recommended by ICRP-60.
In the model study simulations were performed for
15 days. This period was selected based on investigation of
forward trajectories starting from Kozloduy NPP for the
year 2000, which showed that after an accident in any day
in that year radioactive plume reaches to Turkey and stays
over the country for periods shorter than 15 days. Under
typical meteorological conditions this period is 4-7 days.
RESULTS
In the first part of the modeling study, initial runs
were performed for every day in the year 2000 separately
for both power plants. In these runs, an accident was
assumed to occur at 12.00 am and the model was used to
calculate deposition and ground level activities in every
grid over Turkey for 15 days. Cesium-137, a typical radionuclide to represent long-lived isotopes, and I-131,
which represents the short-lived ones, were used for the
initial runs. The purpose of these runs was not to determine the actual radioactivity deposited over Turkey, but
to determine the day in which an accident would result in
the highest deposition (worst day).
The simulations have shown that at the Kozloduy
NPP an accident occurring on April 7, 2000 results in the
highest total activity deposition over Turkey. In this particular accident, the maximum Cs-137+I-131 deposition is
2.1x106 Bq m-2. The ground level activities on Turkey
range from 1000 to10-4 Bq m-3 over the 15 day-simulation.
The development of the plume over Turkey is depicted in Figure 1. The plume reaches Trakya and Marmara
regions within the first day and the activities are very high
ranging between 10 and 1000 Bq m-3. On the second day,
radioactive plume is observed on half of the country. The
activities range between 10 and 10-2 Bqm-3. On the third
day the most radioactive plume passes through Turkey,
but particularly the southern parts of Turkey are under the
influence of radioactivity. On the fourth day, the most
active part of the plume is located over Egypt and the
highest activity in the plume drops to 1.0 Bq m-3. On the
following days east-west oscillations in the winds generate an affect-zone extending from Italy in the west and
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Caspian Sea in the east and the radioactivity value of the
most active part of the cloud decreases to 0.02 Bq m-3 at
the end.
The pattern of cumulative radioactivity deposition in
15 days shows that radioactive cloud affected fairly

large area exceeding Italy in the west and east coast of
Caspian Sea in the east. In the area including most of the
western Turkey, the deposited activity levels are as high
as 10 000 Bq m-2 and in a small area including Trakya
and Marmara are in the order of 106 Bq m-2.

Day-1

Day-2

■1.0E+4 ■1.0E+3■1.0E+2■1.0E+1
1.6E+4 Max. 6.6.E-3 Min

■1.0E+1 ■1.0E+0 ■1.0E-1 ■1.0E-2
6.2E+1 Max. 8.5E-4 Min

Day-3

Day-5

■1.0E+1 ■1.0E+0 ■1.0E-1 ■1.0E-2
1.1E+1 Mx. 1.1E-5 Min

■1.0E+0 ■1.0E-1 ■1.0E-2 ■1.0E-3
1.5E+0 Max. 2.4E-7 Min

Day-7

Day-10

■1.0E+0 ■1.0E-1 ■1.0E- 2 ■1.0E-3
8.0E-1 Max. 1.8E-6 Min.

■1.0E-2 ■1.0E-3 ■1.0E-4 ■1.0E-5
3.2E-2 Max. 2.0E-8 Min
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Cumulative deposition

Day-15

■1.0E-2 ■1.0E-3 ■1.0E-4 ■1.0E-5
2.0E-2 Max. 1.8E-7 Min.

■1.0E+6 ■1.0E+4 ■1.0E+2 ■1.0E+0
2.1E+6 Max. 6.6E-3 Min.

FIGURE 1 - Ground Level Activities (Bq/m3) and Cumulative Deposition (Bq/m2)of
the Cs-137 and I-131 Isotopes for the Kozloduy Accident Scenario (7-22 April 2000).

Day-1

Day-2

■1.0E+3 ■1.0E+2 ■1.0E+1 ■1.0E+0
4.4E+3 Max. 4.7E-3 Min.

■1.0E+0 ■1.0E-1 ■1.0E-2 ■1.0E-3
3.7E+0 Max. 2.2E-4 Min

Day-3

Day-5

■1.0E-2 ■1.0E-4 ■1.0E-6 ■1.0E-8

■1.0E+0 ■1.0E-2 ■1.0E-4■1.0E-6

3.5E-2 Max. 8.8E-32 Min.

1.5E+0 Max. 7.9E-17 Min.

Day-7

Day-10

■1.0E-3 ■1.0E-5 ■1.0E-7 ■1.0E-9
5.9E-3 Max. 5.0E-32 Min

■1.0E-3 ■1.0E-4 ■1.0E-5 ■1.0E-6
4.6E-3 Max. 3.4E-4 Min.
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Day-15

Cumulative deposition

■1.0E-4 ■1.0E-5 ■1.0E-6 ■1.0E-7
5.4E-4 Max. 3.4E-6 Min.

■1.0E+6 ■1.0E+4 ■1.0E+2 ■1.0E+0
2.1E+6 Max. 6.6E-3 Min.

FIGURE 2 - Ground Level Activities (Bq/m3) and Cumulative Deposition (Bq/m2 ) of
the Cs-137 and I-131 Isotopes for the Akkuyu Accident Scenario (21- February 2000).

By the simulations performed for the proposed Akkuyu NPP the worst day resulted from the accident occurred on February 21, 2000. In this accident the maximum Cs-137+I-131 deposition was 8.7x106 Bq m-2. The
ground level activities on Turkey ranged between 1000
and 10-4 Bq m-3, as in the case of Kozloduy.
The development of radioactive plume from Akkuyu
NPP over Turkey is depicted in Figure 2. Within 24 hours
after the accident, the radioactive plume reaches to the
northern coast of the black sea. The most radioactive part
of the plume, where atmospheric activity levels are in the
order of 1000 Bq m-3, is located over a narrow strip covering the region approximately between Kayseri and Ankara. On the second day, the activity level in the plume
decreased by three orders of magnitude (at the most radioactive part) and ranged between 1 and 0.001 Bq m-3. On
the third and fourth day, only the eastern part of Turkey is
under the influence of radioactivity and the activities vary
between 10-2 - 10-4 Bq m-3. On the following three days,
the plume is dispersed and carried to west the activities on
Turkey range between 10-3 - 10-4 Bq m-3.

The deposition pattern given in this Figure is very
similar to the ground level activity pattern for the first day
after the accident which clearly demonstrates that very
high deposition values over the narrow strip in the Eastern
Turkey is due to location of the plume in this region during the first day after the accident. The highest deposition
values varied between 106 - 102 Bq m-2.
The day on which an accident at both NPPs results in
the highest activity deposition over Turkey is determined
by the meteorology of the region. Forward trajectories
starting at Kozloduy and Akkuyu NPPs at the time of the
accident that results in the highest deposition over Turkey
(April 7, 2000 at 12:00 hours for Kozloduy and February 21,
2000 for Akkuyu) were calculated for 72 and 314 hours,
using HySPLIT trajectory model. Trajectories were calculated starting at 500 m, 1000 m, 1500 m, 2000 m, 2500 m
and 3000 m (For Akkuyu trajectory starting at 2500 m
was not calculated). The movements of air after respective accidents at the two NPPs are given in Figure 3.

Kozloduy 314 hrs forward

Kozloduy 72 hrs forward

3000 m
2000 m
1500 m
1000 m
500 m
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Akkuyu 314 hrs forward

Akkuyu 72 hrs forward

FIGURE 3 - 314-hr and 72 hr-long forward trajectories at the time of Kozloduy and Akkuyu accidents.

Forward trajectories in both cases demonstrated that
the air mass movements within the first 1500 m of the
atmosphere determine the dispersion of radioactive plumes.
Trajectories at the higher levels, after the Kozloduy accident moved fast and left the region within 24 hours without
entering Turkey. However, lower air layer masses remained in the region for 4-7 days. In the first three days
following the accident the radioactive plume affected the
coastal regions, because the air masses moved around the
high Anatolian Plateau, but on the fourth day following
the accident, 1000 m air mass crossed the country from
south to North dispersing the radioactivity to the central
parts of the Anatolia. This pattern of air mass movements
is consistent with the development of ground level activities given in Figure 1. In the first three days after the
accident the highest activities are calculated for the Marmara region, and along the Aegean and Mediterranean
coasts. However, on the fourth day high activities were
also observed at the inner parts of the Anatolia.
Trajectories at all levels left Turkey within 24 hours
following the Akkuyu accident. Consequently, the radioactive plume affected a narrow strip across Anatolia as
shown in Figure 2. The affected area is more consistent
with the trajectories at the lower 1500 m of the atmosphere. Higher level trajectories pass through to the left of
the affected strip. It should be pointed out that the accident at Akkuyu does not correspond to the worst meteorological case that can result in the highest radioactive deposition. The air flow in the region is from NW [11], and,
consequently, in most of the days the radioactive plume is
carried over the Mediterranean Sea, which was not included in our study area. Consequently, the current accident is the worst case in terms of deposition over Turkey,
but not necessarily the worst emission and dispersion
pattern for the Akkuyu accident. However, this is not the
case for Kozloduy accident. Since flow is predominantly
from NW, approximately 70% of the days for which
model run was performed the plume was transported to
Turkey.

In the second phase of the simulations, one run for
each accident was performed (on the worst days found in
phase 1) to determine the actual dose acquired by the population. These runs included all 64 isotopes. The deposition
pattern obtained in these final runs were similar to the
patterns obtained in phase 1, but the total activity deposited and ground level activities were higher.
The comparison of the deposition patterns in Figure 4
is important to assess relative impacts of the accidents
that can occur in the two NPPs. The maximum deposition
flux from the Kozloduy plant is 106 Bq m-2, whereas it is
107 Bqm-2 for the accident in Akkuyu NPP, which indicates that an accident in the Akkuyu NPP is expected to
deposit an order of magnitude of higher radioactivity in
limited regions in Turkey. Furthermore, the area covered
by this maximum deposition is significantly larger for the
Akkuyu NPP. In case of an accident in Kozloduy NPP
the maximum amount of radioactivity is expected to deposit in the Trakya and Marmara regions, whereas a similar accident at Akkuyu would result in 107 Bq m-2 radioactivity deposited on the whole strip between Niğde
Nevşehir and Kayseri. This strip crosses Turkey and extends to the north of the Black Sea. In both cases the deposition flux decreases as a function of distance from the
source, but the rate of decrease within Turkey is significantly smaller for the Kozloduy case.
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The first step in assessment of the risk caused by both
reactor accidents is to determine the total dose acquired
by the population living in a region. For both accident
scenarios the accumulated lifetime dose commitment at
the receptors are given in Table 1. The foregoing discussion clearly demonstrates the dominating effect of the
Kozloduy NPP on deposition of radioactivity over Turkey
and doses acquired by Turkish population. This is rather
unexpected, because the amount of radioactivity emitted
to the atmosphere from Akkuyu accident, which depends
on core inventory and proportional to the power rating of
the reactor, is approximately a factor of two higher than the
radioactivity emitted in Kozloduy accident. Also, though
the location of the accident at Akkuyu NPP is closer to all
of the receptors selected in this study, the total dose acquired by all the receptors is higher after the accident at
Kozloduy NPP than after the Akkuyu accident.
The individual health risk including fatal, non-fatal
and hereditary effects for a person due to each NPP accidents were calculated for each of the receptor city. The
results are given in Table 2. The individual risk for people
was expected to follow similar patterns with the dose
acquired as discussed above.
The impact of an accident on the population as a
whole depends not only on the deposition, but also on the
population living in that particular area. The parameter,
collective health risk, can be obtained by multiplying the
individual health risk by the number of people living in
the region. The results for 12 receptors are represented in
Table 3, along with the population living at the receptors.
FIGURE 4 - The comparison of the cumulative deposition pattern
of all the radionuclides for the Kozloduy and Akkuyu accidents.

TABLE 1
Accumulated lifetime dose commitment received at receptors
following the proposed accidents for Kozloduy and Akkuyu plants.

Receptors
Ankara
Konya
Samsun
Kocaeli
Balıkesir
Istanbul
Izmir
Manisa
Adana
Antalya
Erzurum

Accumulated Lifetime Dose Commitment (Sievert)
The accident at Kozloduy
The accident at Akkuyu
-3
8,90x10
1.90x10-7
-3
3,00x10
6.13x10-7
-4
1,05x10
6,73x10-2
-3
4,99x10
4,53x10-9
-2
1,07x10
4,82x10-9
-2
1,34x10
1,54x10-9
3,57x10-3
5.54x10-9
-3
4,22x10
6,49x10-9
-4
2.90x10
5.38x10-7
-3
1,68x10
9.66x10-8
-5
1.87x10
2,10x10-5
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5,69x10-5

Şanlıurfa

2.67x10-6

TABLE 2
Individual health risk posed by the accidents at Kozloduy and Akkuyu at receptors.

Receptors
Ankara
Konya
Samsun
Kocaeli
Balıkesir
İstanbul
İzmir
Manisa
Adana
Antalya
Erzurum
Şanlıurfa

Individual health risk (%)
the accident at Kozloduy
fatal
non-fatal
hereditary
fatal
4,5x10-2
9x10-3
1,2x10-2
9,5x10-7
1,5x10-2
3x10-3
3,9x10-3
3,2*10-6
-4
-6
-6
5,3x10
1,1x10
1,4x10
3,4x10-1
-2
-3
-3
2,5x10
5x10
6,5x10
2,3x10-8
-2
-2
-02
5,4x10
1x10
1,4x10
2,4x10-8
-2
-2
-2
6,7x10
1,5x10
1,7x10
7,7x10-9
1,8x10-2
3,6*10-3
4,6*10-3
2,8x10-8
-2
-3
-3
2,1x10
4,2x10
5,5x10
3,4x10-8
-3
-4
-4
1,5x10
3x10
3,8x10
2,7x10-6
-3
-3
-3
8,4*10
1,7x10
2,2x10
4,8x10-7
-5
-5
9,4x10-5
1,8x10
2,3x10
1,1x10-4
2,9x10-4
5,7x10-5
7,4x10-7
1,3x10-5

the accident at Akkuyu
non-fatal
1,9x10-7
6,1*10-7
6,7x10-2
4,5x10-9
4,8x10-9
1,5x10-9
5,5x10-9
6,5x10-9
5,4x10-7
9,7x10-8
2,1x10-5
2,7x10-6

hereditary
2,5x10-7
8x10-7
8,7x10-2
5,9x10-9
6,3x10-9
2x10-9
7,2x10-9
8,4x10-9
7x10-7
1,3x10-7
2,7x10-5
3,5x10-6

TABLE 3
Collective health risk posed by the accidents at Kozloduy and Akkuyu in 12 cities.

Receptors
Ankara
Konya
Samsun
Kocaeli
Balikesir
Istanbul
Izmir
Manisa
Adana
Antalya
Erzurum
Şanlıurfa

Population
4 007 860
2 192 166
1 209 137
1 206 085
1 076 347
10 018 735
3 370 866
1 260 169
1 849 478
1 719 751
937 389
1 443 422

fatal
1 800
330
6
300
580
6 700
600
270
30
145
1
4

Collective health risk (number of people)
the accident at Kozloduy
the accident at Akkuyu
nonfatal
hereditary
fatal
non-fatal
hereditary
360
470
0
0
0
65
85
0
0
0
1
2
4 100
810
1 100
60
80
0
0
0
110
150
0
0
0
1 300
1 700
0
0
0
120
160
0
0
0
50
70
0
0
0
5
7
0
0
0
30
40
0
0
0
0
0
0
0
0
1
1
0
0
0

TABLE 4
Collective risk due to potential accidents at Kozloduy and Akkuyu in different parts of Turkey.

Regions
1. Marmara
2. Aegean
3. Mediterranean
4. Central Anatolia
5. Black Sea

Kozloduy

Akkuyu

Fatal Cancer Non-fatal cancer Hereditary Effects Fatal Cancer Non-fatal cancer Hereditary Effects
8 400
1 700
2 200
0
0
0
1 700
350
450
0
0
0
450
90
110
0
0
0
3 500
700
900
16 000
3 200
4 100
40
0
0
4 800
1 000
1300
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7. Soutern East Anatolia
Turkey Total

10
20
14 120
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1
5
2 846

1
0
3 661

To find out the collective health risk for different regions of Turkey the individual risks calculated for the cities
in the different regions are assumed to represent individual
risk of the whole region. For the Kozloduy case, this assumption will probably not cause significant error in the
Marmara Region, which is small, or in Eastern and Southeastern Anatolia, as they are far and individual risks are
fairly small. However the uncertainties can be high for the
Aegean and Central Anatolia regions, since individual risk
in these regions decrease substantially with the distance and
representing the whole region with one or two cities can be
a significant source of uncertainty. In the case of Akkuyu
accident, the same assumption would produce high errors
in the Central Anatolia and Black Sea regions, because, as
discussed previously, a narrow strip in the Central Anatolia
region is very heavily affected. To avoid this Central Anatolia region is divided into parts as heavily impacted area,
which includes Karaman, Aksaray, Nevşehir, Kayseri,
Kırşehir, Niğde, Sivas, Yozgat and Tokat, and the remaining part of the region. The individual risk calculated for
Samsun was used to calculate the collective risk in the
impacted Central Anatolia region and the individual risk
calculated for the city of Ankara was used to calculate the
collective risk in the remainder of the region. The collective
risk for the whole Central Anatolia region was then obtained by summing the collective risks in both parts. Similar assumptions are also applied to the Black Sea region.
Collective risk for Samsun and Sinop were calculated using
the individual risk calculated for the city of Samsun, and
the collective risk for the rest of the Black Sea region was
calculated using the individual risk calculated for the city
of Ankara. Then the two risk values were summed up to
find out the collective risk of the whole Black Sea region.

10
1
20 811

1
0
4 201

2
0
5 402

ical consequences of the nuclear reactor accident, is one
of them such that the same accident was assumed for both
of the reactors without taking into consideration the differences in the design and accident progression. HySPLIT
does not allow modeling the short distances accurately, as
most of the other long range transport models. In addition,
there are other uncertainties due to natural variations.
These are the uncertainties coming from assuming the
adults to represent whole population, complexity of late
effect modeling which require multiple integrations including time variation of dose, the age distribution of the
population etc.
In conclusion, the late effects of radiation over Turkey following the accidents at Kozloduy and Akkuyu
NPPs were investigated in this study. The results showed
that the total impacts of Kozloduy and Akkuyu accidents
on whole Turkey are comparable, affecting 20,600 and
30,500 people, respectively. However, as pointed out in
the above discussion the number of people that are affected from Kozloduy and Akkuyu accidents are not in the
same regions, but distributed through all the regions of
Turkey in the case of Kozloduy accident and the narrow
strip extending to the north part of Turkey in the case of
Akkuyu accident.

The results are presented in Table 4. The data in the
table demonstrate that all three late effects resulting
from Kozloduy accident will be dominating in the Marmara, Aegean and Central Anatolia regions. A total of
20,600 people will be affected in case of an accident in
the Kozloduy NPP. The impact of the accident at the
Akkuyu NPP will be higher in the Central Anatolia and
Black Sea regions affecting some 30 500 people.

DISCUSSION AND CONCLUSION
Since this is a modeling study, it includes a variety of
uncertainties. Source term and HySPLIT related uncertainties are due to the limitations of the modeling. Source
term, the most important parameter affecting the radiolog-
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SUMMARY

ronmental balance, the emission sources should be analyzed separately and exercised in a modeling study [1].

Istanbul has been affected by air pollution as a result
of increasing population in the last two decades. Over the
last 10 years, even with the thriving preventions of regional municipalities on the usage of natural gas instead of
coal, the PM kind pollutions are not effectively controlled.
To predict the dispersion of PM10 emissions ensuing from
various air pollution sources- i.e. domestic, industries and
vehicles, the Industrial Source Complex Short-Term
Gaussian air quality dispersion model (ISCST3) was used.
A grid configuration was set to cover a compact residential and industrial area of 4 x 4 km in the center of Istanbul. Domain area specific information, including meteorological data and emission rates of sources obtained by
emission inventory, were put into the model. Comparison
of predicted and measured 24-hr average PM10 concentrations was carried out to evaluate the model performance.

KEYWORDS:
Emission Inventory, Air Quality, Dispersion model, PM10.

INTRODUCTION
Depending on the geographical structure of the region, the meteorological factors and the types of pollutants, air pollution is the weakening point for the quality
standards of life. Owing to the high density of industrial
and residential areas, and added to it the heavy traffic, the
natural cleaning process of the atmosphere cannot be
effectively achieved. As a result, the air pollutants remain
persistently in the atmosphere and get dispersed to other
places. In order to understand the effect of the mentioned
processes in the atmosphere on human health and envi-

PM is an important air pollutant, which flows out
from both anthropogenic and natural sources, admixed
with different chemical and physical spheres. Nowadays,
the total amount of PM introduced to the atmosphere
globally is around 3400 million tons per year. 10% of this
amount arises from the human facilities and 85% comes
from natural sources, all surge to the atmosphere [2].
Recently, the analysis on PM10 clearly indicates that
it is hazardous for human health, causing troubles of respiration and heart disease, even resulting in fatality. It is
evident from this analysis, the size of the particles transferred into the alveoli via respiration was PM10, thus
PM10 is comparatively more hazardous in causing health
problems than TPM [3-5].
The effects of PM10 and other air pollutants on the
environment are predicted with modeling studies. In order
to clarify the above, the PM10 dispersion modeling for
Treasure Valley, Idaho, was conducted using both ISCST3
and WYND valley models and developed the emission
inventory on a 2 x 2 km grid [6]. Another ISCST3 dispersion modeling study was conducted in Jamshedpur, India,
for predicting NOx emissions emitted by industrial, domestic and mobile sources [7]. In another modeling study,
to predict the average of 24 hours dioxin concentrations
of a point source, ISCST3 model was used [8]. ISCST2
model was used for calculating SO2 concentrations of
domestic sources in Ankara, the capital city of Turkey [9].
Istanbul, the metropolitan city of Turkey, located in the
Marmara Region between longitudes 28010’ and 29055’ E
and latitudes 41033’ and 40028’ N, has serious air pollution
problems as a result of rapid urbanization. Istanbul has
faced migration from rural areas or small towns since the
1950’s because of various factors; employment opportunities, urban convenience, access to better educational facilities, lack of modern resources, etc. The population of city
as per 2000 census is 13 million, spread in an area of about
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5733 km2. The population is predicted to be 17.3 million
and 23.7 million in 2010 and 2020, respectively, according to the average population rate of 4.6 % in the last four
decades [10].
The extremely high rate of migration from other parts
of Turkey, squatters settlement development, uncontrolled
growth of the city, lack of transport substructure, utilization
of low quality fuels and some other factors caused severe
air pollution in Istanbul. However, in the last decade, a
natural gas network has been built for domestic heating and
industrial utilization purposes. Also some quality parameters, such as calorific value of sulphur content, moisture
and size, are imposed on the coals after 1995. These had a
mitigation effect on the air pollution in Istanbul [11].
Many industries, dense residential areas, main roads
and highway are located in the study region. Consequently emissions have affected the region over the years.
Gaussian Air Quality Dispersion Model was applied to
predict emissions from various sources.
MATERIAL AND METHODS
Description of Model

In this study, ISCST3 model was used. ISCST3 is a
steady state, Gaussian dispersion model designed for
assessing pollutant concentrations from various sources.
The ISCST3 model is recommended for industrial source
complexes, rural or urban areas, flat or rolling terrain,
transport distances less than 50 km, 1 hr to annual averaging time, and continuous pollutant emissions. ISCST3 can
be used to model primary pollutants from point, line, and
area and volume sources. ISCST3 contains algorithms for
effects such as building downwash and pollutant removal
with wet scavenging and dry deposition [12].

Within this study, the PM10 emission derived from residential, industrial and mobile sources are calculated with an
inventory study, while the dispersion of PM10 is projected
via ISCST3 modeling. The industrial emissions were considered as point sources, domestic heating emissions, as area
sources and traffic emissions, as line sources for input into
the model. Study area of 4 x 4 km was divided into receptor
grids of 400 x 400 m. 122 uniform Cartesian grids and one
non-uniform Cartesian grid have been obtained. The model
has computed ground level PM10 concentrations at each
receptor for the averaging time option of 24 hours. Some
assumptions were done in this modeling study: Terrain
height option was accepted as flat. Stack-tip downwash and
buoyancy-induced dispersion options were selected. Default
options in the model were used for wind profile exponents
and vertical potential temperature gradients. The building
downwash process was not considered.
Meteorological parameters such as air temperature,
wind speed, wind direction, humidity and rainfall were
provided by the Florya State Meteorology Station. These
parameters were used as meteorological input to the
PCRAMMET pre-process model. [13].
Within the study area, the ambient air quality is monitored by Istanbul Municipality, Environmental Protection
Directorate, with MP101M Beta GAUGE Monitor. To
compare the result of the modeling study, we used the data
of PM10 ambient air quality measured for the year 1999.
Study Area

For the study area, a mass crowd of residential and
industrial district of Istanbul has been selected. The study
area is settled within Bahçelievler (27259 p/km2), one of
the most crowded parts of Istanbul (Figure 1).

Air Quality
Monitoring Station
Point Sources
Line Sources
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FIGURE 1
Point and Line Sources and Ambient Air Quality Monitoring Station in the Study Area.
TABLE 1
Major industries in the study region.

Source ID

Industry

Production

Fuel Type

PM10 Emission Rates (kg/day)

STCK1
STCK2
STCK3
STCK4
STCK5
STCK6
STCK7
STCK8
STCK9
STCK10

PISA
RUBI
ALTINYILDIZ
BALKAN
UNITEKS
BOYTEK
KAYALAR
SAFAK
TOPKAPI
SEK

Textile
Textile
Textile
Paper
Textile
Paper
Copper material
Chemical material
Textile
Dairy

Natural gas
Fuel Oil
Natural gas
Fuel Oil
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas

1.0
1.0
2.4
0.5
0.01
0.06
0.0001
0.01
0.25
0.26

TABLE 2
Results of Mobile Emission Inventory Study.

Line Sources
D100 highway
D100 access way
Atatürk street
Sanayi street
Ahmet Yesevi street

Length of
road, m
2880
2210
1594
2281
2497

Width of
road, m
32
28
20
11
14

Average of mobile counting (vehicle/h)
Car
Small truck
Truck
Bus
6483
659
1473
551
2825
255
684
210
5324
550
104
47
3408
467
56
87
4800
454
85
38

PM10 Emission
rate (kg/day)
132
50.7
16
22
25.1

RESULTS AND DISCUSSION

Inventory Study

Specific information about industries such as manufacturing processes, fuel consumption, fuel type and stack
emission characteristics were obtained from Municipality,
Environmental Protection Directorate. Location of study
area, ambient air monitoring station and emission sources
are given in Figure 1.
To examine the emission potential arising from mobile sources, the study area is chosen to be the most traffic
crowded streets and highways. With this purpose, Atatürk
Street, Sanayi Street, Ahmet Yesevi Street, D100 Highway and access way are determined as the line sources of
the study area. On each line source, the vehicles are classified according to their types i.e. cars, buses, small trucks,
trucks. Other detailed specifications of vehicles - such as
the age and the motor type- were considered in the emission assessment. Besides, the emission sources derived
from the residential areas were assessed with the number
of buildings, the sizes and the levels, the fuel type and
quantity. EPA emission factors are used in calculations of
the vehicle exhausts and fuel emissions [14].

Major industries in the study region produce textile,
paper, dairy products, and chemical and copper materials.
All industries in the domain area were accepted as point
sources. The details of industries with industry type, fuel
properties and emission rates are given in Table 1 showing that most of the industries are using natural gas in
production processes. If the production capacities and fuel
consumptions of industries are considered, PM10 emissions coming from natural gas is 71.7% of all industrial
emissions.
Maximum vehicular density is observed between 8:00
and 10:00 in the morning and between 17:00 and 20:00 in
the evening. In Table 2, the averages of the whole day
census and the vehicle emissions on the source determined roads are given. The vehicle emissions calculation
is examined according to American System with sensibility of C.
The fuels used in the study area are classified into
three groups; natural gas, fuel oil and solid fuels such as
lignite coal and wood. The rates of fuels are 60% of natu-
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ral gas, 15% of wood, 15% of coal and 10% of fuel oil.
The PM10 emission emitted from residential areas of the
region is evaluated to be 3728 kg per day. Because of the
high density of the residential areas and the common
usage of fossil fuel, the major component of the total of
PM10 is the residential sourced PM10 emission. The
dispersion of PM10 emission sources over the regions are
shown in Figure 2.
Industrial
1%

Mobile
6%

Domestic
93%

Domestic

Mobile

CONCLUSION
Within this study, the PM10 concentration of the 4 x
4 km region area (Figure 1) is estimated by ISCST3 Model. The PM10 emissions in the region are examined with
the inventory of emissions. As it is clearly seen from
Figure 2, the effectual PM10 emission is caused by consequence of the residential sources. The reason can be due
to the high density of the residential areas and the excess
usage of fossil fuels. By using natural gas, the industrially
sourced PM10 emissions are kept in control; and by taking only the point sources into consideration in the model,
the maximum PM10 concentration value is estimated to
be 1.8 µg/m3 (Figure 4a). With modeling based on only
residential sources, the estimated maximum PM10 concentration value is set as 284 µg/m3 (Figure 4b). Modeling by taking only the line sources into consideration, the
maximum PM10 concentration value derived from mobile
emission is estimated to be 26 µg/m3, around the D100
highway, where the traffic is massive (Figure 4c).

Industrial

FIGURE 2
PM10 Source Composition.

The average temperature of the region on yearly basis
is around 15.1 0C. In January, February and March, the
regular temperature is mostly below 10 0C’ indicating an
average of 6.6 0C. According to the 1999 data set, the
average wind speed is indicated as 2.11 m.s-1. The wind
rose of the result of the pre application of PCRAMMETprogram with the data set of the wind’s direction and
speed taken from the Florya Meteorology Station is
shown in Figure 3.
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FIGURE 3 - Wind Rose.
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24 hourly average basis (µg m-3) (a) Point sources
(b) Area sources (c) Line sources (d) All sources.

0
0

2

4

Distance in X direction (km)

(b)
4

In order to evaluate the performance of the model, the
values projected within the model are compared with the
data set of the Air Quality Station. In order to succeed in
this comparison, all the emission sources are considered
within the model. When all the emission sources are considered in the model, the maximum PM10 concentration
is obtained as 287.5 µg/m3 (Figure 4d). In Table 4, the
observed and predicted PM10 concentration values at
coordinates of Y-4541201,0; X-401292,78 are given.

Distance in Y direction (km)

TABLE 4
Observed and predicted PM10 concentrations.

Parameter
(Coordinate: 4541201,0; 401292,78)
Observed
Predicted

PM10 (µg/m3)
202.5
166.5

2

As can be clearly followed, the observed and predicted concentrations show good agreement with an accuracy
of 82 %. These results apparently indicate that the inventory emission study is valid, and the ISCST3 model is
fairly appropriate for the short term concentration projections. The study shall be useful in estimating the impact
of future developmental activities.
0
2

0

4

Distance in X direction (km)
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SUMMARY
In this article emphasis is placed on the operational
controls element of ISO 14001 in terms of waste management, wastewater management, and chemical management systems in Mercedes Benz Türk. The waste
management strategies by Mercedes Benz Turk (MBT),
such as waste monitoring, separating, collecting, recycling, are summarized with a brief comparison of the
relevant legislation in Turkey and the EU. Industrial and
domestic wastewater treatment systems, as well as the
planned treatment alternatives for deep coating, which is
going to be implemented in the future and which will also
increase the amount and influence the characterization of
industrial wastewater are discussed again considering
local and EU legislation. Furthermore, it deals with the
details of the chemical management system, which consists of classifying all the chemicals used within the factory according to their environmental risks, creating a specific MBT Material Safety Data Sheet (MSDS) for each
class and the initial evaluation of the chemicals which are
being used for the first time in the factory.

KEYWORDS:
ISO 14001, operational control, wastewater management, waste
management, chemical management, bus production.

INTRODUCTION
ISO 14001 [1] is gaining importance within the philosophy of responsible care. The number of certified establishments is increasing with the rising awareness. Mercedes Benz Türk produces buses in two locations in Istanbul. After body production in the Davutpaşa plant the
buses are transported to the Hoşdere Plant for assembly.
The production capacity of Mercedes Benz Türk is about
3000 buses per year, 70% of which are exported to a wide
range of countries including EU member states. In accor-

dance with Daimler Chrysler policy, which is binding for
all DC plants, Mercedes Benz Türk is committed to continual improvement in environmental protection. Consequently, in 1998 by a decision of the Board of Directors,
Mercedes-Benz Türk started to implement an environmental management system in line with ISO 14001 in
both plants. In 2000 the environmental management system of MBT has been certified according to ISO 14001.

OPERATIONAL CONTROL
This paper deals with one of the main clauses of ISO
14001, namely, operational control measures within the
framework of waste management, wastewater management and chemical management applications in Mercedes
Benz Türk.
Waste Management

To be able to implement the waste management system
2500 employees were trained in 3 years. While one procedure defines the main structure of the system, 11 work
instructions give the details for implementation and operation. Waste is segregated and monitored in all units of
the two plants. The management of waste is fulfilled in
line with the Turkish Legislation.
Turkish Waste Legislation: Turkish waste legislation
differentiates mainly between hazardous and solid waste
as well as medical waste. While for the control of hazardous waste special procedures, license requirements for
disposal plants and transport firms, information about
classification and treatment exist, the solid waste regulation is limited to some recommendations for reuse and
recovery. This concept is very different from the German
approach, where each waste is subject to monitoring and
all sorts are provided with codes, while some sorts are
classified as waste requiring special monitoring and undergo special procedures.
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This trend should also be followed in Turkish waste
regulations by coding all sorts of waste and monitoring
them, while evaluating the alternatives of hazardous waste
reuse and recovery.
Contaminated materials, paint sludge, waste solvent
and oil, which are outputs of the both Mercedes Benz
Türk plants, are classified as hazardous waste according
to Turkish Hazardous Waste Control Regulation.
Hazardous waste: The main two groups of hazardous
waste in Mercedes Benz Türk to be disposed are contaminated materials and paint sludge. Hazardous waste is
collected separately and disposed in a licensed treatment
facility.

Gloves, clothes and clothing contaminated with paint,
solvents, oil and other chemicals are defined as contaminated materials.
Paint sludge is an output of the paint process. The
overspray particles produced during the paint process are
held in the water filled tank under the paint cabin. Every
3 months the tank is discharged and fresh water is refilled. The sludge that settles under the tank and has to be
removed by each refill, is called paint sludge.
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Contaminated materials are collected in yellow plastic bags, which are especially produced for Mercedes
Benz Türk. They have special labels, danger signs, risk
phrases and the companies star on them. Waste solvent
and oil bins are also labeled so the origin, content and the
direction as well as the date of issue and the responsible
department can be followed.

Production Units

FIGURE 1
Disposed Hazardous Waste and Costs.

The hazardous waste amounts and costs can be seen
in Figure 1. While the amount of contaminated materials
depends on the production number, it is not the only parameter, which affects the amount of paint sludge, since
the paint process also controls the paint sludge produced.
Sometimes according to customers requests buses have to
be painted several times in different colors, which leads to
more paint sludge production, although the number of
busses remains constant.
The disposal of one ton of contaminated material
costs 488 Euro. Due to the high cost and the high amount
of contaminated materials waste minimization activities
are concentrated in this field. Training activities are performed for efficient use of such materials, which also
reduces the raw material consumption. To wash the contaminated materials for reuse is also a widely used alternative for disposal, but for using this method the capacity
of the waste water treatment system should be adequate
and feasibility studies should be performed.
Usually the paint sludge consists of 80% water. In this
form the disposal of one ton of paint sludge costs 307 Euro.
By reducing the water content to 40% savings up to 50%
can be achieved. So the paint sludge is dried within the
factory and the water is treated in the wastewater treatment plant.
There are some different methods for paint sludge
drying, while the centrifuge offers an improved technological alternative, sometimes the investment costs und
energy requirement can be too high to consider it as an
environmentally friendly one. In this case some practical
approaches like bags or sludge beds are used. In the first
alternative the sludge is filled in bags, which are hung in
closed and covered containers and the seeping water from
the bags is led to the wastewater treatment plant. In the
second alternative the sludge is dried with the concept of
sludge beds by spreading the sludge in uncovered, long
containers, which are placed in glass chambers allowing
the wastewater to drain, which is then collected and treated appropriately.
Hazardous Waste to be Recycled: Waste solvents and
oil are hazardous waste to be recycled and are sold to
different recycling firms with a license from the ministry
of environment as described in the legal procedure. Waste
solvents are recycled to be used in paints for construction,
while the waste oil, used in low quality oil production.

As it can be seen in Figure 2 the waste amounts are
not directly proportional to the production number, since
they are also used for maintenance.
In 2002 the savings were higher than expected due to
an increased number of licensed firms, which resulted in
competitive prices. By the end of the 90’s the number of
the recycling firms with a permit was limited. The start of
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Recycled materials are mostly packing materials. The
majority of the recycled waste consists of wood upto 74%,
followed by pulp and paper upto 23% and nylon upto 3%.
Paper wasted in the offices is not included in the chart,
since it is collected separately and goes to the foundation
ÇEKÜL (Foundation for the Protection of the Environmental and Cultural Values). In return trees are received from
ÇEKÜL and planted in the Hoşdere factory.

The packing material of hubcabs are collected separately and reused by the supplier. The bubble wrap nylons
which are used to cover the surfaces of the buses to protect the coating from any damage during the transfer from
Davutpaşa to Hoşdere, are collected separately in Hoşdere
and sent back to Davutpaşa for reuse.

0
2000

FIGURE 3
Non hazardous Waste Percentages.

Sometimes very simple solutions can lead to remarkable savings. The material supply system for imported
parts is a good example. The use of pellets instead of pulp
led not only to environmental savings, but also to quality
improvement. The new system reduces the transportation
damage to goods, thus improving quality, while minimizing environmental strain by reducing energy used for production and recycling of packaging material and deriving
resources. Savings up to 2000000$ were achieved.

0

[Busses]

[t]

100

[Busses]

ISO 14001 activities in some significant establishments
led to an increase in recycling firms following the trends
and fulfilling the requirements of the main industry.

FIGURE 2
Recycled Hazardous Waste Amounts and Savings

Wastewater Management

Non hazardous waste is collected in transparent bags. Bigger parts that can damage the
bag, are placed in big containers on wheels, which are
directly brought to the waste storage area. Big parts of
pulp and wood coming from the warehouse are also
brought directly to the waste storage area by fork lifts and
stored at reserved lots.
Non hazardous waste:

Non hazardous waste is sold to a subcontractor. Data
collected for 3 years is represented in Figure 3. 96% of the
recycled scrap is iron, which is the raw material for body
production, the remaining minority consists of brass used
for pipe production, and copper, which is in the cables.

Recycled Scrap
%33
Disposed
54%

% 13

Recycled
33%

Process wastewater coming from paint shop is treated
after chemical precipitation together with domestic
wastewater in the conventional activated sludge system.
The output is either discharged into the river or used
for irrigation purposes during the summer season. The
discharge is monitored in regular intervals as determined
in the procedures at MBT environmental laboratory. It is
also sent every 3 months to a licensed laboratory to be
monitored according to the Water Quality Control regulation and discharge permit. The output concentrations of
COD and heavy metals from the current wastewater
treatment within 6 months are given in Figure 4. They are
not only below the standards, but also below the operational limits, which are defined by Mercedes Benz Türk.
Operational limits are stricter than the standards and are
set to alarm before the legislative limitations are reached.
Any nonconformity will mean a risk, which can be handled before the actual limitations are exceeded.
Davutpaşa Plant will be moved to Hoşdere including
the coating process. Such a shift will bring breakthroughs
and improvements with it. In spring 2004 buses will be
phosphated and a cathodic coating process will be introduced in Hoşdere, which means that buses of 15 m length
will be submerged in a coating bath.
This process will not only guarantee longer corrosion
protection, but will reduce air emissions. The bath filled
with coating will be discharged only for maintenance,
which will reduce the quantity of wastewater. The flow
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scheme of the new waste water treatment plant is given in
Figure 5.
1.00

the strictest values within the 5 standards including Turkish and German Legislation. The concentration limits are
given in Table 1.
Table 1
Discharge Limits [2], [3].
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Concentration (mg/l)
Turkish Standards
for Irrigation Water
Arsenic
0,1
Cobalt
0,05
Flouride
1,0
Lithium
2,5
Beryllium
0,1
Zinc
3
Manganese
0,2
Molybdenum
0,01
Selenium
0,02
Vanadium
0,1
German Wastewater
Discharge Regulation
Phosphorus
0,1
Cadmium
5*
AOX
100*
Nitrogen
5
Nickel
50*
Copper
100*
COD
20
Chromium
50*
Lead
50*
*µg/l
Mercury
1*

0.40
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FIGURE 4
Output concentrations of COD and heavy metals
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Concentration (mg/l)
Turkish Discharge Limits
for Vehicle Production
SS
30
Aluminium
3
Iron
3
pH
6-9
Free Cyanide
0,05
Turkish Discharge Limits
For Drainage Systems
Antimon
3
Phenol
5
Boron
2
Silver
5
Tin
5
Sulphate
1700
Turkish Regulation on Water
Products
Nitrate N
5
Ammonia N
0,2
F Chlorine
0,5
TSulphur
1
T Cyanide
0,3
Oil Grease
10
Parameter

CLARIFIER
CLARIFIER

1st AEROBIC
STAGE

A chemical management system is necessary for the
chemicals used in the automotive industry. For a successful management system the material safety data sheets
(MSDS) of all the chemicals in use should be collected.
Since they contain detailed data which can be too complex for the operational level the MBT MSDS, a shorter
version had to be created. The chemicals in use are classified in different main groups such as solvents, paints, etc.,
with relevant subclasses and the subclasses are numbered.
For each subclass a MBT MSDS which consists of one
page and contains only significant data, was prepared.

1st ANOXIC STAGE

EFFLUENT

ANOXIC
SELECTOR

FIGURE 5
The flow scheme of the new wastewater treatment plant

Paint process wastewater will still be treated in the
existing chemical precipitation system. For the
wastewater from the phosphating and cathodic coating
process, a new chemical treatment system has been
planned.
Due to the new system and the higher number of employees, the biological treatment system will be improved
and the existing conventional activated sludge system will
be retrofitted. The wastewater will be treated in a two
stage pre-denitrification system.
The discharge limits are set according to 5 limitations
from 4 different regulations. The limits are set to abide by

The workers are provided with a list of chemicals in
use with a cross reference to the relevant MBT MSDS
number.
When a chemical is going to be used for the first time
in the factory, it is also evaluated by a team, which consists of the medical doctors, occupational health and safety manager and the environmental engineer as well as the
quality laboratories,. The team decides whether the new
chemical is in line with the environmental procedures of
the factory or not. If the evaluation proves to be negative,
a new research is conducted for a matching material
which is more environmental friendly. If there is no
equivalent, the team determines extra measures which
have to be taken to control and minimize the impact. And
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after the approval, the relevant MBT MSDS is prepared
and the new chemical is registered in the chemical lists.
CONCLUSION
In the context of responsible care it is becoming very
important for establishments to implement an environmental management system according to ISO 14001. This
study dealt with one of the significant elements of ISO
14001, namely, operational control.
The control of operations in production units covering complex process like paint, adhesion and assembly
requires a net of well planned, documented and implemented systems. Mercedes Benz Turk is certified in two
locations in Istanbul according to ISO 14001 since 2000
and running waste, hazardous waste, wastewater and
chemical management systems considering the EU and
local legislation. The operational control measures do not
only cover today’s impacts, the future context of the improving the plants in terms of environmental protection is
also considered in every step of the production.
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SUMMARY
Sustainable development has been a key concept in
debates on environment and also become a strong motive
in guiding the thinking in the area of environmental education in recent years. However, the discussion about
sustainable development and education for sustainable
development is going on. This paper focused on the historical progress of environmental education through the
disputatious concept sustainable development.

KEYWORDS: Environmental education, sustainable development, education for sustainable development.

INTRODUCTION
In recent years, “sustainable development” has been a
key concept in debates on environment which has become
the pivotal in orienting our understanding of what the
issues are and what needs to be done. It has also become a
strong motive in guiding the thinking in the area of environmental education [1]. According to UNESCO’s recent
documents sustainable development is the “ultimate goal
of the Man-environment relationship”: thus, the whole
educational process should be “reshaped for sustainable
development” [2]. However discussion about “sustainability”and “sustainable development” [3-5] and also “education for sustainability” or “education for sustainable development” [2, 6-8] is going on for many years.
It may be useful to run an eye over the historical progress of environmental education, before focusing on
these disputatious concepts.
ENVIRONMENTAL EDUCATION’S
HISTORICAL PROGRESS
The term “environmental education” was first used at
an international level in 1948 at a meeting of the Interna-

tional Union for Conservation of Nature and Natural
Resources in Paris [9].
During the 1970s, the international institutions` support raised the profile of environmental education, leading
to a great deal of common understanding of the aims,
objectives and approaches to the subject. Since then,
numerous conferences and activities have concentrated on
the topic of environmental education. In 1975, the International Workshop on Environmental Education held in
Belgrade was the first inter-governmental statement on
environmental education. It listed the aims, objectives,
key concepts and guiding principle of the programme in a
document prepared at the meeting known as “The Belgrade Charter- a Global Framework for Environmental
Education”. Following up this charter, in 1977, the first
inter-governmental Conference on Environmental Education, held in Tbilisi, USSR. The conference prepared
recommendations for the wider application of environmental education in formal and non-formal education.
This significant event and subsequent publications based
on it continue to provide the framework for the development of environmental education in the world today [10].
Final report of the conference sets out three goals of environmental education:
• to foster clear awareness of and concern about economic, social, political and ecological interdependence
in urban and rural areas.
• to provide every person with opportunities to acquire
the knowledge, values, attitudes, commitment and
skills needed to protect and improve the environment.
• to create new patterns of behavior of individuals,
groups and society as a whole towards the environment [11].
In 1980, the World Conservation Strategy launched [2]
one of the most significant documents concerning conservation and environmental education at a global level. This
key document stressed the importance of resource conservation through “sustainable development”.
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It was the World Conservation Strategy which first redirected the goals of environmental education towards
sustainable development [6] Since then, the terms “education” and “sustainable development” were used together in
a number of influential reports such as those of Brundtland
Commission, “Our Common Future (Brundtland Commission, 1987)”, and the Rio Earth Summit’s Agenda 21
(UNCED, 1992). Most significantly, Agenda 21 of the
Summit, called for the re-orientation of environmental
education towards sustainability. At this point, another
debate is arising: the adoption of sustainable development
in education.
DISCUSSIONS ABOUT
SUSTAINABLE DEVELOPMENT
The idea of sustainable development was first presented by the International Union for Conservation of
Nature [12] in an international forum of the World Conservation Strategy. In 1987, the definition of sustainable
development was offered by the World Commission of
Environment and Development: “Development that meets
the needs of the present without compromising the ability
of future generations to meet their own needs” [13]. A
commonly accepted focal point of the international sustainability debate is this definition of the Brundtland Report.
“Sustainability” is accepted as a highly ambiguous
and problematical term (for ex. see [7, 14]). There can be
a divergence over what is to be sustained. For some, the
focus has been on the economic growth, for others it has
been the “balance of nature” or an ecosystem. For another, it has been a culture or human needs [7].
The literature reflects the varying interpretations of
how “sustainability” can be achieved. Implicit within
these texts are differing assumptions about the nature of
“sustainability”. These variations reflect differing ideologies and capture the ongoing political debate about sustainable futures [6].
Fundamentally, the international sustainability debate
has its focus around two ethical questions. One is the
concern for intra-generational justice (between North and
South, between rich and poor, etc.) and inter-generational
justice (towards future generations). The other question is
whether sustainability pursues a technocentric or an ecocentric direction [7].
As for the concept sustainability, consensus also disappears in the addition of the idea: development to sustainability. Jicking [15] suggests “sustainable development” as a
“conceptual muddle” was not made out of commitment to
the ideals expressed. Nelson [16] says definition of “sustainable development” is ambiguous as it is open to different interpretations according to the user’s intensions and
suggests that its strength is in its vagueness.
Bonnett [1] defines a number of difficulties about the
goal of sustainable development as semantic (whether it is

to be conceived economic or ecological perspective),
ethical (whether it should be anthropocentric, bio-centric
or something else), and epistemological (how to judge
which actions will positively contribute to sustainable
development and which might have detrimental consequences for the environment?).
Consequently, it is obvious that the concept sustainable development is very broad and vague and its various
elements need further development and clarification.
EDUCATION FOR
SUSTAINABLE DEVELOPMENT
The history of environmental education reveals a
close connection between the changing concerns about
the environment and its associated problems. Until the
mid-1980s, public environmental concern continued to
heighten, giving environmental education a stronger impetus in schools. In the 1990s, the concern over environmental and developmental problems shifted its focus to
environmental education for sustainability [6]. This form
of environmental education differs significantly from the
naturalist, apolitical and scientific nature of environmental education in the 1980s and early 1990s. It fills gaps
between development and environment [17].
In recent years, there has been intense and critical debate on education for sustainable development, at international level as before stated. For example Jickling [15]
argues that education for sustainable development signifies
ideology or indoctrination around a concept. He says “Education is concerned with enabling people to think for themselves. Education “for” sustainable development or education “for” anything else is inconsistent with this criterion.
Also; some researchers [7, 8, 18, 19] have been discussing
the possibility of education for sustainable development.
Despite the discussions about education for sustainable development, environmental education literature
around the world, influenced by major documents such as
World Conservation Strategy (1980), and UN Conference
on Environment and Development (1992) highlighted the
role of education in bringing about changes towards sustainable development. Agenda 21 of the 1992 Summit
states: “Education is critical for promoting sustainable
development and improving the capacity of people to
address environment and development issues” [20].
Some recent studies [6, 17, 21] are interested in the
clarification of fundamentals of education for sustainable
development and how it differs from environmental education. McKeown and Hopkins [21] respond to this question by clarifying the differences between these two forms
of education. They say environmental education and education for sustainable development have similarities, yet
they are discrete. The two will influence one another,
however, maintain separate agendas, priorities and programmatic development.
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CONCLUSION

[13] WCED (1987). Our Common Future, The Brundtland Report
(Oxford, Oxford University Press).

This paper focused on the historical progress of environmental education through the disputatious concept of
sustainable development. Despite the discussions about
sustainable development, it is obvious that this term has
been adopted in every environmental issue and also in
environmental education. Under these circumstances,
environmental education’s gust for sustainability must be
responsive not only to economic and political forces that
shape society, but also be alert to the social and environmental effects of globalization that arise from our own
actions as collective humanity. We live in an age of risk,
which equates progress with the exploitation of nonrenewable resources, so we need to regularly construct
potential alternative futures, since, as species, we are no
longer guaranteed survival [22].
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SUMMARY
Teachers play an important role in enhancing the quality of environmental education in schools. For teaching to
be effective, teacher-trainees should have a clear conception of the subject they are going to teach. Therefore, it is
essential to assess pre-service teachers’ conceptions. The
aim of this study was to investigate pre-service teachers’
understanding of environment. In the present study, the
written responses given by teacher-trainees to an openended question as to what they understand by the term
“environment” were analysed. Student teachers’ understandings are juxtaposed and findings are discussed for
environmental education.

says: “just as school science curricula that ignore pupils’
preconceptions are frequently ineffective in changing
pupils’ mistaken understandings of the world, so teachers’
education curricula that do not address students’ conceptions of teaching and learning, may also fail”. This suggests that it is significant to know pre-service teachers’
conception of a subject before they begin to teach it.
However, little research has been focused in the area
of student teachers’ subject matter understanding [6]. And
several researches have investigated trainee-teachers’ understanding about individual environmental issues [7, 8].
Therefore, the aim of the present study was to investigate
pre-service teachers’ understanding of the environment.

KEYWORDS: Environmental education, pre-service teachers,
conception of environment.

METHOD
Data are generally collected through a series of indepth, open-ended interviews, however analysis of written
materials describing the participants’ understanding of a
phenomenon can be used [9].

INTRODUCTION
One of the major aims of environmental education is
to prepare graduates to make environmentally sound decisions and to participate responsibly in environmental
quality maintenance. That is why for environmental educators it is critical to evaluate pre-service teachers’ environmental conceptions [1]. The success or failure of environmental education depends on the classroom teacher [2].
For enhancing the quality of environmental education, it
is important to develop teachers' understanding, since
there is a relationship between a teacher’s teaching and
students’ learning [3].
Teachers’ conceptions about the subject matter and it’s
teaching play an important role in affecting their effectiveness as the primary mediators between the subject and the
learners. Teachers, who have a clear conception of a subject, are in a better position to teach it with confidence [4].
Accordingly, as Barnes [5] has stated, assessing pre-service
teachers’ conceptions of the subject matter is essential. She

In this study, the written responses given by the sample
including 135 pre-service biology teachers from freshman
to senior of the Gazi University, Faculty of Education, to an
open-ended question asking them to state what they understand by the term “environment” were analysed.
Open-ended questions explore learners thinking processes and enable deeper insight into the understanding of
concepts. The key problem in analysis of tests with openended questions is how to handle systematically a large
number of various answers and how to increase their
information value. They can best be analysed by qualitative methods, especially by summarizing and classifying
the responses into categories.
On the basis of the range of responses given by the
teacher-trainees, the categories were developed. Each
student teacher’s response to the question was coded
according to best fit with the categories.
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RESULTS
Four different conceptions were identified from the
analysis of the pre-service teachers’ responses. These
conceptions are:
1) a place that includes living and non living things
2) a place where the living including people and the
non-living things coexist in a relationship
3) a place that supplies people’s needs
4) a place where the living and non-living things coexist in harmony
The percentage and frequency of teacher trainees according to the four categories are shown in Table 1.

Teachers construct their own conceptions of the topics, in which they make these conceptions comprehensible to the students. Students, in turn, create their own
understandings of what has been taught. In this process,
new comprehensions result for both the students and the
teacher [5]. This suggests that the teacher`s understanding affects students’ learning, and that is why teachers
should have clear conceptions of the subject matter.
However, the result of this study indicated that preservice teachers’ understanding of the environment was
not being developed through their environmental
knowledge. Therefore it is important to assess and develop pre-service teachers understanding and to build more
powerful and effective teachers` education programmes
in environmental education.

TABLE 1
Conceptions of environment by pre-service teachers.

Conceptions
Conception 1
Conception 2
Conception 3
Conception 4

Frequency
61
49
18
7

REFERENCES

%
45.2
36.3
13.3
5.2

The majority of student teachers (45.2%) described
their understanding of environment as “a place that includes living and non-living things”. Only a few teachertrainees (5.2%) understood environment as dynamic interactions between the various living plus non-living
entities and the people.
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DISCUSSION
The findings of the study indicated that pre-service
teachers describe their understanding of the environment
in four different conceptions. The majority of student
teachers see the environment as “a place that includes
living and non living things”. None of them used economical, political, technological, social etc. aspects of environment while describing their understandings. However,
senior students are more knowledgeable about environmental issues, as they have been taken courses about
environment and ecology, and the knowledge seems to be
quite independent of their environmental conceptions. As
Loughland et al. [10] state better knowledge of environmental issues has no correlation with the development of
a relation concept of the environment. Environmental
knowledge might have been learnt in such a way that
relation concepts are not being developed. The manner in
which people report their experience or understanding of
a phenomenon is associated with the situation in which
they find themselves and on which they are focusing [11].
And as Stables and Bishop [12] suggest that different
cultural and social groups have almost different views of
the environment.
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SUMMARY
In this study, the surface water data of Istanbul, such
as water supplies, water treatment plants, raw and treated
water quality parameters, map and general data were
transferred into Geographic Information Systems (GIS) in
order to establish a new water monitoring network. GIS
technologies are further utilised in the formulation of the
water monitoring programme to assist in intake operation
and land-use planning in the catchments. The results of
this study suggest that mapping of surface water data of
Istanbul with GIS enabled the users and researchers to
reach the data easily for their further analysis.

KEYWORDS: Water Quality, Water Supplies, Monitoring, Network, Geographical Information System (GIS).

INTRODUCTION
Geographic Information System (GIS) is a computerbased system for capture, storage, manipulation, display,
and analysis of geographic information. Its multiple functions also make GIS an ideal tool for the water management. Because especially evaluation of many issues together, such as complex and multi-source water supply,
water resources, water quality, water disruption systems,
water treatment plants, population, roads etc. on a digitalized map environment, provides users to find easy and
fast solutions for existing problems and make decisions
better for future strategies [1, 2].
Istanbul is the largest city of Turkey with a current
population of 12 million people. The dramatic increase in
population and the ensuiting of city development has
created major problems for the authorities responsible for
the infrastructure of the region. Especially water supply
and water pollution issues are the two important problems
to be solved [3].

In this study, a water monitoring network was developed by using GIS. The water supply, water resources,
water treatment works, surface raw and treated water data
of Istanbul were transferred into GIS and existing and
planned situations were evaluated on the digitalized map.

METHODS
Generally, GIS network analysis is a suitable tool to
model phenomena of the real world that are transported
through a network. In this study, it is used for managing
of water resources and monitoring of raw and drinking
water qualities. For that purpose, a map containing reservoirs of Istanbul was obtained from Istanbul Water and
Sewer Authority (ISKI). Maps reflect the created databases and map of Istanbul was rectified and coordinated
using Mercator projection. The Mercator projection has
straight meridians and parallels that intersect at right
angles, as opposed to the Robinson projection. Mercator
preserves area only at the equator and at two standard
parallels equidistant from the equator. Datum is basically
mathematical description of the Earth’s size and shape. In
this study, ED 50 (European Datum) and UTM 36 projection were used. Raster and vector data were used to represent reservoirs, water treated works and transmission
systems of Istanbul. Raster data are represented by pixels
with values. The raster allows certain types of operations,
which are not possible with vector data. Map algebra is
possible with multiple data layers - creating index maps.
Vector data are stored as points, lines, and polygons.
Vector format uses less memory than raster format, and
does not loose positional accuracy. The water quality
parameters were obtained from ISKI. MapInfo Professional
was selected as the geographic analysis software. Raster,
vector and table data were transferred into a MapInfo Professional database for geographical analysis [4, 5].

911

© by PSP Volume 13 – No 9. 2004

Fresenius Environmental Bulletin

RESULTS
Water Demand of Istanbul

Istanbul is divided into two parts by sea channel
Bosphorus between Black Sea and Sea of Marmara. One
side of the Bosphorus is on the European Continent,
while the other lies in Asia. Sixty-five % of Istanbul’s
population lives on the European side, while the rest is
on the Asiatic side. Currently, the population of the city
is around 12 millions. The population growth is almost
twice the overall rate of Turkey. Almost 400.000 people
immigrate to Istanbul each year. Istanbul is also the most
important industrial and commercial centre of the country.
Immigration, uncontrolled development of the industry and
rapid urbanization cause environmental problems. As can
be seen in Table 1, the results of Istanbul population census
show that it is estimated to increase to 14.7 millions in 2010
and 16.5 millions in 2020. Water demand indicates both
current and/or expected water consumption in any given
area over a specific time period. Total water demand of
Istanbul increases with increasing population and developing industry. It was estimated to be 2.195 million (mil.) m3/
year in 2020 [3].

on the Asiatic part of the city. Because of that, currently
some part of water demand of the European side is supplied
from the Asiatic side. The total annual water reserve of the
dams around Istanbul is 1065 mil. m3/year in wet years and
about 875 mil. m3/year in dry years. Figure 1 and Table 2
present the detailed information concerning the currently
available water resources in the city.
Raw Water Qualities

After transferring Water Quality Standards into a
network, it is easy using GIS to classify water sources and
to monitor the trend of water variables of reservoirs to
determine what kind of water pollution controls will be
necessary to meet the required standards.
In this study, Turkish Water Pollution Control Standards (TWPS) were used and transferred on GIS to determine the suitability of Istanbul water sources for public
supply. TWPS categorizes water sources into four classes
according to the physical (pH and colour), inorganic (sulphate, chloride, total phosphorous, ammonia, nitrate, total
iron), organic (biological oxygen demand and chemical
oxygen demand) and bacteriological criteria (E. coli);
Class 1: High quality water

TABLE 1 - Water Demands of Istanbul.
Years
1990
1995
2000
2010
2020
2030
2040

Population
(mil.)
6.6
8.4
12.1
14.7
16.5
17.7
18.7

Domestic demand
mil. m3/year
524
771
939
1.298
1.556
1.756
1.936

Industrial
demand
mil. m3/year
46
51
56
66
78
91
105

Class 2: Slightly polluted
Total demand

Class 3: Polluted water

mil. m3/year
648
818
1.032
1.645
2.195
2.673
3.253

Class 4: Highly polluted water
The quality of water resources of Istanbul have been
monitored by Turkish General Directorate of State Hydraulic Works (DSI) and ISKI since 1981. Raw water
quality data of Omerli, Elmali, Alibeyköy, Terkos,
Buyukcekmece, Kucukcekmece and Darlik were transferred into GIS. The qualities and classes of water sources
can be monitored comparatively at any time on the digital
map. According to the developed water net work, average
water quality is slightly polluted in Darlik, polluted in
Terkos, Buyukcekmece and Alibeykoy and highly polluted in Elmali reservoir. Poor water quality in most of the
reservoirs is attributed to the urban settlement, industries
and farms in the catchment areas.

TABLE 2 - Currently available water resources.
Water resources

Service year

Groundwater.
Elmali
Terkos
Alibeykoy
Omerli
Darlik
Buyukcekmece
Yesilvadi
Istranca
Sile dug wells
Sazlidere dam
Yesilcay
TOTAL

1893. 1950
1883
1972
1972
1982
1989
1992
1995-1998
1996
1998
2002

Annual yield
mil. m3/year
Wet years
Dry years
10
15
12
142
80
36
21
220
164
97
72
70
45
10
6
235
235
30
30
55
55
145
145
1065
875

Water Transmission System

Water Sources of Istanbul

However, 65 % of Istanbul’s population lives on the
European side, but 65 % of the city's water supply is found

Depending on the water demand, multiply and complex water treatment and transition system have been constructed for supplying Istanbul. Buyukcekmece, Ikitelli and
Kagithane water treatment works (wtw) at the European
side and those of Elmali and Omerli at the Asiatic side are
the main existing treatment plants in Istanbul. Treatment
facilities at Buyukcekmece, Omerli and Elmali are adjacent
to their source reservoir and draw raw water directly into
the works through short inlet mains. Kagithane wtw, on
the other hand, is supplied with water from Istranca,
Terkos and Alibeykoy. Additionally, Ikitelli wtw is supplied from Sazlidere reservoir (Figure 2).
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FIGURE 1 – Istanbul water reservoirs and their qualities.

FIGURE 2 – Water transmission systems in Istanbul area.

FIGURE 3 – Monitoring of the treated water quality on GIS.
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Already, as part of the on-going and planned projects, new treatment works, Arnavutkoy and Cumhuriyet,
and extensive raw water transmission systems are being
provided for supplying Istanbul.

monitoring of water quality. The water network enables
its users to constitute a database and to realize statistical
and query analysis on it.

European side:

• Extensions to the Istranca system
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• A transfer main from Kucukcekmece lake to Sazlıdere
reservoir
Asian side:

• A main and tunnel from Yesilcay to Omerli wtw
• Transmission main and tunnels from Melen to Cumhuriyet wtw
• Melen-Omerli transmissions
Treated Water Quality

In 1994 there were three water treatment plants located at Büyükçekmece, Kagithane and Omerli. The
treatment plant at Elmali was abandoned due to its inability to meet the drinking water standards in operation. This
plant has been upgraded by renovating the facilities and
adding ozonation and powdered activated carbon; and has
then been returned to operation. Similarly, Kagithane
treatment plant was renovated and a new plant (Muradiye)
was added to the existing ones at Omerli. Fatih Sultan
Mehmet (Ikitelli) water treatment plant has been in operation since the end of 1998.
GIS technologies are further utilised in the formulation of treated water monitoring programme. In this study,
daily treated water quality database and quality standards
were transferred into GIS and linked with the digitised
maps. The geographic-based water network enables users,
water managers or researchers to reach any Istanbul treated drinking water data in any time. Also, the trend of the
any parameter in drinking water can be easily presented
graphically on the GIS. Figure 3 demonstrates trihalomethans (THMs) variation in Buyukcekmece and Ikitelli
treated water and treated water qualities in Istanbul comparing European community drinking water standards.

Received: October 22, 2003
Accepted: February 27, 2004

CORRESPONDING AUTHOR

CONCLUSIONS
In this study, surface water data of Istanbul were
transferred into GIS in order to provide high quality for
water management. It was extremely a complex system to
transfer all data related to surface water of Istanbul and
required large amounts of data to be available. Thus,
reservoir data contained in various databases and water
quality parameters were transferred into GIS database to
create Istanbul water network for the management and
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