"!

 ²   





   

FEB - FRESENIUS ENVIRONMENTAL BULLETIN
Founded jointly by F. Korte and F. Coulston
Production by PSP - Vimy Str. 1e, 85354 Freising, Germany in
cooperation with PRT-Parlar Research & Technology
Vimy Str 1e, 85354 Freising
Copyright© by PSP and PRT, Vimy Str. 1e, 85354 Freising, Germany
All rights are reserved, especially the right to translate into foreign language or other processes - or convert to
a machine language, especially for data processing equipment - without written permission of the publisher. The
rights of reproduction by lecture, radio and television transmission, magnetic sound recording or similar means
are also reserved.
Printed in Germany-ISSN 1018-4619

1

"!

 ²   





   

FEB-EDITORIAL BOARD
CHIEF EDITOR:
Prof. Dr. Dr. H. Parlar
Parlar Research & Technology-PRT
Vimy Str.1e
85354 Freising, Germany
CO-EDITORS:
Environmental Spectroscopy
Prof. Dr. A. Piccolo
8QLYHUVLWDGL1DSROL³)UHGHULFR,,´
Dipto. Di Scienze Chemica Agrarie
Via Universita 100, 80055 Portici, Italy
Environmental Biology
Prof. Dr. G. Schuurmann
UFZ-Umweltzentrum
Sektion Chemische Ökotoxikologie
Leipzig-Halle GmbH,
Permoserstr.15, 04318
04318 Leipzig, Germany
Prof. Dr. I. Holoubek
Recetox-Tocoen
Kamenice126/3, 62500 Brno, Czech Republic
Prof. Dr. M. Hakki Alma
Kahramanmaras Sutcu Imam University
Avsar Kampusu, 46100 Kahramanmaras, Turkey
Environmental Analytical Chemistry
Prof. Dr. M. Bahadir
Lehrstuhl für Ökologische Chemie
und Umweltanalytik
TU Braunschweig
Lehrstuhl für Ökologische Chemie
Hagenring 30, 38106 Braunschweig, Germany
Dr. D. Kotzias
Via Germania29
21027 Barza(Va), Italy
Advisory Board
K. Bester, K. Fischer, R. Kallenborn
DCG. Muir, R. Niessner,W.Vetter,
A. Reichlmayr-Lais, D. Steinberg,
J. P. Lay, J. Burhenne, L. O. Ruzo

MANAGING EDITOR:
Dr. P. Parlar
Parlar Research & Technology
PRT, Vimy Str.1e
85354 Freising, Germany
Environmental Management
Dr. K. I. Nikolaou
Env.Protection of Thessaloniki
OMPEPT-54636 Thessaloniki
Greece
Environmental Toxicology
Prof. Dr. H. Greim
Senatkommision ± DFG / TUM
85350 Freising, Germany
Environmental Proteomic
Dr. A. Fanous
Halal Control GmbH
Kobaltstr. 2-4
D-65428 Rüsselsheim, Germany
Environmental Education
Prof. Dr. C. Bayat
Esenyurt Üniversitesi
34510 Esenyurt, Istanbul, Turkey

Marketing Manager
Cansu Ekici, B. of B.A.
PRT-Research and Technology
Vimy Str 1e
85354 Freising, Germany
E-Mail: parlar@wzw.tum.de
parlar@prt-parlar.de
Phone: +49/8161887988

5631

"!

 ²   





   

Fresenius Environmental Bulletin is abstracted/indexed in:
Biology & Environmental Sciences, BIOSIS, CAB International, Cambridge Scientific abstracts,
Chemical Abstracts, Current Awareness, Current Contents/Agriculture, CSA Civil Engineering
Abstracts, CSA Mechanical & Transportation Engineering, IBIDS database, Information Ventures,
NISC, Research Alert, Science Citation Index (SCI), Scisearch, Selected Water Resources Abstracts

5632

"!

 ²   



Dimosthenis

Sarigiannis,

MEASEP

The
18th
International
Symposium
on
environmental pollution and its impact on life in the
Mediterranean region was held on September 26-30,
2015 in Crete. Its main theme was sustainable
resource use and impact on health and well-being.
This is the theme of the current special issue, which
is based on the scientific works of the Symposium.
This overarching theme was further developed in
thematic sessions focusing on the following:
-

   

(b) ,QGRRU DQG DPELHQW DLU TXDOLW\ LPSDFW RQ
KXPDQ KHDOWK DQG LGHQWLILFDWLRQ RI VRFLR
HFRQRPLF GULYHUV RI SROOXWLRQ DQG FRQVH
TXHQWKXPDQH[SRVXUH
(c) 'HFLSKHULQJ WKH FRPSOH[ LQWHUDFWLRQV
EHWZHHQ HQYLURQPHQW DQG KXPDQ KHDOWK
ZLWKLQWKHIUDPHRIWKHH[SRVRPHSDUDGLJP
(d) :DVWHDQGQDWXUDOUHVRXUFHPDQDJHPHQWLQ
VXSSRUW RI VXVWDLQDEOH GHYHORSPHQW
IRFXVLQJ RQ WHFKQLTXHV WR SURPRWH WKH
FLUFXODU HFRQRP\ UDQJLQJ IURP PDWHULDO
IORZ DFFRXQWLQJ WR QRYHO WHFKQRORJLFDO
FRQFHSWVIRUZDVWHWUHDWPHQWWKHJRDOKHUH
LV WR PRYH WRZDUGV QHDU]HUR ZDVWH
JHQHUDWLRQ LQ FLWLHV DQG LQGXVWULDO DJUL
FXOWXUDOSURFHVVHV
(e) ,PSDFW RI FOLPDWH FKDQJH RQ QDWXUDO
UHVRXUFHXVHDQGDYDLODELOLW\HPSKDVLVZDV
SXW RQ IUHVK ZDWHU VFDUFLW\ D PDMRU
SURMHFWHG WKUHDW LQ WKH 0HGLWHUUDQHDQ
UHJLRQ ZLWK VLJQLILFDQW VRFLHWDO HFRQRPLF
DQGHQYLURQPHQWDOUHSHUFXVVLRQV
(f) ,QIOXHQFHRIZDWHUDQGVRLOTXDOLW\RQPXOWL
URXWH H[SRVXUH RI KXPDQV WR PHWDOV DQG
RUJDQLF SROOXWDQWV DQG H[SORUDWLRQ RI
DGYDQFHG GHSROOXWLRQ WHFKQLTXHV VXFK DV
PHPEUDQH UHDFWRUV RU FKHPLFDO SUHFLSL
WDWLRQV\VWHPV
(g) /DUJHVFDOH FOLPDWH FKDQJH PLWLJDWLRQ
WKURXJK WKH SURPRWLRQ RI VXVWDLQDEOH
HQHUJ\RSWLRQVDQGUHGXFWLRQRIWKHFDUERQ
IRRWSULQW

EDITORIAL
By Prof.
President



6XVWDLQDEOH QDWXUDO UHVRXUFH DQG ZDVWH
PDQDJHPHQW
(QYLURQPHQWDOKHDOWKDQGZHOOEHLQJ
&OLPDWHFKDQJHPLWLJDWLRQDQGDGDSWDWLRQ
,QGRRUDQGRXWGRRUDLUSROOXWLRQ
:DWHUDQGVRLOSROOXWLRQDQGFRQWURO
(FRWR[LFLW\DQGELRGLYHUVLW\
(QHUJ\HQYLURQPHQWDQGVXVWDLQDELOLW\
(QYLURQPHQWDODVSHFWVRIQXWULWLRQ
(QYLURQPHQWDOHFRQRPLFVSROLF\DQGHGXFDWLRQ

Overall, the issue of a well-pondered use of natural
resources to ensure sustainability in its environmental, societal and economic sense is key for the
equitable development of the Mediterranean
countries. This poses several problems of technological and non-technological nature especially when
considering the financial and social turmoil in the
Mediterranean region over the last decade. The
articles in this special issue address many of these
issues and propose both advanced scientific methods
for understanding and analyzing the underlying
environmental problems and technological solutions
to face them. Precise assessment would facilitate
targeted and cost efficient interventions, which in
turn, will result in a healthier Mediterranean
environment.

The quality of the presentations was high and several
colleagues expressed their interest in publishing their
work presented in the symposium into this Special
Issue. After a thorough peer review process, where
each manuscript was evaluated by two independent
reviewers, 70 high quality manuscripts were finally
selected for publication.
The key thematic focus of this special issue is on the
identification of the most important environmental
pressures and the translation into adverse impacts on
human health and well-being in the Mediterranean
region. Several relevant aspects are highlighted
further in this special issue including:
(a) $GYDQFHG WHFKQLTXHV IRU HQYLURQPHQWDO
PRQLWRULQJDQGDQDO\VLVDQGLQWHUSUHWDWLRQ
RIWKHUHVXOWLQJGDWD
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SOIL CHARACTERIZATION AND COMPARISON OF
ORGANIC MATTER QUALITY AND QUANTITY OF TWO
STANDS UNDER DIFFERENT VEGETATION COVER ON
MONTE FAITO (CAMPANIA, S-ITALY)
Curcio Elena1, Danise Tiziana1, Innangi Michele1, Coppola Elio1, Alvarez-Romero Marta2,
Fioretto Antonietta1, Papa Stefania1,*
1

Dep. Environmental, Biological and Pharmaceutical Sciences and Technologies, Second University of Naples,
Via Vivaldi 43, 81100 Caserta, Italy.
2
Dep. Agricultural Chemistry and Soil Science, Faculty of Science, Agrifood Campus of International Excellence - ceiA3, University of
Cordoba, Cordoba, Spain

KEYWORDS:
Organic carbon; soil profile; forest canopies; enzyme
activities; microbial biomass

root exudates, are thought to drive "species-specific"
effects on VRLO¶V properties [1±4]. Consequently, the
dominant species of each forest strongly influence
structure, function and activity of soil microbial
communities [5]. Moreover, different conditions
of pedogenetic horizons influence segregation of
microbial communities according to availability of
nutrients and energy. Consequently, there are
important changes in organic matter, which is the
energy source for microorganisms, with significant
modifications in its composition and structure along
the profile of a forest soil, from the surface to the
deepest horizons [6].
By and large, scientific research has been
focused either on surveys on VRLO¶V profile and
chemistry or on the study of microbial biomass and
its activities in the first centimeters of the soil,
given that the topsoil is the most biologically
active. On the contrary, little attention has been
given to what happens deeper along the soil profile,
especially with focus to the interaction of biological
activities and soil chemistry. Few works, in fact,
take into account soil layers [e.g. 7±11], and fewer
still are those that investigate the biological
component along soil horizons [e.g. 6, 12, 13].
Accordingly, our study aims to (a) characterize
and compare organic matter quality and quantity
along the profiles of soils developed on the same
parent material, but under different canopies, i.e.
European Beech Fagus sylvatica
L. as a broad-leaved species and Black Pine
Pinus nigra J.F.Arnold as a coniferous species; (b)
evaluate the distribution and activity of the microbial
biomass along the soil profiles.

INTRODUCTION

MATERIALS AND METHODS

Forests are among the most important
terrestrial ecosystems. Within their soils,
microorganisms are involved in nutrient cycling and
energy conversion. Actually, different types of forest,
with their dominant tree species, due to litter and

The research area is located on Monte Faito
(Vico Equense, Napoli, Campania, Southern Italy)
which lies in the Regional Park of Monti Lattari.
This area largely lacks of any specific pedological
and biological survey. In this mountain, soils have

ABSTRACT
Soil is the largest terrestrial carbon pool, of
which about 20% is stored in forest soils. The
dominant species of each forest typology strongly
influence structure, function and activity of soil
microbial communities. There is a substantial lack
of studies integrating analyses on soil chemicalphysical features and biological activities in soil
deep layers under different canopies. Accordingly,
the present work aims to (a) characterize and
compare organic matter quality and quantity along
the profiles of soils developed on the same parent
material, but under different canopies and (b)
evaluate the distribution and activity of the microbial
biomass along the soil profiles. The research was
carried out in a mountain ecosystem in southern Italy,
along the GHFRPSRVLWLRQ¶V continuum. In order to
reach our goals we evaluated Soil Organic Matter
(SOM), Soil Total Nitrogen and Soil Total Carbon
and different C fractions, microbial and active fungal
biomass, enzyme activities involved in SOM
degradation. The results showed that in the soil, the
chemical-physical variables made the difference in
the A horizons, while some enzyme activities
explained most of the diversity in the deepest
horizons. Overall, the two stands showed differences,
highlighting a separation of the two profiles, despite
the same parent material.
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developed mainly from deposits of ashes and
pumices from the eruption of Vesuvius in 79 A.D.
burying older allophanic soils [14]. The beech stand
is located at 40° ¶ ¶¶ N, 14° ¶ ¶¶( (1238 m
a.s.l.) and the pine stand at 40° ¶ ¶¶ N, 14° ¶
¶¶ E, (1104 m a.s.l.). The beech profile (archive ID
number: P112001) is described by the following
sequence: O (1-0 cm) - A (0-10 cm) -AE (10-20 cm) Bh (20-25 cm) - C1 (25-60 cm)- C2 (60-80 cm) ± 2Bb
(80-140 cm) - 3R (> 140 cm). The soil body (A-AEBh), relatively rich in small pumice, shows a loam
sandy texture, with weak acid reaction (pH 6.2 to 6.3).
A layer of small pumice constitutes the subsoil (C1
and C2). The buried horizon 2Bb, without pumice,
shows a loam sandy texture and neutral reaction (pH
7.2). According to WRB criteria [15], the soil can
be classified as Vitric Leptic Andosol. The pine
profile (archive ID number: P112010) is described
by the following sequence: O (2-0 cm) ± A (0-15 cm)
± B1 (15-25 cm) ± B2 (25- 45 cm) ± B3 (45-60 cm)
± 2Ab (60-83 cm) ± 2Bb (83-140 cm) ± 3R (>140
cm). The entire soil profile has a sandy texture,
ranging from sandy loam (A) to loamy sand (B1, B2
and B3), with a neutral reaction (pH 7.1). The buried
horizons (2Ab and 2Bb) without pumice have a sandy
loam (2Ab) or silt loam texture (2Bb) with a neutral
reaction (pH 7.1). According to WRB criteria [15]
the soil can be classified as Mollic Eutrisilic Andosol.
Within the two study stands, litter have been
sampled in six randomly chosen replicates by using a
20×20 cm steel frame, while the sampling of
mineral soil was performed directly from soil
profiles. Litter samples have been divided in three
fractions according to different decomposition
stages, namely: L (lightly fragmented litter),
including leaf litter that does not show evident sign
of fragmentation and/or chemical alteration; F
(fragmented litter), including leaf litter with evident
signs of fragmentation and/or chemical alteration
although with the original leaf structure still
recognizable; H (heavily fragmented and humified
litter), including strongly fragmented and
chemically altered leaf litter, where original leaf
structure is hardly recognizable [16]. Soil chemical
analysis (C and N) were performed on fine earth
material (sieved at 0.5 mm) obtained by crushing and
sieving the fine earth (<2 mm) obtained from soil
sampling. The fine earth and fine earth material were
kept air dried.
For soil biological analysis, each horizon of the
two profiles was divided into several layers, in order
to account for the high variability of biological
activities even in few centimetres. According to this
subdivision, in fact, it is possible to evaluate the
activity of microbial communities and the
development of their fluctuations as a function of
depth. Furthermore, the division of soil biological
activities according to depth allows comparisons
with literature. A comparison between soil profiles
and depths can be seen in Table 1.

TABLE 1
Correspondence between horizons and layers in
the two stands.
Beech
Horizon

Layer

Horizon

Layer

A

0-5
5-10

A

0-5
5-10

AE

10-15

10-15
15-20

B1

15-20

Bh

20-25

C1

25-40

B2

25-40

40-60

B3

40-60

C2

60-80

2Ab

60-80

2Bb

80-140

2Bb

80-140

20-25

As for the beech stand, all the biological and
chemical-physical analysis have been carried out
continuously up to 40 cm depth; from 25 cm up to
80 cm depth (C1 and C2 horizons) the shortage of soil
due to the massive presence of pumice prevented
both biological and chemical physical tests. Yet,
measurements have been carried out in the
following horizon (2Bb) up to a depth of 140 cm.
As for the pine stand, given that the profile was
more homogeneous, all the analyses have been
carried out continuously up to a depth of 140 cm.
According with the different criteria of soil
study (pedological, chemical, and microbiological)
the determinations of soil organic matter content,
total content of nitrogen and total and extractable
carbon were performed with many methods:
x Soil Organic Matter content (SOM) was
evaluated gravimetrically as the difference between
the dry weight and the ashes after incineration in a
muffle furnace. For fine earth materials, samples were
previously oven dried for 1 h at 105 °C and then
muffle temperature was set at 375 °C for 16 h,
whereas litter samples were incinerated at 550 °C for
4 h [17];
x Soil Total Carbon (STC) and Soil Total
Nitrogen (STN), both in litter and fine earth
materials, have been measured by means of a CHNS
elemental analyser (EA 1110, Termo Quest
Instruments) [18];
x Total Organic Carbon (TOC) has been
carried out by the Springer-Klee method, namely by
oxidation of fine earth materials samples with an
excess of potassium dichromate in a hot sulphuric
acid environment (Method Mi.PAF No. VIII.1,
1999) [19]. It should be emphasized that for the
determination of TEC (Total Extractable Carbon),
HAC (Carbon from Humic Acids) and FAC (Carbon
from Fulvic Acids) this process was preceded by an
9
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extracting step (an aliquot of 0.5 mm sieved soil
sample was put in 100 ml of NaOH + Na4P2O7 0.1
mol L-1 for 48 h at 65 °C in a thermostatic water
bath, then centrifuged at 3000 g for 20 min and the
resulting supernatant solution was filtered). In order
to separate HA from FA and non-humic (NH)
substances, the solution was put at pH <2 with 50%
H2SO4 (v/v), then centrifuged. The separation of FA
from NH was obtained by means of a solid
chromatography in PVP resin. In all cases (TOC,
TEC, HAC, FAC) the content of organic carbon was
calculated by back-titration with a solution of FeSO4.

(TOC) and Soil Total Nitrogen (STN) were used to
compute the relative stocks along the soil profiles in
all horizons. In order to compute the stocks, we
applied a conversion using soil apparent density
(bulk density) as described in detail in [20].
Microbial biomass has been evaluated by the
fumigation (with ethanol-free chloroform) incubation
-1
(with NaOH 1 mol L ) method in order to
determine the evolved CO2 by a double titration
[21]. Using the measures of biomass and respiration,
the metabolic quotient (qCO2) and the Coefficient of
Endogenous Mineralization (CEM) have been
calculated [11,22].
Active Fungal Biomass has been measured by
counting the number of intersections of hyphae
(previously treated with fluorescin diacetate, FDA)
with all the lines of an ocular counting grid (10×10)
310 μm per side mounted on an epifluorescence
microscope [23].
Both for soil and litter, all the enzymatic
activities
have
been
evaluated
by
a
spectrophotometric method. Cellulase and Xylanase
have been determined according to [24], Chitinase
according to [25]. For the litter material, it was
necessary an extraction of these three enzymes in
sodium acetate buffer 0.05 mol L-1 pH 5.5, while for
soil a direct approach was used. Dehydrogenase was
determined according to [26] and a direct approach
was possible for both litter and soil.
All reported values are mean ± standard error
(n=6). All data have been inspected for outliers and
checked for normal distribution. Differences
between single variables within the two groups was
tested with a 2-sample t-test assuming equal
variances after logarithmic transformation (log10) to
homogenize variances. Multivariate analysis to
assess overall difference between the two canopies
was done with a MANOVA. All statistical analyses
were done with PAST [27].

RESULTS
As shown in Fig.1A, there were no evident
differences in organic matter content in the litter
layers L, F, H between the two plant species neither
for quantity, nor for trend. In fact, in both stands it
gradually decreases from the less decomposed layer
(L) to the most decomposed one (H).
As for organic matter in soil, there was a sharp
decrease in quantity between the litter layers and the
first layer of mineral soil (0-5 cm), corresponding
to the A horizons. Subsequently, SOM content
gradually decreases along depth in both vegetation
covers.
Data related to TOC fractions are also shown in
Fig.1. The different TOC fractions gradually
decreased with depth and were considerably higher
along the beech profile (B) than along the pine

FIGURE 1
Organic matter content (g/g d.w) along the beech
and pine profiles (A) and Total Organic Carbon
(TOC), Extractable Organic Carbon (TEC),
Carbon present in Humic Acids (HAC) and
Fulvic Acids (FAC) determined on fine soil
samples collected from the horizons of the two
profiles, respectively beech (B) and pine (C).
The concentration of Total Organic Carbon
10
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profile (C), particularly regarding to TEC and HAC.
Furthermore, along the pine profile, carbon fractions
slightly increased in the buried 2Ab and 2Bb
horizons. On the whole profile, Beech cover showed
a HA/FA ratio of 1.25±0.07 while Pine cover
HA/FA ratio was 0.95±0.03.

amount of circa 120 Mg/ha, while in the beech
stand the most superficial Ah horizon presented a
lower C amount, approximately 80 Mg/ha. In the
following horizons, C stock was about 40 Mg/ha only
for the pine stand, while a strong C accumulation was
detected in the buried 2Bb horizons in both
vegetation covers (roughly 80 Mg/ha in both stands).

A

B

FIGURE 3
Representation of the Organic Carbon Stock (A)
and the Total Nitrogen Stock (B) along the
profiles of the two vegetation covers; values are
expressed as Mg/ha.
N was strongly accumulated in the upper layers
as well but, unlike C, it was more abundant in the
Ah horizon of the beech cover (circa 8 Mg/ha)
compared to the A horizon of the pine cover (about
5 Mg/ha). Along the beech profile, N decreases up
to the Bh horizon, whereas in the pine profile nitrogen
stocks were almost constant (between 4 and 5
Mg/ha) until B3 horizon, where nitrogen stock
decreased in the buried 2Ab horizon. In both
vegetation covers the greatest N stock was found in
the 2Bb horizons, where there was a clearly higher
quantity of N than that in the superficial horizons,
namely 12 Mg/ha in the beech stand and 9 Mg/ha in
the pine stand.
All the tested biological activities in litter are
shown in Fig.4. Cellulase and xylanase showed
amounts and trends overlapping between the two
species, namely an increase from the less (L) to the
most (H) decomposed level. Dehydrogenase
showed the same trend but, in this case, beech values
were double compared to pine ones. Chitinase, on the
contrary, showed an opposite trend between the two
vegetation covers. In fact, under pine, F layer
presented a peak of activity, while under beech it
showed the lowest activity. Active Fungal Biomass

FIGURE 2
Concentrations of STC and STN (expressed as
percentage) and STC/STN ratio determined on
litter and soil under beech (A) and pine (B)
cover.
As for carbon and nitrogen contents (Fig. 2), in
both vegetation covers, the highest values of total C
were recorded in litter layers, mainly L and F and,
in detail, they were 10% higher under pine than
beech cover. These contents decreased gradually
along depth in both stands. As expected, the contents
of total N decreased gradually in both stands from
litter layers to mineral soil and, overall, they were
higher under beech than under pine cover, at least
as far as 25 cm depth. Deeper in the soil, nitrogen
trends were similar. Consequently, the STC/STN
ratio appeared noticeably higher in the pine litter
layers while, at soil level, the two different vegetation
covers present a very close decreasing trend with
depth, slightly higher under beech cover.
As shown in Fig.3, organic carbon was more
accumulated in the superficial layers of both
vegetation covers. This was especially evident in the
pine stand where the A horizon presented a C
11
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where there is a sensible peak at 40-60 cm (Table 2).
CEM followed a trend similar to qCO2, with
remarkably higher values in the deeper layers of pine
cover (Table 2).
In order to determine which variables were
mainly responsible for the observed differences
between the two different cover stands, t-Tests on
the whole profile (after log10 transformation) were
carried out (Table 3).

showed an increasing trend from the less to the most
decomposed layer in both vegetation covers, but
under pine values were higher. As for soil, all the
tested enzymatic activities and Active Fungal
Biomass (Fig.5A-E) showed overlapping amounts
and trends between the two species. Microbial
Biomass decreased along the profiles and was higher
under beech than under pine cover (Fig.5F).
As for qCO2, values were comparable between
beech and pine cover until 25 cm depth. Deeper in the
soil, the index was computed only under pine cover,

A

FIGURE 4
Trends of the enzymatic activities and the Active Fungal Biomass in the litter of both vegetation covers.
Values are expressed as μmol of specific product /g OM × h: equivalent glucose for Cellulase (A) and
Xylanase (B), pNP for Chitinase (C), INTF for Dehydrogenase (D). Active Fungal Biomass (E) is
expressed as g AFB/g D.W.

12
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FIGURE 5
Trends of the enzymatic activities in the soil of both vegetation covers. Values are expressed as μmol of
specific product /g OM × h: equivalent glucose for Cellulase (A) and Xylanase (B), pNP for Chitinase (C),
INTF for Dehydrogenase (D). Trends of Active Fungal Biomass and the Microbial Biomass in the soil of
both vegetation covers. Active Fungal Biomass (E) is expressed as g AFB/g
D.W. Microbial Biomass (F) is expressed as mg C/ g D.W./ 10d of incubation and no analysis have been
made on the beech profile in between 25-80 cm, where a deep pumice layer was found.
TABLE 2
qCO2 (mgC-CO2 mg-1Cmic g-1) and CEM (mgC-CO2 g-1Corg h-1) determined on soil samples collected
from the horizons of the two profiles. Values represent mean ± standard error of the mean.
Depth (cm)
0-5
5-10

qCO2
Beech
0.01±0.000
0.02±0.000

qCO2
Pine
0.02±0.000
0.04±0.001

CEM
Beech
0.35±0.007
0.44±0.009

CEM
Pine
0.44±0.009
0.4±0.008

10-15

0.02±0.000

0.02±0.000

0.31±0.006

0.33±0.007

15-20

0.03±0.001

0.04±0.001

0.27±0.005

0.31±0.006

20-25

0.06±0.001

0.11±0.002

0.7±0.014

0.4±0.008

25-40

0.03±0.001

0.17±0.003

40-60

0.34±0.007

0.38±0.008

60-80

0.11±0.002

0.45±0.009

80-140

0.03±0.001

0.06±0.001
13
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MANOVA, instead, being a multivariate extension
of analysis of variance, was performed to determine
whether, in all data, the two sites are different (Table
4).
By comparing the results obtained by the two
tests, it is evident that the mainly differences between
the two different cover sites can be attributed to
biological indexes, in particular CEM, the ratio
microbial carbon/organic carbon, the ratio microbial
carbon/qCO2 and an enzymatic activities such as
cellulase.

DISCUSSIONS
All analyses draw attention to a difference
between these two stands regardless of the common
parent material. Noticeably, the main difference
between the horizons in the two profiles is given by
different regimes of accumulation of pyroclastic
deposits. This most probably depends on the
difference in altitude as the higher stand, the beech
one, has been strongly and directly interested by the
pyroclastic materials from the eruption of Vesuvius
in 79 A.D., while the lower stand, the pine one, has
been influenced by a shadow effect produced by the
ridge.
Soil is the largest carbon reservoir of the
terrestrial ecosystems; it contains about 2-3 times
more organic carbon than the atmosphere with a
value of about 1,500 to 2,000 Tg [28]. This stock is
not inert, but in a dynamic phase of accumulation or
decomposition [29,30]. The balance between C
inputs and losses controls organic matter accumulation in soil by mineralization and/or leaching.
Carbon in the deep layers of the soil can be more
stable than the one in the surface due to the
differences in sources, in chemical structure and in
environmental conditions [31]. The STC/STN ratio
is an important index of the biological activity and
of the GHFRPSRVLWLRQ¶V rate, since microbial activity
can be strongly bound to nitrogen deficiency. Soils
of coniferous forests have higher STC/STN ratios
and high carbon contents than soils of broad leaved
forests [32±35]. Our data do not agree with these
reports, because we have not observed substantial
differences between the two profiles neither in C
contents nor in STC/STN ratios. The amount of Soil
organic carbon, and therefore the different fractions
(TOC, TEC, HAC, FAC) along soil profile, were also
strictly dependent on the amount of organic matter
that arrives to soil, represented by annual litter input.
In fact, as demonstrated by a study [36], the humic
layer presents high values of STC and STN contents,
which are not found in the soil mineral layers along
the profile. These results are consistent with those
reported in our study for the two profiles under
beech and pine cover. In fact, the organic matter was
much higher in the organic layers (litter) reducing to
about a third and a fifth already in the first 5 cm of
the A horizons of both beech and pine. In addition,
differently from C contents and STC/STN ratios,
SOC fractions were higher along the beech profile
and comparable to what is in literature [37]. The
only available data on organic carbon for Monte
Faito are reported in
[20], where the results (although presented only
for the 0-5 cm layer and for Beech canopy) are
comparable to our study.
According to [38], each single layer of the soil
organic horizon represent a different step of the
decomposition process. In this work, the three layers
(L, F, and H), recognized as associated with the

TABLE 3
Results of the t-Test assuming equal variances
per each variable after logarithmic (log10)
transformation. p values are reported as n.s.
(not significant), * (significant p<0.05), **
(significant p<0.01), *** (significant p<0.001).

Variable
STN

t-Test
p value
0.215 n.s.

STC
STC/STN
Active Fungal Biomass
Organic Matter
Cellulase
Xylanase
Chitinase
Dehydrogenase
Microbial Biomass (Cmic)
Respiration
TOC
TEC
HA
FA
CEM
qCO2
Cmic/qCO2
Cmic/TOC
Cmic/SOM

0.203 n.s.
0.497 n.s.
0.013*
0.628 n.s.
0.044*
0.645 n.s.
0.110 n.s.
0.276 n.s.
0.546 n.s.
0.071 n.s.
0.517 n.s.
0.789 n.s.
0.463 n.s.
0.611 n.s.
0.086 n.s.
0.260 n.s.
<0.001***
<0.001***
<0.001***

TABLE 4
Multivariate Analysis of Variance (MANOVA)
for all considered variable between the two
stands.
MANOVA
:LON¶V lambda
df1
df2
F
p(same)

0.005
32
12
77
<0.001***
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different stages of decomposition, do not show sharp
differences between species in the content of organic
matter, but it is possible to highlight in both canopies
a decreasing trend from the less decomposed L layer
to the most decomposed H one.
During the first stage of litter decomposition, C
is normally released faster than N, which,
consequently, increases its concentration and total
amount. In this way, the STC/STN ratio decreases to
the typical STC/STN ratio of the microbial
community [38]. Later, in the advanced stages of
decomposition, the STC/STN ratio remains
unchanged because C and N are released in
approximately equal proportion. Consistent with
literature, an increasing trend of N concentration
along the profile was visible in all the three organic
layers (L, F, and H), which was a confirmation for
the hypothesis of the N immobilization. At the same
time, a clear decrease in the STC/STN ratio was
observed in the H layer compared to L one. Both in
beech and pine profile, mineral soil showed a lower
content of N and a STC/STN ratio consolidated
around 14-15; this suggests a further degradation of
the organic matter, after a long decomposition
process, with the release of a relatively higher
amount of N along the mineral horizons, compared
to organic ones.
The diversity and the activity of the soil
microflora and of the meso and microfauna closely
depend on the quantity and quality of litter and SOM
[39], which in turn is influenced by soil physicalchemical characteristics. Generally, SOM decreases
along the profile reflect changes in total microbial
biomass and fungal biomass [36]. As expected, in
the first 5 cm of the mineral soil, the highest levels for
microbial biomass have been found both under beech
and
pine cover. These levels decreased
progressively with depth. As for the active fungal
biomass, high levels have been found both in the
organic and in the mineral soil, even up to the depth
of 140 cm. The high values of fungal biomass and
microbial biomass in the deeper horizons could be
attributed to high stress conditions of the habitat
[40].
The qCO2 index is the amount of carbon
evolved as CO2 per unit of microbial carbon and
provides information on the presence of stress
conditions for the edaphic community under which
energy efficiency would be lower. An increase
generally means a low metabolic efficiency. In both
soils this value tends to increase with depth, especially
in the pine stand where it shows an irregular trend.
The CEM index represents the fraction of organic
carbon that is mineralized to CO2 per time unit and
can provide interesting information on the
mineralization rate of organic matter and on the soil
potential capability to accumulate or dissipate carbon.
The values of qCO2 and CEM indicate that the
energy required by the microbial community for its
growth and its maintenance [41] increases with

depth, especially under pine cover. Particularly, the
microorganisms present in these horizons appear to
spend more energy to metabolize the available
organic substrate than those of superficial
horizons. In the deepest horizons, the microbial
community should meet its energy demand by using
the easily degradable C resources, enriching the
organic pool with C compounds increasingly
recalcitrant. This enrichment could be helped by lack
of replacement of fresh organic matter in the deepest
soil horizons. In the long run, according to [42], these
conditions could lead "to a change in the population
structure of the microbial community of the deepest
horizons".
Soil microorganisms are characterized by their
diversity, which is expressed in the several different
carbon sources that can be used. This great
diversity involves a special adaptation to life in the
soil, with frequent changes of species, which
constantly move the environmental enzymatic
budget because of different living conditions
(aerobiosis or anaerobiosis, autotrophy or
heterotrophy) and of the variety of carbon and
nitrogen sources.
Enzymes are important to catalyse various
reactions necessary for living processes of soil
microorganisms, for the stabilization of the soil
structure itself, for the decomposition of organic
residues, for the formation of organic matter and
for the maintenance of the nutrient cycling [43].
It is a known fact that the HQ]\PHV¶ production
in a soil profile reflects the availability of organic
substrates [44]. In a forest soil, the decrease with
depth of total organic carbon and of its easily
available forms generates a vertical gradient of
enzymes degrading the ligno-cellulosic components
[44]. This type of vertical distribution of enzyme
activities has been observed in different forest soils,
including soils of Mediterranean climate, soils of
Central Europe with a Fagus sylvatica or Picea
excelsa cover and boreal coniferous forest soils [45±
48]. Specific enzymatic activities give an estimate of
how suitable is SOM to enzymatic degradation;
therefore, they are considered to be a measure of
organic PDWWHU¶V quality [49]. The trends in enzyme
activities from our study are generally overlapping
with a similar Beech stand located not far away from
Monte Faito that was investigated until 30 cm depth
and in different seasons, although the similarities are
detectable only in autumn [11].
All the enzymatic activities assayed in our
study appeared significantly higher in the organic
layers rather than in the mineral horizons and
generally higher in the soil under pine cover rather
than beech, although with some exceptions (e.g.
Chitinase or Microbial Biomass). The cellulase
and xylanase are enzymes that catalyse the
hydrolysis of cellulose and hemicellulose in glucose
dimers, abundant in root exudates. The persistence
of these activities along the profile of both sites
15
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suggests a contribution to C mineralization, in
particular with regard to the decomposition of
cellulose and hemicellulose, in the deepest layers as
well. The activity of chitinase and dehydrogenase
decreases along the profile of both sites, but is still
present in the deepest layers as well. Thus, it can be
assumed that the efficiency of the hydrolytic
microorganisms continues along the soil profile,
suggesting a good efficiency in C use by the
microbial biomass.

climate change.
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is caused by a dominant sediment transport in the
cross-shore direction. This process continues along
with the storm and eventually stops when sand
grains, accumulating at a point offshore, form an
offshore bar. A significant process during this bar
formation is the erosion of beach face after the
transportation of sediment particles caused by
intensive breaking waves. The modelling of offshore
bar profile, sediment transport and evolution process
is formulated in various ways in a number of
different laboratory studies [1, 2, 3]. Dean [4]
presented the energy dissipation related transport
rates, assuming that offshore transport continues
until the wave energy dissipation per unit volume of
water is constant and is equal to a pre-described
value over the entire surf zone. Turker and Kabdasli
[5], assuming that the distances between the erosion
and deposition profiles are directly related with the
energy dissipation rate on the beach profile use
'HDQ¶V PRGHO defining the average sediment
transport dislocation on cross shore direction.
Various researchers have carried out studies on
linear and non-linear cross-shore sediment transport
models for a variety of beach profiles. In most of
these studies, experimental data were compared with
previous models in the literature [6, 7,8, 9]. Sylvester
and Hsu [2] analyzed beach profile parameters by
non-linear regression techniques using various
experimental data obtained from previous works and
proposed an equation for the erosion parameter. Hsu
[10] performed experimental and theoretical studies
to determine the geometry of offshore bars and
suggested some equations for erosion parameters.
Consequently, considerable amount of researches
has been performed to further understand the
behavioural and geometric characteristics of erosion
profiles under stable and unstable conditions
pointing out that the flexible and impressible
properties of coastal regions are offering storm wave
protection.
The profile changes are generally monitored
through physical, numerical or prototype models.
Beach profiles are usually exhibiting concave shapes
owning steep slopes at coastal regions followed by
mild slopes towards offshore. There are several
significant researches about hydrodynamics and

ABSTRACT
Experimental investigations of coastal erosion
generated by the action of irregular waves were
carried out in laboratory flumes. It is well known that
both the field surveys and the experimental studies
are not precise enough to give details about the
suspended sediment load due to wave action. In this
study, different wave groups were generated over the
beach profile and the amount of coastal erosion were
measured using terrestrial laser scanner. Then
obtained results were compared with the results
gathered by means of conventional instruments. It
was concluded that comparing to the conventional
methods, laser scanners can be effectively used to
define the beach profile changes under wave actions.

KEYWORDS:
Beach profile, cross section, terrestrial laser scanner

INTRODUCTION
The sediment transport at coastal beach profiles
are the vital factor for the design of coastal and
seashore structures. The volume, the direction and
the characteristics of sediment transport depends on
sea state characteristics such as wave height, period
and length; morphological characteristics such as
beach profile, vegetation cover; and artificial
characteristics such as groins, jetties and other
coastal structures. Usually undisturbed beach
profiles remain stable in where net sediment
transport can be accepted as zero. On the other hand,
any external or internal interference disturbs the
stability, resulting with either erosion or deposition
at beach profiles.
The concave beach profile is usually recorded
if the profile is exposed to constant wave conditions
for a certain period of time. The cross-shore storm
wave attack however, demolishes the concavity,
engendering high sediment erosion rates in onshoreoffshore and long shore directions, resulting in
drastic beach profile changes. One such change is
well known as storm profile or winter profile, which
19
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It is crucial to define exact position of coastal
zones and model changes in state of coastal zones in
scientific and engineering studies. The variety in
methods and technological developments are
increasing in each day, which is accompanied with
increasing accuracy. LIDAR sensor systems
attached to planes had been used to model coastal
line definition so far. These systems are improved as
lighter and easier to use versions so they can be
attached on UAV. This enables it to be easier to
collect high accuracy 3D data of even smaller areas.

sediment transport in the swash zone by using
conventional measurement methods [11, 12, 13, 14].
Specifically, the concavity of coastal profiles has
been verified through a large number of laboratory
studies [15, 16, 17, 18] and field experiments [19,
20, 21]. However, considering the data availability
and precision, using conventional measurements
providing robust predictions of sediment movement
at the shoreline is restricted. On the other hand, due
to the fact that the instruments used in both
laboratory and field measurements provide only
point measurements of free-surface elevation for
instance, the limited number of instruments that are
available can only gain a coarse range of data. Both
on laboratory and field surveys, video images of
swash events running up against a high contrast
backboard which ran cross-shore have been used
efficiently. However since such methods require
significant image processing the use of airborne
LIDAR (LIght Detection And Ranging) and Laser
Scanners are widely used in coastal researches.
Blenkinsopp, et al., [22] used LIDAR at Narrabeen±
Collaroy beach in Australia in a field survey. They
noted that, due to the high spatial resolution of the
LIDAR instrument, it potentially can be used to
detect relatively small scale disturbances on the
swash surface. The study also stressed on the fact
that a single sensor of LIDAR instrument can make
multiple and near synchronous measurements of
swash surface elevation with a high spatial
resolution.
Modern data collection techniques such as
terrestrial laser scanner are being widely used in
different areas where precise measurements are
required. Together with this technique, remotely
sensed data are also used for coastal related studies
[23, 24, 25, 26]. This study focused on using Laser
Scanner systems to obtain more precise data that can
be processed easily to evaluate the effect of waves
on the changes of beach profiles. Using conventional
measurement systems or laser scanner systems, the
experiments and field surveys are all agreed that it is
the wave energy that initiates erosion of the beach
profiles.

MATERIALS AND METHODS
Terrestrial Laser Scanner. Terrestrial laser
scanners are measuring instruments providing the
detailed 3D object geometry directly and quickly.
The most important advantages of these instruments
are their providing ability of detailed 3D data of the
complex objects very quickly with respect to other
measuring methods. In this study, Optech Ilris 3D
laser scanner was used to collect data for 4 different
configurations. The instrument is shown in Figure 1a. This instrument is a compact, fully portable and
highly integrated package with digital image capture
and sophisticated software tools and widely used for
the commercial survey, engineering, mining and
industrial studies. This scanner is a long range, timeof-flight (TOF) laser scanner used for acquiring 3D
data of large structures or entire landscapes. The
scanner operates on a time-of-flight mechanism
measuring the amount of time it takes for the laser to
return to the unit. It then uses this information to
record the precise X,Y,Z coordinates for an object in
3D space. The result is a 3D representation of the
object - to scale - in the form of an organized 3D
point cloud. With processing of the point cloud data,
additional information such as cross sections and
structural elements can be derived from the data
easily [27].
Some technical specifications of the used
scanner are shown in Table 1 as follows;

TABLE 1
Technical spesifications of laser scanner
Parameter
Range
Accuracy
Modelling accuracy
Depth resolution
Spot size
Velocity
Minimimum step size
Beam divergence
Scanner field of view

Value
3-1500 (80%reflectivity)
4
3
3
29
2500
0.00115
0.00974
40x40

20

Unit
m
mm
mm
mm
mm @ 100m
point/sec
o
o
o
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FIGURE 1
a. Laser scanner b. Experimental setup and the beach cross section locations

SWL

FIGURE 2
The beach cross section locations (SWL: Still Water Level)

calculated as 476 000. Due to side wall effects and
errors due to reflection of lights from residual water
in the flume, the study section of the surface was
trimmed and set as 0.95*1.96 m. The points numbers
threated in the trimmed area was calculated as
approximately 385 000. The first surface was

The size of the object (wave flume in
Hydraulics Laboratory) is approximately 1m x 3m as
seen in Figure 1-b.
Scanned surface area is approximately 1x3
meters. Average point numbers of the point clouds
for initial beach profile and 4 different configuration
21
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modeled using the first set of scanner data which is
selected as reference surface and the others are
registered and compared with this surface. The local
coordinate system of first model is determined as the
main coordinate system and others are transformed
into this coordinate system. The main geo-reference
was used 10 control points which were
proportionally distributed. These control points were
used as special identifier. Spot space of laser
scanning has been settled as 5 mm. The integration
of point cloud of each stage was conducted by the
Polyworks commercial software. Integration process
of point cloud was carried out using iterative
technique. After the integration process, point clouds
on the same coordinate system were converted into
dxf file format and then longitudinal and transverse
cross sections which are used for different
calculations were extracted.

depth is 60 cm. The wave generator generates waves
by the displacement of the wave palette in flume.
The displacement of the wave palette in wave
plume generates both regular and irregular waves
and their wave characteristics that are fitting to
Pierson-Moskowitz wave energy spectrum and
Rayleigh distribution. The experiments are
conducted for 4 different irregular waves with
varying wave heights and periods and are listed in
Table 2.
A sample time series of the waves generated in
wave flume is shown in Figure 3. The selected time
series of the wave is for the Configuration 2 and 50
seconds of the whole time series is shown.
It was found that 20 minutes are sufficient
enough for where the scour reaches equilibrium in
the pilot experiments. Thus, for all different
configurations irregular waves were generated for 20
minutes. During the experiments, water surface
elevations were measured with three resistant type
wave gauges and scour depth was measured in the
middle of the flume to eliminate wall effects. Wave
gauges were placed in the flume as can be measured
of wave height before the slope (Probe 1), on the flat
bottom along the wave flume (Probe 2) and close to
the wave generator (Probe 3) (Figure 4).

Wave
Channel
and
Sediment
Characteristics. The experiments were performed
in a wave flume in Hydraulics Laboratory, Istanbul
Technical University. The wave flume is 24 m long,
1 m wide and 1 m deep (Figure 2). In this study, the
coastal material with bottom slope was 1:5 for all
experiments. The D50 of the coastal material is 0.35
mm and the specific gravity is 2.63 g/cm3. The water

TABLE 2
The generated waves in wave plume for the experiments

Config.

Maximum
wave height
Hmax (cm)

Significant
wave height
Hs (cm)

Average
wave height
Hm (s)

Maximum
wave period
Tmax (s)

Significant
wave period
Ts (s)

Average
wave period
Tm (s)

1
2
3
4

14.87
16.28
15.48
17.30

9.21
9.64
11.43
10.96

5.83
6.16
7.44
7.44

1.72
2.03
2.56
2.70

1.21
1.30
1.37
1.72

0.96
1.00
1.041
1.25

Wave Height, H (cm)

15
10
5
0
0

5

10

15

20

25

30

35

40

-5
-10

Time, t (s)

FIGURE 3
The time series of the wave for the Configuration 2
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Laser Scanner

Wave Monitor

Hydraulic piston- Wavemaker

Wave dissipator
Wave palette
MWL
1/5

Wave direction
Wave probes

Signal Control Unit

FIGURE 4
The schematized view of the experimental set up

FIGURE 5
The coastal profile changes between the initial beach profile and 4 different configurations for the
longitudinal beach section 3.
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the initial beach profile and the configurations are
summarized in Table 3.
In this table, it is clearly seen that both the
erosion and deposition areas are calculated very
precisely. The precision for 2 digits for the decimal
values shows that this method is capable to calculate
the area for 40 number of sands with 0.5 mm
diameter.

The beach profile changes due to the irregular
waves with varying wave heights and periods were
recorded with the help of the Laser Doppler. The
profile changes were recorded after the experiments
for each wave and were shown as configurations in
numbers between 1 and 4. The beach cross sections
of the experimental channel are shown in Figure 4.
The distances between each section were arranged to
divide the width of the wave flume into equal 20 cm
parts.

Cross Section Measured. Theoricall, beach
profile changes can be created by cross shore flow
under wave actions. Beach cross sections were also
measured during the experiments in order to
obtained secondary (traversal) effects on the
sediment movement over dynamical stable beach
(Figure 6).
The surface elevation differences due to
sediment deposition and erosion between beach
cross sections 1 and 3 are shown as a sample in
Figure 6. The dimension of scanned sediment layers
are 0.95 x 1.96 m. The dashed yellow line indicates
the Still Water Level (SWL), and darker regions
indicate the eroded sediment over the coastal shelf
because of the wave break. The white regions are the
deposited sediment due to the wave effect and
withdrawal from the coastal shelf towards the wave
propagation.

RESULTS
Experimental results were expressed as beach
profile changes in area loss and gains (cm2), the
amount of sediment deposited and eroded (cm3) for
varying wave height and periods.
Beach Profile Measurements. Beach profiles
created by irregular wave action were measured and
simultaneously recorded on the data logger as given
in Figure 3. As it was expected, profile lengthnamely closure depth, had been increasing while also
increasing wave height. The advantage of using
Laser Scanner comparing to other conventional
methods, the generated precise data could be
converted into computable data. As it was seen in
Figure 4, the beach slope was divided into 5 equal
longitudinal beach sections. The cross sections
produced from the surface, were obtained from
terrestrial Laser Scanner. Longitudinal beach section
3, shown as a sample since it is the least affected
cross section from the side walls is shown in Figure
5.
In this figure, the initial coastal profile before
the experiment is shown as orange line and the
coastal profiles after the generated irregular waves
for varying wave heights and wave periods are
shown as red, dark blue, purple and green lines.
Using this data, the differences between the initial
beach profile and the beach profiles after the wave
exposure for each configuration were calculated. In
these calculations, the coastal materials above the
coastal line were calculated as the sediment
deposition and the coastal materials below the
coastal line were calculated as the sediment erosion.
The calculated deposition and erosion areas
(cm2) for each longitudinal beach sections between

Total amount of sediment transport. Total
sediment amount deposited on the bottom can be
investigated in two parts; primary deposition and
deposition of resuspended sediment load which are
dominating parameters for calculation of net
sedimentation [28].
As very well known that the equilibrium beach
profile has been formed under wave actions by
transporting some amount sediment enough for
dissipating wave energy. Waves having higher
energy can transport greater amount of sediment
such that beach can be formed to dissipate excess
wave energy.
It is very practical to calculate the sediment
layers before the wave action and after the wave
action using Terrestrial Laser Scanner. Figure 7 is
showing the deposited and the eroded sediment
amounts. The Laser Scanner is an effective tool to
compare the sediment layers and calculate the exact
amount of sediment transported. It is very clear that
using conventional methods cannot generate that
precise data on sediment transport.

TABLE 3
Calculated deposition and erosion areas for longitudinal beach sections (cm2)
Configuration
Number
1
2
3
4

Longitudinal beach section numbers
1
2
Dep.
Eros.
Dep.
Eros.
5.36
1.62
6.69
0.92
4.74
1.29
3.24
2.08
4.52
1.55
3.53
1.44
4.00
1.53
3.51
1.66

3
Dep.
6.58
6.18
5.89
5.01

24

Eros.
1.04
1.19
1.15
1.39

4
Dep.
5.89
4.99
4.94
4.85

Eros.
1.01
1.29
1.25
1.48

5
Dep.
6.76
7.42
6.83
6.13

Eros.
0.94
1.07
1.13
1.30
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FIGURE 6
Surface differences between the initial beach profile and configuration 1-4.

FIGURE 7
The differences between initial beach surface and surface of Config. 2
TABLE 4
The changes of the coastal profiles for varying wave heights
Beach cross sections
for the configurations
1
2
3
4

Amount of sediment transport (m3)
Deposition
Erosion
0.0046
0.0531
0.0064
0.0488
0.0075
0.0455
0.0091
0.0423

25

Net volume
-0.0485
-0.0426
-0.0380
-0.0332
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FIGURE 8
The location positive and negative erosion and deposition

is an efficient way to determine the secondary effects
of the scale and model and the errors occurs due to
friction on side walls in measuring the accumulation
or suspension of sediments in test field.
Laser scanners are efficiently used in
laboratory studies to define the coastal slope changes
(erosion or deposition), terrestrial laser scanners can
be used in field studies. To prevent difficulties while
working in field in coastal regions, LIDAR data
gathered by using UAV can also enables collecting
high accuracy data to form numerical elevation
models.
Due to ability of using its own laser source, the
terrestrial laser scanner used in this study can also be
used in field surveys as well laboratory
measurements being free from the atmospheric
conditions. Although this study is conducted under
normal light conditions in the laboratory, the
advantage of using this system free from the light
source makes this system also a time free method.
In the study area, approximately 476 000 points
were scanned for per scanning process this number
decreased to approximately to the 385 000 points
after the study area was trimmed to determine the
effect of irregular waves on determination of coastal
profile changes. The advantage of using this data is
using the results for the visualization of the surface
by many ways and can be converted into 3D images
By using the appropriate software, the pixel
dimension is chosen as 4.4 cm to determine the

Table 4. summarizes the total amount of
sediment transported under irregular waves. As it
was seen from the Table, the amount of sediment
was calculated very precisely.
As it is seen from the Table 4, the calculated
sediment transport for varying wave heights and
wave periods show the erosion as a net volume. On
the other hand, as it is clearly known, the beach
profiles are in equilibrium. The difference in the net
volume of sediment transport was negative since the
laser scanner was arranged to record the 0.80 m of
the 1 m wave channel and the sediment accumulated
near side walls of the flume.
In Figure 8, differences calculated which
represent the positive and negative erosion and
deposition were calculated and drawn by using
Matlab software. Using 799 number of pixels, the
maximum erosion was calculated as 0.078 m and the
minimum erosion was calculated as 0.0003 m; where
the the maximum deposition was calculated as 0.06
m and the minimum deposition was 0.00009 m.

CONCLUSIONS
In this study, it is shown that terrestrial laser
scanner can be successfully used to measure the
beach profiles changes resulted by the wave
exposure more precisely than the conventional
measurement techniques in laboratory. This method
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influence of surf±swash interaction on
nearshore hydrodynamics and morphodynamics. Reviews of Geophysics 46 (3),
RG3003,.
[15] Waters, C.H. (1939) Equilibrium slopes of sea
beaches. Dissertation, Department of Civil
Engineering, University of California, Berkeley.
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Army Engineer Waterway. Experiment Station,
Vicksburg, MississippiSaville.
[17] Saville, T. (1957) Scale effects in twodimensional beach studies, Int. Assoc. of
Hydraulic Research.
[18] Turker, U.& Kabdasli, M.S. (2006) The effect
of sediment characteristics and wave height on
shape parameter for representing equilibrium
beach profiles. Technical Note Ocean Engineering, 33 281±291.
[19] Bruun, P. (1954) Coast erosion and the
development of beach profiles. Beach Erosion
Board Technical Memorandum, 44, U.S. Army
Engineer Waterway Experiment Station.
Vicksburg, Mississippi.
[20] Dean, R.G. (1977) Equilibrium beach profiles:
U.S. Atlantic and Gulf Coasts. Ocean
Engineering Report, 12, University of Delaware, Newark.
[21] Turker, U.& Kabdasli, M.S. (2009) The shape
parameter and its modification for defining
coastal profiles, Environmental Geology, 2 57
259-266.
[22] Blenkinsopp, C.E., Mole, M.A., Peirson, W.L.
(2010) Measurements of the time-varying
freesurface profile across the wash zone
obtained using an industrial LIDAR, Coastal
Engineering.
[23] Seker, D.Z., Goksel, C., Kabdasli, M.S.,
Musaoglu, N. and Kaya, S. (2003) Investigation
of coastal morphological changes due to river
basin characteristics by means of remote
sensing and GIS techniques, Water Science and
Technology, 48 10 135-142.
[24] Goksel, C., Mercan, D.E., Kabdasli, M.S.,
Bektas, F., Seker, D.Z. (2004) Definition of
sensitive areas in a lakeshore by using remote

differences between the surfaces and the initial
beach profile driven from the laser measurement
points. Although this pixel dimension is sufficient
enough to define a surface differences, the laser
measurement density can be set as 2 cm. Considering
the fact the diameter of the coastal material is 0.35
mm (D50), approximately the movement of
approximately 33 number of sand can be easily
tracked using a laser measurement density of 2 cm.
Terrestrial Laser Scanner System is a very precise
way of the measuring differences of the beach
surfaces occurred due to sediment transportation.
This method shows that, a data producing
system can be developed and tested which enables
automatic, rapid and accurate results by using
Unmanned Aerial Vehicle (UAV) images and UAVLIDAR data. The results can be combined with
shoreline and sediment transportation model and as
a result a proved system can be developed. This will
help to develop a model to monitor and analysis of
coastal zones.

REFERENCES
[1] Ozolcer, I. H. (2008) An experimental study on
geometric characteristics of beach erosion
profiles. Ocean Engineering 35 1 17-27.
[2] Silvester, R., Hsu, J.R.C. (1997) Coastal
stabilization: innovative concepts, PTR Prentice
Hall.
[3] *XQD\GÕQ K., Kabdasli, M. S. (2003) The
formation of offshore ripples in the zone under
irregular waves, Ocean Engineering, Vol. 3, No.
30 297-307.
[4] Dean, R.G. (1995) Cross-shore sediment
transport processes. In: Liu F, Philip L (eds)
Advance series on Ocean Engineering. World
Scientific Publication, Singapore, 159±220.
[5] Turker, U.DQG .DEGDúOÕ S. (2004) Average
sediment dislocation analysis for barred
profiles, Ocean Engineering 31, 1741-1756.
[6] Zheng, J. & Dean, R. (1996) Comparisons of
erosion models for storms at Ocean City, MD.
Coastal Engineering Proceedings, 1(25)
[7] /HRQW¶\HYI.O. (1996) Numerical modelling of
beach erosion during storm events. Coastal
Engineering, 29, 187-200.
[8] Larson, M. (1996) Model of beach profile
change under random waves, J. Waterway, Port,
Coastal and Ocean Engineering 122 4.
[9] Rakha, K.A., Deigaard, R.and Broker, I. (1997)
A phase-resolving cross shore sediment
transport model for beach profile evolution,
Coastal Engineering, 31 231-261.
[10] Hsu, T.W. (1998) Geometric characteristics of
storm-beach profiles caused by inclined waves,
Ocean Engineering 25 69-84.
[11] Butt, T. & Russell, P. (2000) Hydrodynamics
and cross-shore sediment transport in the

27

© by PSP

Volume 26 ± No. 1/2017, pages 19-28

Fresenius Environmental Bulletin

sensing and GIS, Fresen. Environ. Bull., 13 9
860-864.
[25] Kaya, S., Seker, D.Z., Yasa, N.E., Kabdasli,
M.S., Tanik, A. (2007) Utility of remote sensing
technology for determining characteristics of
sandy beaches, Clean-Soil Air Water, 35 6 654659.
[26] Seker, D.Z., Kaya, S., Alkan, R.M., Tanik, A.,
Saroglu, E. (2008) 3D Coastal Erosion Analysis
of Kilyos - Karaburun Region Using MultiTemporal Satellite Image Data, Fresen.
Environ. Bull., 17, 1977-1982.
[27] www.cast.uark.edu/rockart/equip_optech.htm
[28] Gacia, E., Granata, T.C., Duarte, C.M. (1999)
An approach to measurement of particle flux
and sediment retention within seagrass
(Posidonia oceanica) meadows, Aquatic
Botany, 65 255-268.

Received:
Accepted:

29.06.2016
26.09.2016

CORRESPONDING AUTHOR
Aysun Koroglu
Istanbul Technical University
Civil Engineering Department
34469 Istanbul ± TURKEY
e-mail: koroglua@itu.edu.tr

28

Volume 26 ± No. 1/2017, pages 29-37

© by PSP

Fresenius Environmental Bulletin

INVESTIGATION OF THE ADAPTATION POTENTIAL OF
WINTER WHEAT CROP TO FUTURE CLIMATIC
CONDITIONS IN NORTHWEST OF TURKEY
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Istanbul Technical University, Faculty of Aeronautics and Astronautics, Department of Meteorological Engineering, Istanbul, Turkey
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$WDWUN6RLO:DWHUDQG$JULFXOWXUDO0HWHRURORJ\5HVHDUFK,QVWLWXWH'LUHFWRUDWH.ÕUNODUHOLTurkey

on agriculture throughout the world. Especially crop
growth simulation models take probably the first
place among the related studies. As pointed out by
Penning de Vries, the crop system can be estimated
by crop growth models [1]. A model can be defined
as a simplified representation of a system [2].
Models developed for agricultural purposes can be
represented by mathematical equations trying to
analyze the behavior of agricultural systems. There
are a lot of studies in the world for the estimation of
possible impacts of climate change on crops by using
crop growth models such as [3-7].
The importance of comparative studies for the
effects of future climate on widely grown crops like
winter wheat is globally rising. Corresponding to
RI7XUNH\¶VWRWDOZKHDWSURGXFWLRQ, the Thrace
Region is represented by higher yield ratios than
7XUNH\¶V DYHUDJH 6WXGLHV RQ SRVVLEOH IXWXUH
climatic conditions however indicate that the current
atmosphere will not remain the same. By means of
wheat production, an increasing danger of drought
can be expected also in the Thrace within the same
context, which currently has a semi-arid climate.
7KDW¶V ZK\ UHOLDEOH GDWD WRJHWKHU ZLWK VDWLVIDFWRU\
future projections are needful in the frame of wheat
agrometeorology for the region. They are also
needed for future plans on both for the maintenance
and adaptability of the crop. Concordantly, this study
represents a broad validation of an applied research
project, which included actual and experimental data
from field and laboratory applications. The results
were organized as the establishment of stand-alone
and combined effects of an overall sensitivity
analysis as well as the analysis of possible future
climate scenarios on a daily basis.

ABSTRACT
Agriculture is one of the primary sectors that is
expected to be affected globally by climate change.
In this regard, prior knowledge on possible yield
reactions of crop yield to changing environmental
conditions is essential for decision makers. Hence,
comprehensive studies on the estimation of
adaptation abilities of globally grown crops are
needed as indicators of related future risks and
benefits. A guiding research is presented in this
study as the first step by aforementioned means in
northwestern Turkey (the Thrace Region). This
region comes to the forefront particularly by its
wheat, rice and sunflower productions, which are
VXSHULRUWR7XUNH\¶VDYHUDJHV$LPRIWKHVWXG\LVWR
present the adaptation ability of winter wheat grown
to possible climate change by consideration of grain
yield. To achieve this, two explanatory crop growth
simulation models, CERES-Wheat and WOFOST,
ZHUH DSSOLHG LQ WKH .ÕUNODUHOL FLW\ RI WKH UHJLRQ
Desired databases were supplied with virtual past
and real time inputs of dynamic crop, soil, and
atmosphere system. Then, two-step model
calibrations were applied for the representation of
the past and current outputs considering major yield
components of the winter wheat. This was followed
then by the model validation process including
variations in future climate inputs like solar
radiation, temperature, precipitation and CO2.
Lastly, related daily outputs of a regional climate
model according to the A1B climate change scenario
were arranged for the coordinates of the selected
parcels and the obtained data used as the
meteorological inputs of CERES-Wheat and
WOFOST for growing seasons within the 20132100 period.

MATERIALS AND METHODS
Two successive growing seasons of winter
wheat (2009-2010 and 2010-2011) have been
monitored and analyzed on the selected field in the
territory of Kirklareli Atatürk Soil, Water and
Agricultural Meteorology Research Institute
Directorate (KRK) field (41°41'53'' N, 27°12'37'' S)
(Figure 1). Input databases of the CERES-Wheat and
WOFOST models were supplied by regular

KEYWORDS:
CERES-Wheat, WOFOST, winter wheat, Turkey

INTRODUCTION
Many agrometeorological studies have been
conducted to analyze the impacts of climate change
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FIGURE 1
Location of KRK field in Kirklareli City.
The model function bases on daily cumulative dry
matter accumulation of the crop according to
environmental factors. It has been detected that the
model results show highly sensitive results to
temperature changes [13].

collection of agrometeorological parameters like
precipitation, net and global solar radiation, air
temperature, relative humidity, wind speed and
direction, soil temperature and soil water content,
using an automated agrometeorological station on
the experimental field. Also regular field
measurements were conducted for growth and yield
oriented parameters such as leaf area index (LAI)
and biomass. Followed by the data collection and
calibration steps, a validation operation was applied
on the biomass and grain yield sensitivities to
variations of meteorological parameters. Finally,
predictions for winter wheat crop yield were
obtained within the 2013-2100 period using outputs
of RegCM4 which is a fourth generation of a
regional climate model originally described in [8, 9],
on a daily basis depending on A1B climate change
scenario derived from the ECHAM5 which is a fifth
generation global circulation model released by Max
Planck Institute for Meteorology, based on the
spectral weather prediction model of the European
Centre for Medium Range Weather Forecasts [10].

WOFOST Model. WOFOST (WOrld FOod
STudies) is an explanatory model that simulates the
crop growth by daily supply of meteorological inputs
together with soil, crop and management data.
Representing an interdisciplinary study on global
food security and potential world food production,
WOFOST was developed as a software product
originated in the framework of a common by the
Center for World Food Studies (CWFS) in
cooperation with the Wageningen Agricultural
University, Department of Theoretical Production
Ecology (WAU-TPE) and the DLO-Center for
Agrobiological Research and Soil Fertility (ABDLO), Wageningen, the Netherlands [14]. It is used
to determine and predict the effects of change in
climate, in biophysical factors and in soil fertility on
crop production and yield [15].
Similar to the CERES models, also WOFOST
uses maximum and minimum temperatures, global
solar radiation, wind speed, vapor pressure,
evapotranspiration and precipitation data as
meteorological inputs.

CERES-Wheat Model. CERES-Wheat is one
of the crop growth simulation models within the
DSSAT
(Decision
Support
System
for
Agrotechnology Transfer) component of the
continuously updated IBSNAT (International
Benchmark Sites for Agrotechnology Transfer)
project which has been carried out since 1982 [11,
12]. Minimization of risk factors at the initial stages
of production by taking the dynamic behavior of the
soil-crop-atmosphere system into account to
determine the growth and yield trends of commercial
crops in shorter time intervals rather than long-term
agricultural experiments are among main goals of
the IBSNAT project. Together with CERES-Wheat,
the group of CERES (Crop Environmental Resource
Systems)
models
is
assembled
in the
multidisciplinary DSSAT environment of IBSNAT.
Minimum meteorological input requirement of the
CERES-Wheat consists of solar radiation, maximum
and minimum air temperatures and precipitation.

Observations and Measurements. First
growing season of the winter wheat was between
October 9, 2009 and July 6, 2010. Successive
growing season was between October 25, 2010 and
July 8, 2011. Phenological stages in these periods
were regularly recorded and winter wheat growth
was also periodically monitored together with the
application of associated soil and crop
measurements. Some of the corresponding data of
two growing seasons are given in Table 1. Harvest
dates of two seasons were close to each other (July 6
and July 8). Additionally, phenological observations
during two growing seasons of winter wheat are
represented in Table 2.
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stage then begins to decrease. Also cumulative dry
biomass (CDB) has a similar trend with CWB, but it
gets steady approaching the harvest stage, as
expected. Above ground biomass (AGB) has
maximum value between grain filling and maturity
stages. Underground biomass (UGB) has also
similar trend with AGB but it is fixed before AGB.
Due to the drier conditions within the early summer
season, slightly lower biomass values have been
experienced while approaching to the harvest dates.
Average yield and above ground biomass
values were measured as 5190 kgha-1 and 21334
kgha-1 for 2009-2010 growing season, 5190 kgha-1
and 24295 kgha-1 for 2010-2011 growing season,
respectively. After calibration, the simulated
biomass value of the first season was calculated as
20014 kgha-1 represented by a closure of 94 % to the
actual field rate (CERES-Wheat). Results on the
representativenessess of the calibrations for both
models can be seen in the following Table 3.
Another key variable to evaluate the crop
development, namely the leaf area index (LAI) was
measured by a LAI-2200 Plant Canopy Analyzer
(Licor Inc., Nebraska USA), biweekly. Maximum
LAI values have been occurred in flowering stage
both in 2009-2010 and 2010-2011 growing seasons.
Besides, maximum LAI was measured as 4.2
for the second growing season while it was 3.7 for
the first growing season (Figure 2a, b).
LAI of the first growing season has shown a
downward trend within the vegetative period of the
crop. On the contrary, crop height showed a
continuous increase and reached its maximum (91
cm) in harvest stage. During the second growing
season, LAI has reached a maximum (2.5) in May
and then decreased whereas increase in crop height
lasted up to the first ten-day period of June and fixed
at 116 cm in the harvest stage.

TABLE 1
Agricultural Activities of Winter Wheat Crop.

TABLE 2
Phenological observations of winter wheat
during the 2009-2010 and 2010-2011 growing
seasons.

According to the crop growth measurements,
cumulative wet biomass (CWB) of the winter wheat
reaches its maximum values during grain filling

TABLE 3
Actual field measurements vs. simulated model outputs.

Actual biomass (kgha-1)
Simulated biomass(kgha-1)
Actual grain yield (kgha-1)
Simulated grain yield
(kgha-1)

CERES-Wheat
2009-2010
21334
20014
5194

WOFOST
2009-2010
213334
18100
5194

CERES-Wheat
2010-2011
24295
16557
5026

WOFOST
2010-2011
24295
17304
5026

5151

5193

5040

5027
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FIGURE 2
Time series of indicators of winter wheat growth during
a) 2009-2010 growing season and b) 2010-2011 growing season.

TABLE 4
Symbols and definitions used in sensitivity analysis.
Symbol
T
T+1
T+2
T+3
T+4
T+5
T-1
P
P-10%
P-20%
P-30%
P-40%
Rg
Rg +10%
Rg +20%
Rg +30%
CO2
CO2x1.5
CO2x2
CO2x3

Definition
Air temperature
An increase of 1°C in air temperature
An increase of 2°C in air temperature
An increase of 3°C in air temperature
An increase of 4°C in air temperature
An increase of 5°C in air temperature
A decrease of 1°C in air temperature
Precipitation
A decrease of 10% in precipitation
A decrease of 20% in precipitation
A decrease of 30% in precipitation
A decrease of 40% in precipitation
Global solar radiation
An increase of 10% in global solar radiation
An increase of 20% in global solar radiation
An increase of 30% in global solar radiation
Atmospheric CO2 concentration
Increasing atmospheric CO2 concentration of 1.5 times
Increasing atmospheric CO2 concentration of two times
Increasing atmospheric CO2 concentration of three times
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in case of T+5. On the other hand, lack of
precipitation would result in decreased biomass
values. Although 10% increase in solar radiation
leads to slight increase in biomass, continued
increases indicate decrements in biomass. The most
positive reaction of winter wheat among all the
scenarios has emerged in CO2 increases whereas the
most negative response is obtained for the 5°C
increased temperature scenario, which indicated a
42% decrease in biomass. Scenarios on the
combined effects of two parameters broadly
intensified the related impacts (Table 5).
There is a higher sensitivity by means of grain
yield than biomass along the 2009-2010 growing
season by CERES-Wheat. T+5 scenario again shows
the most negative results with approximately 79%
decrease. The combination of CO2x3 and T+5
scenario resulted in maximum yield decrement
(Table 6)
The above mentioned steps on biomass and
grain yield validation have also been taken for the
2010-2011 growing season of winter wheat.
Increases in temperature up to 3°C do not affect
biomass seriously while exceeding a 4°C increase
would cause significant reduction in biomass.
Furthermore, it is modeled that 1°C increase of
temperature will reduce the grain yield by 16%. This
situation shows that winter wheat may have
generally decreasing yield reaction sensitivity to
changing climate by means of temperature rises.

Calibration and Sensitivity Analysis.
Correctly calculated genetic coefficients of the
selected cultivars play an essential role on
satisfactorily representation of the long term and
current growth outputs of the models. To achieve
this for CERES-Wheat, the genetic coefficient
calculator module (GENCALC) in the former
version of DSSAT (v2.1) was used, whereas similar
data were calculated and entered manually in
WOFOST.
Increased reliability of the estimates on
possible responses of the selected cultivar to future
climatic conditions depends firstly on logical
validation according to the corresponding variations
in meteorological factors. In this context, expected
changes and impacts of these factors are given in
Table 4, where the examination was done
individually or in combination.

RESULTS
Results of the Sensitivity Analyses. The
scenarios established by considering the expected
trend of climate change were evaluated in terms of
biomass and grain yield (Table 4).
According to the CERES-Wheat, response of
biomass to temperature increase of winter wheat in
.ÕUNODUHOLIRUthe 2009-2010 growing season appears
in the form of decreasing. The decrease reaches 42%

TABLE 5
Sensitivity of winter wheat biomass to meteorological conditions by CERES-Wheat for 2009-2010 growing
season.
Change (%)
T

T
0.0

T+1

T+1 T+2 T+3 T+4 T+5 T-1
-3.9

T+3
T+4
T+5
T-1
P
P-10%

-3.9
-12.8

T+2

P P-10% P-20% P-30% P-40% Rg Rg+10% Rg+20% Rg+30% CO2 CO2x1.5 CO2x2 CO2x3
0.0 -1.6
-4.8
-9.6 -15.4 0.0
0.8
-0.5
-2.6
0.0 12.3
20.0
24.9
-4.8

-6.9

-11.1

-16.2

-3.9

-1.7

-1.9

-2.9

-3.9

5.0

12.0

-12.8 -12.0

-11.9

-14.6

-18.5 -12.8

-8.4

-7.5

-7.5

-12.8

-6.3

-0.5

4.2

-15.0
-27.8
-40.9
-8.3

-16.2
-27.2
-40.3
-13.3

-19.4 -16.1
-26.6 -29.1
-39.8 -42.0
-19.5 -2.2
0.0

-12.3
-25.8
-39.7
-3.8
0.8

-9.7
-22.9
-37.5
-5.9
-0.5

-9.4
-19.5
-35.0
-10.5
-2.6

-16.1
-29.1
-42.0
-2.2
0.0

-10.3
-24.7
-38.9
9.8
12.3

-4.8
-20.6
-36.0
19.1
20.0

0.0
-17.0
-33.4
26.1
24.9

-1.6

-2.2

-4.6

-6.6

-1.6

11.8

21.0

26.0
27.4

-16.1

-15.5
-28.4
-41.4
-4.2

0.0

-16.1
-29.1
-29.1
-42.0
-42.0
-2.2 -2.2
-3.9 -12.8 -16.1 -29.1 -42.0 -2.2 0.0

-1.6

-4.8 -12.0 -15.5 -28.4 -41.4 -4.2

-1.6

P-20%

-4.8

-6.9 -11.9 -15.0 -27.8 -40.9 -8.3

P-30%

-9.6 -11.1 -14.6 -16.2 -27.2 -40.3 -13.3

P-40%

-15.4 -16.2 -18.5 -19.4 -26.6 -39.8 -19.5

-4.8

-4.8

-6.4

-9.0

-12.9

-4.8

9.1

20.5

-9.6

-11.6

-15.5

-18.3

-9.6

6.2

18.0

27.5

-15.4 -15.4

-18.6

-21.3

-24.9

-15.4

0.1

14.0

24.3

0.0

12.3

20.0

24.9

0.8

13.8

23.8

30.8

-0.5

14.8

25.8

34.3

-2.6

-2.6

13.8

27.1

36.6

-2.6

0.0

-9.6

Rg

0.0

-3.9 -12.8 -16.1 -29.1 -42.0 -2.2 0.0

-1.6

-4.8

-9.6

-15.4

Rg+10%

0.8

-1.7

-8.4 -12.3 -25.8 -39.7 -3.8 0.8

-2.2

-6.4

-11.6

-18.6

Rg+20%

-0.5

-1.9

-7.5 -9.7 -22.9 -37.5 -5.9 -0.5

-4.6

-9.0

-15.5

-21.3

Rg+30%

-2.6

-2.9

-7.5 -9.4 -19.5 -35.0 -10.5 -2.6

-6.6

-12.9

-18.3

-24.9

CO2
CO2x1.5

0.0

-3.9 -12.8 -16.1 -29.1 -42.0 -2.2 0.0

-1.6

-4.8

-9.6

-15.4

12.3

5.0

-6.3 -10.3 -24.7 -38.9 9.8 12.3

11.8

9.1

6.2

0.1

12.3

13.8

14.8

13.8

CO2x2

20.0

12.0

-0.5 -4.8 -20.6 -36.0 19.1 20.0

21.0

20.5

18.0

14.0

20.0

23.8

25.8

27.1

CO2x3

24.9

17.8

4.2

26.0

27.4

27.5

24.3

24.9

30.8

34.3

36.6

0.0 -17.0 -33.4 26.1 24.9

33

17.8

0.0
0.8
-0.5
0.0

0.8

-0.5

12.3
20.0
24.9
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TABLE 6
Sensitivity of winter wheat grain yield to meteorological conditions by CERES-Wheat for 2009-2010
growing season.
Change (%) T
0.0
T
T+1

T+1 T+2 T+3 T+4 T+5 T-1
-11.2

-11.2 -10.2
-21.8

T+2
T+3
T+4
T+5
T-1
P

P P-10% P-20% P-30% P-40% Rg Rg+10% Rg+20% Rg+30% CO2 CO2x1.5 CO2x2 CO2x3
0.0 1.0
1.7
2.5
3.2 0.0
6.0
11.1
15.5 0.0 8.2
14.2 18.7
-21.8 -20.8

-33.2

-33.2
-61.0
-61.0
-79.3
-79.3
5.5 5.5
0.0 -11.2 -21.8 -33.2 -61.0 -79.3 5.5 0.0

-32.4
-60.5
-79.1
6.2

P-10%

1.0 -10.2 -20.8 -32.4 -60.5 -79.1 6.2

1.0

P-20%

1.7

-9.5 -20.1 -31.7 -60.1 -78.9 7.0

P-30%

2.5

-8.7 -19.3 -31.0 -59.7 -78.6 7.4

P-40%

3.2

-8.0 -18.6 -30.5 -59.3 -78.4 8.4

-9.5

-8.7

-8.0 -11.2

-6.4

-2.1

2.0

-20.1

-19.3

-18.6 -21.8

-18.7

-15.9

-31.7
-60.1
-78.9
7.0

-31.0
-59.7
-78.6
7.4

-30.5 -33.2
-59.3 -61.0
-78.4 -79.3
8.4 5.5
0.0

-31.3
-60.0
-79.0
10.0
6.0

-29.3
-59.3
-78.7
13.9
11.1

1.7
2.5

5.0

-12.8 -21.8 -17.6

-14.1

-11.1

-27.5 -33.2 -30.9
-58.3 -61.0 -59.9
-78.3 -79.3 -79.0
17.0 5.5 11.5
15.5 0.0 8.2

-28.3
-58.8
-78.5
16.2
14.2

-26.1
-57.7
-78.2
19.4
18.7

7.0

11.9

16.3

1.0

9.2

15.2

19.7

7.7

12.8

17.5

1.7

10.0

16.9

20.8

2.5

8.6

14.2

18.4

2.5

11.1

17.4

22.4

3.2

3.2

9.4

14.0

8.5

3.2

11.9

18.3

23.3

0.0

0.0

8.2

14.2

18.7

6.0

13.7

19.7

24.5

1.0

1.7

2.5

3.2

6.0

7.0

7.7

8.6

9.4

Rg+20%

11.1 -2.1 -15.9 -29.3 -59.3 -78.7 13.9 11.1 11.9

12.8

14.2

14.0

Rg+30%

15.5

17.5

18.4

8.5

CO2
CO2x1.5

0.0 -11.2 -21.8 -33.2 -61.0 -79.3 5.5 0.0

1.0

1.7

2.5

3.2

0.0

6.0

8.2

-4.6 -17.6 -30.9 -59.9 -79.0 11.5 8.2

9.2

10.0

11.1

11.9

8.2

13.7

CO2x2

14.2

0.6 -14.1 -28.3 -58.8 -78.5 16.2 14.2 15.2

16.9

17.4

18.3 14.2

CO2x3

18.7

5.0 -11.1 -26.1 -57.7 -78.2 19.4 18.7 19.7

20.8

22.4

23.3 18.7

2.0 -12.8 -27.5 -58.3 -78.3 17.0 15.5 16.3

0.6

1.0

0.0 -11.2 -21.8 -33.2 -61.0 -79.3 5.5 0.0
-6.4 -18.7 -31.3 -60.0 -79.0 10.0 6.0

-4.6

1.7

Rg+10%

Rg

-11.2

6.0
11.1

11.1

18.8

25.1

30.0

15.5

15.5

23.5

30.3

35.0

11.1

15.5

0.0

18.8

23.5

19.7

25.1

30.3

24.5

30.0

35.0

8.2
14.2
18.7

TABLE 7
Sensitivity of winter wheat grain yields to meteorological conditions by WOFOST for 2009-2010
growing season.

Change (%)
T

T
0.0

T+1

T+1

T+2 T+3 T+4

6.3
16.6

T+2
T+3

10.0

T+4

P P-10% P-20% P-30% P-40% Rg Rg+10% Rg+20% Rg+30%
0.0 -0.4
-0.8
-3.2
-6.8 0.0
-5.7
-28.1
-51.4
6.3

10.9

10.1

8.7

7.7

6.3

16.3

12.1

-8.8

0.0

16.6

16.6

16.6

16.5

16.6

29.8

35.3

27.8

10.0

9.8

9.8

10.0

9.2

41.3

50.8

-14.4 -14.1

2.2

17.1

31.9

0.0

-5.7

-28.1

-51.4

-4.0

-11.1

-32.5

-57.5

-0.8

-16.3

-38.4

-52.8

-3.2

-22.6

-44.9

-59.1

0.0

-6.8

-27.7

-50.5

-74.5

-6.4

-14.1 -14.1 -14.4

P

0.0

6.3

0.0

10.0 -14.1 -51.0

P-10%

-0.4

10.9

16.6

9.8 -14.4

P-20%

-0.8

10.1

16.6

9.8 -14.4

P-30%

-3.2

8.7

16.6

9.8 -14.4

P-40%

-6.8

7.7

16.5

9.8 -14.4

Rg

0.0

6.3

16.6 10.0 -14.1 -0.8

Rg+10%

-5.7

16.3

29.8

Rg+20%
Rg+30%

9.8

9.8

-14.4

-14.4

0.0
0.0
0.0
-3.2

-6.8

-6.4

-21.8

2.2 -16.3 -22.6

-27.7

0.0

0.0

-28.1 12.1

35.3 41.3 17.1 -38.4 -44.9

-50.5

0.0

0.0

-51.4

27.8 50.8 31.9 -52.8 -59.1

-74.5

0.0

0.0

-8.8

9.2
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TABLE 8
Sensitivity of winter wheat biomass to meteorological conditions by
WOFOST for 2010-2011 growing season.
Change (%)
T

T
0.0

T-1

T+1

T+2 T+3 T+4

1.6

T-1
T+1

1.6

-0.9

-3.2

-6.4

-7.8

1.6

-3.2

-6.9

-8.7

-4.2

-5.6

-7.0

-8.9

-10.0

-4.2

-0.4

-2.9

-5.9

-9.3

-10.5

-12.0

-14.5

-15.7

-9.3

-5.5

-5.7

-6.2

-11.1 -12.8
-9.6 -9.6 -10.4

-14.4
-11.5

-15.4
-12.8

-17.4 -11.1
-13.6 -9.6

-5.8
-0.5

-2.0
3.3

-0.8
3.9

0.0

-2.0

-2.8

-5.3

-25.0

-4.1

-4.9

-7.5

-4.6

-5.8

-7.0

-9.9

-7.2

-7.8

-9.9

-13.0

-9.4

-11.8

-14.7

-4.2
-9.3

T+2
T+3
T+4

-11.1

P P-10% P-20% P-30% P-40% Rg Rg+10% Rg+20% Rg+30%
0.0 -2.5
-4.6
-7.2
-8.5 0.0
-2.0
-2.8
-5.3

P

0.0

1.6

-4.2

-9.3 -11.1 -9.6 -51.0

P-10%

-2.5

-0.9

-5.6 -10.5 -12.8 -10.4

P-20%

-4.6

-3.2

-7.0 -12.0 -14.4 -11.5

P-30%

-7.2

-6.4

-8.9 -14.5 -15.4 -12.8

P-40%

-8.5

-7.8

-10.0 -15.7 -17.4 -13.6

Rg

0.0

1.6

-4.2

-9.3 -11.1 -9.6

Rg+10%

-2.0

-3.2

-0.4

Rg+20%

-2.8

-6.9

Rg+30%

-5.3

-8.7

0.0
0.0
0.0
0.0

-8.5

0.0

-25.0

-4.6

-7.2

-8.5

0.0

-5.5

-5.8 -0.5 -2.0

-4.1

-5.8

-7.8

-9.4

-2.9

-5.7

-2.0

3.3

-2.8

-4.9

-7.0

-9.9

-11.8

-5.9

-6.2

-0.8

3.9

-5.3

-7.5

-9.9

-13.0

-14.7

0.0
0.0
0.0

FIGURE 3
Prospective simulations of WOFOST and CERES-Wheat for winter wheat in Kirklareli.

During this period, precipitation decreases
would also cause reduces in biomass and grain yield.
A global solar radiation increase of 10% has positive
impact on biomass when though increases more than
10% will have an opposite effect on increase causes
decrease of biomass. As a major ingredient of the
photosynthesis, CO2 increases have positive impacts
on biomass in all scenarios. Maximum decrements
in grain yield for 2010-2011 growing season occur
for the combined T+5 and P-20% scenario where a
grain yield decrease of 49% is simulated.
Same validation applications including 20092010 and 2010-2011 growing seasons were
performed also using the WOFOST model.

According to WOFOST, simulations involving
temperature changes will eventuate in biomass
decreases. Concordantly, the winter wheat is
affected adversely by temperature increases during
2009-2010 growing period. For the simulation of
4°C increased temperature case, loss of biomass will
reach 39.6%.
In addition, decrements of precipitation
together with temperature increases will create the
outstanding negative impact on biomass amount.
CO2 increases that have the major positive biomass
responses in CERES-Wheat could not be performed
for WOFOST because this parameter is not included
by the model structure. Within the context of grain
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change applications. As it was emphasized in a
previous study, WOFOST tends to slightly
overestimate the actual yield while CERES-Wheat
gives more accurate results [16]. Results of the
firstly applied validation simulations indicated that
both of the models indicated the temperature as the
GRPLQDQW HIIHFWLYH SDUDPHWHU RQ ZLQWHU ZKHDW¶V
growth components.
Analysis including wet and dry conditions may
require also the distribution of precipitation among
phenological stages. In this regard, taking into
consideration of only precipitation amount instead of
rainy periods may be misleading for consistent
evaluations. Recently, a lot of global and regional
climate models are in use to predict future climate,
for which large amplitudes can be obtained using the
same boundary conditions. Hence, on the purpose of
having more accurate crop growth simulation model
projections, results of comparative climate change
modeling studies should also be taken into account
together with the support of the field studies for
better evaluations.
There are several models used to predict
climate changes in future and they can be give
different results in spite of using the same scenarios.
In order to get more accurate results, comparative
studies should be carried out. Moreover, model
results should be supported by field studies to better
evaluations.

yield, possible responses of wheat to same scenarios
are given in Table 7. In contrast to CERES-Wheat,
grain yield decreases begin only for simulations that
exceed 4°C increases in temperatures according to
WOFOST. Besides, 30% loss of solar radiation will
cut grain yield nearly in its half.
WOFOST predicts maximum biomass losses in
2010-2011 season for the combination of P-40% and
T+3. On the other hand, a solar radiation increase of
10% together with a 4°C temperature increase makes
the greatest effect on increase in biomass (Table 8).
Maximum increase in grain yield in 2010-2011
growing season was revealed by WOFOST for the
combination of global solar radiation (Rg+10) and
temperature (T+4) increases. Calculated as 84.7%,
an extreme decrease in grain yield is simulated by
WOFOST according to the Rg+30 and P-40%
combined scenario.
Model Projections for the 2013-2100 Period.
To establish possible future variations of winter
wheat for the Kirklareli city in a more meaningful
way, three consecutive mean growing season
covering 2013-2040, 2041-2070 and 2071-2100
period intervals were considered using CERESWheat and WOFOST models. To reach this aim, the
A1B climate change scenario outputs of the
RegCM2 regional climate model were filtered out
regarding the coordinates of the selected wheat
parcel. Following this; the driest, wettest coldest and
warmest growing seasons were determined within
the aforementioned 30-year periods. Accordingly,
susceptibility of grain yields and biomass amounts
under different conditions by the simulations of two
models was obtained (Figure 3).
The models commonly indicate that the crop
yield and biomass are subject to be significantly
affected from dry and warm conditions rather than
wet and cold phases. In this connection, extreme
values of grain yield changes occur under warm
conditions according to WOFOST. Decrease in grain
yield for the averaged 2071-2100 period gets up to
17% by WOFOST and 20% by CERES-Wheat. In
general, WOFOST refers higher yield and biomass
sensitivities in terms of decrease and increase. There,
maximum reduction emerges under warmest
conditions with the ratio of 45% by CERES-Wheat
for the same period, and the general trend of grain
yield was towards reduction.
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living bodies. Numerous studies on drinking water
and/or water management were conducted by using
remote sensing techniques all over the world [1 - 6].
It is a modern technological tool that saves time and
money on inspecting and analysing the land use/land
cover (LULC) changes on sensitive areas.
Currently, the basins from where drinking
water demand of Istanbul is supplied are severely
affected by the LULC changes and urban sprawl in
Istanbul Metropolitan Area. One of these basins is
Sazlidere Basin located within Arnavutkoy town that
has become a district in 2009. The district has been
rapidly growing in parallel to the realization of the
new transportation network extending from the
Northern Marmara Motorway (NMM) to the 3rd
bridge on the Istanbul Strait joining the two
continents Europe and Asia, and the 3rd international
airport of Istanbul as well as the planned Channel
Istanbul project. Therefore, it is important to
determine the updated urbanization situation of this
area that has already become an attractive site for
new residential areas with the aim of developing
plans for achieving the best and effective
management of natural resources (water and land) of
the basin. Within the context of this study, the most
urbanized part of the basin that belongs to
Arnavutkoy District was examined in detail by using
temporal satellite data.

ABSTRACT
Water is an essential natural resource to all
living organisms for their survival. It is therefore of
utmost importance to provide satisfactory amount
and quality of water to ensure the continuity of
human life. The adverse effects of urbanization on
the basins from where drinking water is supplied are
well known especially in highly crowded areas.
Currently, basins that provide drinking water
demand of Istanbul Metropolitan Area are
considerably affected by the changes occurring in
land use and urbanization. Thus, it is important to
establish the most updated form of land use/land
cover changes and to improve plans for the solution
of effective water management problems. At this
stage, remote sensing technology has been utilized as
a tool to serve for this purpose. Sazlidere Basin,
which is one of the drinking water reservoirs of
Istanbul, is selected as the study area of concern. The
impervious surfaces representing the human induced
structures of the basin were determined by using
temporal remote sensing data and through Band
Rotation for Built up Area (BRBA) technique. As a
result of this study, both classification and BRBA
index outputs showed that there is a development in
the northwest-southeast direction in Arnavutkoy
district centre that lies within the boundaries of the
Sazlidere Basin. Also, it can be seen on both the 2000
dated classified image and index result image that a
new road has been constructed before year 2000 on
the western side of the basin in the northwestsoutheast direction within the district centre. BRBA
index results proved that the impervious surfaces had
a significant increase of 154% from 1997 to 2015
within the district centre.

STUDY AREA
Istanbul is ranked among the 25 largest urban
areas of the world, and currently, it is the most
crowded city of Turkey. Extending to Europe and
Asia, Istanbul still keeps its attractiveness despite its
current population of approximately 14 million.
Moreover, many people have migrated from rural
areas to Istanbul starting from 1970s as it is also
known as the most industrialized city of the country
[7, 8].
Over 90 % of the water demand of Istanbul is
currently supplied from the 7 drinking water
reservoirs, 4 of which (Terkos, Buyukcekmece,
Alibeykoy, and Sazlidere) are located on the
European side, and 3 on the Asian side (Omerli,
Darlik, and Elmali) of the metropolis.

KEYWORDS:
BRBA, Istanbul, Remote Sensing, Sazlidere Basin, Land
use/cover Change

INTRODUCTION
There are quite a lot of major basins in the
world providing water needs to the surrounding
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FIGURE 1
Geographical location and annual capacity of the important drinking
water reservoirs of Istanbul
Figure 1 shows the geographical location of these
important drinking water reservoirs of Istanbul [9].
The total water storage capacity of these reservoirs
of the metropolis is 1055 million m3. For example,
910 million m3 of water was distributed to the city in
2013 [10]. The total population in year 2040 is
expected to be 17 million which corresponds to an
annual water need of 1997 million m3 [11]. Sazlidere
Reservoir that has been constructed in 1996 started
to take water in 1998, and currently it supplies almost
7% of the water demand of the metropolis (Figure 1).
It has a water storing capacity of 90 million m3 and,
annually 50 million m3 water can be supplied from it
[12].
The entire basin of Sazlidere Reservoir covers
an area of approximately 157 km2. Small residential
areas; such as villages, open land, industrial and
commercial areas together with forested areas are
observed as the important land use classes within the
basin. Also, agricultural and livestock breeding
activities are quite common. The basin is under fairly
strong LULC change and urban pressure as expected
due to its recent condition. The most urbanized area
of Sazlidere Basin is the centre of Arnavutkoy
District. Figure 2 shows the Sazlidere Basin and the
centre of Arnavutkoy District.
Sazlidere Basin covers part of Arnavutkoy and
Basaksehir Districts. However, the majority of the
basin belongs to Arnavutkoy, and it also covers its
centre. Approximately 30% of the entire district area
lies within the basin. Besides providing water for the
city, it is also well known by its air corridors. The
water corridor above the Sazlidere Basin combines
the Sazlidere Reservoir to the Black Sea and thereby
creates a natural air corridor [13].

FIGURE 2
Study area and its vicinity
250.000
200.000
150.000
100.000
50.000
0

FIGURE 3
Population of Arnavutkoy District within years
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assessments were done for both of the two
images by using high spatial resolution image. With
this operation, kappa statistical value and, the overall
accuracy were calculated as given by Table 1.

The increase in impervious surface indicating
human-induced activities and structures is highly
linked with the population growth. The centre of the
Arnavutkoy district was selected as the study area
because of its vast urban development and sprawl
characteristic. With a surface area of 506.52 km2 it is
ranked as the 4th largest district of Istanbul [14]. It
remains at the domain of the 4 crucially important
basins of Istanbul. These are Alibeykoy, Terkos,
Buyukcekmece and Sazlidere Basins. The
conversion of Arnavutkoy town to a district
administratively in 2009 together with the ongoing
projects like the construction of the North Marmara
TEM and the 3rd bridge on the Bosphorous has
resulted in an enormous increase in the population of
the district. Figure 3 shows that Arnavutkoy had a
population of 163.510 in 2008 prior to becoming a
district in 2009 further increased to 175.871 capita in
2009 and 190.247 in 2011. Finally, it reached to a
value of 236.000 at the end of 2015 [15- 17]. In order
to minimize water pollution in the Sazlidere Basin,
activities are conducted especially on the prevention
of the excess use of pesticides and fertilizers in
agricultural activities. Besides, audits in accordance
with the current regulations are performed frequently
including the inspection of wastewater discharge
permits of the industrial establishments, and efforts
towards
increasing
public
awareness
on
environmental issues are among the important
attempts realized in the basin for protecting the water
quality of the reservoir [9]. However, the threat of
pollution is still ongoing basically due to lack of
proper infrastructure.

Year
1975
2000

In the second stage of the study, the BRBA was
used to extract impervious surfaces of the basin from
1997, 2000, 2011 and 2015 dated LANDSAT
imagery, and areal comparison of impervious
surfaces for each of the investigated years were
performed.
Spectral signatures of different features
including urban area and bare soil could have been
analysed to identify unique pattern in each of the
land cover by using different indices. However, there
is a problem with the existing indices developed for
soil and built-up area as they tend to mix with each
other. To solve this problem, a new index called
Band Ratio for Built up Area (BRBA) is used [27].
The index was developed from the red and infrared
bands. The BRBA index is expressed as:
BRBA = red band / infrared band.
The BRBA process was performed on the 1997,
2000, 2011, and 2015 dated LANDSAT imagery.
The classification and BRBA results of 2000 dated
Landsat image were then compared.

MATERIALS AND METHODS
In this study, May 1975, July 1997, December
2000, June 2011 and, May 2015 dated LANDSAT
TM, ETM, and OLI images were used. 1997, 2000,
2011 and, 2015 dated LANDSAT images have 30 m,
and 1975 dated LANDSAT image has 80 m spatial
resolution. All satellite images used in the study
were georeferenced to UTM WGS84 datum and
coordinate system.
Remote sensing (RS) is an often preferred
method for environmental studies as it is a time and
money saving tool of inspecting large areas where
full access to every point is not possible [18 - 26].
There are many different image processing methods
used to extract information from satellite images.
The study was carried out by remote sensing
techniques, in two stages; classification and band
rotation.
Supervised classification were processed to
1975 and 2000 dated LANDSAT images for
determining LULC state of the Arnavutkoy District
centre. Impervious surface areas were extracted
from the image by using pixel based classification
methods. After the classification process, accuracy

RESULTS AND DISCUSSION
In this study, supervised classification method
was processed to 1975 and 2000 dated images. The
results showed that the
impervious area of
Arnavutkoy District centre was just 7% in 1975 and
it increased to 33% in 2000 (Table 2).

Year
1975
2000

TABLE 2
Classification Results
Area
of
% Distribution
Impervious
of IS
Surface (IS)
156 ha
7%
720 ha
33 %

Classification results put forth the fact that
there is a development in the northwest-southeast
direction towards the Northern Marmara Motorway
in Arnavutkoy District centre. Also, it can be seen on
the classified images that a new road has been
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TABLE 1
Accuracy Assessment
Kappa
KSV
of
Statistical
Total
Impervious
Accuracy Value
Surfaces
(KSV)
86,05 %
0,7553
0,9225
77.55 %
0,6504
0,7561
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FIGURE 4
Visualization of ISs inside the basin by using classification results

FIGURE 5
Visualization of ISs in the basin by using BRBA index results
environmental welfare of such significant basins.
Inspecting the effects of the 3rd Airport and Channel
constructed between the years 1975 and 2000 on the
Istanbul projects will be so beneficial for basin
western side and northwest-southeast direction in the
management.
district centre (Figure 4).
BRBA index results indicated that there is a
TABLE 3
development in northwest-southeast direction
BRBA Index Results
towards the Northern Marmara Motorway similar to
Year
Area of IS (ha)
the classification results and also, there is an increase
1997
447
of impervious surface density in Arnavutkoy District
2000
785
centre. In 2000 dated BRBA index result image, the
2011
1083
same road that is on the western side and at the
northwest-southeast direction in the district centre
2015
1138
was also observed (Figure 5).
BRBA index results proved that the impervious
140000
128000
surfaces had an enormous increase of 154% from
Population of basin till administrative
120000
1997 to 2015 in the district centre. The area of
change in Arnavutkoy district [28]
100000
impervious surfaces calculated with BRBA index
Estimated population
80000
and the area of impervious surfaces calculated with
Projected population [16]
60000
supervised classification from 2000 dated image
40000
exerted similar results (Table 3).
20000
The study aims to provide quantitative values
0
on each of the land use activities in the basin together
19851990199720002008201120152035
with the corresponding changes in time. This
information may further be utilized by the related
FIGURE 6
authorities such as planners, decision- makers and
Realized and expected population trend of the
environmental scientists responsible of
basin
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Basin
Terkos
Alibeykoy
Sazlidere
Omerli
Elmali
Buyukcekmece
Kucukcekmece

TABLE 4
5HDVRQVRIZDWHUSROOXWLRQLQ,VWDQEXO¶VZDWHUUHVHUYRLUV>@
Domestic
Industrial
Natural
or Irrigational returndischarges
discharges
human-induced erosion
flow
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
classification, NH4-N parameter is found to be of
Class II, NO3-N of Class III, and total coliform of
Class I in the reservoir. Moreover, analyses on the
main feeding stream of the reservoir named as
Sazlidere recently has organic matter content (in
terms of BOD and COD parameters) representing
Class II characteristics whereas, TKN and NH4-N are
of Class IV and NO3-N of Class II with total
coliform counts varying between Class II and III.
Similarly, the year 2014 Istanbul Province
Environmental Situation Report refers that the
overall water quality class of Sazlidere Reservoir is
of Class II [29 - 31]. The classification results
indicate the discharge of all the 4 types of pollutants
underlined in Table 4 and that the reservoir is under
pollution threat still despite the efforts towards
minimizing the pollution effects. The analysis in the
increase of impervious layers achieved in this study
clearly correlates these quality findings. It is
important to note here that the reservoir water is
treated at the water treatment plant of Ikitelli prior to
distributing it to public as its present status is not
convenient to be directly used with only simple
disinfection.

The population of Sazlidere Basin was about
6.000 in 1985 and 30.000 in 2000 [28]. As a result of
a recent study, it is projected that the population
inside the Sazlidere Basin is estimated to be about
128.000 in 2035 [16]. The residential areas are
indicated as impervious surfaces and they occupy
almost 9% of the basin according to updated
population. By taking into account the expected
population growth, it is estimated that the
impervious surfaces will reach 20% of the entire
basin area in 2035 [29]. Figure 6 is graphical
presentation of the population forecasts derived from
different literature. As can be easily observed, the
population trend within years represents an
exponential increase. Thus, the administrative
authority in charge of water and wastewater issues of
the Metropolis (ISKI) under the Greater
Metropolitan Municipality of Istanbul has stated that
WKHEDVLQ¶VRYHUDOOSRSXODWLRQQHHGWREHVXVSHQGHG
at 76.730 capita for the sake and well-being of the
basin [16].
According to the Environmental Situation
Report of Istanbul published in 2005, Sazlidere
Reservoir has started to be polluted by domestic and
industrial discharges together with natural and/or
human-induced erosion and by irrigational returnflows (Table 4). The basic reason among these
discharges is the domestic wastewater due to high
population growth and thus settlements with lack of
proper infrastructure. The same reports published in
2010 and 2011 indicated values of some water
quality parameter based on the national surface water
quality legislation. It is important to note at this stage
that the administrative conversion of Arnavutkoy
town in 2009 accelerated the urban sprawl in the area
together with the constructions. Superstructures
where in this study analysed as impervious surfaces
extremely increased leaving back the infrastructure
deficiencies. Infrastructural development and
satisfaction could not be maintained in parallel to
superstructures as the urbanization efforts are so
quick and massive.
The national regulation on the quality of inland
freshwater bodies are generally classified in 4
groups; Class I indicating the best quality water that
is potable water and Class IV is of the worst quality
that requires advanced treatment technologies to be
used as drinking water. According to this

CONCLUDING REMARKS
It is important to protect the basins that provide
especially drinking water. Remote sensing data
allows obtaining comparable information and
realizing change detection in a short and accurate
way. As shown in the results, it is possible to make
spatial change detection temporally and to determine
the direction of change. Therefore, it is significant to
produce information from satellite data and to review
information by using geographic information
systems (GIS) especially for the urban planners and
decision-makers. The change detection results of
impervious surfaces and reasons of these changes are
extremely necessary for making assessments and
taking mitigating actions in sensitive basins like the
one analysed in this study.
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SEA
Kubra Yesilova1, Neslihan Balkis2,*, Ergun Taskin3
1
Istanbul University, Institute of Science, Vezneciler, Istanbul, Turkey
Istanbul University, Faculty of Science, Department of Biology, Vezneciler, Istanbul, Turkey
3
Celal Bayar University, Faculty of Arts and Sciences, Department of Biology, Manisa-Turkey
2

organisms in biologic, ecologic and industrial terms
within marine ecosystem and they form the
foundation of the primary production in the
environment through photosynthesis [1-3]. Various
experiments conducted by many researchers have
revealed that the macroalgae are rich in the amounts
of nutrient fibers, minerals, protein, carbohydrate
and lipid [4-8]. The reason why algae have a great
importance in human nutrition is the fact that they
have satisfactory level of the required substances for
healthy nourishment. Apart from these nutritional
features, regular algae consumption is important to
prevent and treat some diseases for human health [9].
Varying biologic metabolites and chemical
compounds obtained from macroalgal species are
commonly used in medicine and pharmaceutical
industry [10]. By the nature of their biologics and
habitats, macroalgal species are easy to be examined.
Therefore, they are frequently used as model
organisms in various ecologic studies [11-14]. Of all
algae collected and cultured for economic purposes,
50% are used in food industry, 40% are used in
pharmaceutical and cosmetic industry and 10% are
used in various other fields [15]. The highest and
practical periods of the components must be known
in order to use algae in food sector and industrial
areas.
Studies conducted on the chemistry of algae
have revealed that they involve significant amount of
nutrients and even contain protein amounts being
equal to those in land organisms [16, 17]. In a study
conducted by Fleurence [7], it was emphasized that
algae with high protein amount should be frequently
used in food industry and especially Porphyra tenera
Kjellman is rich in aminoacid content.
Temperature, salinity, light [18], oxygen
amount [19] and mineral amounts [20-22] affect
growth rate, biochemical composition and construct
of algae. Within the light of these information, some
seasonal changes can be observed in nutrition values
of macroalgae.
The first study on the algae in Turkey was

ABSTRACT
In this study, the ecological features and total
protein, carbohydrate and lipid amounts of the
dominant macroalgal species of the western Black
Sea coast were investigated. Seasonal samplings
were carried out at five coastal stations (Sts. ø÷QHDGD
.Õ\ÕN|\ <DOÕN|\ .DUDEXUXQ .LO\RV  EHWZHHQ
November 2012 and August 2013. After the
examination of the collected samples, 25 macroalgal
species belonging to 9 families and 11 genera were
determined. The highest protein content has been
determined in the summer season sampling of
Callithamnion corymbosum with a percentage of
47.09% (St. ø÷QHDGD ZKLOHWKHORZHVWRQHKDVEHHQ
determined in the winter season sampling of
Corallina officinalis with a percentage of 0.10% (St.
<DOÕN|\  7KH KLJKHVW SURSRUWLRQ LQ FDUERK\GUDWH
content was observed in Ceramium virgatum
(87.02%) collected in summer at Kilyos station,
while the lowest one has been found in Cystoseira
barbata (2.60%) which was sampled in the autumn
season at Karaburun station. The highest lipid ratio
has been found in summer in Callithamnion
corymbosum (22.04%, St. ø÷QHDGD DQGWKH ORZHVW
ratio has been found in spring in Ulva compressa
(0.75%, St. Kilyos). The sea temperature values
varied between 6.71°C±25.02°C, the salinity varied
between 11.95±16.54Å, the dissolved oxygen
varied between 6.95±14.61mg/L and the pH values
varied between 4.67±7.28 during the study.

KEYWORDS:
Macroalgae, Protein, Carbohydrate, Lipid, Black Sea

INTRODUCTION
Macroalgae which were first used by people in
2700 B.C and are consumed as food mostly in Asian
countries in the world since they consist of protein,
carbohydrate and other nutrients, are important

46



© by PSP

Volume 26 ± No. 1/2017, pages 46-55

Fresenius Environmental Bulletin



FIGURE 1
Sampling stations on the coastal zone of Western Black Sea
are 2212 m and 1240 m, respectively [46]. Except for
the northwest of the Black Sea, shallow regions are
narrow. Regions having maximum 200 m depth
comprise 27% of the total area and they are mostly
located in the northwest of the Black Sea. Distance
between the furthest zones on east-west direction is
1149 km and the maximum width on north-south
direction is 611 km.
A significant amount of freshwater and
nutrients, detritus and other materials are carried to
the Black Sea through rivers. The Black Sea is called
as a sea having relatively high productivity
compared to oceans and other marine environments
due to intense nutrient inflow and high primary
production [47]. Western Black Sea is under the
effect of the Danube River in the west; Dnieper and
Dniester rivers in the northwest and Sakarya and
Yenice (Filyos) rivers in the south. In addition, the
effects of the Mediterranean and Sea of Marmara
through the Bosphorus can be observed in the large
portion of the Western Black Sea. Considering that
industrial and domestic wastes are added into these
inflows, we can say that the pollution rate is high in
the region.

conducted by Forsskål [23] and more
comprehensives studies on biochemical contents of
macroalgae started after 1960s [24, 25]. Although
there are many studies on their systematics and
ecologies, the number of studies revealing chemical
contents and nutrition values of macroalgae
throughout Turkey is very limited and most of these
studies were conducted in the seas out of the Black
Sea coastal [26-33].
There are some studies on the systematics of
macroalgae in the Black Sea [34-43]. Among these
studies, only Aysel et al. [42] determined 156
macroalgal VSHFLHV E\ UHVHDUFKLQJ RQ 7HNLUGD÷
coasts. There are a limited number of studies about
chemical contents of algae in the Black Sea. Of these
studies, Güven et al. [44] researched metal levels in
DOJDHDQGVHGLPHQWLQ%ODFN6HDDQGøVWDQEXO6WUDLW
and detected that red algae contain more metal.
Durmaz et al. [45] UHVHDUFKHGRLODFLGĮ-tocopherol
and total pigment amounts of Ulva spp. species in
Sinop (Black Sea) and detected the highest values in
oil acids.
No study has been conducted on chemical
contents of macroalgae on western coasts of the
Black Sea so far. For that reason, this study aims to
determine protein, carbohydrate and lipid contents of
dominant macroalgal species in the region and to
remedy the deficiencies in this field.

Sampling and analysis. Within the scope of
the present study, sampling was conducted at 5
VWDWLRQV EHLQJ ø÷QHDGD 6W  .Õ\ÕN|\ 6W 
<DOÕN|\ 6W .DUDEXUXQ 6W DQG.LO\RV 6W RQ
western coasts of the Black Sea (Fig. 1). GPS
(Global Positioning System) device was used to
determine geographic coordinates of all sampling
stations and the sampling was conducted seasonally
in November 2012, February, May and August 2013.
,QDGGLWLRQ³PRGHO<6,PXOWLSURE´GHYLFH
was used to measure pH and temperature during the
sampling since basic ecologic variables of the
environment were analyzed as well. The MohrKnudsen Method [48] was used for measuring the
salinity values, and the Winkler Method [49] for
dissolved oxygen (DO).
Macroalgae examined in this study were
collected by means of a spatula at previouslydetermined coastal station. A part of the samples

MATERIAL AND METHODS
Study area. The Black Sea is located between
40° 55' and 46°32' northern latitudes; 27° 27' and 41°
42' eastern longitudes in a region where Europe and
Asia continents are getting closer to each other. It is
the biggest semi-enclosed, inland sea in the world.
The Black Sea is linked to the Sea of Marmara via a
narrow corridor like Bosphorus; to the Aegean Sea
and the Mediterranean via the Dardanelles in the
southwest; to the Sea of Azov through Kerch Strait
in the north. The surface area of the Black Sea is
423000 km² while the volume is 547000 km³.
Maximum and average depth values
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FIGURE 2
6HDVRQDOYDULDWLRQVRIWHPSHUDWXUH D& VDOLQLW\ EÅ GLVVROYHGR[\JHQ
(c; mg/L) and pH (d) at the sampling stations on the western coast of the Black Sea
was kept in a 2% formaldehyde for the detection of
species and another part was brought to the
laboratory by means of freezers within polyethylene
bags for biochemical analyses. The macroalgae
samples allocated for analyses were washed with
plenty of tap water and then with distilled water in
order to remove foreign substances and epiphytes;
wet weight values were calculated and then left to
dry on fume cupboard. Afterwards, they were dried
for 1-2 hours at 60 ºC in oven and dry weight values
were measured. Following the dry weighting,
macroalgae were pulverized by a mortar and these
samples were used for all analyses.
The total protein amount of the macroalgae
samples collected from the station was determined
by the method suggested by Lowry et al. [50],
carbohydrate content was determined by H2SO4Fenol Method [51] and total lipid content was
determined by sulfofosfovanilin method [52, 53]
spectrophotometrically.

RESULTS
Environmental variables. Ecologic variables
(temperature, salinity, dissolved oxygen and pH) of
the sea water obtained from 5 stations on western
coasts of the Black Sea are presented in Fig. 2 (a-d).
According to seasonal samplings conducted between
November 2012- August 2013, the highest
temperature value was found in summer at Kilyos
station (25.03 °C, August) while the lowest value
ZDV IRXQG LQ ZLQWHU DW ø÷QHDGD VWDWLRQ  &
February) (Fig. 2a). During the sampling, salinity
values differed between 11.95-16.54 Å. The highest
salinity value was measured in sXPPHUDW.Õ\ÕN|\
station (16.54 Å, August) while the lowest value
was measured in winter and sSULQJDWø÷QHDGDVWDWLRQ
(11.95 Å, February and May) (Fig. 2b). Salinity
values were measured to be lower in winter and
spring seasons compared to other sampling periods
due to the effects of rainfalls and river inflows and it
was observed that salinity values increase as the
temperature increases. In this study, the highest
dissolved oxygen (DO) value was measured in
ZLQWHU DW <DOÕN|\ VWDWLRQ  PJ/ )HEUXDU\ 
while the lowest value was measured in summer at
.Õ\ÕN|\ VWDWLRQ  PJ/ $XJXVW  )LJ F  ,Q
addition, it was observed that as temperature values
increase, dissolved oxygen values reduce. During the
study, the highest pH value was detected in spring
(7.28, May) and the lowest value was detected in
ZLQWHUDW<DOÕN|\VWDWLRQ )HEUXDU\  )LJG 
Especially in winter, lower values were obtained
compared to other seasons.

Statistical analysis. Correlation was made
between ecologic variables of the sea water where
macroalgae live and protein, carbohydrate and lipid
contents in macroalgae via SPSS 11 (Statistical
Package for the Social Sciences). Two-tailed
Pearson correlation analysis method was used to
reveal the correlation between the data. Kolmogorov
Smirnov test was used to determine the compatibility
of data for normal distribution [54].
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TABLE 1
Dominant macroalgal taxa on the western coast of the Black Sea.
(P: Phaeophyceae; R: Rhodophyta; C: Chlorophyta)
Macroalgal Taxa

ø÷QHDGD 6W
Aut

Win

.Õ\ÕN|\ 6W
Spr

Callithamnion corymbosum (Smith) Lyngbye
(R)
Ceramium ciliatum var. robustum (J.Agardh)
Mazoyer (R)

Sum

Aut

Win

Spr

<DOÕN|\ 6W
Sum

Aut

Win

Karaburun (St.4)
Spr

Sum

Aut

Win

Spr

Kilyos (St.5)
Sum

Aut

+

+

Ceramium gaditanum (Clemente) Cremades (R)
+

+

+
+

+

+

+

+

+

+

Chaetomorpha linum (O.F.Müller) Kützing (C)

+

+

+

Cladophora albida Kützing (C)

+

Cladophora laetevirens (Dillwyn) Kützing (C)

+

Cladophora sericea Kützing (C)

+

Corallina officinalis L. (R)

+

+

Cystoseira barbata (Stackhouse) C. Agardh (P)

+

+

+

+

+

+

+

Cystoseira crinita Duby (P)

+
+

+

+

Ectocarpus siliculosus (Dillwyn) Lyngbye (P)

+

+

+

+

+

+

+
+

+

+

Gelidium pulchellum (Turner) Kützing (R)

+
+

+

Gelidium crinale (Hare ex Turner) Gaillon (R)

+

+
+

Gelidium spinosum (S.G.Gmelin) P.C.Silva (R)

+

Osmundea pinnatifida (Hudson) Stackhouse (R)

+

Polysiphonia elongata (Hudson) Sprengel (R)

+

Polysiphonia fucoides (Hudson) Greville (R)
Polysiphonia opaca (C.Agardh) Moris and De
Notaris (R)

+

+
+

+

+

+

+

+

+

+

+

Polysiphonia tripinnata J. Agardh (R)

+
+

+

+

+

+

+

Ulva intestinalis L. (C)

+

+

+

+

+

+
+

+

+
+

+

+

+

+

+

was determined in Callithamnion corymbosum
VSHFLHVZLWKLQVXPPHUDWø÷QHDGDVWDWLRQ
the lowest value was determined in Corallina
officinalis ZLWKLQZLQWHUDW<DOÕN|\VWDWLRQ
The highest carbohydrate amount was found in
Ceramium virgatum species with 87.02% in summer
at Kilyos station while lowest value was found in
Cystoseira barbata species with 2.60% in autumn at
Karaburun station. The highest lipid rate was
determined in Callithamnion corymbosum species
with  LQ VXPPHU DW ø÷QHDGD VWDWLRQ WKH
lowest value was determined in Ulva compressa
VSHFLHVZLWKLQVSULQJDW<DOÕN|\VWDWLRQ )LJ
3).

Protein, carbohydrate and lipid contents of
dominant macroalgal species from the western
coasts of the Black Sea. With the purpose of
researching macroalgal species spreading on western
coasts of the Black Sea and their biochemical
contents and detecting some ecologic variables of the
environment, a total of 25 species belonging to 9
families and 11 genera were determined following
the analysis on the samples obtained from 5 different
stations in November 2012-August 2013 period
(Table 1).
The highest number of species was detected at
<DOÕN|\ 6W ) and Kilyos (St.5) stations (14
species) followed by Karaburun station (St. 4) with
13 species, .Õ\ÕN|\ VWDWLRQ 6W  ZLWK  VSHFLHV
DQGø÷QHDGDVWDWLRQ 6W ZLWKVSHFLHV$Wø÷QHDGD
.Õ\ÕN|\DQG<DOÕN|\VWDWLRQV 6WV WKHKLJKHVW
number of species was obtained in spring while it
was obtained in autumn at Karaburun station (St.4)
and in winter at Kilyos station (St.5).
Total protein, carbohydrate and lipid amounts
of the macroalgae samples obtained from these 5
stations were also measured (Fig. 3). According to
the data obtained, considering all stations and
seasons, it can be seen that the highest protein value

Statistical data. The correlation coefficients
obtained between ecologic variables of the sea water
where macroalgal species live and their protein,
carbohydrate and lipid contents are presented in
Table 2. A positive correlation was determined
between protein values and temperature (p<0.05),
salinity (p<0.01), pH (p<0.01) and lipid (p<0.01);
and a negative correlation was determined between
protein values of carbohydrate
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FIGURE 3
Seasonal variations of the protein, carbohydrate and lipid contents of dominant macroalgae in the western
coast of the Black Sea
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TABLE 2
Correlation coefficients obtained between ecologic variables and protein, carbohydrate and lipid amounts
of macroalgae samples (*p<0.05,**p<0.01,n=86).

Carbonhydrate
Lipid
Temperature
Salinity
DO
pH

Protein
(%)

Carbonhydrate
(%)

Lipid
(%)

-0,451**
0,537**
0,213*
0,279**
-0,175
0,460**

-0,207
0,334**
-0,155
-0,127
0,022

0,296**
0,153
-0,131
0,168

-0,037
-0,411**
0,613**

-0,630**
-0,310**

-0,109

temperature and salinity amounts increase,
dissolvability of gases decreases. Especially in
winter and spring periods, salinity amount was
measured to be lower compared to other seasons due
to the inflows like intense rainfalls, rivers and
freshwater. The negative correlation between the
increase of temperature, salinity and dissolved
oxygen was supported by the correlation analysis as
well.
Especially in winter, pH amount was found
lower compared to other seasons. The reason for this
is the fact that light decrease and cold water in winter
lead to decrease in phytoplankton amount and the
photosynthesis activity and thus the CO2 amount in
sea water increase. It is known that pH decreases by
the increase of CO2 [58]. In a study conducted by
7UNR÷OX[59] in central Black Sea, the highest pH
amount was detected in spring and summer periods;
it was reported that high amount of phosphate is
carried into the sea by rivers due to lots of rainfalls
in October, December and January periods when the
phytoplankton activity is low.
In the present study, it was found that protein,
carbohydrate and lipid contents differ by species,
seasons and stations. Similar results were obtained in
other studies conducted by many researchers and it
was observed that nutrition content of macroalgae
differs by seasonal period [7, 60] and by nutrient
content in the environment [61]. Furthermore,
Dawes [62] reported that biochemical composition
of algae may fluctuate by many environmental
factors like nutrient, water temperature, salinity,
light and season.
In a study conducted by Haroon et al. [63], it
was reported that carbohydrate amounts of
macroalgae are higher in summer months compared
to other seasons. In the present study, carbohydrate
amount was found higher in spring and summer
seasons compared to other seasons and the values
were found close to each other in these two seasons.
This is because of high photosynthetic activities
during these periods. In addition, correlation
analyses revealed an increase in carbohydrate
amount with temperature increase. The reason of
high values found in spring season and these values'

(p<0.01) (Tab. 2). In addition, no correlation was
detected between protein and DO. Carbohydrate
values had a positive correlation with only
temperature (p<0.01) and no other correlation was
detected with any other ecologic variables. In the
analyses conducted at the stations, the highest values
were obtained especially in spring and summer
periods. Just as in carbohydrate values, lipid
measurement values had positive correlation with
only temperature (p<0.01) (Tab. 2). Out of basic
ecologic parameters, it was observed that
temperature has a negative correlation with DO and
has a positive correlation with pH (p<0.01) while it
was found that salinity has negative correlation with
both DO and pH (p<0.01).

DISCUSSION
The Black Sea hosts high variety of species in
terms of macroalgae in accordance with its salinity
and temperature conditions [45]. In this study, a total
of 25 macroalgal species were determined and no
new record species was found for the Black Sea
according to our literature knowledge. In terms of the
number of species, macroalgal species had the most
variety in spring (May, 2013) and summer (August,
2013).
During the study, it was recorded that
temperature values of sea water varied between 6.7125.02°C; salinity values varied between 11.95Å DO values varied between 6.95-14.61
mg/L and pH values varied between 4.67-7.28. In
addition, especially salinity and temperature values
differed by seasons. Because, sun radiation on the
Black Sea is reported to be minimum 84 kcal/cm2 on
average in winter and to be minimum 170 kcal/cm2
in summer [55]. Furthermore, seasonal changes in
sea surface water are affected by regional winds and
currents [56, 57]. In this study, it was found that the
temperature changes between stations are not
significant since they are under the same climate
conditions and too close to each other to show
geographical differences. The oxygen amount
decreased due to the fact that as
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being close to those in summer season can be the fact
that the sampling was conducted within last days of
May.
In another study conducted by Renaud and
Luong-Van [64] at Darwin Labour in Australia, the
researchers investigated the seasonal change of
chemical contents in 30 macroalgal species and
analyzed ash, dissolved carbohydrate, lipid and
protein amounts; found high protein content (4.812.8%) in red algae. In the present study, the highest
protein content was found in red alga Callithamnion
corymbosum (47.09%). In addition, Wong and
Cheung [65] reported in their study that red algae
have higher protein content compared to green ones.
Kaykaç et al. [30] detected the lowest protein
amount in Ulva rigida in spring (7.64%) and the
highest one in winter (24.67%) in their study
FRQGXFWHG DORQJ WKH .DUúÕ\DND FRDVW LQ ø]PLU
Considering Ulva rigida species analyzed in this
study, it can be said that the lowest protein amount
was found in summer with 7.22% while the highest
amount was found in autumn with 25.41%. It was
observed that these values were close to each other
during seasonal transitions. In another study, it was
reported that protein content of Ulva species varies
between 15-20% on dry weight basis [66]. In the
present study, protein content of Ulva species was
detected between 0.66-37.95%. The difference
between these results and the literature values can be
the fact that factors such as temperature, salinity and
nutrient of water, where the species live, differ.
Lipid contents of algae are lower compared to
other marine species; however, these values
generally vary between 1-5 % in all algal species
[67]. On the other hand, essential oil acids involved
in algae are much more compared to other land
plants [68]. Herbreteau et al. [69] reported that in
majority of the analyzed macroalgae, lipid content is
lower than 4%. In this study, lipid content of
macroalgae was found lower compared to protein
and carbohydrate contents and it was observed that
this content varies between 0.75-22.04% in all
seasons.
In addition, the correlation analysis conducted
between ecologic variables of sea water and protein,
carbohydrate and lipid contents of macroalgae
samples revealed a positive correlation between
protein values and temperature, salinity, pH and lipid
and a negative correlation between protein values
and carbohydrate. It can be said that protein amounts
in algae differ by ecologic variables of the
environment. Of basic ecologic variables, only
dissolved oxygen had no correlation. Because, algae
are oxygen producers.
Munda and Gubensek [70] reported that
nitrogen amounts being building stones of proteins
reduce or increase during growth and reproduction;
some changes occur in metabolisms of sea algae due
to light decrease in winter which leads to
accumulation of amino acids newly synthesized with

low molecular-weighted peptides and
decrease or cessation in protein synthesis. However,
Ulva species are nitrophile algae and thus the
nitrogen accumulation may occur in these species
which results from maximum nutrient level in water
during winter months and protein amount may
increase [71]. In the present study, Ulva species were
generally observed in spring and summer periods;
however, the highest protein content was found at
some stations in autumn period. The protein amount,
which increases by the increase in temperature and
salinity, reaches up to the highest measurement level
in autumn and this case shows that protein
accumulation may differ by species. The correlation
analyses conducted with carbohydrate and lipid
values have revealed that algae accumulate these
contents more depending on the temperature
increase.
In a study conducted by South and Whittick
[72], it was reported that 160 species of marine algae
can be used as human nutrition (25 Chlorophyta, 54
Phaeophyta, 81 Rhodophyta) and dry weight of
protein amounts in majority of eatable marine algae
is 20-25%. Of green algae, Monostroma, Caulerpa
and Ulva species are mostly used as food [29]. In this
study, Ulva species being a green algae species used
as a food were used and their protein values were
detected between 0.66-37.95%.
The most efficient period for macroalgae in
terms of protein was found as spring and autumn; in
terms of carbohydrate, values were found close to
each other in all seasons. In terms of lipid content,
the most efficient periods were found as summer and
autumn seasons. Data obtained at the end of the study
can help to increase usage areas of algae being used
in food sector and industrial field.
On condition that marine algae are used in the
best way in our country having a long coastal line,
great contribution will be obtained for national
economy. To this end, new methods and
technologies must be developed about satisfactory
protection of our coasts; detection, collection and
operation of species and stock amounts.
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ABSTRACT
With the growth of human population demands
and needs of consumption are constantly increasing
and the amount of worldwide produced wastewater
is growing as well. This raises the need of
developing more advanced wastewater treatment
methods, as well as more specific assessment
of contaminants presence in treated waters. Thus it
becomes relevant to perform not only chemical
analysis but also ecotoxicological bioassays as the
means of evaluation of biological effects caused by
wastewater discharges to the ecosystems. None of
the wastewater treatment plants is able to eliminate
contaminants completely ± it can only decrease the
pollution to an acceptable level. Therefore it is
important to find out if the cleaning processes in
waste water treatment plant (WWTP) are sufficient
to provide a satisfactory decrease of environmental
impact (ecotoxicity) on the organisms living in the
receiving aquatic ecosystem.
The aim of our work was to evaluate the
efficiency of some WWTPs via selected
ecotoxicological bioassays. For this purpose samples
at the inflow and outflow of three WWTP in
the Czech Republic with various population
equivalents (PE of 600,000; 25,000 and 12,000) and
with small variability of mechanical and biological
(possibly chemical) treatment stage were evaluated
using ecotoxicity tests on aquatic crustaceans
Thamnocephalus platyurus and Daphnia magna as
representatives of consumers, on aquatic plant
Lemna minor and terrestrial plant Allium cepa as
representatives of producers and on decomposer
Vibrio fischeri.
The results have shown that the efficiency of all
evaluated wastewater treatment plants is sufficient to
reduce substantially the acute ecotoxic effects.
Average toxicity removal was over 80% in all cases.
Sensitivity of the used testing organisms to water
toxicity was also compared and the results were as
follows: V. fischeri > T. platyurus > D. magna >
A. cepa > L. minor.
However, it is necessary to focus not only on
the acute toxicity testing but also on the use of tests
of chronic toxicity, genotoxicity and mutagenicity
which can detect long-term effects on the target
organisms in aquatic ecosystems.

INTRODUCTION
Wastewater treatment process has a key role in
the sustainable development as a tool for the
protection of surface waters from anthropogenic
pollution. The possibilities of environmental
pollution control are increasing and more advanced
wastewater treatment methods are being developed,
as well as more sophisticated methods of
determining specific contaminants in treated waters.
None of the wastewater treatment plants is able to
eliminate residues completely ± it can only decrease
a pollution level to an acceptable value. That is why
it becomes relevant to perform not only chemical
analyses but also the ecotoxicological bioassays as
the means of evaluation of biological effects caused
by wastewater discharges to the ecosystems [1].
Chemical analysis can detect many of the pollutants
but it is hardly possible to identify all of the
compounds that could be present in the wastewater
often in very low concentrations. Furthermore, the
mere identification of the compounds does not
provide sufficient information on their effects on the
environment, especially concerning the possibility of
combined effects (additive, synergistic or
antagonistic) of the chemicals in mixtures. Another
aspect that may be difficult to detect only by
chemical analysis is the possible degradation of
pollutants that can lead to increase as well as to
decrease of their toxicity [2].
Direct toxicity assessment (DTA) involves the
assessment of the adverse impacts of various types
of samples, ranging from concentrated industrial
effluents to natural waters, on aquatic organisms [3].
Evaluation of direct water toxicity is important
especially when the matrix is complex, with many
components of various kinds. That is definitely the
case of wastewaters which contain many organic and
inorganic
substances,
macronutrients
and
micropollutants. The micropollutants, e. g. drug
residues, synthetic musk compounds or detergents,
are probably the most problematic components
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other twelve towns and villages in Brno vicinity.
Treatment
process
consists
of
primary
sedimentation, circulating activated sludge process
with alternating anaerobic, anoxic and oxic zones
with possibility of highly efficient biological
removal of nitrogen and phosphorus. Simultaneous
chemical precipitation of phosphorus is also possible
when necessary.
The Mikulov WWTP is now shortly after
reconstruction and a new system of mechanical
pretreatment was built. Circulating activated sludge
process works as low loaded with anoxic selector
and simultaneous nitrification and denitrification.
Phosphorus is being removed by simultaneous
chemical precipitation. Further treatment of the
water from secondary settlement tank is being done
by using drum sieves.
The WWTP in Lednice has also been
reconstructed recently; the reconstruction was
focused on the increase of efficiency of mechanical
pretreatment. Activated sludge process now works
as low-loaded batch system with intermittent
nitrification and denitrification.

because of their strong and long-term impact on the
environment even in low concentrations.
Use of the direct toxicity assessment allows to
find out whether the treatment process is sufficient
to provide a satisfactory decrease of environmental
impact (ecotoxicity) and also what effects on the
organisms in receiving aquatic ecosystem will be
caused by wastewater discharges [2, 4]. Harmful
effects of wastewater discharges include mechanical
effects of suspended solids, impact on the oxygen
consumption and solubility in the stream, changes in
the pH value, eutrophication and toxic effects.
Conditions in the environment (environmental
factors) have a significant impact on the toxicity of
various compounds. Surface waters affected by
wastewater discharges show a decreased level of
species occurrence and diversity, the negative effects
on macrozoobenthos, fish, amphibians and birds
have been described [5].
Whole effluent toxicity (WET) tests are a
method of biomonitoring wastewater toxicity [4].
Development of WET methods started in the middle
of the 20th century in the USA and in 1984 it has
become a compulsory part of wastewater pollution
control [6, 7]. Comparison of results of ecotoxicity
testing to the chemical approach was performed in
2008 in Serbia [7]. The authors of the study used
acute toxicity test on D. magna and chemical
analysis of contaminants required by Serbian
legislation. Several results have proved a significant
ecotoxicity of the samples even when the
concentration limits of relevant contaminants
determined by chemical analysis were not exceeded.
Despite many advantages of direct toxicity
assessment there are also disadvantages. Accuracy
and reliability of the method is reduced by
inaccuracies caused by natural variability of tests
due to biotic and anthropogenic factors, inter-species
variation (within laboratory and between the
laboratory and the studied area) and other
differences between the laboratory and the recipient
water [8, 9]. There is also a problem with the
identification of toxicity caused by substances that
are not bioavailable at the moment of the testing
[10].

Sampling. All single samples were collected
during March and April 2015 at inflow and outflow
of the WWTPs. In Brno-0RGĜLFH also the samples
after the mechanical pretreatment stage were
collected. Hydraulic retention time, i. e. the length of
time that the treated wastewater remains in the
various treatment processes was taken into account
while sampling.
Samples in dark glass bottles were transported
to the laboratory at the temperature of 10°C and after
the filtration they have been stored at 4°C in the dark
for no longer than 72 hours before performing of the
bioassays. The only exceptions were the tests on V.
fischeri for which the proportion of each filtered
sample has been kept frozen and the tests were
performed only after collection of all of the samples.
Conducted ecotoxicity tests. Test battery for
the ecotoxicological evaluation was supposed to
include organisms of all three trophic levels.
Crustaceans T. platyurus and D. magna were
representatives of the consumers, an aquatic plant L.
minor and a terrestrial plant A. cepa represented the
producers and V. fischeri was chosen as a
representative of the decomposers.

MATERIALS AND METHODS
Wastewater treatment processes in studied
WWTPs. The samples were collected at the inflow
and outflow of three municipal wastewater treatment
plants: Brno-0RGĜLFH ,000 PE), Mikulov
(25,000 PE) and Lednice (12,000 PE). All of them
are in the Czech Republic where the ecotoxicity
testing of wastewaters is not yet common and
required by the legislation.
The WWTP in Brno-0RGĜLFH is the largest of
the three treatment plants. Its capacity is 50 million
m3 per year and it treats wastewater from Brno and

Test on D. magna has been conducted as a 48
hours acute toxicity test according to Standard
Operational Procedure manual of microbiotest
Daphtoxkit F [11].
Test on T. platyurus has been conducted as a
24 hours acute toxicity test according to Standard
Operational Procedure manual of microbiotest
Thamnotoxkit F [12].
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enables evaluation of treatment process efficiency
and sufficiency of ecotoxicity reduction;
ecotoxicological testing of samples collected after
individual waste water cleaning stages implies where
the ecotoxicity reduction is significant. These data
then can influence the choice of technology and, if
necessary, the implementation of arrangements
leading to increased efficiency of the treatment.
One of the possibilities of how to express the
efficiency of the wastewater treatment process on the
base of the results of ecotoxicological bioassays is
calculation of toxicity removal TR. The percentage
of toxicity removal was calculated from the values
of growth inhibition or mortality of testing
organisms determined at samples collected at inflow
and outflow of the WWTP:

Test on L. minor has been performed
according to standard ISO 20079 (Water quality -Determination of the toxic effect of water
constituents and waste water on duckweed (Lemna
minor) - Duckweed growth inhibition test) as a 168h
growth inhibition test [13].
Test on A. cepa was also performed as a 168 h
growth inhibition test but in this case, the length of
the roots served as an endpoint. Little onions with
size of 15±22 mm (2±4 g) were used. Before the start
of the test, upper layer of onions has been peeled off
and the onions had been stored in a bottle with water
in dark incubator at temperature 20 °C for 24 h. six
testing tubes (replicates) for each tested
concentration of each sample were used. An onion
was placed on the top of each testing tube and during
7 days the water was regularly supplemented so the
roots remained in contact with the tested water all the
time. Eight tubes contained pure tap water as a
control. After the test, the length of the roots was
measured and the amount of the root growth
inhibition was evaluated [14].
Test on V. fischeri was conducted according to
the standard ISO 11348-3 (Water quality Determination of the inhibitory effect of water
samples on the light emission of Vibrio fischeri
(Luminescent bacteria test) ± Part 3: Method using
freeze-dried bacteria) as a 15 and 30 min
bioluminescent
test
[15].
Luminometer
LUMIStox 300 with thermoblock LUMIStherm was
used for detection of bioluminescence inhibition.
All of these tests are commonly used and
available and this test battery was similar to those
used in the studies by Morbey, et al. [16], Gartiser et
al. [17] and Mendonça et al. [1, 18].

TR

I1  I 2
 100
I1

(1)

where
TR stands for toxicity removal in percent,
I1 is a value of inhibition (mortality) at the inflow

I 2 is a value of inhibition (mortality) at the outflow
[1].

RESULTS AND DISCUSSION
The ecotoxicity of the samples obtained at the
outflows of all WWTPs was according to the
obtained results very low. For most of the samples it
was impossible to determine the value of EC20,
LC20 or IC20 (depending on the performed assay).
For the graphical representation of the results we
used percentage values of the observed effect, i. e.
inhibition or mortality of the testing organism that
has been caused by the highest tested concentration
of the samples i. e. by undiluted wastewater sample
(bioassay on V. fischeri was the only exception
because in this case, according to the standard testing
procedure the highest tested concentration was
50%). See Figures 1, 2 and 3.

Test evaluation. When evaluating the
efficiency of waste water cleaning process it is
necessary to perform ecotoxicity tests on raw and
cleaned waste water (i.e. at inflow and outflow) and
also it is useful to evaluate changes of ecotoxicity
after individual stages of the sewage process. The
comparison of inflow and outflow water ecotoxicity
Toxic effect: mortality, growth inhibition
or bioluminiscence inhibition (%)

Ecotoxicity of samples from WWTP Brno-0RGĜLFH
100
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FIGURE 1
Comparison of toxic effects (%) of undiluted samples from inflow and outflow of Brno-0RGĜLFH::73
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Ecotoxicity of samples from WWTP Mikulov
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Toxic effect: mortality, growth inhibition
or bioluminiscence inhibition (%)
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FIGURE 2
Comparison of toxic effects (%) of undiluted samples from inflow and outflow of Mikulov WWTP
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Ecotoxicity of samples from WWTP Lednice
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FIGURE 3
Comparison of toxic effects (%) of undiluted samples from inflow and outflow of Lednice WWTP
testing procedure. In addition to the high sensitivity
of the bacteria V. fischeri, another great advantage of
this test is its speed and simplicity, so the test is very
useful and frequently used when determining the
ecotoxicity of wastewater. The main disadvantage is
the higher price [19].
The influents (raw wastewater) from all three
WWTPs caused 100% mortality of the most
sensitive consumer T. platyurus while the undiluted
effluent caused significant effect (mortality over
20%) only in the case of the Brno-0RGĜLFH::73
The most sensitive representative of the producers
was A. cepa at which we observed a wide scale of
ecotoxicity impact in the form of root growth
inhibition - 38.7% for the Mikulov WWTP influent
to 82.3% in case of the Lednice WWTP influent. The
HIIOXHQWV IURP 0RGĜLFH DQG 0LNXORY ::73V GLG
not cause any inhibition but the effluent from the
smallest WWTP in Lednice caused significant
inhibition of 25%. It is interesting that this sample
from Lednice effluent was on the contrary the least
toxic according to the tests on V. fischeri, causing
only 5% inhibition of bioluminescence while
0RGĜLFH DQG 0LNXORY HIIOXHQW VDPSOHV FDXVHG
inhibition of 14.2 and 20.4%, respectively. In case of

The effects of the wastewater samples on the
consumers, especially on the organism T. platyurus,
were in all the cases stronger than the effects on the
producers and in most of the cases even the samples
from the outflow had an above-zero effect on
consumers.
Toxic effects of the raw wastewater on the
producers were less significant and in case of
L. minor even the growth stimulation was not
uncommon when diluted samples were used for the
testing. Water from the outflow usually caused
growth stimulation in most of the cases for both
L. minor and A. cepa. Therefore it can be assumed
that these waters still contained nutrients beneficial
to the plants growth. On the other hand, the negative
changes in quality and appearance (like e. g.
necrosis, chlorosis) of the L. minor leaves were often
observed, even on the samples that did not cause
significant growth inhibition. That means that some
of the samples had visible but hardly quantifiable
negative effects on the plant.
The tests on bacteria V. fischeri were sensitive
enough to register the slight toxicity of the samples
from outflow despite the fact that these samples were
already diluted to 50% according to the standard
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TABLE 1
Values of toxicity removal TR (%) for each WWTP and used testing organism
Testing organism
Daphnia magna
Thamnocephalus platyurus
Lemna minor
Allium cepa
Vibrio fischeri
Average toxicity removal

::730RGĜLFH
94.6
70.0
100.0
100.0
71.3
86.4

treatment were negligible even for the most sensitive
organisms. When treated wastewaters are being
discharged to the receiving rivers, this dilution is
provided by mixing of the treated wastewater with
the water in the recipient.

the WWTP Brno-0RGĜLFHVDPSOHVRIWUHDWHGZDWHU
after primary mechanical treatment were also
evaluated. In this case, sufficient sensitivity to
differentiate water toxicity was exhibited by the tests
on T. platyurus, A. cepa and V. fischeri. These
results have also shown that the decrease of
ecotoxicity after the mechanical treatment is only
very small.
The values from the Figures 1, 2 and 3 were
used for determining of the toxicity removal in
percent (TR). The values of TR express the efficiency
of the wastewater treatment process with the
dependence on the testing organism. These values
are summarized in the Table 1. In average, the
toxicity removal in all of the cases exceeded 80%.
However, the values of TR for each organism are
more important and for some organisms they were
much lower, e.g. for WWTP Mikulov and the test on
V. fischeri the value of TR was only 56.3%. On the
other hand, for some of the other organisms and
samples the toxicity removal has reached 100% (i. e.
the samples didn't cause any relevant effect on the
testing organism). Similarly, the toxicity removal
results for Lednice WWTP exceeded 90% for four of
the testing organisms but for A. cepa, the toxicity
removal was only about 70%. Various levels of toxic
effect of tested wastewaters on different testing
organisms show reason why it is important to use the
test battery including organisms of all trophic levels.
Based on the obtained results, the performed
tests can be set up into the order from the most
sensitive to the least sensitive: V. fischeri > T.
platyurus > D. magna > A. cepa > L. minor. This
order corresponds to the results of the studies
conducted by Mendonça et al. [1, 18]. Also
according to Morbey et al. the most sensitive testing
organisms used for their study of impact of industrial
wastewaters have been bacteria followed by
crustaceans and algae [16].
Most of the testing organisms were not
significantly affected by the samples from outflow of
the WWTPs or the negative effects were only
minimal at the highest tested concentrations, which
also corresponds with the results obtained by
Mendonça et al. [1, 18]. After diluting of the sample
to 50±75%, the effects of the wastewater after

CONCLUSIONS
The results of our study have shown that the
efficiency of all sampled wastewater treatment
plants is sufficient to reduce acute toxic effects to the
minimum. Average toxicity removal was over 80%
at all of evaluated waste water treatment plants.
Sensitivity of used testing organisms to water
toxicity was as follows: V. fischeri > T. platyurus >
D. magna > A. cepa > L. minor. In addition, our
results have also shown that the decrease of
ecotoxicity after the mechanical treatment is only
very small as was tested in case of the WWTP Brno0RGĜLFH
Based on the results of the testing, secondary
biological wastewater treatment is sufficient to
reduce the acute toxicity to the minimum. Most of
the testing organisms were not significantly affected
by the samples from outflow of the WWTPs or the
negative effects were only minimal at the highest
tested concentrations.
Direct water toxicity testing using acute
toxicity tests is a useful tool to predict effect of
treated water to organisms in recipient and it can also
contribute to the environmental management of the
treatment plant. However, we must not
underestimate also long term effects of residual
toxicity. It is necessary to focus not only on acute
toxicity testing but also on the use of tests of chronic
toxicity, genotoxicity and mutagenicity which can
detect the long-term effects on the target organisms
in aquatic ecosystems. Several studies have shown
that these tests have high information value and
should be the norm also in testing and implementing
new technologies for wastewater treatment and
sludge processing regarding its further use [20 - 23].
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EVALUATING THE EFFECT OF TOPOGRAPHY ON
SPATIAL INTERPOLATION OF METEOROLOGICAL DATA
Merve Keskin*, Semih Dalgin, Ahmet Ozgur Dogru
Istanbul Technical University, Civil Engineering Faculty, Department of Geomatics Engineering, 34469, Ayazaga, Istanbul, Turkey.

from renewable energy sources, we need to maintain
energy management strategies. The first and the most
significant step of the energy management is the
prediction of sources in an accurate and reliable way
[1, 2].
Determination of renewable energy potentials
requires precise observations and mapping of the
long-term meteorological/climate data (temperature,
solar radiation, wind speed, etc.) measurements.
Meteorological data are point-source data which are
collected at meteorological monitoring stations for
estimating unsampled surface values. Spatial
Interpolation methods are used for creating surfaces
by using point source data in many fields regarding
engineering and environmental issues. Widespread
applications of spatial interpolation have been
conducted in engineering for soil variability
modeling [3], medicine for determining the effect of
air pollution to health [4], and coastal management
for monitoring and modelling [5, 6].
Spatial interpolation methods vary from simple
estimation to complex and computational linear
techniques or techniques including statistical
assumptions of randomness [7]. Thus, it is possible
to classify common interpolation techniques into two
broad categories: deterministic and geostatistical [8].
Deterministic interpolation techniques create
surfaces based on the extent of similarity (Inverse
Distance Weighted) or proportionate areas (Natural
Neighbor), while geostatistical interpolation
techniques (Kriging, Cokriging) quantify the spatial
autocorrelation among measured points based on the
spatial configuration in the prediction location [9,
10]. On the other hand, statistical methods like linear
regression are used to model relationship between a
dependent variable and one or more independent
variables [11]. The accuracy of the spatial
interpolation method relies on the total number of
point sources as well as their locations and spatial
distribution in the area. Besides numerous other
parameters, prediction accuracy depends on
topographic characteristic of the study area which
need to be considered as an important factor in
estimations. Gan et al. [12] has considered latitude,
longitude and elevation as major topographic
parameters.
Therefore,
models
considering
parameters, which affect accuracy of estimations,
should be developed for providing accurate and
efficient long-term and short-term estimation of
meteorological data [13].

ABSTRACT
This study aims to investigate the effect of the
topography on the estimation of unsampled
meteorological/climate data which are widely used
for modeling climate and renewable energy
potentials. In this context, firstly, one of the multi
parameter geostatistical interpolation methods; cokriging was applied on a specific data set including
precipitation, wind speed and temperature values
measured at 36 meteorological monitoring stations
located in Sakarya River Basin, Turkey. Cokriging
results were then compared with single parameter
deterministic (IDW, NN) and geostatistical
interpolation methods (Kriging). Secondly,
multivariate linear regression (MLR) model was
used to understand the correlation between climate
parameters and topography. Accuracies of the
applied methods were assessed by using cross
validation technique that allows comparison of
estimated and measured values by using only the
information available in sample data set. Spatial
interpolation results of the study mainly outlined that
the use of Cokriging lowered the estimation error for
wind speed and temperature. Thus, topography
(latitude, longitude, elevation) was proved to be
more influential on wind speed data prediction than
precipitation and temperature prediction. On the
other hand, MLR results demonstrated that
topographic parameters had a significant effect on
only temperature prediction for this specific
application.

KEYWORDS:
Meteorological data, geostatistics, kriging, cokriging,
multivariate linear regression

INTRODUCTION
Renewable energy has recently become one of
the most significant concerns of modern world
because of the damages originated by the
conventional energy sources on the environment.
Despite of finite energy sources such as earth
minerals, fossil fuels and groundwater, renewable
energy sources such as sun light, wind and rain are
clean and sustainable. They are all good alternatives
for producing clean energy. However, to benefit
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and meteorological monitoring stations in study area.
The geographic reference of the stated vector data
was defined as Geographic Coordinate System in
European Datum 1950 (ED50).

Many studies have been conducted for
investigating the effect of topography on spatial
interpolation. For instance, Gan et al. [12] analyzed
the impact of topographic factors on precipitation in
China, by using IDW, Ordinary Kriging, Cokriging
and multiple stepwise regression (MLR). Results
showed that Cokriging considering multiple factors
were better than IDW, however, there was no
significant improvement compared with ordinary
Kriging. On the other hand, the correlation analysis,
when employing multiple stepwise regression,
indicated that longitude, slope and latitude highly
affect annual precipitation. However, MLR could
not reveal the influence of these factors
mechanically. Stahl et al. [14] also compared the
performance of different spatial interpolation
methods for daily air temperature within a region
having complex topography. Their MLR model
involved longitude, latitude and elevation as
predictor variables. As a result, they found out that
the inclusion of elevation improved the prediction of
temperature for all models. Another research was
conducted in Turkey by using a larger and extensive
climate data set [15]. Variations of Kriging and
Cokriging resulted that the inclusion of elevation as
a covariate lowered the errors, particularly for
interpolation of temperature, wind speed and solar
radiation. As a result of regression relationships;
variables such as latitude, elevation, slope, and
aspect did not give a significant idea about variability
in the spatial patterns of meteorological parameters
[15]. As inferred from previous studies, there is a
need to explore the mechanism how local factors
such as topography influences the climate
parameters.
This study aims to investigate the effect of
topography on the estimation of meteorological
parameters. In this context, Cokriging and MLR
methods were applied. The results of these methods
were then compared to IDW, NN, and Kriging
results in order to introduce the effectiveness of
spatial interpolation techniques using either single or
multiple variables.

FIGURE 1
The study area and meteorological stations
The study was mainly composed of two stages.
In the first stage, spatial interpolation methods
(Cokriging and MLR) were applied to create
surfaces by using data collected on meteorological
stations. In the second stage, results of both
interpolation methods were compared with each
other and single variable methods by assessing their
accuracies.
Geostatistical interpolation methods such as
Kriging and Cokriging considers statistical
properties of measured data which are spatially
dependent. In practice, kriging estimates the
unsampled values by using only one variable, in
other words; an independent variable. Hence,
Kriging does not include secondary variables
presenting useful information about the primary
variable. The Kriging interpolation formula can be
expressed as the following equation (1) [16]:
n
= [  ȜL= [L 
(1)
i=1
where; Z*(x0) is the estimated value of Z at x0,
Z (xi) is the PHDVXUHGYDOXHRI=DW[LȜLis the weight
of Z (xi) and n is the number of measurements.
Unlike Kriging, Cokriging includes secondary
variable for the prediction of primary variable [15].
Cokriging can be formulated as an extension of
Kriging where; Z (x) is the estimated vector, Z1 (x),
=P [ UHSUHVHQWVWKHPHDVXUHGYHFWRUVHDFKīL
is an m x m matrix. [16]:
_
n_
= [  = [L īL
(2)
i=1

METHODOLOGY
This study has been conducted in Sakarya River
Basin since it is a large basin with a heterogeneous
characteristic of topography in Turkey. Dataset
included both meteorological and geometrical data.
Precipitation, temperature and wind speed
(measured at 10 m) measurements, which were
recorded at 36 meteorological stations distributed in
and around the study area as presented in Fig. 1, were
used as the meteorological data in this study.
Monthly data were calculated as average of daily
meteorological data, which was provided by the
State Meteorological Institute. Geometric data of the
study included vector data of Water Basins in Turkey

There are four types of Cokriging; ordinary,
simple, universal and disjunctive [17, 18]. In this
study, Ordinary Cokriging was applied to find out
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whether topography is influential on precipitation,
temperature and wind speed data prediction.
For estimating the outcome of an input database
on the previous data set, predictive modeling is
mostly preferred. The predictive model (i.e. function
f) is basically built from an observed data set D in
order to predict the outcome of a new input x as f(x)
with the best probability. Multivariate linear
regression (MLR) model stands out among various
predictive modeling methods, because of its
feasibility [19]. The multivariate linear regression
model expresses the dependent variable (y) as a
linear function of p predictor variables xi (i = 1, ...,
S DQGDQHUURUWHUPİ
y= c0+c1x1««cpxpİ

TABLE 1
Multivariate regression models
Model
Model Formulation
Name
First
ܽ=ݕ+ܾ1ݐܽܮכ+ܾ2݃݊ܮכ
Second ܽ=ݕ+ ܾ1ݐܽܮכ+ܾ2݃݊ܮכ+b3ݒ݈݁ܧכ
Third
ܽ =ݕ+ܾ1ݐܽܮכ+ܾ2כElev
data by calculating mean relative error (MRE) and
root mean square error (RMSE). While MRE reveals
the error gap in between the measured mean and the
estimated values, RMSE provides a measure that
takes outliers into account. Accuracy assessment
results of applied methodologies were also compared
with the results obtained by Keskin et al. [21], which
is an existing study using IDW, NN and Kriging
methods with same dataset in the study area.

(3)

Multivariate linear regression was used to
quantify and demonstrate the relationships between
the topographic variables (latitude, longitude,
elevation) and the meteorological data. The attempt
was to construct a linear model by using dependent
variables (latitude, longitude, elevation) to predict
independent variables (precipitation, temperature
and wind speed). In that manner, three different
models were developed to understand the influence
of independent variables and to predict relevant
dependent variable accurately. As presented in Table
1, only latitude and longitude independent variables
were considered in the model for precipitation,
temperature and wind speed estimation, separately.
Second model was constructed by adding elevation
variable into the first model to investigate the
influence of elevation on dependent variables.
Longitude was excluded in the third model for
introducing the effect of longitude on surface data
estimation.
The influence of independent variables on the
linear model was evaluated by calculating root mean
square errors (RMSE) with in the study. Crossvalidation technique was used to compare estimated
and measured values for both Cokriging and MLR
results. In cross-validation procedure, one data point
was removed at a time and the interpolation is
performed by using the remaining samples. Then, the
difference between the removed data point value and
the estimated value was calculated and the overall
performance of the applied methodology was
evaluated by examining root-mean square errors
(RMSE) [20].
For this purpose, 3 control stations (Eskisehir
Bolge, Nallihan and Sivrihisar) were selected
regarding their locations in the study area and their
elevations which were around the average elevation
of all stations (Fig. 1).
Estimated Cokriging and MLR values for
control stations were then compared with measured

RESULTS
Three different MLR models were produced
and most efficient linear model were determined by
interpreting the RMSEs (calculated for 36
meteorological stations) of each model for three
different meteorological data set. As presented in
Table 2, a significant decrease was observed in
RMSEs of temperature data with respect to RMSEs
of first model.
TABLE 2
RMSEs of multivariate regression models
Method

Precipitation
(mm)

Temperature
(°C)

Wind
Speed
(m/s)

First
Second
Third

2.07
2.06
2.61

1.65
0.82
0.83

0.55
0.52
0.53

This explicit decrease confirmed that elevation
has a significant effect on the prediction of
temperature. Although longitude was excluded in the
third model, RMSEs of temperature and wind speed
were not affected by this change. However, the
increment in RMSE of precipitation in the third
model demonstrated the significant linear
relationship between longitude and precipitation.
Additionally, RMSEs evaluation for three models
introduced that, there were no significant relation
between wind speed and topographic parameters
(longitude and elevation) except for latitude. For this
reason, changing the variables or coefficients of
MLR model did not affect RMSE results much.
However, in the second MLR model, RMSE values
of all predictions were lower than the other models.
Therefore, the second MLR model was selected to be
compared with the spatial interpolation methods.
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Eskisehir
Nallihan
Sivrihisar

Wind speed
(m/s)
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TABLE 3
Accuracy assessment results
Measured
IDW Kriging
Mean
1.64
-2.28
-2.00
5.31
1.52
2.41
MRE
3.40
0.41
0.10
RMSE 1.60
1.81
2.54
-1.29
-0.87
3.23
-0.96
-0.96
MRE
3.19
-0.22
-0.13
RMSE 0.94
0.75
2.40
0.77
0.80
1.33
-0.14
-0.22
MRE
2.08
0.08
0.06
RMSE 0.46
0.48

NN

Cokriging

MLR

-2.22
2.13
-0.02
1.78
-1.00
-0.66
-0.22
0.71
0.77
-0.12
-0.02
0.45

-2.02
1.70
0.61
1.56
-1.04
-0.49
-0.10
0.67
0.00
-0.24
0.18
0.17

-3.43
0.92
-0.32
2.06
-1.29
-1.08
0.57
1.02
0.55
-0.30
0.08
0.37

Based on the results of this specific case study,
Cokriging was most likely to produce the best
prediction of a surface for meteorological data. The
performance of the methods may vary depending on
the characteristic of the study area and the data.
Hence, the accuracy of spatial interpolation methods
is based on the distribution of the stations, the
location of the control stations while assessing
accuracy and the value of the measurement at control
stations comparing to the general trend of the data.
To better estimate the effect of elevation, the study
area can be narrowed, the number of monitoring
stations can be increased and the densification of
them can be reconsidered. Besides the elevation of
stations, Digital Elevation Model of the study area
can be included in the estimation process. For further
research, the other environmental parameters
(distance to the sea level, direction, aspect) should be
examined for outlining their effects on estimation of
meteorological data.

Accuracy assessment results of cross validation
process were presented in Table 3 as overall MRE
and RMSE for both spatial interpolation methods
(IDW, NN, Kriging [21], Cokriging) and MLR.
According to the results, Cokriging had the highest
overall accuracy with lowest RMSE for three
different datasets. Although Cokriging did not
significantly lower the estimation error for both
temperature and precipitation data, it specifically
improved the accuracy of wind speed data
estimations. This result confirms the effect of the
topography (latitude, longitude, elevation) on wind
speed data predictions. Thus, topography should be
included as a parameter for such estimations.
Besides, the study also outlined that the accuracy of
the precipitation predictions was not improved by
applying methods considering topography as a
parameter in the estimation process.
On the other hand, MLR results of this study
showed that topography affected wind speed
predictions rather than precipitation and temperature
data, because RMSE value of wind speed is much
lower than RMSEs of precipitation and temperature
(Table 3). In this specific study, wind speed could be
estimated by using only latitude and longitude of the
stations.
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excessive noise from airplanes threatens human
health and endangers the environment by affecting
the habitat [3, 4, 5, 6, 7]. Aircraft noise is associated
with the cause of the decline of populations of
various animals. Noise also constitutes harmful
factors on the growth of some plants by interfering
with their pollination and seed dissemination
activities. Some plants are affected negatively like
other community of creatures from the noise areas
[8]. Therefore, noise pollution from different sources
such as transportation, aviation, recreation and
occupation should be determined and mapped
precisely for monitoring and managing its effects on
public and environmental health.
Airport noise has historically been one of the
most important sources of social complaints received
during environmental impact assessment of aviation
activities [9]. In 1960, International Civil Aviation
Organization (ICAO) has introduced a regulation on
airport noise. Along with increasing difficulties,
International Noise Standards document was
published by ICAO in 1971 [10]. These standards
have been used by scientists for mapping noise
originating from aviation. Noise maps have been
obtained by the calculation of known or estimated
parameters such as three-dimensional locations,
meteorological conditions and the composition of
the traffic flow. In most cases, besides obtained input
data, there has been ambiguous data/information.
Therefore, certain assumptions have been made in
order to run models and the results of short-term
measurements have been used for calibration of the
model at specific points [11].
Geographic Information System (GIS)
technology has been extensively used for mapping
any kind of pollution such as air, noise, water, etc.,
since it provides a powerful set of tools for storing,
retrieving, transforming, and displaying spatial data
of the real world for particular purposes [4, 12, 13].
In addition to noise mapping, GIS technology has
contributed to analyses performed for introducing
noise pollution effect over public and environmental
health. Together with the socio-demographic
composition of the vulnerable population living in
the noise-affected areas, land cover / land use
(LC/LU) information plays a significant role in this
analyses process, especially to develop effective
policies on noise control and abatement.

ABSTRACT
The main goal of this study is to characterize
the lands affected by airport noise in terms of land
cover/use characteristics and to make a comparison
of airports regarding their effects on the vicinity.
Within this context, four major international airports,
located in Istanbul (Ataturk Airport), Ankara
(Esenboga Airport), Izmir (Adnan Menderes
Airport) and Antalya (Antalya Airport) with their
runways in different geometrical characteristics were
selected as corresponding study areas. The noise
maps of these selected airports were prepared by
using SoundPlan Software. Lands affected by noise
pollution were then identified by overlaying noise
maps and CORINE dataset in GIS environment. The
effects of each airport on neighbouring lands were
further evaluated by comparing the findings of
overlay analyses. As a result of the study, Istanbul
Ataturk Airport has been assigned as the most critical
airport with its high effect on nearby settlements and
industrial areas (37.10% and 32.21%, respectively).
Ankara Esenboga and Antalya Airports were
considered as critical airports with their high effect
rather on natural life as these airports affect green
lands with 81.63% and 79.12%, respectively. Izmir
Adnan Menderes Airport was found as the best
airport in current conditions with its moderate effect
on different land use classes.

KEYWORDS:
CORINE, land cover, land use, noise mapping, GIS,
overlay analyses

INTRODUCTION
Noise is basically defined as unwanted or
distributing sound. Its pollution takes place when
there is either excessive amount of noise or an
unpleasant sound that causes temporary disruption in
the natural balance [1]. Noise pollution in large
urban areas is regarded as a growing problem of
communities. There are various factors causing noise
in urban areas such as increasing urban population,
which contributes to high traffic volume [2]. In
addition to noise pollution caused by traffic,
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statistics and types of aircraft were also taken into
consideration based on the ³Instructions on the
CalculDWLRQ RI 1RLVH 3URWHFWLRQ $UHDV´ [22].
Semantic data set includes data on intended use of
the building (residential, industrial, commercial,
hospital and education), number of floors, and
demographic information for each selected airport in
order to identify the current physical environment.

Noise mapping for airports is an essential task,
since it provides information to both global and local
noise action plans [14, 15]. A review of recent
literature revealed that significant research efforts
have been made to study airport noise and its impacts
on environment and health [15, 16, 17,]. In Turkey,
recent studies are directed towards to noise pollution
problems associated with increasing number of
flights at popular airports [18, 19, 20].
The main aim of this study is to investigate and
compare the effects of airport noise in Istanbul,
Izmir, Ankara and Antalya provinces by determining
the land cover/use characteristics of affected lands.
In this context, noise maps of Istanbul Ataturk,
Ankara Esenboga, Izmir Adnan Menderes and
Antalya Airports were prepared by using SoundPlan
Software according to the standards [21] based on
2012 dated flight data. LU / LC characteristics of the
affected areas were determined by applying GIS
overlay analysis. The obtained results were
evaluated by comparing the percentages of affected
lands in selected study areas.

TABLE 1
CORINE LC / LU layer and type codes used in
the study
Type
Code
Definition
Code
111
Continuous urban fabric
1
121
Industrial or commercial units
3
122
Road and rail networks
4
124
Airports
4
131
Mineral extraction sites
4
141
Green urban areas
2
142
Sport and leisure facilities
2
231
Pastures
2
243
Agriculture Land
2
312
Coniferous forest
2
313
Mixed forest
2
321
Natural grasslands
2
323
Sclerophyllous vegetation
2
324
Transitional woodland-shrub
2
1121 Discrete urban fabric
1
1122 Discrete rural fabric
1
2111 Non-irrigated arable land
2
2121 Irrigated arable land
2
2222 Irrigated orchard
2
Non-irrigated mixed farming
2421
2
land
2422 Irrigated mixed farming land
2

DATA AND METHODOLOGY USED
The study area covers four main international
airports, Istanbul Ataturk, Ankara Esenboga, Izmir
Adnan Menderes and Antalya located in Turkey,
since these airports have an increasing number of
daily flights and they all have runways with
significant geometric characteristics as single,
multiple, parallel, diagonal, etc. Locations of these
airports were presented in Figure 1. This study has
been conducted in three basic stages. Firstly, noise
maps of each selected airport were prepared by using
SoundPlan Software. Secondly, overlay analysis
were applied by using ArcGIS 10.x Software in order
to introduce LC / LC characteristics (Table 1) of
affected lands at each study area, and finally analyses
results were interpreted in order to compare the
potential impacts of airports on study areas.

Digital Terrain Model (DTM) was used as
geometric data and was provided from the General
Directorate of State Airports Authority by the use of
the archives belonging to the Metropolitan
Municipalities of each airport. The geometric data
used for the model consisted of three-dimensional
locations of the buildings structured by using
Universal Transversal Mercator (UTM) projection.
As the first step of the noise mapping process,
gathered data were organized as an information
system. For this purpose, buildings were classified
based on their intended use and district boundaries
covering each study area.
The district boundaries were considered as a
reference for calculating number of people affected
by noise pollution according to 2012 census data.
The calculations to be made for the preparation of the
airport-related noise maps consisted of:

FIGURE 1
Locations of the selected airports in Turkey
In the first stage of the study, airport traffic data
were used as the main input for noise mapping. In
this context, airport traffic data for the year of 2012
were provided from the General Directorate of State
Airports Authority. Besides traffic data, the flight

i.
Determining equivalent noise level caused
by individual aircraft movements in a receiver point
in the working area,
ii.
Collecting the singular noise levels
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data were considered as the input data. CORINE data
included land cover/use information of study area as
layers coded in Table 1. The four digit codes in the
table were determined specifically for Turkey
because of its unique climate and vegetation
characteristics. At this stage of the study, firstly,
noise maps and CORINE data were overlaid in GIS
environment. Then, the land characteristics
intersecting the noise contours in maps were
assigned by using attribute information of matching
CORINE layers. Land cover/use maps were
produced for each study area and they were used as
the input data of the third stage of the study. Potential
impacts of each airport on environment were further
examined by determining percentages of affected
lands based on their land cover/use characteristics in
the third stage. In this regard, CORINE layers were
typified by four main classes with type codes as:

according to the chosen noise index (Lden, Lday,
Levening and Lnight), and
iii.
Contour drawing by index value
interpolation.
iv.
Lden, which is defined as the noise index
representing long-term daytime (24 hours period)
sound level by International Organization for
Standardization (ISO), was used in this study as
noise index during noise mapping [23].
During modelling, airport reference position
and track data about the airport were processed by
using the software. The origin point used in the
drawing of the flight paths were selected as airport
reference points. Finally, noise maps including
equivalent noise level contours were produced for
the total traffic of each airport under normal
circumstances. The noise level contours were created
by making interpolations between the noise levels
calculated at each grid point. Noise level threshold
values were considered as 55, 65 and 75 dBA in
noise maps according to Environmental Noise
Directive as presented in Figure 2 [24].
The impacted land characteristics via noise
pollution of selected airports were determined at the
second stage of the study. For this reason, overlay
analysis were conducted. For this purpose, produced
noise maps and 2006 dated CORINE (Coordination
of Information on the Environment) land cover/use

i.
ii.
iii.
iv.

Residential (1),
Green and agriculture areas (2),
Industrial and commercial use (3),
Road and railways (4).

In the final stage, the percentages of each class
in affected lands were calculated regarding the
typified layers for each airport. The percentages were
then compared in order to determine the best airport
in the current conditions.

FIGURE 2
Noise maps of selected airports
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Bagcilar, Kucukcekmece, and Basaksehir). The
coverage of the noise exposure area with a level
higher than 65 dBA in Istanbul Ataturk and Antalya
Airports is larger than the airports located in Izmir
and Ankara. This map interpretation process simply
outlined that the noise caused by Ataturk and
Antalya airports have induced damages more than
Adnan Menderes and Esenboga airports.
As an output of the applied overlay analysis,
land cover/use maps were produced for each study
area. These maps were presented in Figure 3. Land
cover/use classes of lands affected by airport noise
were depicted in these maps based on CORINE layer
codes presented in Table 1. The percentages of each
typified class area to total area of land affected by
noise were shown in Table 2 for each study area.

RESULTS AND DISCUSSION
The noise maps of Istanbul Ataturk, Ankara
Esenboga, Izmir Adnan Menderes and Antalya
Airport were produced according to the long term
day-time sound level (Lden) by using 2012 data and
the noise exposure levels were visualized in three
noise bands (55 dBA, 65 dBA and 75 dBA) (Figure
2). Noise levels covering the immediate vicinity of
the airports were examined in detail. It can be
concluded that the airport noise affected two districts
in Izmir (Gaziemir and Menderes), three districts in
both Antalya (Kepez, Aksu, and Muratpasa) and
Ankara (Cubuk, Pursaklar, and Akyurt), and five
districts in Istanbul (BahcelieYOHU %DNÕUNR\

FIGURE 3
Land Cover Land Use Class Maps
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TABLE 2
Percentages of LC/LU classes in study area
Green and
Industrial and
Residential
agricultural lands
commercial
(%)
(%)
(%)
37.10
3.36
22.04
6.69

17.79
81.64
35.21
79.13

32.21
1.97
12.79
0.00

Road and
railways
(%)
12.90
13.03
29.96
14.18

E., Stefanovska Ceravolo, L.J. (2012) Modeling
and Mapping of Urban Noise Pollution with
SoundPLAN Software. International Journal for
Science, Technics and Innovations for the
Industry MTM, VI (5/2012). pp. 38-42. ISSN
1313-0226.
[3] Rabinowitz, P. (2000) Noise-Induced Hearing
Loss. American Family Physician, 61:2749-56,
2759-60.
[4] Evangelidis K., Konstantinidis A. and Nikolaou
K. (2005) Estimating and visualising factors
affecting traffic noise propagation by use of
advanced GIS techniques, Fresen. Environ.
Bull., Vol. 14, No. 9: 835-840.
[5] Demirel, H., Sertel, E., Kaya, S., Seker, D.Z.
(2008).
Exploring
Impacts
of
Road
Transportation on Environment; A Spatial
Approach, Desalination Vol. 226 (1-3), 25 June
2008, pp. 279-288.
[6] Avsar, E., Hanedar, A., Toroz, I., Alp, K.,
(2010) Investigation of PM10 Concentrations
and Noise Levels of the Road Sweepers
Operating in Istanbul-Turkey: A Case Study,
Fresen. Environ. Bull., Vol. 9b, No. 19, 20332039.
[7] Ozkurt, N., Hamamci, S.F., Sari, D., (2015)
Estimation of airport noise impacts on public
health. A case study of Izmir Adnan Menderes
Airport, Transportation Research Part D 36
(2015) 152±159.
[8] Francis, C.D., Kleist, N.J., Ortega, C.P., Cruz,
A. (2012) Noise pollution alters ecological
services: enhanced pollination and disrupted
seed dispersal. Biology Letters.279, 2727-2735.
[9] Waitz, I., Townsend, J., Cutcher-Gershenfeld,
J., Greitzer, E.M., Kerrebrock, J.L. (2004)
Aviation and the Environment: a National
Vision Statement, Framework for Goals and
Recommended Actions, Report to the United
States Congress, December 2004.
[10] ICAO Annex16 (2005) Environmental
Protection, vol. I: Aircraft noise, 4th ed. ICAO,
2005.
[11] Mioduszewski, P., Ejsmont, J.A., Grabowski, J.,
Karpinski, D. (2011) Noise Map Validation by
Continuous Noise Monitoring, Applied
Acoustics 72, pp 582-589.
[12] Musaoglu, N., Seker, D.Z., Kabdasli, S., Kaya,
S., Duran, Z. (2004) Using Remote Sensing and

When the maps and results in Table 2 were
interpreted in detail, Istanbul Ataturk Airport has
been assigned as the most critical airport with its
high rate effect on settlement and industrial areas
(37.10% and 32,21%, respectively). Ankara
Esenboga and Antalya Airports were assigned as
critical airports with their high effects on natural life,
because these airports affect green and agricultural
lands with 81. 63% and 79.12%, respectively. This
study concluded that Izmir Airport could be
considered as the best-located airport with its
moderate effects on different land cover/use classes
in current conditions.

CONCLUSIONS
Airport noise pollution is one of the significant
issues on environmental and public health. The
effects of airport noise pollution should be
thoroughly examined and assessed in order to
increase the quality of living conditions at the
neighbouring residents. In this study, four major
international airports were examined in terms of their
effects on their vicinity. Similar studies should be
applied to all busy airports of the country and the
results should be disseminated for raising public
awareness. Additionally, these results should also be
considered for taking actions in order to reduce the
adverse effects of noise pollution.
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ENERGY: A STUDY FOR ADVANCED SOLUTIONS
INCLUDING LOW-NEUTRON NUCLEAR FUSION
Massimo Zucchetti*, Raffaella Testoni
Dipartimento di Energia, Politecnico di Torino Corso Duca degli Abruzzi, 24 ± 10129 Torino, Italy

Our purpose is to propose an interdisciplinary
approach to help solve the energy problem in the
Twenty-First Century. The world energy issue will
be briefly outlined, demonstrating how an
interdisciplinary approach is probably necessary to
sketch out a solution. In the twenty-first century,
energy is no longer just a technical issue. In
science, the discipline that studies energy has
rapidly expanded its sphere of competence.
Addressing the issue of energy means now talking
about environment, society, materials science, and
politics.
However, the complexity of the problem
should not lead to a too generalized approach: this
must be accompanied by the implementation of two
actions of purely technological content:
1.
Simple solutions that aim to reduce the
growth of energy needs in developing countries,
focusing on efficiency, savings and conversion, and
that will lead to the reduction of social and
geographical disparities in its availability and its
use.
2.
Most advanced technological innovation,
aimed to seek new sources of energy and high-tech
energy- intensive approach, in developed countries.
The two guiding concepts to be kept in mind when
looking for new energy sources are the equivalent
of Einstein's mass-energy (e.g., nuclear fusion), and
the imitation of energy production of living beings
(e.g., artificial photosynthesis).
In the twenty-first century the large flows of
masses, fuels and materials, needing massive
transportation, and causing high pollution, belong
to the past.
The analysis of the world's energy needs shows
them in historical growth, with the highest per
capita demand concentrated in the developed
countries. Future predictions are all consistent,
besides of certain scenarios variables, in predicting
a trend towards growing energy demand, depletion
of fossil fuels, issue of security of supply,
increasing environmental concerns. All the trends
help to understand the relevance of the problem and
the need for both simple and innovative solutions.
The current energy economy based on fossil
fuels is not sustainable at long term. Alternatives
must be concrete, and able to withstand the
economic, environmental and social issues that
provide the current boundary conditions. One

ABSTRACT
This paper illustrates an interdisciplinary
approach to help solve the energy problem in the
Twenty-First Century, and how innovative nuclear
energy sources can be a solution. The situation of
the world energy issue is demonstrating how an
interdisciplinary approach is probably necessary to
sketch out a solution. Most of the studies and
experiments on nuclear fusion are currently devoted
to the Deuterium-Tritium (DT) fuel cycle, however
proposed experimental tokamaks based on
³advanced' reactions, such as Deuterium-Helium-3
(DHe3), show a much more marked difference with
fission reactors. The "zero-waste" option is a clear
advantage of DHe3 fusion power versus fission, in
view of its ultimate safety and public acceptance.
Fusion reactors with advanced DHe3 fuel cycle turn
out to have quite outstanding environmental
advantages.

KEYWORDS:
Nuclear Fusion; Deuterium; Helium-3; energy

INTRODUCTION
Interdisciplinary research (IDR) is a mode of
research by teams or individuals that integrates
information, data, techniques, tools, perspectives,
concepts, and/or theories from two or more
disciplines or segments of expert knowledge in
order to solve problems whose solution is beyond
the scope of a single discipline or area of research.
Each of the disciplines involved must be able to
provide its more advanced aspects, acquiring those
of the other in order to arrive at a new common
ground.
The interdisciplinary thinking is rapidly
becoming an integral part of International Research,
thanks to four major "drivers":
1.
The inherent complexity of nature;
2.
Exploring problems that are not limited to
a single discipline;
3.
The need to solve the problems of our
Society, that is complex too; and
4.
The power of new technologies.
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share of demand in a competitive way, are
important factors too. If ± as foreseen ± higher
demand for electrical power comes, there should be
new reactors available.
Fusion energy is seen as a candidate long-term
solution, for developed countries. The results of the
JET (Joint European Torus) of the European
Community, together with those of other
experiments in the United States and Japan, have
been essential for the design of the next experiment,
ITER (International Tokamak Experimental
Reactor), the construction of which has begun in
the European site of Cadarache (France): however,
fusion should not follow the same path that lead to
the technological difficulties causing fission energy
current impasse. Most of the studies and
experiments on nuclear fusion are currently devoted
to the Deuterium-Tritium (DT) fuel cycle: the
easiest way to reach nuclear fusion in a plasma, but
the one leading to a reactor with many common
points with fission ones (neutrons, radioactivity,
radwaste, environmental accidental releases,
radioactive pollution: all these issues however at a
lower extent than fission, as it will discussed in the
next section). The recent stress on safety by the
world community, and the longer terms for DT
fusion development and exploitation, have
stimulated the research on 'advanced' alternative
reactions, such as Deuterium-Helium-3 (DHe3).
Our case study is focusing on advanced fusion,
based on Deuterium-Helium3 reactions [1].

solution to the energy problem does not exist.
Instead, there are sets of solutions, appropriate to
specific local context, including a mix of energy
sources and technologies, to guarantee a real lasting
and sustainable energy development.
Global figures are impressive. In our world,
1.4-1.6 billion have no access to electricity, another
1 billion have no access to reliable electricity
networks; 2.8 billion rely on biomass for domestic
needs; 2.4 billion do not have access to basic health
services; 1 billion lack access to safe drinking
water; 0.85 billion have no access to primary
education; 0.80 billion suffer from chronic
malnutrition (World Watch Institute. State of the
World 2015)
The Energy issue is strictly connected to the
issues of Water, Food, Health, and to the issue of
resources availability and location: these are
systemic issues that require studies on local
environmental and social aspects, not just technical
ones.
Interdisciplinary scientific research on energy
must pursue innovation - on one side - and simple
solutions on the other side. Scientific research
becomes a tool to overcome geographic boundaries
(technological, cultural, and social) that restrict
human development.
The solution of the energy issue can be
pursued with four main actions:
x
Rational use of energy
x
Abandonment of a development model
based on endless growth
x
Equalization of per capita consumption in
the world
x
The fourth point - an essential one,
however unuseful without the other ones - is
innovation, and development of new sources of
energy. The Role of nuclear energy ± here - depends
RQ WKH ³HVVHQWLDO TXHVWLRQ´ ³6HHLQJ WKDW QXFOHDU
energy is one of the elements in the debate on
tackling climate change and energy autonomy, how
can the World Community find a solution to the
problem of nuclear waste, reinforcing nuclear
safety and developing research into reactors of the
IXWXUHDQGIXVLRQSRZHU"´

MATERIALS AND METHODS
In terms of safety issues, a fusion reactor has
several advantages if compared to a fission one.
One of the key factors is that the fusion reaction is a
very delicate tool, and variations on the plasma
parameters can lead to an immediate reactor shut
down. It is also possible to stop the reactor by
stopping the external power source that keeps the
plasma igniting: this leads to the cooling of the
plasma and the immediate end of the reactions.
Furthermore, to keep going fusion reactions inside
the reactor plasma chamber, a continuous flow of
fuel must be assured (not like fission reactors which
are fueled once a year) and an interruption of that
flow would stop the reactor immediately too.
Regarding the reaction products, in a fusion
reactor, both fission products (like 137Cs, 90Sr,
131I, etc.) and transuranic elements (Pu, Np, Am,
Cf, etc.) are not present. Fusion products are
reduced to the produced helium, which is
innocuous. [2]
Regarding
material
activation
and
radioactivity, fusion reactors present also
advantages. The only radioactive waste would be
the structural materials that get activated during the
life cycle of the reactor and the only radioactive

The Role of nuclear energy depends on
several factors including:
x
solution to the waste management problem
x
economic viability of new plants
x
safety of old reactors, while new ones will
be intrinsically such by design.
x
fight against nuclear proliferation
x
policies to combat global warming
x
retaining necessary technical expertise
The acceptance of nuclear Energy by the
public will depend on the above factors. More
specifically, the safe continuing operation of
existing plants, the trends in Energy demand, in
particular electricity, and NXFOHDU¶s ability to meet a
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fuel which would be handled would be Tritium, in
the case where it would be chosen as a fuel for the
plasma.
Finally, concerning nuclear proliferation
issues, fusion technologies based on magnetic
confined plasmas are of negligible relevance to the
military industry. In fact, the sole element that can
considered of military interest is tritium; however,
according to the Non Proliferation Treaty (NPT)
this isotope is not considered of strategic relevance.
The use of the neutron flux in order to create fissile
material is not easy to achieve in fusion, and
requires the modification of some devices and the
adding of other ones just for this purpose; such task
would not be convenient for the amount of effort
required, and furthermore it would be evident in
any IAEA inspection, since elements like uranium
or plutonium are not present on a fusion reactor. [3]
In addition, compared to the tons of fuel
present in a typical fission reactor, a fusion reactor
contains a few grams of tritium and other nonradioactive isotopes due to the extreme rarefaction
of the plasma and the characteristics of the fusion
fuel cycle.
However, to detach further a fusion reactor
concept from a fission one, a fusion plasma can be
fueled by different kinds of isotopes. The
Deuterium-Tritium (DT) reaction is the main one
actually pursued, because of the gathered
experience on thermonuclear weapons and since it
is the one that requires the smallest plasma
temperature and parameters to ignite. Most of the
breeding blanket and thermal-hydraulics technology
of DT fusion devices like ITER or DEMO is
derived from nuclear fission technologies as a
starting point. DT has however some drawbacks,
since neutrons originating from the reaction cause
material activation inside the reactor and tritium is a
radioactive material, as specified above.
The advantages of Deuterium-Helium-3
plasmas of advanced fusion reactors appear ± from
this viewpoint - evident. The reaction that takes
place in a D-He3 reactor is the following:

Therefore, in 50% of the cases the reaction
causes a limited neutron flux of relatively low
energy, and in the other 50% tritium will be
produced. As it was mentioned before, T is a
radioactive material and furthermost it can react
with other deuterium nuclei producing high energy
neutrons on the already known DT reaction. These
side reactions, however, take place in a quite
limited rate as compared to the main DHe3 reaction
[4]
A second advantage of a DHe3 reactor is that
direct conversion of the produced energy ± brought
by charged particles - can be achieved without the
use of the standard cooling cycle and thermal
energy conversion to electricity system, as in
fission and DT fusion reactors.
However, a D-He3 reactor plasma has to meet
several quality parameters, especially with high
plasma temperature, which are not easy to achieve.
Plasma temperature must be for instance around 5
times greater than the one achieved in D-T plasmas
(acceptable values are of the order of 50-100 KeV).
This fact poses a serious challenge to the use of DHe3 plasmas, since nowadays there are no heating
methods capable of reaching such temperatures.
However, the use of D-T fusion as a starter can be
considered as an option: the DT reaction would
produce Į particles that, combined with ICRF (Ion
Cyclotron Resonance Frequency) heating system,
would allow to reach the desired temperatures with
tRGD\¶V available technology. The main issue about
this method is the radioactivity due to the presence
of tritium and the high neutron flux present on the
D-T reaction that would lead to material activation.
However, this flux is transient, and lasts just until
the D-He3 reaction takes over. [5]
D-He3 fusion reaction requires ± in other
words - very specific conditions to occur, that make
it harder to achieve than D-T fusion. However, even
with the above mentioned limitations, the use of DHe3 plasma have several advantages that make then
worth to be taken into consideration.
The most important advantage is the absence
of radioactive waste. As it has been stated
previously, D-T reactions produce high-energy
neutrons that activate the reactor structures:
therefore, at the time of decommissioning, those
component must be disposed of as radioactive
waste.
With DHe3 plasmas, the neutron flux, and
therefore the activation rate, is very low because it
is caused only by secondary reactions. Studies have
demonstrated that the activation of structures in
DHe3 reactors is so small that their recycling can
be foreseen after just 30 years of decay and their
classification as non-active nuclear material can be
achieved in less than 100 years. On the other hand,
the absence of nuclear waste (Zero-waste option)
cannot be obtained by a fusion reactor using a D-T

D+3 He o4He 3,67MeV + p 14,68MeV (1)
The major advantage is the absence of
neutrons (unlike the DT reaction). However, it must
be noted that inside a DHe3 reactor there will be a
small neutron flux since DHe3 is not the only
reaction present inside the plasma: there are other
ones called secondary reactions.
In particular, two deuterium atoms can react
between them in the already known equiprobable
reactions:

D + Do3He 0,82MeV + n 2,45MeV

(2)

D + D o T 1,01MeV + p 3,02 MeV

(3)
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side of the torus, the coils that induce the plasma
current are placed. Such a configuration allows
reaching the necessary parameters, higher than
those of Ignitor, with a lower density current (both
on the poloidal and toroidal field coils). Assuming
that the magnets will be operated at the same
temperature as those of Ignitor, this would allow to
sustain the plasma for a longer time with respect to
Ignitor.
In Candor, fusion in a D-He3 plasma can be
achieved with the combination of Radiofrequency
(RF) heating (coming from the ICRH system) and
heating produced by the alpha particles generated
by the fusion of a DT start-up plasma (as in
Ignitor). The start-up plasma can be composed by
50% of tritium that is not reinserted into the device
and is progressively substituted by He3.
Helium-3 is not available on Earth. Detailed
investigations by NASA show that obtaining He3
from the moon is technically feasible and
economically viable [11-12].
Fusion using DHe3 fuel requires significant
physics developments, particularly of plasma
confinement in high-performance advanced fusion
concepts. However, DHe3 technology has several
advantages over DT technology, since it does not
have to deal with the problems posed by neutron
abundance and the need of tritium breeding.

plasma, because the activated materials cannot be
recycled due to their long decay times which makes
the operation non-profitable, and must be disposed
as radioactive waste, even if classified as low
activity waste (LLW). [6]

RESULTS AND DISCUSSION
As the advantages of DHe3 fusion reactors are
evident to the scientific community, it is since the
¶V WKDW H[SHULPHQWV WKDW OHDG WR D '-He3 plasma
have been proposed. Based on the technologies
developed for Ignitor, a D-T plasma based tokamak
[7-8], a D-He3 plasma experiment has been
proposed. It is called Candor [9-10] and according
to feasibility studies it should be able to reach
fusion conditions in a D-He3 plasma based on
existing technologies.
The new device is intended to be the
cornerstone for studies of D-He plasmas in an
advanced fusion reactor. The device has larger
dimensions than Ignitor, although it is based on the
same operating components. The main parameters
of the machine are given in table 1.
TABLE 1
Main parameters of the Candor tokamak
Major Radius
Minor Radius
Toroidal Field (max)
Plasma Current (max)
Plasma Density (peak)
Plasma Temperature
Fusion Power
Plasma Volume
Triangularity

R = 2,5 m
a = 0,92 m
Bt = 13 T
I0 = 25 MA
n = 2 × 1021 mí3
T = 65 KeV
Pfus = 90 MW
V = 80m3
0,36

CONCLUSION
DHe3 compact high-magnetic field tokamak
studies [13-14] show that no environmental
problems arise from such devices, from the
radiological point of view, even with the presence
of DT plasma triggering: Candor does reach the
³]HUR-ZDVWHRSWLRQ´Moreover, such a reactor does
not need a primary containment building (like
fission and DT fusion reactors) to contain
radioactive releases. No emergency plan and
countermeasures are necessary. Therefore, the
DHe3 fusion cycle offers outstanding safety
advantages and it could be the ultimate response to
the environmental requirements for future nuclear
power plants. Furthermore, the low neutron
production helps to overcome some of the
engineering and material issues that affect DT
fusion development. Studies for the development of
fusion reactors based on advanced fuel cycles
should be carried out in parallel with the current
mainstream fusion pathway, which primarily
focuses on DT tokamaks, such as ITER.

Candor parameters should allow the central
part of the plasma to operate in the second stability
region; that is, in an operating regime
corresponding to a solution of the differential
equation that describes the equilibrium of an ignited
plasma. On the first regime, it is possible to obtain
more stable and tested working modes, whilst the
second regime, even though it has not been yet
achieved by any real plasma, it can be achieved in
the case of compact devices with high magnetic
field and a high triangularity value (around 0,35). In
such configuration, the properties of confinement
and stability are enough to reach this higher regime.
In order to produce such a powerful magnetic
field in such a compact machine, the magnetic coils
are placed in a particular way: the toroidal field
coils are placed one in the outboard section and
another one in the inboard one; between the two
coils (rather than on the outboard side), in the inner
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SOLAR ENERGY POTENTIAL OF CITIES IN TURKEY; A
GIS BASED ANALYSIS
Ziya Usta*, Cetin Comert, Volkan Yilmaz
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panels are gaining popularity and public¶V
acceptance [1]. Building rooftops are very suitable
places to produce electricity directly from the
sunlight. Due to the topography and shadowing
effects of neighboring urban structures, all rooftops
may not be suitable for PV panels. At this point, the
TXHVWLRQ RFFXUV µwhich rooftops or which parts of
URRIWRSVDUHVXLWDEOHIRU39SDQHOV"¶
Suitable rooftops can be determined by ground
surveys by experts but this process is very time
consuming and expensive for large regions that
include thousands of rooftops [2]. So, the answer is
not ground surveys. The right answer for this
purpose is solar potential maps that is generated
using GIS-based analysis.
Solar potential maps have become popular for
local governments to promote efficient energy
production [3]. These solar potential maps, also
called DVµsolar cadastre¶ or µsolar rooftop cadastre¶,
provide information about the annual solar
irradiation received by a surface (kWh/m2/year) and
are used to estimate annual electricity production
potential from PV system [4]. In Germany, across the
country, municipalities produced solar potential
maps for rooftops and also made these maps publicly
accessible [5]. Nowadays, solar potential maps must
be vital part of all kinds of planning processes.
Although Turkey receives higher solar irradiation
WKURXJKRXWWKH\HDUWKDQ*HUPDQ\WKHUHDUHQ¶t any
studies about the production of GIS-based solar
potential maps.

ABSTRACT
Recently, photovoltaic systems have been
developed and production of electricity directly from
the sunlight has gained importance and become
widespread. Photovoltaic systems will obviously be
more important in the near future with their low cost,
compared to other energy production methods. For
example, in some European countries, municipalities
produce solar potential maps to determine suitable
spots for photovoltaic systems. However, in Turkey,
there is no production of the solar potential maps for
this purpose.
Every rooftop in an area may not be suitable for
installation of photovoltaic systems. This is because
there are some parameters (i.e. insolation time and
shadow effect) affecting the efficiency of energy
production via photovoltaic panels. Therefore,
performance of solar potential analysis may be of
help before the installation of photovoltaic panels. In
this study, Karadeniz Technical University campus,
which is situated in the city of Trabzon, has been
selected as the study area. Solar analysis module
(r.sun) of open source GIS software GRASS has
been used to determine solar energy potential. Solar
analysis has been performed using a very highresolution DEM (Digital Elevation Model) and DSM
(Digital Surface Model), which were produced by
using the photos taken from an Unmanned Aerial
Vehicle (UAV). Global solar irradiation maps have
been generated to specify suitable areas for
installation of photovoltaic panels.
Karadeniz Technical University campus has
been found to have solar energy potential. We
believe that solar potential maps are significant for
urban planning and these maps must be taken into
consideration in urban planning processes.

RELATED WORK
Many GIS-based approaches have been
developed to analyze solar potential. One of the most
popular GIS-based solar analyze tools is the Solar
Analyst tool implemented in the ArcGIS software
[6]. The tool uses a raster-based DEM, it gets
elevation values from DEM and considering
elevation, orientation and atmospheric transmission,
it calculates the solar irradiation on a surface [1].
Many studies have been conducted using this tool
[5], [7], [8]. In solar analyst, sky transmissivity and
the ratio between direct and diffuse insolation are
fixed constant values for the year. In reality, these
values change throughout the year and these
assumptions influence the results negatively [9].

KEYWORDS:
Solar Energy Potential, Geographical Information
Systems, Unmanned Aerial Vehicle, Digital Surface
Model, Photovoltaic Systems

INTRODUCTION
With technological developments, decreasing
costs and increasing energy yield, photovoltaic (PV)
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conducted, 12 ground control points (GCP) were
established in the study area for georeferencing. The
aerial photos were then processed and the point cloud
of the study area was generated. A 15-cm resolution
orthophoto and a 1-m resolution DSM, which will be
the main input in r.sun, were produced for the study
area. The produced orthophoto and DSM were
shown in Figure 1 and Figure 2, respectively.

r.sun module, which is implemented in an open
source GIS software GRASS GIS by Suri and
Hofierka [10], is another popular GIS-based solar
analyze tool. Its main input is a DSM and it
calculates solar irradiation for large areas for both
clear sky and overcast conditions. r.sun was
developed to overcome the limitations of Solar
Analyst tool. r.sun models the solar insolation of
very large geographic areas which transcend several
differing climate zones by setting the percent of
direct and diffuse irradiation as spatially resolved
raster images, not as fixed constant values in Solar
Analyst. Also, it considers the solar irradiation
reflected from ground, which is not considered by
Solar Analyst [9]. Many researches proved that r.sun
is more accurate than other popular GIS-based tools,
especially for large areas. In [11], they implemented
PVGIS web service to estimate solar radiation for
Africa and Europa using r.suQ¶V PHWKRGRORJ\ In
another study, Montero et al. LPSURYHG UVXQ¶V
shadow algorithm [12]. Another web-based open
source solar radiation tool called SURFSUN3D has
been built based on UVXQ¶V methodology [13]. In
another study, Camargo et al. [4] estimated PV
electricity generation time series for rooftops using
r.sun. Some other studies in which r.sun module was
used can be found in [14], [15], [16].

FIGURE 1
Orthophoto of the study area (Karadeniz
Technical University Campus)

METHODOLOGY
In this study, methodology is divided into two
main steps; generation of digital surface model with
unmanned aerial vehicle (UAV) and generation of
solar potential map for study area using r.sun
module.
Generating DSM with UAV. The use of
UAVs brings some advantages in applications like
our study. Since UAVs can be deployed quickly, it is
practical for many applications. Compared to the
satellite imagery, the acquisition and processing of
the aerial photos can be done faster when using UAV
images [17]. Another important advantage comes
with the use of the UAVs is that they are able to offer
subdecimeter resolution [18]. This, of course, leads
to a more accurate representation of the surface of
the earth.
A RICOH GR DIGITAL IV digital camera,
mounted on the Gatewing X100 Unmanned Aerial
Vehicle, was used to capture the photos of the study
area to use them for DSM generation. The use of
UAVs for photo acquisition enables the analysts to
perform low-altitude flights [17] and take the photos
of the surface of the earth from close range, which is
very useful for generation of high-resolution
orthophoto images and DSMs. Hence, in April 2013,
a 40-minute flight was conducted from 185 m
altitude and 256 aerial photos were taken during the
flight. It should be noted that, before the flight was

FIGURE 2
DSM of the study area
Generation of Solar Potential Map. Once the
DSM was produced from UAV, the other inputs
slope map and aspect map of the study area has been
produced using Grass GIS modules r.slope and
r.aspect. Using these inputs and day of the year, r.sun
is able to calculate solar radiation for given day for
clear sky conditions. For overcast conditions, it
needs an additional input clearness index, which can
be derived from meteorological data. Due to the lack
of the meteorological data, we performed solar
analysis for clear sky conditions in our study.
While r.sun calculates solar radiation, it
consumes significant amount of memory. r.sun
spends most of the memory and calculation time
when determining shadowing effects caused by
nearby objects. Obviously, these requirements
depend on the size of the study area and resolution of
the input maps. According to Grass GIS manual [19],
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the places with low solar irradiation values are where
there are a number of high trees, and places among
the buildings close to each other. Because, in these
places, shadowing effects of nearby objects are high
throughout the year. Most of the rooftops are suitable
for PV panel installation, because most of the
buildings are far from each other and they have
nearly the same heights so, nearby objects and other
buildings do not cause shadow effect on them.
The findings show that solar potential maps are
essential tools for planning disciplines. Planners¶
products such as zoning plans and zoning regulations
directly affect the shading and solar potential
significantly. Solar potential maps must be produced
by local governments or private sector and must be
taken into consideration in all kinds of planning
processes.
In addition to planning processes, the use of
these solar potential maps can guide public about the
LQVWDOODWLRQRI39SDQHOWRWKHLUEXLOGLQJV¶URRIWRSV
These maps may give some hints to those who would
like to make an investment for installation of PV
panels.

memory requirement for analysis can be estimated
as;
Memory need as bytes = rows * cols * (IR * 4 +
horizonsteps + OR * 4)
rows, cols : rows and columns of the current region
IR: number of input raster maps
OR: number of the output raster maps
Using pre-calculated horizon raster maps as
inputs for analysis decreases the calculation time and
amount of memory required. Horizon maps can be
produced using Grass module r.horizon.
Another issue is that r.sun produces output solar
radiation raster map for a given day. However, many
decision-making processes need these solar radiation
values as annual averages. To produce solar potential
map for annual values with r.sun, 365 raster maps
must be produced for all days of the year and then
annual average values must be derived using map
algebra. Also, [9] draws attention to this issue that
limits the usability of r.sun for annual potential
maps. To overcome this issue, a batch script has been
encoded to automatically create the average potential
map for a given period of the year. Because of the
performance issues, monthly solar potential maps
have been created and then map algebra used to
calculate annual average values of these 12 maps
(Figure 3). The orthophoto is used to determine the
suitable rooftops.

CONCLUSION
In this study, a DSM has been produced by
using aerial images taken from an UAV and using
DSM as an input, a solar potential analysis has been
performed for a year with powerful and validated
GIS-based solar analysis module r.sun.
This work indicates that solar potential maps
are very useful tools for planning purposes and must
be taken into consideration. A pre-electricity
production estimation can be done using GIS-based
solar analysis modules without ground surveys,
which are not affordable for large regions as cities.
In our study, analysis has been performed by using
DSM and suitable rooftops in the study area are
determined. PV panels can not only be installed on
building rooftops, but also on building facades.
However, DSMs are not able to represent vertical
surfaces such as building facades. Hence, suitable
places on building facades cannot be determined
using DSMs. In future work, a full 3D city model
will be produced, 3D analysis will be performed
using this city model and suitable places on both
rooftops and facades will be able to be determined
more precisely.

FIGURE 3
Annual global solar irradiation for clear sky
conditions (kWh/m2/year)
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combination of densification and outward spread of
people and built areas. In densification, the density
of people and building units increases. Half of us
(three billion people) now aggregate in and around
cities. Yet the big change lies just ahead. In a single
generation two billion more people are expected to
join the urban population. Like an urban tsunami,
easily visible today, we sweep swiftly and
powerfully across our finite land [2]. Urbanization is
one of the greatest spatial changes having ever been
undergone by the mankind. Revealing itself with the
increase in the land uses in terms of commerce,
industry, settlement, recreation, tourism, etc.,
particularly in the major metropolises, and with the
transportation networks, which connect such land
uses, becoming widespread day by day, urbanization
has thereby been causing the impairment,
disintegration, and mutation of the living
environments. Outcomes of such interferences may
sometimes extend up to the irreversible depletion of
the natural resources. The most difficult challenge is
to design for social and cultural settings which
permit people to maximize their needs without
generating future social and environmental problems
[3]. Ecological planning may be defined as the use
of biophysical and socio-cultural information to
suggest opportunities and constraints for decision
making about the use of the landscape. However
landscape ecology is chiefly concerned with
understanding spatial change that involves
interacting biophysical and human-cultural
processes. Landscape ecology combines the spatial
approach with the functional approach of ecosystems
and provides therefore a template for exchanging
ideas about ways to create sustainable landscapes.
Many critical questions in landscape ecological
research and problems in resource management are
spatial in nature. A landscape is by definition a
heterogeneous system, and spatial pattern is one of
the important emergent properties of landscapes.
Landscape ecology is based on the premise that there
are strong links between ecological pattern and
ecological function and process. Ecological systems
are spatially heterogeneous, exhibiting considerable
complexity and variability in time and space
[4,5,6,7]. The planning of land resources without

ABSTRACT
Ecological Risk Analysis may be used as an
auxiliary method in making landscape planning and
management decisions. However, both choosing the
subject criteria of the analysis, and assigning values
to such criteria are all left to the discretion of the
decision-maker. Ecological Risk Analysis is
therefore ranked as a qualitative mode of assessment.
What was intended herein was to rule the Ecological
Risk Analysis, which may significantly contribute to
the assessment of a landscape, out of being a
qualitative mode, and to turn it into a semiquantitative means of assessment. In order to turn the
Ecological Risk Analysis into a semi-quantitative
mode of assessment, Analytic Hierarchy Process
was resorted. Main criteria (vegetation, soil, water,
and bioclimatic comfort) to determine the
"Ecological Value", and the sub-criteria to set forth
these criteria were decided upon. These criteria were
then overlaid by means of matrices within the scope
of the Analytical Hierarchy Method, weight ratios
thereof were determined, and the consistency ratios
thereof were calculated. Risk maps of the main
criteria further superimposed according to the weight
ratios, which had been calculated to be consistent,
the Ecological Risk Map was thereby attained. Areas
with high ecological risk value are located at the
west and northeast part of the research area. Regions
were discussed in the frame of landscape planning
and sustainability depending on risk levels.
KEYWORDS:
Ecological risk analysis, analytic hierarchy process,
landscape evaluation

INTRODUCTION
Development of the activities of the cultural
history of mankind, human beings live in the
conflicts brought about a wide variety of
surroundings. These conflicts are part of the
landscape structure, and dynamics. People live in
these landscapes [1]. Urbanization is the
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integrated decisions, in other words, to use a piece of
land other than according to its ecosystem process
can cause the land to lose its natural features and it
does not provide the expected benefits. In this
context, ecosystem integrity to organize land-use,
and even more going forward, the system hierarchy
on the ecosystem in terms of the integrity of the
landscape and giving way to the potential of usage
of integrity, have become necessities [8]. Therefore
³(FRORJLFDO 3ODQQLQJ DQG HVSHFLDOO\ ³/DQGVFDSH
EcolRJ\´DUHLPSRUWDQWWRROVLQSURYLGLQJDEDODQFHG
handling of sociological and ecological structure. A
modern and relevant Landscape Ecology needs
conceptual models and tools to help us analyse and
represent the nature±society interactions that lie at
the heart of the sustainability debate [9].
In the assessments to be made prior to the
conduct of the landscape planning works, it is a must
to take landscape planning into consideration as a
whole with its spatial and functional values. The
natural resources value of an area is a critical datum
to be taken into consideration at times of making
sustainable planning decisions. In this study, the
natural resources value of the survey area has been
put forth by means of "Ecological Risk Analysis".

The research area, has a heterogenic diversity
in terms of natural structure and land utilization
therein. As the idea of escaping from overpopulation
and dense housing, and living in the nature, becomes
ZLGHVSUHDG VXFK FHQWHUV DV 6DUÕ\HU GUDZLQJ WKH
attentions for both being located at the city center,
and for their natural beauties, become centers of
attraction. Heavy pressure of urbanization not only
accelerates the changes in the landscapes, but also
brings along the risk of subjecting the natural areas
RI6DUÕ\HUWRUDSLGKRXVLQJ

METHOD
For the evaluation of risk levels of ecological
FULUHWLDWKH³$QDO\WLF+LHUDUFK\3URFHVV´ZHUHXVHG
Interpretation of various criteria with regard to
an area by way of superimposing them is called
³0XOWLFULWHULD $QDO\VLV´ Multicriteria analysis
(MCA) proved to be useful for this kind of
assessment by providing a framework to integrate
the available information about the impacts with the
values and preferences of stakeholders and decisionmakers. The use of multiple criteria decision making
(MCDM) or multicriteria evaluation (MCE)
methods for analyzing multiobjective decisions
using mathematical programming (optimization)
methods, centered on finding alternative methods to
incorporate decision-PDNHUV¶ SUHIHUHQFHV ZLWKLQ
land-use allocation and suitability analysis
[10,11,12].
As a multicriteria evaluation method, for each
and every problem, Analytic Hierarchy Process
makes use of a hierarchical model, which is
consisted of an objective, a criterion, probable subcriterion levels, and of options. This is a general
method for complex, incomprehensible, or

MATERIAL
6DUÕ\HUDVEHLQJWKH5HVHDUFK$UHDLVORFDWHG
in the northeastern European Side of Istanbul, where
Black Sea and Bosporus intersect, between Northern
Latitudes of 41o¶± 41o¶DQG(DVWHUQ/RQJLWXGHV
of 28o¶-29o¶ ,W LV DGMDFHQW WR %ODFN 6HD IURP
nRUWK %RVSRUXV IURP HDVW ùLúOL DQG %HúLNWDú
Districts from south, and to Eyüp District from west.
6DUÕ\HU LV D GLVWULFW RI ,VWDQEXO &LW\ 7RWDO VXUIDFH
area thereof is 151 km (Figure 1).

FIGURE 1
Research area.
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like in all formal assessment processes, what matters
is to attempt attaining meaningful and proper
outcomes by means of the method in question.
In order to minimize the weak points of the
Ecological Risk Analysis, main criteria at maximum
general level, which may reveal the biotic and
abiotic factors of the area, were detected, and dealt
with. The sub-criteria, which determine the main
criteria, on the other hand, were taken into
consideration in such a way that would reveal the
effect to be created by the landscape change on the
ecosystems at the optimum level, but that would also
have them not recurred in different main criteria as
well. By way of making use of the Analytic
Hierarchy Process, ecological factors were assessed
as semi-quantitative data.
Within this scope; setting forth from the basis
of the equation of ³5LVN\$UHDV $UHDVZLWK+LJK
(FRORJLFDO9DOXH´, the criteria, which are influential
in the determination of the ecological value in the
survey area, as well as the constituents thereof were
detected at first.
While determining the "Areas with High
Ecological Value" for the survey area, living and
non-living environmental factors, which are the
constituents of ecology, were dwelled upon.
While taking the cross-section of a landscape
into consideration, the climatic events, which occur
in the atmosphere, the flora (vegetation types),
which is the habitat, as well as the underground and
surface waters, and soil come to the fore as the major
constituents,
which
affect
the
landscape
ecologically.
Multicriteria analysis requires the use of
criteria that are independent from each other.
Correlated criteria introduce redundancy and double
counting, and generate inconsistent results [11]. That
is why the criteria of "Vegetation", "Water", "Soil",
and "Bioclimatic Comfort", which are actually in
close relationship with each other, were determined
as the "Factors Determining the Ecological Value";
however, the sub-criteria were dealt with separately,
in order to avoid recurrences in the assessment.
The sub-criteria, which form the main criteria,
were at first assessed via a comparison matrix (Table
1). That is so values varying from 1 to 9 were
assigned by taking the priorities of each and every
sub-criterion in view of the others.

unstructured problems, and has been based upon
three main principles: Formation of hierarchies,
determination of priorities, and logical and
quantitative consistency.
Analytic Hierarchy
Process is a method for deriving ratio scales used to
integrate our procedure for representing the elements
of any problem. It organizes the basic rationality by
breaking down a problem into its smaller constituent
parts and then calls for only simple pairwise
comparison judgments to develop priorities in each
hierarchy [13,14].
Judgments are translated into numerical values
using the 1±9 scale. Through normalization, criterion
scores lose their dimension and become an
expression of the degree of achievement of the
evaluation objective. Thus, the effects of defined
criteria alternatives are made comparable. It is
possible to perform with various normalization
procedures. Once chosen, factors are weighted; that
is, they are given a numeric value that indicates their
relative importance in determining the suitability of
an activity in a given area. Although these judgments
introduce an element of subjectivity to the analysis,
weights are based on sound factual information for
what the land is or is not intrinsically capable of
supporting. Because these values are explicit to the
given area and represent economic, environmental,
and public health dimensions, weighting tries to
represent the interplay among factors in a landscape.
Finally, by using a decision-making rule, the
alternatives are produced [15,11,16,17].
Definition of risk zones with the help of Risk
Analysis allows planners to focus their activities on
the problematic areas at local, regional, and national
scales, and to develop strategies between the areas
with lower and higher potentials [18]. Risk Analyses
may either be quantitative, semi-quantitative, or
qualitative [19].
Ecological Risk Analysis (ERA) is seen to be a
system, which systematically detects, and evaluates
the ecological effects of any land use on other uses
[20]. However, ERA has weak points, which are not
to be disregarded. Bechmann [21] criticizes the weak
spots of the Ecological Risk Analysis. ERA dwells
upon a risk concept, which is not distinct. It is quite
difficult to scientifically express the basic indicators,
which are identified with risk. It is difficult to
distinguish the subject and the value levels, and they
may not be put forth distinctly in ERA. There is no
distinct level of relevance in the rating of ERA. Such
UDWHV RI ³KLJK´ ³PHGLXP´ ³ORZ´ PD\ RQO\ JLYH
insights into their conditions with respect to each
other. The process of comparison by means of a 2-D
matrix at all times allows for getting only two
indicators together. When more than one criterion
comes into play, the complexity of the situation
increases, and the general point of view may be lost.
It should not be disregarded that, it is still possible to
reach meaningful assessments via ERA, despite all
the aforementioned negative aspects thereof. Just



TABLE 1
Comparison Matrix of sub-criteria (SC) of soil
main-criterion (A):
Main
SC 1
SC 2
SC 3
SC 4
Criterion
SC 1
SC 2
SC 3
SC 4
sum
column
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1,00
1/a
1/b
1/c
X1

a
1,00
1/d
1/e
X2

b
d
1,00
1/f
X3

c
e
f
1,00
X4
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In order to render the effects of the defined
criteria alternatives comparable, normalized
comparison matrices were attained (Table 2).

criterion (vegetation, soil, water, bioclimatic
comfort) by using weighted sub-criteria, risk maps
were created.

TABLE 2
Normalized Comparison Matrix of sub-criteria
(SC) of main-criterion:

Vegetation Criterion. Researching on the
natural environment and the vegetation as a whole
has gained importance in the recent years.
Vegetation should be seen as the supplement of the
factors which directly affect the environment [22].
Vegetation, as being composed of the plant
associations, which are dissociated in terms of their
varying ecological needs, constitutes habitat also for
the fauna groups.
Vegetation, due to all its aforementioned
features, was dealt with as a main criterion in the
Ecological Risk Analysis.
Putting the habitats forth from the point of view
of [23,24] is an important means not only due to
gaining time, but also due to constituting the basis
for the practical applications. That is why it was
preferred not to divide the vegetation types into subclasses, but to include them in the ecological
assessment as habitats.
Sub-criteria having been determined for the
main-criterion of the vegetation:
- Vegetation type
- Cannopy
- Age.

Main
SC 1
Criterion

SC 2

SC 3

SC 4

Sum
row

1/X1 a/X2
b/X3
1/a/ 1/X2
d/X3
X1
SC 3
1/b/ 1/d/X2 1/X3
X1
SC 4
1/c/ 1/e/X2 1/f/X3
X1
n = number of sub criteria

c/X4
e/X4

Y1
Y2

f/X4

Y3

1/X4

Y4

SC 1
SC 2

Thanks to these matrices, weight ratio of each
sub-criterion was attained. Finally, it was checked
whether the established weight ratios were
consistent, or not.
Weight Ratios:

W=

Y1/n
Y2/n
Y3/n
Y4/n

Soil Criterion. Soil is a precious resource,
which occupies a special place in the lives of all
beings, and which may not be reproduced. No other
ecosystem element may host such wide range of
animal and vegetative organisms, from millions of
microorganisms to giant creatures, and may serve as
a source which transmits substances and energy to
other ecosystems. That is why soil constitutes a critical
central system of each and every environmental and
ecological change and problem [25].
Sub-criteria having been determined for the
main-criterion of the soil:
- Main soil group
- Land use capability class
- Land use capability sub-class
- Soil depth-slope combination.

Weighted Total Vector:
f
AxW=

g
h
i

Consistency Vector:
f/Y1/n
E=

g/Y2/n
h/Y3/n

i/Y4/n
Average Value of the Consistency Vector:
Ȝ Ȉ(i /n
Consistency Index:
&, Ȝ- n / n-1
Randomness Index:
RI = 0,90 (The value read from the table for n=4)
Consistency Ratio:
CR = CI/RI

Water Criterion. Groundwater, is important in
terms of available water resources and pollution.
Groundwater seepage zones are sensitive zones, in
terms of stability, which may be effected by human
uses [26]. Contamination in the rainwater, depending
to the permeability of the underground layers,
permeates more or less to the underground waters.
That is why permeability was taken as a sub-criterion
for determining the ecological value of the water
resources.
Sub-criteria preferred in the process of drawing
up a risk map for the main-criterion of water:
- Surface waters
- Basin

If CR < 0.10, the performed comparisons may
be deemed consistent.
Upon gathering the sub-criteria, having been
weighted as having consistency within acceptable
value range, main criteria risk levels were
established. After a calculation of each main
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the exposures with lower bioclimatic comfort
conditions in terms of wind. Accordingly, the areas
with exposures of south and southeast were assigned
with high risk values, the level areas with medium
risk values, and the areas with exposures of north and
northeast were assigned with low risk values.
While high values were assigned to the highest
temperature range due to the fact that the average
temperature values were quite lower than the
bioclimatic comfort values, high values were
assigned also to the lowest relative humidity and
wind force ranges, due to the fact that the average
relative humidity and wind force values were higher
than the bioclimatic comfort values.
The following sub-criteria were used for the
assessment of the main criterion of Bioclimatic
Comfort:- Exposure- Average annual temperatureAverage annual relative humidity- Average annual
wind velocity.Consistency ratios for each criterion
were calculated. Each value was found less than 0,10
that means performed comparisons are consistent (Table
3).
TABLE 3
Consistency ratio values for each main criterion:

- Permeability.
Bioclimatic Comfort Criterion. In order to
put forth the influence of the climatic factors in the
Survey Area in terms of ecological value,
³%LRFOLPDWLF &RPIRUW´ ZDV IRFXVHG RQ 7KDW LV VR
because instead of the changes likely to happen in
the climate, suitability of the climate factor on the
lives of the beings was found more promising in
determining the ecological value.
According to Akman [27], bioclimate consists
of the relationships between climatic and biological
events. Occurrences of diseases among the beings,
as well as the effect of the atmospheric perimeter on
health altogether establish the basis of this
perception. That is why bioclimate concerns all the
creatures being grown up in the numerous
ecosystems in the biosphere. According to the
reseDUFKHV RI 7RSD\ DQG <ÕOPD] [28], outdoor
conditions of 20-30°C of temperature, relative
humidity by 30-65%, and wind force up to 5 m/s are
necessary for meeting the bioclimatic comfort.
Taking the annual average values of the Survey
Area, average temperature values range in between
13 ± 14°C, average relative humidity values in
between 74 ± 79%, and average wind force values
range in between 6 ± 15.4 km/h [29]. These values
are seen not to correspond to the aforementioned
values necessary for maintaining the bioclimatic
comfort. That is why, in a way to fall as close as
possible to bioclimatic comfort, the areas with the
highest temperature value, and those with the lowest
relative humidity and wind force were combined so
as to be assigned with high-risk factor, while the map
of the ecological values formed by climate was being
drawn up.
Exposure criterion was also discussed as
another decisive factor in view of the ecological
value of the climate factor. That is so because
exposure affects not only the temperature and
precipitation climate of the landscape, but also the
water economy and composition of the vegetation
WKHUHRIDVZHOO,QRXUFRXQWU\WKHH[SRVXUHVRI³6
6( 6: DQG :´ DUH ZDUPHU LQ JHQHUDO 2Q WKH
FRQWUDU\ WKRVH RI ³1 1( 1: (´ DUH FROGHU.
Insolation periods of these two exposure groups are
significantly different from each other [30]. While
taking the bioclimatic comfort factors of the Survey
Area into consideration, wind direction, elevation,
and insolation were reviewed for determining the
exposure sub-criterion.
While the dominant wind directions for
Istanbul are north, and northeast, these directions are



Main Criterion

CR < 0,01

Vegetation

0,025

Soil
Water

0,023
0,082

Bioclimatic Comfort

0,016

Sub-criteria for each main criterion were
superimposed, according to the calculated weight
ratios, and the risk maps were thereby attained
(Figure 2,3,4,5).

RESULTS
Main criteria were also normalized by way of
being assessed with the help of comparison matrices,
weight ratios thereof were established, and
consistency was calculated (CR=0,02).
In view of CR < 0.10, the performed
comparisons may be deemed consistent. Main
criteria risk layers (vegetation, soil, water and
bioclimatic comfort) having been superimposed in
line with the weight ratios found out to be consistent,
brought forth the ecological risk map of the survey
area. Areas with high ecological risk value are
located at the West and northeast part of research
area (Figure 6).
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FIGURE 2
Vegetation risk map.

FIGURE 3
Soil risk map.

FIGURE 4
Water risk map.

FIGURE 5
Bioclimatic comfort risk map.
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FIGURE 7
Ecological risk map ± third Bosporus bridge
relationship.

FIGURE 6
Ecological Risk Map.

recommendations, and during the making of the
planning decisions particularly in regional scale. It is
nearly impossible under such a circumstance to
assess the complex relations not only in each
constituent, but also those with the other constituents
together at the same time. It is therefore necessary to
simplify such a complex ball of relations, and to
reduce it into indicator criteria. Ecological Risk
Analysis is, in this context, a qualitative assessment
method, which enables dealing with the ecological
value of an area from a general point of view.
However, leaving all the initiative to the assessor
while assigning values to the criteria and subcriteria, and while weighting these criteria will
hamper the objectivity of the research. That is why
the Ecological Risk Analysis has been turned into a
semi-quantitative means of assessment herein thanks
to the help of the Analytic Hierarchy Method. This
risk analysis, which is being used as an auxiliary
assessment method of the Landscape Change
Analysis, being conducted at a regional scale, has
proved to be effective in detecting the ecologically
important parts of the survey area. Thanks to this
assessment method, the relationship of land
utilization ± ecological value could have been
assessed at a higher scale.
After all, depending to the scale, and to the
criteria being used in the assessment, and on the
condition to show variability, an Ecological Risk

The ecological risk map constitutes an
important tool for evaluating landscapes and for a
realistic landscape management in the frame off
utilization ± protection balance and gives the chance
to overlay multicriteria such as ecological,
sociological and spatio-temporal outcomes. Thus the
ecological risk map ensures a holistic groundwork.
For example, the effect of the third Bosphorus
bridge DQG LW¶V IUHHZD\V on ecological and spatiotemporal structure was evaluated using this
ecological risk map (Figure 7). Freeways are
crossing high ecological risky areas transversal.
Based on this determination, it can be concluded that
this linear structure will encourage spatial
transformation processes in a threatening meaning.
This linear barrier will prevent longitudinal species
movement [31].
It is possible to make many inferences like this,
using the ecological risk map.

CONCLUSIONS
The ecologic value of an area is shaped by a
number of factors correlated with, or totally
independent from each other. It is a quite difficult
task to correlate and assess such diverse factors.
However, the ecological value of an area should not
be disregarded so as to put forth sustainable
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conservation value of agricultural land. Journal
of Environmental Management, 83, 228-235.
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(2001). Land-use Suitability Analysis in the
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Promising
Technological
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Environmental Management, Vol. 28, No. 5, pp.
611-621.
[13] Ozcan, O., (2008). Sakarya River Sub-Basin
Flood Risk Analysis by using Remote Sensing
and GIS. Master Thesis, Istanbul Technical
University, Institute of Informatics., Istanbul (in
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[14] Harker, P. T., Vargas, L. G., (1987). The Theory
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33, No. 11, 1383-1403.
[15] Saaty, T. L., Vargas, L. G., (2012). The
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comparisons and merging functions. Social
Choice & Welfare. Vol. 38, Issue 3, p481-496.
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Land suitability analysis for the upper Gila
River watershed. Landscape and Urban
Planning. 50, 199-214.
[17] Herwijnen, M. van, Janssen, R., (2001).
Evaluation methods to support the comparison
of maps for environmental decision making. In:
Halls, P., J. (Ed.), Spatial Information and the
Environment. Taylor & Francis, U.S.A., pp.
259-271, ISBN: 0-415-25362-4.
[18] Blaschke, T., (2006). The role of the spatial
dimension within the framework of sustainable
landscapes and natural capital. Landscape and
Urban Planning. 75, 198-226.
[19] Vorbach, S., (2005). Risikoanalyse. (Risk
Analysis). Master Thesis. Karl-FranzensUniversität Graz, Institut für Innovations- und
Umweltmanagement,
PS
TIM2
Qualitätsmanagement, Graz.
[20] Yucel, M., (1997), Ecological Risk Analysis of
the Region between Seyhan River and
Yumurtalik Bay in Cukurova Delta. Cukurova
University Faculty of Agriculture Research
Projects. Project No: BAP-PM-96/03. Adana (in
Turkish).
[21] Bechmann, A., (1998). Evaluation of
Environmental Impact Assessment - How
contemporary is the Ecological Risk Analysis?
Institute of Synergetic and Ecology ± Report 21,
Verlag Edition Zukunft, Barsinghausen. (in
German)
[22] Akman, Y., Ketenoglu, O., Kurt, F., (2011).
Vegetation Ecology and Research Methods.
Palme <D\ÕQFÕOÕN $QNDUD ,6%1 -6054414-47-5. (in Turkish).
[23] Kutzenberger, H., (1998). Animal Ecology and
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Analysis based on Analytic Hierarchy Method could
have been used effectively as an auxiliary method in
landscape analysis and assessment.
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and sink amounts. Therefore, carbon dioxide
released to and captured from the atmosphere as
major components of global carbon cycle have been
searched by scientists [1-4].
According to Food and Agriculture
Organisation (FAO), global emissions as CO2
equivalent were emitted more than 5.3 billion tons
by the agriculture sector (crop and livestock) to the
atmosphere in 2011 [5].
Researches especially over water, agricultural
and forest surfaces allow us to understand the
associated variations in CO2 and H2O fluxes. By
these means, the CO2 flux is crucial for its
determination but yet difficult to measure just
because it is primarily controlled by numerous
meteorological factors like global radiation, air
temperature, and relative humidity [1, 6].
Along the last 20 years, the Eddy Covariance
(EC) become an extensive and well-accepted
method in many studies to measure fluxes of GHG,
mass, latent and sensible heat over different
vegetation surfaces directly [2-6].
Carbon stocks in agro-ecosystems play an
important role in global terrestrial cycle [5, 6]. So,
determination of captured greenhouse gases from
agro-ecosystems is crucial but difficult to simulate
by means of its spatio-temporal resolution.
Moreover, measurements are difficult to quantify
and require experience, knowledge about
micrometeorology, crop type, field management and
soil properties like soil organic carbon, soil texture
etc. [7-13]. In addition to these, quantifying the large
scale carbon capture by crops is difficult due to high
variabilities in these factors [14-16].
The subject of this study is to evaluate the
relationship between actual EC measurements and
the results of Agro-C biogeophysical model, which
was developed for the estimation of CO2 flux over
winter wheat, during the 2012-2013 growing period.
Eventually, differences between simulated and
measured values of NEE, GPP, and Reco were
analyzed.

ABSTRACT
Terrestrial ecosystems have an important role
on the global carbon budget. Approximately 24 % of
global greenhouse gas emission is resulted from
agriculture, forestry and other land use. Agriculture
is an emission source and also a storage area for
carbon within terrestrial ecosystems. Evaluation of
CO2 fluxes over a selected area has become a
significant issue for the studies on global carbon
budget and climate change under consideration of
CO2 effects as a greenhouse gas. Thus, the objective
of this study was to measure, analyze, model and
evaluate CO2 fluxes using a micrometeorological
method called Eddy Covariance together with an
agro-ecosystem model, namely the Agro-C over
winter wheat crop, which is an important nutritional
source for Turkey. To achieve this, variations in CO2
were determined on the experimental area of Atatürk
Soil Water and Agricultural Meteorology Research
Institute Directorate in the Kirklareli city (located in
the Thrace part of Turkey (41°41'53'' N, 27°12'37''
E)) during one growing period of winter wheat
(November 2012-July 2013). In this context, the net
ecosystem exchange (NEE), gross primary
production (GPP) and ecosystem respiration (Reco)
values of winter wheat were measured and analyzed
by Eddy Covariance method and then compared
with corresponding simulation results estimated by
Agro-C model during the growing period of winter
wheat. Subsequently, relative errors between
modeled and measured NEE, GPP and Reco values
were calculated as 17.54, 22.85 and 41.74%,
respectively.

KEYWORDS:
Greenhouse gas exchange, CO2 flux, eddy covariance,
Agro-C, Kirklareli/Turkey.

INTRODUCTION
Increasing global mean temperatures revealed
the evaluation needs of greenhouse gases (GHG)
concentrations together with their related emission
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Eddy Covariance Measurements. After data
collection, quality control steps were applied on the
raw flux and meteorological data. Net ecosystem
exchange (NEE) was calculated from the sum of
half-hourly CO2 flux (Fc) over the canopy where Fc
represents the sum of EC-measured flux.
Later, frequency response corrections, WPL
(Webb-Pearman-Leuning) correction [18] and
coordinate rotation (tilt correction) were applied on
10 Hz time series of eddy covariance data after spike
removal, high pass, low filtering effects and linear
detrending [4]. As well known, heavy precipitation
and low turbulent exchange conditions affect the EC
measurements from open path systems, so the
produced EC data need correction. Hence, the
corresponding data gaps resulted from the above
mentioned conditions must be filled. To achieve this,
international standard procedures must have been
followed. Finally, flux partitioning was applied to
data set for gap removal.
To move on from daily data to annual sums of
fluxes; NEE gaps were filled in all dataset. An
algorithm described in [19] and [20] was used for
gap filling.
Once the gap filling was completed, the NEE
partitioning into gross ecosystem production (GPP)
and ecosystem respiration (Reco) components can be
done as follows (Eq 1).

MATERIALS AND METHODS
Experiment Field. The experiment field
covers an area of ca. 9.2 hectares and located in the
research area of Atatürk Soil Water and Agricultural
Meteorology Research Institute Directorate
(41°41'53'' N, 27°12'37'' E, 170 asl), in the Kirklareli
city of Thrace Region in Turkey (Figure 1). Two
measurement systems were installed at the research
field. One of them was an agrometeorological station
including net- and solar radiation (NR-Lite, CMP3,
Kipp&Zonen), PPFD (LI-190SB, LI-COR)
temperature and humidity (Rotronic and Vaisala),
wind speed and direction (NRG), soil water content
(CS616, Campbell Sci.) and soil temperature sensors
at different depths (heights) and a data logger
(CR1000, and multiplexer; Campbell Sci.). The
second station was the EC system consisting of 3-D
sonic anemometer (CSAT3, Campbell Sci.), open
path CO2/H2O infrared gas analyzer (LICOR, 7500),
temperature, humidity sensors; and data logger
(CR1000, Campbell Sci.). The EC system was
placed at 2.1 m height above the soil surface at the
experiment field. CO2 fluxes were measured and
recorded in an interval of 10 Hz. Averaged fluxes
were calculated for 30 min. intervals. Detailed
information about the measurement system can be
found in [17].

MARMARA SEA

FIGURE 1
Experiment Field in Kirklareli, Turkey.
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FIGURE 2
Time series of meteorological variables during the growing period.
NEE = Reco ± GPP

(1)

original model [21]. Finally, GPP is calculated as the
difference between calculated NEE and Reco.

In Equation 2, Reco was calculated using the
regression model [21].

ܴ ൌ ܴǡ Ǥ ݁

భ
భ
ாబ ቆ
ି
ቇ
ೝ షబ షబ

Agro-C Model Description. In order to
estimate carbon exchange between atmosphere and
winter wheat, the biogeophysical model; Agro-C,
which is developed by Chinese Academy of Science
[22], was used. Model requires climate data
including CO2 concentration (ppm); daily minimum
and maximum temperatures (oC), global radiation
(W/m2), precipitation (mm) and soil data, which
includes initial SOC (soil organic carbon), bulk

(2)

While the regression parameter T0 is kept
constant at -46.02°C, the activation-energy
parameter (E0); which essentially determines the
temperature sensitivity, was allowed to vary. The
reference temperature (Tref) was set to 10°C as in the
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density (g/cm3), sand-clay fraction, pH. Also crop
phenological information is to be supplied.
The Agro-C consists of two sub-models, which
are Soil-C and Crop-C. Crop-C simulates the net
ecosystem exchange, gross primary production and
ecosystem respiration (Equation 3, 4) [22, 23].

ܰ ܧܧൌ σୀଵሺܴ݁ܿ െ ܲܲܩ ሻ
 ܲܲܩൌ ͲǤͲͶ͵ʹ ൈ ܴܲ ൈ ܮܦ

RESULTS AND DISCUSSION
Measurements were conducted between the
planting (01.11.2012) and harvest (30.06.2013)
dates. During the growing period, average
temperature and relative humidity were calculated as
10.92°C and 82.18%. Additionally, the average net
and global solar radiation values were estimated as
58.64 and 152 W/m2. The winter wheat has grown
under a total of 570.9 mm rainfall during its growing
season. Average volumetric soil water content was
about 19.55% at the depth of 30 cm. Wind speed at
2 m high was 1.95 m/s while the prevailing wind
direction was NE. Minimum fetch length condition
specific to this research (20 to 100 m) was
compensated greatly by 190 m. Figure 2 shows the
time series of some meteorological variables during
the growing season.
According to EC measurements, carbon budget
components of winter wheat during the growing
season of 2012-2013 are given in Figure 3. From the
actual flux data, daily average emission and sink
factors of NEE, Reco and GPP have been calculated
as -1.59, 5.05 and 3.46 gC/m2, respectively.
As it can be seen in Figure 3, during early
growing phase of the crop, the NEE was positive
(flux direction from the surface to the atmosphere).
Later, continuously increased density of the canopy
cover together with larger photosynthesis rates on
the soil surface was followed by negative NEE
values (CO2 flux was from the atmosphere to the
surface), as expected. During the stem formation
period, daily total NEE and GPP reached up to their
maximum values such as -10.80 and 18.74 gC/m2
respectively.

(3)
(4)

Where Reco and GPP, are both given in
gC/m2day; 0.0432 is the conversion constant from
μmol CO2/m2s to gC/m2h; PR is the photosynthetic
rate; and DL stands for the day length in hours.
Error Analysis. Moreover, root mean square
error (RMSE), mean bias error (MBE), mean
absolute error (MAE), relative error (RE) are
evaluated for performance of Agro-C. Equations of
RMSE, MBE, MAE, and RE are:

ܴ ܧܵܯൌ ට
 ܧܤܯൌ

మ
σ
సభሺெ ିௌ ሻ


మ
σ
సభሺெ ିௌ ሻ


ଵ

(5)
(6)

 ܧܣܯൌ  σୀଵȁܯ െ ܵ ȁ

(7)

ܴ ܧൌ

(8)

ȁௌ ିெ ȁ
ெ

ൈ ͳͲͲ

Where ܵ represents simulated values, ܯ is
given for measured values and ݊is the number of
data.

FIGURE 3
Time series of actual fluxes 2012-2013 winter wheat in growing season.
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FIGURE 4
Time series of modeled fluxes for 2012-2013 winter wheat growing season.

FIGURE 5
Correlations between actual and modeled values.
1143.86 and 503.48 gC/m2. The ratios between
modeled NEE/GPP; NEE/Reco and GPP/Reco were
calculated as -0.45, -1.12 and 2.29, consecutively.
Following Figure 5 gives the relationships between
modeled and actual flux components. As it can be
seen in Figures 3 and 4; all fluxes are modeled quite
lower than actual values at the beginning of growing
period. Moreover, actual fluxes also fluctuated
FRQVLGHUDEO\ GXULQJ WLPH 7KDW¶V ZK\ ORZ
relationships between modeled and measured fluxes
can be caused by consideration of whole growing
SHULRG¶VGDWD
Actual and simulated values of daily mean and
cumulative fluxes together with their statistics of
RMSE, MBE, MAE, and RE are given in Table 1.
Difference between the measured and simulated
NEE values was obtained as 185.8 gC/m2. The
reason of obtaining a cumulative actual total that was
33% lower than the simulated value can be the
significantly large number of field observations,
which are considered extensively for model
validation and assumed to be correct. It is clear that
simulated and measured cumulative GPP values are
close, whereas the difference between simulated and
measured Reco are too high.

Figure 4 shows the time series of simulated
carbon budget components by Agro-C in the
growing season of winter wheat. CO2 fluxes of
simulated values (NEE, GPP, Reco) are -2.35, 4.73
and 2.08 gC/m2day, respectively.
According to both time series, fluctuations in
EC measurement fluxes for the first four months are
more obvious than model outputs. With the
beginning of heading phenological stage of winter
wheat, however, they have similar trends.
Relationships between EC measurements and
simulated values for daily total NEE and GPP have
adjacent determination coefficients as R2=0.55 and
0.57, respectively (For confidence interval 95%).
On the other hand, relationship between
measurements and simulations of Reco is not as high
as NEE and GPP relations (R2=0.37).
Cumulative NEE, GPP and Reco were
calculated as -383.94, 1222.19 and 838.25 gC/m2
from the actual data measured by EC system on the
field, successively. The ratios between actual
NEE/GPP; NEE/Reco and GPP/Reco were estimated
as -0.05, -0.44 and 1.44, consecutively. In the same
way, modeled cumulative NEE, GPP and Reco for the
growing period were determined as -569.74,
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TABLE 1
Measured, Simulated and Error Values.
Daily Mean (Actual)
Daily Mean (Model)
Cumulative (Actual)
Cumulative (Model)
RMSE (gC/m2day)
MBE (gC/m2day)
MAE (gC/m2day)
RE (%)

NEE
-1.59
-2.35
-383.94
-569.74
2.56
6.55
1.91
17.54

GPP
5.05
4.73
1222.19
1143.86
3.75
14.04
2.80
22.85

begin of a needful, sustainable and integrated
research process that can be expanded to different
crop types and supported by field ZRUNIRU7XUNH\¶V
conditions.
Probable decrements in the high number of
interim calculation parameters and steps could
enable end users obtain more representative model
results.

CONCLUSION
In this study, the CO2 exchange of the winter
wheat crop is evaluated comparatively by
considering the measured related components such
as NEE, GPP and Reco using the EC method and
modeled outputs of the Agro-C software.
As well known; measurements on greenhouse
gases are costly and time consuming. The objectives
of those studies are to develop models for the current
environment. Using appropriately developed
models, greenhouse gas exchanges can be
determined in less time and cost in the future. For
this reason, it is important to maintain model
development efforts. Concordantly, more efforts are
necessary for the validation and calibration of carbon
exchange models, which should be conducted only
by field studies. So, coefficients of the equations
used in current carbon budget components (emission
or sink) have to be determined for different plant
species and varieties. Also carbon databases
consisting of carbon flux measurements over
different vegetation surfaces should be expanded
across terrestrial ecosystems for qualitative
simulation outputs. For this reason, there is a clear
need for the estimation of acceptable calibration
coefficients between actual and modeled values
prior to make any attempt on the simulation of CO 2
fluxes for different environmental conditions, which
can be represented by crop varieties; climatic
conditions, soil factors, etc. Large qualitative and
quantitative ranges of the desired calculation
parameters however, could be major handicaps by
means of high deviations of simulated data from the
observed ones. Moreover, outputs like GPP and Reco
have significantly high sensitivities to boundary
conditions such as initial soil total nitrogen and
moisture
contents
and
atmospheric
CO2
concentration.
Results of this current study did not show high
relationships between modeled and measured CO2
fluxes above the selected winter wheat cultivar for
the experiment area and time period.
A general comparison of the differences
between these recently modeled and measured NEE
values with earlier studies on winter wheat indicated
that our difference of NEE (17%) was higher than
that of in China (5%) [22]. This study could be the



Reco
3.46
2.08
838.25
503.48
2.33
5.45
1.91
41.74
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SPATIO-TEMPORAL ANALYSES TO ESTIMATE SPEED
INFORMATION FOR TRANSPORT FORECASTING AND
SCENARIO TESTING
Yunus Serhat Bicakci¹, Beytullah Sarica¹, Mete Ercan Pakdil¹, Batuhan Yazirli¹, Hande Demirel2,*
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ABSTRACT

INTRODUCTION

Road
transport,
especially
congestion,
contributes about one-fifth of the European Union
(EU)'s total emissions of carbon dioxide (CO2) and is
considered as one of the major sources of global
greenhouse gas emission. To understand the nature of
congestion, speed information is vital, but not yet
integrated into transport scenario models. The speed
information is currently available via Information and
Communication Technology (ICT) Infrastructure, so
the possibility of introducing speed data into the
transport model should be explored. Hence, the aim of
the study was to integrate dynamic speed data from
real-time urban navigation road network into a static
transportation scenario testing model namely TRANSTOOLS ("TOOLS for TRansport Forecasting ANd
Scenario testing") model. In order to associate and
integrate the speed data, a frame-work was designed
and spatial interpolation methods being fixed width
buffer method and Inverse Distance Weighting (IDW)
were tested and compared in a case study area at
Istanbul, Turkey. The major contribution of this study
was to model the temporal dimension of the speed data
via utilizing spatial analyze tools and associate such
information with global scenario testing transportation
models. The results were promising, where all speed
information retrieved from urban navigation maps
were associated with the TRANS-TOOLS network and
simulated hourly. According to the results of
analyzing, the free-speed assumed by the scenario
testing transportation model was reduced drastically,
being 77% on average, for weekdays. Hence, spatial
analyze methods could successfully fill the gap in the
transport model and could aid the policy making
process.

$FFRUGLQJWRWKH(XURSHDQ&RPPLVVLRQ³7UHQGV
LQ JOREDO &2 HPLVVLRQV  5HSRUW´ WKH \HDUO\
carbon emission has been estimated as 3.7-4 billion
tons, where reduction of emissions are highly ranked
at the agenda of policy makers. The traffic congestion
plays a big role and affects the amount of carbon
emission directly. The delay costs due to road
FRQJHVWLRQ LQ (XURSH DUH RYHU ¼ ELOOLRQ DQQXDOO\
according to Joint Research Center (JRC) Scientific
and Policy Reports (2012) [1]. The current status of
traffic congestion related emissions and estimations for
future scenarios are ranked as high priorities. For
testing transport relevant policy scenarios, transport
models are available and widely used. However, most
of the transport policy models do not include speed
information or information available are free-flow
speeds, where in-situ congestion information is not
considered. For integrating traffic congestion
information, traffic congestion zones should be
determined, where several difficulties are apparent.
These zones are dynamic, hence changing according to
the pick hours in urban areas. Furthermore, the vast
amount of real-time data should be stored, modeled
and analyzed. The problem is how this big data should
be treated to help to reduce and manage different
scenarios. Recently, rapid developments in
Information and Communication Technology (ICT)
Infrastructure reveal the real time speed information
publicly, where this information have not been yet
associated with the transportation models. Geographic
Information Systems (GIS) could effectively facilitate
this complex task, due to the spatio-temporal nature of
the problem. Several spatial approaches are available
to retrieve speed information from real-time dynamic
traffic information maps and to associate such
information to transport models to generate speed
zones for hourly/daily bases. Pfoser at al. have
generated spatio-temporal datasets to simulate realworld behavior. [2] For creating a congestion map,
Loret et al. analyzed situations of heavy and congested

KEYWORDS:
congestion, carbon emissions, Geographic Information
Systems (GIS), spatial interpolation methods
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the north-west of Turkey. With its 13.854.740 million
inhabitants, Istanbul is the most crowded city of
Turkey according to the Turkish Statistical Institute. It
connects Europe and Asia by the shortest path of roads
and railways, where Black Sea region countries are
connected to the Mediterranean Sea via Bosporus- a
natural strait. Furthermore, the 4th Pan European
Corridor ends in Istanbul. Economic activities of the
city mainly concentrate on services sector which has
73.1% and industry which has 26.7%. According to the
Turkish Statistical Institute, passenger transportation
via highways was %72.9 in 1960, where the value was
%91.8 in 2010. As a result of investment policies
focusing heavily on roads, the industrial facilities and
unplanned increase of population along the network
were increased like worldwide, while the arable lands
and forests were vanishing. According to municipality
public transport authority -Istanbul Electricity,
Tramway and Tunnel Establishments- (IETT), the
public transport trips for 2014 was 2.5 million/day,
where cars passing bridges were 53 million per year.
The lack of coordination between transport policies,
land use policies and environmental policies caused a
growth of an expensive and polluting transport system
even for Istanbul which has a well-linked multi-modal
(maritime, air, rail) transport system. The congestion is
one of the major problems within Istanbul. In this
study, Kucukyali area locating on the Asian side was
chosen to collect speed data from road segments and to
compute congestion zones, since this area connects the
4th Pan European Corridor and one of the congested
urban areas in the city. (Fig. 1.)

traffic in urban areas by using a statistical approach
based on both the identification of specific locations
that attract drivers in a multipoint-to-multipoint traffic
VWUXFWXUHDQGWKHLUFODVVLILFDWLRQ DWWUDFWRU¶VYDOXH DVD
function of the number of people visiting them by car
in different time ranges [3]. Kernel Density Estimation
.'( IXQFWLRQZDVDSSOLHGRQDWWUDFWRUV¶GLVWULEXWLRQ
density values to estimate and integrate with nodal and
critical traffic points and traffic density in a
³FRQJHVWLRQ´ PDS $QLWKD 6HOYD 6RILD 6' 1LWK\DD
R., Prince Arulraj G. stated traffic congestion as a
condition on road networks occurred by slower speeds,
longer trip times, and increased vehicular queuing,
where traffic congestion varies from time to time [4]
Using SPSS16 (Statistical Package for the Social
Sciences), a GIS-based model was used to identify the
traffic congestion. Trude Torset studied the speed
prediction model for heavy vehicles [5]. It was based
on a large quantity of GPS speed reported data and
geometry data made available from the National Road
Database by the Norwegian Public Roads
Administration. The speed prediction model used
geometry variables to calculate realistic speed, that
could be include into any route guidance system. For
analyzing congestion data, especially impact analyses
and geostatistics were mature methodologies, that
quantitative results were achieved [6], [7].
Within this study, the congestion zones were
formed by the speed data segments retrieved from realtime traffic information database for the case study
area in the Istanbul Metropolitan Area, Turkey. Such
information was recently freely available on-line. The
urban road network was associated with TRANSTOOLS ("TOOLS for TRansport Forecasting ANd
Scenario testing") model, which was the major model
used for transport policy analysis in EU for aiding
policymakers. During this association process
conflation methodologies and spatial analyzes were
applied. In order to associate the speed data, a framework was designed and spatial interpolation methods
namely, spatial overlay, buffering and inverse distance
weighting (IDW) were tested and compared to
estimate speed information. The speed information
generated was used to create congestion zones
dynamically, where policymakers could benefit from
testing their congestion reduction and carbon emission
scenarios.

FIGURE 1
Istanbul Metropolitan Area, Turkey
Data. Two road networks were used within this
study being real-time urban navigation maps and
TRANS-TOOLS. Due to rapid innovations in ICT,
most of the urban areas are equipped with real-time
urban navigation maps, where dynamic traffic
information could be freely retrieved by citizens. For
the Istanbul Metropolitan area several sources were
available, where for this study Yandex information
provider was selected. (https://yandex.com/ company/

DATA AND METHODOLOGY
Case Study Area. The case study area was the
Anatolian side of the Istanbul Metropolitan Area,
Turkey. Istanbul is located on two continents (Europe
and Asia divided by the Bosporus), surrounded by the
Black Sea at north and the Sea of Marmara at south, in
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Geometric similarity measurements are often based
upon simple information like distance, length, angle or
linearity. Within this study simple buffer masking was
being applied due to TRANS-TOOLS data nature, to
optimize the balance between the run-time and quality
of matching. For merging and matching networks
representing the same phenomena, buffer growing and
iterative closest points or combination of them were
the most frequently cited algorithms in the literature.
Two methodologies were compared within this
study, being fixed width buffer method and Inverse
Distance Weighting (IDW). The fixed buffer method
is the most commonly used methodology. It is a buffer
that has a uniform, unchanging width all the way
around the object. This type of buffer is used with the
assumption that the impact zone of the buffered object
has an equal impact all the way around itself. The
Inverse Distance Weighting (IDW) methodology is an
interpolation that estimates cell values by averaging
the values of sample data points in the neighborhood
of each processing cell. IDW is vastly used for pointbased estimations, where several environmental
analyses via IDW have been performed for the study
area as well [9], [10]. The closer a point is to the center
of the cell being estimated, the more influence, or
weight, it has in the averaging process. The kriging
methodology, which is also powerful for such
analyses, was not preferred here, since speed data has
limited impact zones and can not be attributed to the
whole area. In order to automate the process of
calculating and generating several speed maps of
congestion for different time intervals the conceptual
model was generated. (Fig.2.)

technologies/maps/) The service uses the latest satellite
images, address databases and GPS tracks. The
provided map allows showing traffic conditions and
planning routes, creating various information layers
and building applications for mobile devices, where
information provided could be used to design geoinformation services. The speed values were retrieved
for weekdays and weekends, where the time slots were
09.30-13.30-17.30 and 22.30. The second road
network was the TRANS-TOOLS ("TOOLS for
TRansport Forecasting ANd Scenario testing"), where
several valuable information for policymakers are
embedded to the network and is open source as well.
(http://energy.jrc.ec.europa.eu/transtools/TT_model.h
tml) The model has been developed in collaborative
projects funded by the European Commission Joint
Research Centre's Institute for Prospective
Technological Studies (IPTS) and DG TREN. The
various Commission services addressing transport
issues have agreed to use TRANS-TOOLS as the main
model for policy analysis and have appointed IPTS as
the model's Reference Centre.
Methodology. The aim of this study was to
enhance the road network with dynamic speed data.
The TRANS-TOOLS road network is a representation
of topological connectivity rather that geometric
representation, therefore there is a considerable
difference between datasets in detail, generalization,
multidimensionality, scale and accuracy. Within this
study, the geometrical components of the candidate
dataset were not going to be transferred; only relevant
data was regarded for transformation. Due to the
varying nature and spatial characteristics of data,
different methodologies were being applied. Since
road databases reveal a different geometric and
semantic accuracy from each other, the attempt of a
direct integration fails. The problem of merging
different data sources representing the same
phenomena was well known and named as conflation.
³&RQIODWLRQ´FRPELQHVLQIRUPDWLRQIURPDWOHDVWWZR
spatial datasets to achieve enrichment in either the
spatial or the attribute aspect. [8] Conflation is the
process of matching features between data sets created
at different times and based on different levels of
accuracy and precision. Once features have been
matched the goal is often to transfer attribute data from
one dataset to the other. Conflation could be horizontal
or vertical and it could be vector-vector or vectorraster. Methodologies for solving conflation were
available being simple buffer masking, spatial
adjustment-involving
rubber
sheeting-,
and
combination of these. To achieve the correct matching
result, the combination of different methods, such as
³%XIIHU *URZLQJ´ $QJOH-, Length- and shape Comparison (Spatial Adjustment), could be built.

RESULTS AND CONCLUSION
The two distinctive road networks were
associated via conflation methodologies. The speed
information was retrieved from the real-time traffic
information map and associated with the transport
model, TRANS-TOOLS, for the study area.
For analyzing the congestion zones, the
congestion points were collected by observing daily
speed values for weekdays and weekend. As the first
method, spatial intersection of fixed width buffers was
applied to these points in order to assign speed value
that corresponding segment on the TRANS-TOOLS
road network. Two kilometer buffer zones were
created for representing the conflation of two
networks, after some trails of different radius values.
[11] Finally, intersecting buffer zones were identified
and dynamic speeds were associated. Figure 3 presents
the output of this technique.
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FIGURE 2
The model used to produce of dynamic speed information
for different time intervals per day automatically

FIGURE 3
Speed zones were intersected with roads utilizing fixed width buffer method.
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Figure 7. Different line types, as defined at the legend,
were representing the congestion level from the most
congested to the lowest congested level respectively.
Time slider tool was used to visualize and comprehend
the congestion level change during the time interval in
the TRANS-TOOLS model. The red spots on the
TRANS-TOOLS network presents the speed less than
20 km for the determined time lots, where yellow
segments showed the speed between 20km and 35 km.
Green segments showed the traffic speed was more
than 35 km, where no congestion was expected.

The second method, IDW, is a type of
deterministic method for multivariate interpolation
with a known scattered set of points. The assigned
values to unknown points were calculated with a
weighted mean values available at the known points.
Thus, this interpolation technique was used for the
given problem in order to assign speed values based on
the computed points. The following steps were applied
to assign speed values to the TRANS-TOOLS model
via IDW analysis:
Step 1: IDW analysis tool was applied to the
computed points to produce a raster layer including
distributed speed value ranges.
Step 2: Spatial join analysis was applied to assign
speed values to zones produced by IDW analysis tool.
To apply this analysis, raster layers were converted to
the vector layers.
Step 3: Each zone of speed values were assigned
to the intersection of corresponding road segment.
Step 4: The speed values of each zone were
displayed.
Step 5: Intersect Geo-processing tool was used to
split a road into the segments in order to assign each
]RQH¶s speed value that corresponding segment.
Step 6: A model was created to simulate the
traffic data. This model produced six different road
segments that have multiplied speed values with
different coefficients corresponding to a time interval
in one day.
The network representing the 4th Pan European
Corridor within the study area was represented as one
link within the TRANS-TOOLS model. The freespeed provided by the model was 100km/hr. After
associating the dynamic urban road network with
TRANS-TOOLS and applying the IDW algorithm, this
one link was split into three different segments
according to the speed zones. According to the
estimations, the average speed of the link was 33 km/hr
per day, where the average speed values for each
segment in weekdays within 09.30 in the morning and
22.30 at night was illustrated in Figure 4. The output
of the IDW analysis, that presents the congestion
zones, were illustrated in Figure 5 and Figure 6.
When the IDW model outputs were compared
with fixed buffer method, the IDW methodology
UHSUHVHQWHGWKHUHDOVLWXDWLRQEHWWHU,QWKH³IL[HGZLGWK
EXIIHU PHWKRG´ WKH DVVLJQHG VSHHG YDOXHV ZHUH
considered as uniform data rather than increasing or
decreasing trend assumption. But speed values were
expected to change according to the distance from the
congested zone center of the assigned point in the real
ZRUOG+HQFHWKH³,':DQDO\VLV´ZDVDSSOLHGZKHUH
time was the parameter. Since all congestion zones
were determined for week and weekend days,
simulations of the current status were performed. The
snap-shots of the model output were presented in

FIGURE 4
Estimated speed for the study area, average for
the week days

FIGURE 5
The speed values were assigned to each
interpolated zone produced by IDW.

FIGURE 6
The speed values were assigned to the intersected
road segments
104

Volume 26 ± No. 1/2017, pages 100-106

© by PSP

Fresenius Environmental Bulletin




13:30:00

17:30:00

22:30:00

Weekend

Weekdays

09:30:00

FIGURE 7
Changes of road congestion for the different time period of a day.
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[5] Torset T., (2011), The speed prediction model for
heavy vehicles, to be presented at in a season
about Traffic Model at ETC.
[6] Sivri, N., Seker, D.Z., Balkis, N., Zan, A. (2012)
Analysis of chlorophyll-a distribution on the
south-western coast of Istanbul during 2008-2010
using GIS, Fresen. Environ. Bull., 21, 3233,
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25, Issue: 2 Pages: 219-229.
[8] Yuan S. and Tao C. V., (1999), Development of
Conflation
Components,
proceedings
of
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This initial study to associate two road networks
of having various generalization levels via GIS was
effective and presents valuable results. The speed
information retrieved from urban real-time navigation
road network was associated with static TRANSTOOLS network that could aid to test many emission
reduction scenarios realistically. Two methods were
used to assign the speed information from navigation
map model to TRANS-TOOLS model. The fixed
width buffer method mostly relied on accurate data and
any error will generate inaccurate buffer delineation.
The IDW interpolation method was more realistic with
respect to congestion zones. The proposed
methodology within this manuscript could be scaled up
to larger urban areas, where the influence of the
hierarchy between road types should be explored in
detail. The spatial analyze methods proves that the gap
in the transport models could be filled via GIS, where
such analyses could aid policy making process.
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ESTIMATION VIA SPATIAL DATA
Hande Demirel*, Ozge Kazan, Dursun Zafer Seker
Istanbul Technical University, Faculty of Civil Engineering, Istanbul, Turkey

considering all relevant sources, sinks and storage
within the spatial and temporal boundary of the
population, system or activity of interest. Calculated
as carbon dioxide equivalent (CO2e) using the
relevant 100-year global warming potential
*:3 ´>@$VWKLVGHILQLWLRQ suggests, carbon
footprint by definition has spatial and temporal
components, hence associated with location-based
activities. However, the possibilities of spatial
information technologies are hardly recognized.
Once the size of a carbon footprint is known, a
strategy can be devised to reduce it, e.g. by
technological developments, better process and
product management, carbon offsetting and others.
Various methods have been proposed for estimating
carbon ±footprint ranging from basic online
calculators to sophisticated life-cycle analysis or
input-output-based methods and tools. [3], [4] Also,
Geographic Information Systems are highly utilized
to conduct spatial analysis for estimating carbon
footprint. [5], [6], [7] However, several
shortcomings of to carbon footprint estimations are
being discussed, where reliability and uncertainties
of such calculators are also explored.[8], [9], [10]
Still within these studies, the uncertainties and
reliability with respect to spatial methodologies has
not been discussed yet. Hence, this study aims to
contribute to these aspects and emphasize the
contribution of spatial information science for
carbon foot-print calculations.
The main objective of the study is to determine
the contribution of spatial data within carbon
footprint calculation process and to test different
shortest path algorithms within calculators. For this
purpose, firstly several calculators were examined,
which were designed for personal carbon footprint
calculations and freely available online. After the
importance of spatial data within the calculations
was verified, for testing the concepts developed a
survey was prepared to detect the commuting habits,
social preferences and activities of students at the
Istanbul Technical University. A local carbon
footprint calculator, namely Istanbul Electricity,
Tramway and Tunnel Establishments (IETT)
calculator, was selected since it was tailored for the
city and involves local parameters. The survey was
positively considered and responded by 430
students. Two different shortest path algorithm were

ABSTRACT
The aim of the study is to determine the impact
RI VSDWLDO GDWD ZLWKLQ LQGLYLGXDO¶V FDUERQ IRRWSULQW
calculation process and to test various shortest path
measurement
methodologies
within
these
calculations. For this purpose, several individual
carbon footprint calculators were examined and
compared. The spatial data, especially distance
between activities plays an important role within
estimations. However, the distance utilized within
the calculators is Euclidean distance - crow flight-.
This information could provide rough estimations
about the distances traveled, especially if the trip
distance is long. Better techniques such as Dijkstra's
algorithm are available for calculating the shortest
paths. For testing the impact of applying more
sophisticated techniques for path calculation, the
individual carbon footprint of Istanbul Technical
University students were calculated using different
shortest path algorithms and results were compared.
A survey was designed for capturing the activities,
social preferences and commuting behaviors of
students, where 430 students have responded
positively.
When
network-based
distance
calculations was applied using the same online
FDOFXODWRUWKHPRQWKO\DYHUDJHRIVWXGHQWV¶FDUERQ
footprint has increased 28%. The spatial approach
outlined in this study revealed more realistic results
that could aid to develop better strategies for
mitigation and achieving the goals.

KEYWORDS:
Carbon footprint, spatial data, shortest path algorithms,
spatial model comparison

INTRODUCTION
Since to reduce carbon emissions is ranked high
on the political and corporate agenda, carbon
footprint calculations are in strong demand. Carbon
dioxide (CO2) is held responsible for approximately
60% of the greenhouse effect [1]. According to
:ULJKWHWDO³$PHDVXUHRIWKHWRWDODPRXQW
of carbon dioxide (CO2) and methane (CH4)
emissions of a defined population, system or activity,
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TABLE 1
Explored carbon footprint calculators
Online
Distance km.
Miles
resources
flown
Carbon Footprint Ltd.
WWF
Global Footprint Network
IETT
Karbonayakizi.com

*
*
*
*
*

*
*
*
*

*
*

*
*

spatial components of used data and spatial analyze
methodologies have not been discussed in detail.
A comprehensive comparison of carbon
calculators for US is presented by Padgett et al,
where the methodology for comparison was deeply
discussed. [11] For this study, locally used
calculators were examined. The selected calculators
were Carbon Footprint Ltd, Global Footprint
Network, World Wildlife Fund (WWF),
Karbonayakizi.com, Istanbul Electricity, Tramway
and Tunnel Establishments (IETT), as illustrated in
Table 1. For each calculator an online tool is
available and geographic variety including local
calculators were considered. According to the
analyses, it was verified that such calculators have
spatial components. The importance and the impact
of spatial data increase, when local calculators are
considered. The impact is minor in case of global
calculators. For selected calculators, the spatial input
parameters were travelled distance (km) and miles
flown.
For further analyses among these calculators,
the calculator of Istanbul Electricity, Tramway and
Tunnel Establishments (IETT) was being selected,
since it involves local coefficients tailored for the
Istanbul Metropolitan Area. The calculator could be
explored in detail under http://software.iett.gov.tr/
uygulamalar/karbon-hesabi/. The calculator is
promoted by the IETT and is one of the preliminary
DWWHPSWV WR LQFUHDVH DZDUHQHVV RQ LQGLYLGXDOV¶
carbon footprint. IETT calculator uses Scope 2
approach according to IPCC methodology. Tailored
emission coefficients are used for calculations,
where the calculator mainly promotes public bus
transportation via presenting how footprint of
individuals could be decreased via trips performed
by public transport.

tested and results were compared. According to the
achieved results, the methodologies and approaches
in spatial science could enhance carbon foot-print
calculation, where this could lead better informed
decisions and increase the reliability. The paper is set
out as follows: Section 1 briefly explains the
concepts of carbon foot-print calculation and aim of
the study. Section 2 covers current problems and
approaches. In Section 3, data used, the survey
designed and methodologies are introduced. The
achieved results, problems encountered, major
findings and conclusions of the study are presented
in Section 4.

CURRENT ISSUES
For providing insights to carbon emissions and
reduce the current amounts, carbon dioxide
calculators are important tools. Such information
could lead to behavioral and policy changes. The
HVWLPDWLRQ RI LQGLYLGXDO¶V FDUERQ IRRWSULQW SOD\V D
vital role with this respect. The main parameters of
VXFK FDOFXODWRUV DUH LQGLYLGXDO¶V KRXVHKROG DQG
transportation activities, where such parameters are
location based. Depending on parameters and
differing formulations, the personally emitted carbon
dioxide or carbon dioxide equivalents per year are
calculated. Carbon footprint calculators are typically
web-based, on-line and provided by government
agencies, non-governmental organizations and
private companies. A very few of them are supported
by publicly available peer-reviewed data and
calculations including the University of California,
Berkeley's
CoolClimate
Network
research
consortium and CarbonStory. These serve as tools to
calculate an individual's carbon footprint, or an
estimate of the carbon dioxide emissions that an
individual is directly responsible for over a given
period of time. However, for the same individual
activity, different calculators generate inconsistent
results. Overall, insufficient information about
methods,
models
and
estimates
are
provided.[11],[12],[13] Hence, these calculations
have reliability issues. In addition to such
inconsistencies, the spatio-temporal components are
vaguely
modeled
that
causes
additional
inconsistencies and misinterpretations. Still, the

DATA & METHODOLOGY
Data. In order to perform the expected
enhancement in carbon foot-print calculations,
various geographic dataset were collected and
processed. As the base map for road network, the
national road database and the OpenStreetMap
navigation road network were selected, that is freely
available under (https://www.openstreetmap.org).
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FIGURE 1
Campuses of Istanbul Technical University
industrial facilities along the network were
increased.[14] According to municipality public
transport authority -Istanbul Electricity, Tramway
and Tunnel Establishments- (IETT), the public
transport trips for 2014 is 2.5 million/day, where cars
passing bridges are 53 million per year. The total
road network is 30.000km for all provinces, where
the municipality is responsible for 4.000 km. The
lack of coordination between transport policies, land
use policies and environmental policies caused a
growth of an expensive and polluting transport
system even for Istanbul, which has a well-linked
multi-modal transport system. Hence, students of
Istanbul Technical University are best possible
candidates to promote on global warming, emissions
and carbon-foot printing. The Technical University
of Istanbul has a main campus at the Northern part of
Istanbul, where several other faculty buildings are
closer to the Taksim Square, as illustrated in Figure
1. The main campus area of the university is located
at the European side of Istanbul, where most of the
students attending the survey are living at Asian
Side. Hence, long commuting distances and trip
hours was observed, especially at peak hours.

Additional vector data such as boundaries of
districts, Points of Interest (POI) such as distinctive
buildings, town halls, theaters, schools, stadiums,
shopping malls, and tourist attractions were retrieved
from the OpenStreetMap and the Istanbul
Metropolitan Municipality base-maps. All spatial
data is process in a Geographic Information System
(GIS) environment in order to model the spatial data
and conduct spatial analyses.
In order to collect the activities of individuals ±
students-, a survey was prepared. Fourteen questions
were asked to explRUH VWXGHQW¶V DFWLYLWLHV WKURXJK
weekdays. The question was also published on-line,
where 430 feedback were taken from the students of
the Istanbul Technical University. While preparing
the questionnaire, several online carbon-foot print
calculators and literature about the estimations were
reviewed. Participants were expected to answer
questions regarding their major, districts of
residence, transportation modes, social habits such
as preferred shopping districts and malls, etc., that
will allow to calculate the average kilometers for a
month period. The 1 kilometer * 1 kilometer grid
based population database of the Turkish National
Statistical Institute was applied to create population
clusters in order to generate better spatial resolution
for addresses of residence compared to centroids of
GLVWULFWV DQG WR SURFHVV WKH SDUWLFLSDQW¶V UHVLGHQFH
address information quickly.
The study area is located in the Istanbul
Metropolitan area, where especially urban transport
is considered as one of the major problems. As a
result of investment policies focusing heavily on
roads, while the arable lands and forests are
vanishing, the unplanned increase of population and

Applied Methodologies for Shortest Path
Calculation. The problem of finding shortest paths
from origin node (vertex v) to all other vertices
(destinations) in the graph is a well-known, and
forms the bases of graph theory. A simple directed
graph G is comprised of {V; E}. The V is a set of
vertices and E is a set of edges. Edges are binary
relationships between vertices (u; v) such that u; v in
9DQGXY$SDWKEHWZHHQDVRurce vertex v1 and
a destination vertex vn in V is a sequence of
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FIGURE 2
The designed spatial database for calculating individual carbon footprint

spatial databases above. The calculator was
embedded to the system, where the process and the
calculations were automatized via a written script.
[17] The constructed spatial database and the
application interface were provided in Figure 2.
As a result, for each student commuting
behaviors, social preferences, activities were
determined. Such information was used as origindestination matrix to estimate the carbon emission.
During the calculation, both Euclidean distance and
network based distance were used in order to
compare the results of utilizing various
methodologies. For each activity of the student,
distance calculations were performed from the
VWXGHQW¶V RULJLQ WR GHVWLQDWLRQV VXFK DV FXOWXUDO
centers, shopping malls or campus area. The network
based distance calculations followed the shortest
path principle, where the shortest path from origin to
destination was selected. The Dijkstra algorithm was
performed during the calculation. This could be a
coarse assumption, since there could be adverse
decisions due to congestion or other social,
economic constraints, still the shortest path
assumption revealed more realistic results compared
to Euclidean distance calculations. Additionally, if
adequate real-time location based information could
be acquired, the real situation could be mapped via
utilizing the same methodology. The difference
between Euclidean distance and the network based
distance was provided on a sample data as illustrated
in Figure 3. The straight line - ³DV-the-crow-IOLHV´
route- represents the Euclidean distance, where the
network based distance followed the shortest path on
the network. (PLVVLRQ IDFWRUVRI,(77¶VFDOFXODWRU
was as follows; for public buses 41.472 gCO2e/km,
gasoline car fuel 286 gCO2e/km, diesel car fuel
302.805 gCO2e/km and LPG car fuel 246.19
J&2HNP7KHPRQWKO\DYHUDJHRIVWXGHQWV¶FDUERQ
footprint was 132,757.342 gCO2e/km. When
network distance was applied during the carbon

adjacent vertices {v1; v2; .....; vn}. If a graph G is
connected then  vi; vj in V there exists a path
between vi and vj. [15]
Due to simple formulation and process speed
the Euclidean shortest path- crow flight- is widely
used. This is the straight-line distance between two
vertices on a plane. Euclidean distance, or distance
"as the crow flies," can be calculated using the
Pythagorean theorem. Euclidean distance is the
easiest way of distance calculation. Origin ±
destinations (district centers, shopping malls or
campus) are located vaguely, where the
generalization scale is very coarse.
Another well-known algorithm to solve the
shortest path problem for a connected digraph with
non-QHJDWLYH ZHLJKWVLV'LMNVWUD¶VDOJRULWKP For a
given source node in the graph, the algorithm finds
the shortest path between that node and every
other.[16] This algorithm examines the connectivity
of a network to find the shortest path between two
vertices. For the network distance calculations,
topological elements of the network data are used to
perform the distance calculations from the origins to
destinations. Distances are measured through the
route, not as the crow flies.

RESULTS & CONCLUSION
8VLQJWKHGDWDEDVHFRQVWUXFWHGIRUWKHVWXGHQW¶V
individual activities, the carbon footprint of each
student was calculated using the calculator of
Istanbul Electricity, Tramway and Tunnel
Establishments (IETT). Two assumptions were
made. It was assumed that, every student was
attending to the classes at the university five days per
week. Students were travelling by bus or his/her own
car, where other transportation systems have not
been taken into account due to complexity. A spatial
database was constructed using the described
110



© by PSP

Volume 26 ± No. 1/2017, pages 107-112

Fresenius Environmental Bulletin



FIGURE 3
The difference between Euclidean distance and the network based distance
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Ismail Ercument Ayazli1,*, Fatmagul Kilic 2, Steffen Lauf 3, Birgit Kleinschmit 3, Hulya Demir 2
1
Department of Geomatics Engineering, Cumhuriyet University, Sivas, Turkey
Department of Geomatics Engineering, Yildiz Technical University, Istanbul, Turkey
3
Department of Geoinformation in Environmental Planning, Technische Universität Berlin, Berlin, Germany
2

that urban growth is accepted as being a dynamic
system and formed from a number of non-linear,
dynamic and complex sub-systems, the system
theory approach has been suggested for use in
planning studies after the 1950s [1, 6]. CA based
simulation methods are frequently used for creating
simulation models to determine and predict for
future, the complex and dynamic form of urban
growth [4, 7].
The main purpose of this paper is to determine
land use changes caused by the Bosphorus bridges,
as well as the probable impact of a third bridge on
land use. Therefore, urban growth simulation models
were created for the year 2030 according to two
different routes and comparing simulation results to
reveal harmful influences of third bridge routes on
natural areas.

ABSTRACT
In the past and today, Istanbul has always been
one of the most important cities in the world because
of its historical, cultural and natural features. This
fact has caused increase in population and great
transportation problem since 1950s. To surmount the
transportation problem, two bridges were built and a
third one is being constructed on the Bosphorus.
Although zone plans, which made in the 1960s,
suggested the urban growth to east-west direction,
each bridge created its own traffic and triggered
urbanization to northward.
Main objectives of this paper are to determine
the land use changes driven by Bosphorus bridges,
predict potential impacts of the 3rd bridge and
compare the effects of different routes on
urbanization in Istanbul. Two motorways were
selected among for alternative routes preparing for
3rd bridge. To find out the impacts of Bosphorus
bridges on the urbanization, cellular automata (CA)
based urban growth simulation models were created
for the year 2030 and change detection analysis were
implemented between 2009 and 2030. According to
the results, Istanbul will continue grow northward
and almost the half of forest area will be damaged
and transformed to urban area in 2030.

MATERIALS AND METHODS
Study Area. Istanbul located north-western of
Turkey is one of the world's most crowded cities.
The population has increased dramatically from 3.5
million in 1973 to over 14 million for 41 years,
whilst increment of private car ownership has
realized 40-fold [8, 9]. Increase in population and
private car ownership have brought with some
unfavourable effects such as traffic congestion,
accidents, noise and air pollution. To overcome the
enormous transportation problems two bridges were
built over the Bosphorus and the construction of a
third bridge was started on the north side of the
Bosphorus in May 2013. The Bosphorus bridges
showed that building bridges did not surmount this
transportation problems, on the contrary, each bridge
created its own traffic.
The study aims to detect the land use changes
driven by Bosphorus bridges, predict potential
impacts of the 3rd bridge and compare the effects of
different routes on urbanization in Istanbul. To
accomplish our purposes, Route 1 and Route 2
illustrated in Fig. 1 were selected to create simulation
model. The Route 1 was announced as third bridge
route in 2011 and constructions were started in 2013.

KEYWORDS:
Simulation, Urban Growth Model, Cellular Automata,
LULC Change

INTRODUCTION
In rapidly growing cities, urban decision
makers want to control urban growth in order to
increase the quality of life and to use urban and
environmental resources productively. Thus, they
desire to know the direction and speed of urban
growth in order to be able to limit damage from
urban sprawl. For that purpose, urban growth models
seem promising [1, 2, 3, 4]. As a result, several urban
growth models have been developed since the
beginning of the 19th century [5]. Owing to the fact
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Route 1

Route 2

FIGURE 1
Study area and alternative 3rd bridge routes [10]

elevation model (DEM) and plans were obtained
from the Istanbul Metropolitan Municipality.

Data Processing. Data for monitoring urban
growth were classified by the EEA into five main
groups, land use maps, suitability maps, zoning
maps, accessibility maps and socio-economic data
[11]. Land use types in the area of interest area are
shown in land use maps. Suitability maps illustrate
the inherent suitability of the area for different land
use types. The legal restrictions and various land use
types are indicated by the zoning maps which are
produced from plans of, protected areas, historic
sites, natural reserves and land ownership.
Accessibility maps represent the accessibility of the
area in terms of transportation networks. Finally,
socio-economic data include population and income
as well as data on production and employment for the
four main economic sectors, agriculture, industry,
commerce and services. [11]
Transportation networks have a big impact on
urban growth and they are a major factor of
urbanisation [11]. Roads give access to the areas they
pass through and so these regions become attractive
and their population density increases. Therefore,
accessibility has an important influences on urban
growth [12, 13]. The main purpose of this study is to
ascertain the effects of the Bosphorus bridges on
urbanisation in Istanbul. Therefore we had to
eliminate some factors such as, socioeconomics,
inner city problems and housing preferences. Due to
this the paper uses four main data types, land use,
suitability, zoning and accessibility maps (Table 1).
Four sets of land use data and two sets of
transportation data were generated from satellite
imagery. The other transportation data, digital
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The first Landsat satellite system data was
collected in 1972 and the Bosphorus bridges were
constructed in 1973 and 1988. Therefore, the years
1972 and 1987 were selected as the starting periods
for the study to determine land use before the bridges
were constructed. The years 2002 and 2009 were
chosen to detect the impact on urbanisation by the
Bosphorus bridges. For the suitabilities and
restrictions, classified satellite imagery and master
plans were used to create urban and excluded areas.
Water surfaces, military zones and airports were
selected as ³excluded areas´. Forest areas were not
included in the excluded area dataset as they can be
114



<HDU 'DWD7\SH

© by PSP

Volume 26 ± No. 1/2017, pages 113-117

Fresenius Environmental Bulletin




used the Lee-Sallee metric in their applications. The
Lee-Sallee metric, which is ³the ratio of the
intersection and the union of the simulated and actual
urban areas´ [15] was used in this study.
Two urban growth simulation models were
created for the year 2030 to detect the influence of
WKHWKLUGEULGJHRQ,VWDQEXO¶VXUEDQLVDWLRQ7KLVZDV
done in three steps; data were tested in test mode to
see whether they were ready for calibration, then,
after calibration mode, the best fit values of the
growth coefficients were computed. The prediction
phase initiated in 2009 was terminated in 2030. After
the prediction step, the urban growth simulation
models were created for Istanbul.

transformed into settlement areas. Required land use
maps were generated from satellite imagery for the
years 1972, 1987, 2002 and 2009. The maximum
likelihood algorithm was used to classify Landsat
images for the year 1972 [14]. Other types of
imagery were classified using ISODATA algorithms
[14].
Required DEM data obtained from the Istanbul
Metropolitan Municipality were used to create
hillshade and slope maps. Landsat data for the years
1972 and 1987 were manually digitalised to produce
road maps. The other motorways for 1997 and 2009
and the third bridge route were obtained from the
Istanbul Metropolitan Municipality. The third bridge
route is shown in Route 1 in Figure 1 and was
integrated into the motorways in 2009.
All of the data were stored, edited and arranged
in a database called UGM Database to prepare input
data for creating CA based simulation models. In a
number of projects the urban growth model is based
on CA, which runs subdivided cells of a regular
lattice [1, 2]. The future state of each cell is
determined by the state of the adjacent cell. CA has
five main elements, space, state, neighbourhood,
transition rules and time. Each automaton is defined
by a set of state, neighbourhood of automaton and
transition rules.
Various software, based on a CA algorithm,
was created to simulate urban growth. SLEUTH is
one of these and uses Monte Carlo (MC) Iteration for
the simulation. This is completed in three modes,
test, calibration and prediction. Data are tested in test
mode to see whether or not they are ready for
calibration. Calibration mode is completed in four
steps, coarse, fine, final and derive forecasting
coefficients. Brute Force Calibration methodology is
used to determine the best fit value for each
coefficient at the end of the process [5, 15]. The
methodology is based on the examination of each
parameter range in increments as opposed to
executing every permutation of possible coefficient
sets [5].
The software SLEUTH has been used in a
number of projects [2, 3, 16, 17]. A simulation model
is created by using four growth rules: spontaneous
growth, new spreading centre growth, edge growth,
and road-influenced growth. They are related to five
growth coefficients, dispersion, breed, spread, road
gravity and slope [18].
SLEUTH has 13 metrics that are used to
evaluate the best fit value of growth coefficients for
the prediction mode. There is no consensus with
regard to the metrics that should be used during the
FDOLEUDWLRQ PRGH 7KH µFRPSDUH SRSXODWLRQ DQG
Lee-6DOOHH¶VWDWLVWLFVZHUHXVHGLQWKH:DVKLQJWRQBaltimore metropolitan area [3]. Dietzel and Clarke
(2007) [15] used Optimal SLEUTH Metric (OSM)
technique. Furthermore, Sevik (2006) [16], Oguz et
al. (2007) [19] and Silva and Clarke (2002) [2] only

RESULTS
CA based urban growth simulation models
were created for the year 2030 using with SLEUTH
UGM software. The best fit values of the growth
coefficients, calculated using the top three LeeSallee metric scores, were computed in calibration
mode, in four steps (coarse, fine, final and derive
forecasting coefficients). At the end of the
calibration phase, best fit values of the growth
coefficients were calculated to predict urban growth
for the year 2030 (Table 2).
TABLE 2
Calculated growth coefficients
Route 1
Route 2
Coefficients
7

7

Breed

100

70

Spread

100

100

Slope

1

1

Road gravity

100

66

After the prediction phase, simulation models
were created for 2030 and temporal changes were
examined between 2009 and 2030 to determine the
areas threatened by the third bridge (Table 3). The
comparisons show that min. 29% and max. 40.5%
of forest area will be transformed into settlement area
in 2030.
TABLE 3
Areas which will be transformed into settlement
areas in 2030
Settlement
Settlement
Areas in
Areas in
Route 1 (%) Route 2 (%)
Agriculture &
83.2
71.4
Open Spaces
Forest Area
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Urban area
Agricultural area
Forest area

TABLE 4
Land use change in Istanbul between 1940-2000 [20]
1940
1968
1988
(Ha)
(Ha)
(Ha)
6537.33
14392.04
36885.76
25048.07
7515.41
6533.25
76816.23
76480.73
72533.31

2000
(Ha)
48506.32
6095.90
71910.01

FIGURE 2
Difference map of urban area according to route 1
The obtained findings were compared with the
study done by Celikoyan (2004), who investigated
land use change in Istanbul between the years 1940
and 2000 within the scope of the MOLAND project.
Summarising the results of his study (Table 4), urban
areas have increased 7.5 times, whereas agricultural
areas and forest areas have decreased by 75.66 % and
6.39 % respectively [20].
The simulation models illustrated that Istanbul
will continue growing northwards and the almost
half of the forest areas and important parts of
agriculture-urban open space will be transformed
into settlements in 21 years. The density of
urbanisation will increase to the north of the
Bosphorus and the east of Istanbul (Fig. 2).
Although zone plans made in the 1960s
suggested an east to west urbanisation pattern, the
Bosphorus and Fatih Sultan Mehmet (FSM) bridges
have catalysed a northward urban growth [21, 22].
Most importantly, natural areas located along the
north side will be threatened by urbanisation when
the third bridge is completed.

periods and by creating a CA based simulation
models for the year 2030. According to the
simulation models, urbanisation will continue
northward of Istanbul and important natural areas
will be transformed into urban area after the third
bridge is completed.
Ease of accessibility has led to the development
of communities and settlement areas [23]. As can be
seen in Table 2, the best fit value of the road gravity
coefficients were 66 for route 2 and 100 for route 1.
This proves that transportation networks have a great
impact on urban growth in Istanbul. New settlement
areas tend to emerge along the highway routes. The
Bosphorus bridges initiated an urban sprawl
northward of these settlements [21] . This sprawling
was triggered by the FSM and their access roads.
These roads passed through forest areas located in
the north of Istanbul due to reduced costs [21, 24].
Between 2009 and 2030, Istanbul will continue
growing northwards. This will threaten the most
important natural areas with urbanisation. It will also
lead to a population growth and so exacerbate
,VWDQEXO¶VFRPSOH[WUDQVSRUWLVVXHVDVWKHnew bridge
will create further traffic. Both of the routes will have
destructive effects on natural areas. However,
existing route will damage them more than the other.
To overcome ,VWDQEXO¶V WUDQVSRUWDWLRQ SUREOHP
transport by railway and seaway must be supported.

DISCUSSIONS AND CONCLUSIONS
This paper aimed to ascertain the impacts of
the Bosphorus bridges on urbanisation. It achieved
this by classifying satellite images into four time
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AND TRENDS
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ABSTRACT

INTRODUCTION

Information and Communication Technologies
(ICT) is an important source of information about us
and others, as well as about local and world events.
Cities are the largest contributor to energy
consumption and climate change. Driven by rapid
UXUDO PLJUDQW LQIOX[ (XURSH¶V XQSUHFHGHQWHG
urbanization is testament to the symbiotic
relationship that exists between cities. For the first
time in human history more people live in cities than
in rural areas. ICT is changing the traditional urban
planning model and compelling planners to not only
consider the physical planning of a city but also to
consider the use of ICT to make the economy,
environment, mobility and governance of a city more
efficient and effective. In accord urban development
faces the challenges in combining competiveness
and sustainability. Thus, a large number of cities
confront significant energy, environmental and
climate-related challenges. Also, urbanization leads
to a growing demand for sustainable solutions, stable
energy, fresh and potable water, efficient
transportation, and resource management. In order to
solve these requirements, cities need to be more
energy-efficient, consumer-focused and technologydriven. Most attention in sustainable urban
development has been directed to three sectors: a)
buildings, b) energy, and c) mobility.
Today, however, it is becoming evident that a
fourth, equally important element must be
addressed: information and communications
technologies (ICT). Accordingly, cities that seek to
improve their environmental effectiveness have
merged
sustainability
and
Information
Communication Technologies (ICT) in the context
of connected societies, global competitiveness,
economic development, climate change, and
demographic shifts. This leads to the assumption that
a city has to be digitally smart, socially intelligent
and ecologically sustainable. This study deals with
the presentation of a model that is based on culture,
community and decision support systems and
presents the eco, digital and social city model.

Urban development faces the challenge of
combining competitiveness and sustainability.
Nowadays, cities are being more and more crowded
and energy demands are becoming greater. It is
widespread that over the next 20 years, the
equivalent of 7 cities with more than 10 million
people will be added every year and this means that
about 70% of the global CO2 emissions comes from
them. Thus, a large number of cities confront
significant energy, environmental and climaterelated challenges. In accord, urbanization leads to a
growing demand for sustainable solutions, stable
energy, fresh and potable water, efficient
transportation, and resource management. In order to
solve these requirements, cities need to be more
energy-efficient, consumer-focused and technologydriven. Today, cities that seek to improve their
environmental
effectiveness
have
merged
sustainability and Information Communication
Technology (ICT) in the context of connected
societies, global competitiveness, economic
development, climate change, and demographic
shifts. In order to answer to this challenge a city has
to be digitally smart, socially intelligent and
ecologically sustainable and this can be achieved
through the integration of eco, digital and social
elements. The design of cities that include a large
Information and Communications Technology (ICT)
components could offer a better quality of life for
their citizens while being more sustainable and cost
efficient. This study deals with the contribution of
ICT to sustainable cities development and
demonstrates it through a model that shows how an
eco, digital and social city (EDSC) may function.

MATERIALS AND METHODS
Background. The rapid growth and
expansions of cities, the increased resource
consumption, pollution and waste form one of the
most important transformations of our planet and in
most cases this explosive growth has been
unplanned. Cities in developing countries have been
unprepared for absorbing the many millions of the

KEYWORDS:
ICT, sustainable cities, ICT and green urban infrastructure
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rural poor that are still crowding into temporary
settlements. Thus, there are harmful environmental
consequences - the effects on carbon emissions,
energy use, and the loss of prime agricultural lands.
So, cities and their citizens cause a significant and
increasing share of greenhouse gas emissions and
there is a need to work on solutions for sustainable
city development. Nowadays, unplanned and
without control cities expansion becomes a global
concern especially for large old cities [1].
The need to create methodologies for
assessment the sustainability or the environmental
impact of a city is the main concern of the local and
national authorities of a country and application of
Information and Communication Technology (ICT)
is often mentioned as part of the solution. The role
of ICT in sustainable cities is to help the
transformations from physical communities to
connected communities and to achieve economic,
social and environmental sustainability. Apart from
WKH SRVLWLYH UROH WKDW ,&7 RIIHUV WR FLWLHV¶
sustainability several standards have to be developed
including ICT life cycle and the environmental
impact of ICT products, networks and services [2-5].

hospitals and schools. Energy set for renewable and
co-generation, urban monitoring and measurement
DQG FLWL]HQV¶ HQHUJ\ HIILFLHQF\ )LQDOO\
socioeconomics set for active community eco maps,
innovative green business models and sustainability
clusters (Figure 1) [6].
,Q  ,%0 ODXQFKHG LWV ³6PDUWHU 3ODQHW
,QLWLDWLYH´ ZKLFK ZDV D SURJUDPPH EDVHG RQ WKH
LQYHVWLJDWLRQ RI WKH DSSOLFDWLRQ ³LQVWUXPHQWDWLRQ
LQWHUFRQQHFWHGQHVV DQG LQWHOOLJHQFH´ LH VHQVRUV
networks and analytics) addressed to some of the
ZRUOG¶V PRVW SUHVVLQJ LVVXHV 7KH IROORZLQJ \HDU
,%0¶V6PDUWHU&LWLHVSURJUDPPHIRFXVHGRQXVLQJ
that combination of technologies in an urban setting.
,%0¶VVPDUWHUFLWLHVVWUDWHJ\LVEDVHGRQWKUHHPDLQ
sectors: planning - management, human and
infrastructure (Figure 2). The sector of planning and
management set for government and agency
administration and smarter buildings. The sector of
human set for education, healthcare, public safety,
social programs, and public safety. Finally, the
sector of infrastructure set for environment, energy
and water and transportation [7].

FIGURE 1
ICT for Connected Urban Development.
FIGURE 2
IBM Smarter Cities.

During the beginning of the 21st century two
projects based on city sustainable development and
the role ICT initiated. These projects were: a)
³&RQQHFWHG 8UEDQ 'HYHORSPHQW SURJUDPPH´ E\
QHWZRUN HTXLSPHQW PDNHU &LVFR DQG E  ³Smarter
Planet Initiative RU 6PDUWHU &LW\´ E\ ,%0 &LVFR¶V
project started on 2005, it lasted five years and
received $25 million in funding from Clinton
Foundation. This effort involved pilot projects for
the cities of San Francisco, Amsterdam and Seoul. In
2010, after the completion of the project, Cisco
commercialised the developed products and
services. CISCO Blueprint for smart and connected
communities and sustainability presented five
sectors: work, mobility, buildings, energy and socioeconomics. Work set for smart work centres, digital
swarming, connected workplaces and connected
workforce. Monitoring set for smart transportation
pricing, personal travel assistant and connected
public transit. Buildings set for homes, office
buildings, public spaces, public transit hubs,



The scope of these two projects was the
reduction of global carbon emissions because
DFFRUGLQJWR8QLWHG1DWLRQVUHSRUW:RUOG¶VFLWLHVDUH
responsible for up to 70 per cent of harmful
greenhouse gases while occupying just 2 per cent of
its land cities [8].
Cities are places where the greatest efficiencies
can be achieved and cities are the main contributors
to the world harmful greenhouse gases. In contrast,
there are only a low number of initiatives that focus
specifically on the role of ICT in the city context.
Improvement of city services, expansion of digital
LQIUDVWUXFWXUHDQGWKHERRVWLQJRIFLW\¶VGLJLWDOIDFH
can be derived from the popularity of smart phones
and tablets, the pervasive use of social media, the
growth of data, analysis and the "cloud".
Since 2006, the European Commission has set
³7KH (XURSHDQ 6WUDWHJLF (QHUJ\ 7HFKQRORJ\ 3ODQ
(SET-3ODQ ´LQRUGHUWRDFFHOHUDWHWKHGHYHORSPHQW
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and deployment of low-carbon technologies. It seeks
to improve new technologies and bring down costs
by co-coordinating research and helping to finance
projects. The SET-Plan promotes research and
innovation efforts across Europe by supporting
technologies with the greatest impact on the EU's
transformation to a low-carbon energy system. It
promotes cooperation amongst EU countries,
companies, research institutions, and the EU itself
[9].

defined for which problem the offered solution by
ICT is the appropriate one.
For sustainable cities development it is
important to define the city characteristics through
ICT models. Three-dimensional (3D) urban city
models may be used for different purposes like
economics, public administration sectors etc. and
these models can be used for environmental
simulations or facility management [11, 12]. In 3D
urban management the approaches become more
strategic, integrated and participatory. 3D modelling
tools, simulation and Geographical Information
System (GIS) are getting more and more mobilised
for the achievement of a better coordination of
urbanization,
housing,
transportation
and
environmental policies. These tools support
efficiently new approaches for cities management as
they reduce public spending (energy expenditures),
optimize the use of transit networks (sustainable
mobility) and improve the efficiency of public
services for citizens and businesses (information
portals, shift from paper to digital procedures). Cities
like Adelaide in Australia, Berlin in Germany,
Montreal in Canada had shift to 3D city models
because these models are incorporating higher levels
of intelligence that enable improves spatial analysis,
economic support and more effective decision
making [13].
The proposed Eco±Digital-Social-City (EDSC)
model is based on culture, community and decision
support systems (Figure 3).
For the EDSC model the following aspects has
to be taken in account:
x Eco IRU FLW\¶V HQHUJ\ HQYLURQPHQW DQG
economy. In cities there are severe environmental
problems like pollution (air-water-soil), congestion,
and excessive waste. In an eco-city model the city
has to be self-sufficient in water, energy supply,
optimal recycling of nutrients and wastes and ecofriendly public transport. As each city has its own
characteristics it is not possible to be a universal
model that will be used on how eco-cities urban
planning ought to sketched out. UN-Habitat pointed
out that huge metropolitan areas are very challenging
and proposed to focus on middle cities which are
about to grow in the future and recommended for
eco-cities the following [14]:
 Embrace land mosaic patterns that provide
for the large green patches and more sustainable
urban development.
 Promote compact cities and extensions of
urban areas to be carefully planned.
 Balance strategic facilities with diversified
local economic opportunities.
 Expand network infrastructure while
getting the most out of existing networks.
 Construct greener built environments that
use water and energy efficiently.

FIGURE 3
Eco±Digital-Social-City (EDSC) model.

The Eco-Digital-Social-City model (EDSC).
ICT industry during the last twenty years started to
play an important role in reducing green house
emissions. Efforts are taking place for achieving the
maximum use of ICT to manage city operations, to
achieve optimisation of urban management and to
meet its goals based on environment, economy and
social development. The integration of ICT in city
operations has three dimensions: technology, people
and community. Cities that use ICT solutions are
called smart cities or other terms like intelligent,
innovative, wired, digital, creative and cultural [10].
Prior to the transformation of a city to a smart city it
is required to have the fundamental ICT
infrastructure and the knowledge of how to use it. It
is UHTXLUHG WR KDYH D FOHDU PDS RI D FLW\¶V IXWXUH
direction, as no city can expect to maximize growth
and investment without an economic plan. That
means the first step requires sharp self-awareness:
each smart city should develop or update a strategic
plan for growth, one that has clear goals toward job
growth and productivity, economic inclusion, and
sustainability and resilience. The plan would have
assessed strengths and weaknesses, and generated
strategies
that
leverage
unique
industry
specializations, innovation, education and skills
development, land and infrastructure, and
governance and public services. The application of
ICT in cities, in order to have positive influences to
its operations, has to be based on real data. The
collected data has to be validated and to be clearly
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 Protect valuable ecosystems service and
biodiversity hotpots while increasing resilience to
some natural disasters
 Promote clusters of green industries and
green jobs.
An eco-city is the Tianjin Eco-City project
based on the commitment of China and Singapore in
addressing climate change, energy conservation,
environmental preservation, and sustainable
development. This project expected to be completed
by 2020, and its cost is about $9.7 billion. It aims to
the development of a strong eco-culture among
residents, where 90% will walk, cycle, or take
transit. According to the project daily domestic
waste generation per person is expected not to
exceed 0.8kg and waste recycles to reach the level of
60% [15]. Old cities have to be re-examined for their
eco-face and they have to rethink urban development
in terms of sustainability. For example, an old city
like London (UK) during 2006 when there was a
drought, hundreds of thousands of litters of water
(enough to fill 10 million bathtubs) was leaking
HYHU\GD\IURPWKHFLW\¶VROGDQGURWWLQJSLSHVVRPH
of which dated back to the Victorian era [1]. Big
cities through ICT interventions programmes can
overcome a number of environmental problems. For
example, to set an Information Management System
for Hospital Wastes which will control wastes
generated by hospitals and such application will
reduce the risks of infection of hospital staff, waste
collection workers and the general public, and
protect the environment [16].
x Digital deals with the freely accessible and
free-of-charge information systems on the Internet.
Since the early 1990s, experiments and initiatives
have emerged, aiming at facilitating city functions
such as community activities, local economies and
municipal services. A smarter city infuses
information into its physical infrastructure to
improve conveniences, facilitate mobility, add
efficiencies, conserve energy, improve the quality of
air and water, identify problems and fix them
quickly, recover rapidly from disasters, collect data
to make better decisions, deploy resources
effectively, and share data to enable collaboration
across entities and domains. Telecommunications
networks are going to be used for a large volume of
machine-to-machine data transmission. Sensors and
actuators will be an essential component in the
digital cities of the future. The infusing intelligence
into each sector-subsystem of a city, can not be
independent from each other, they have to be treated
as an organic whole or as a network. This means that
education, transportation, energy, health care,
buildings, physical infrastructure, food, water,
public safety etc. are not isolated subsystems but
they form a linked system [17].
An example is the New York (USA) where in
2011 the Mayor Mayor Bloomberg introduced New
York City's first Digital Roadmap. Through the



digital approach the city of New York highlights
included: Enabling 300,000 low-income residents to
access the Internet, Launching over 40 digital
learning programs that have served over 1,000,000
New Yorkers to date, including Cornell Tech NYC
on Roosevet Island. Expanding the NYC OpenData
platform from 350 public data sets offered at launch
to over 2,000. Relaunching a groundbreaking
nyc.gov website and tripling the City's social media
audience. Growing the City's technology sector to
over 1,000 Made in NY technology companies [18].
x Social deals with ICT and its effects on
VRFLHW\¶V quality of services. This supports the
connection between human/social capital and ICT
infrastructure fuel sustainable growth and enhances
quality of life, through participatory governance [19,
20]. The sectors that ICT influences in social
applications are: improved economic output,
attraction of capital and investments in ICT.
 Improved economic output includes
knowledge intensity, effects on education, traffic
management, energy consumption, effects on
healthcare and improvement governmental finances.
 Attraction of capital includes social
interaction, change in consumer behaviour,
entertainment and income level. It intersects with
improved economy on attraction of talents and green
development and with investments in ICT.
 Investments in ICT includes employment
and creativity innovations, change in industry mix,
self fulfilment, productivity, private sector growth
and work flexibility.
An example forms the case of MIMIT, based in
Manchester (UK), which brings together the
University of Manchester, six leading NHS trusts
and major healthcare companies. This project deals
with a bedside device which, when patients breathe
into it, will diagnose lung diseases such as
emphysema or pulmonary diseases, by looking for
particular biomarkers in the breath [21].
To summarize, the application of ICT in urban
services and infrastructure is the core tool to achieve
Smart Cities. Meanwhile, ICT is not enough; it
should be combined with other strategies:
investment in Social capital, Collaboration of
different stakeholders, and integration of different
components of the city. This requires gathering data
and knowledge in all domains and of all
stakeholders, and communicating this data through a
comprehensive and interconnected urban network in
order to have an integrated-collaborative urban
development. The integrated model application
should be elaborated based on a sound knowledge of
the local situation in terms of well-established needs,
technical capacity, available energy consumption
and greenhouse gas emissions. It is required a
Baseline Emission Inventory that will offer a clear
picture of the current situation in terms of energy
consumption and CO2 emissions A comprehensive
set of actions where pilot action(s) will be performed
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and there will be for each action an indicative
budget, time frames and assigned responsibilities.
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A NEW APPROACH FOR QUANTITATIVE MEASURE OF
URBAN COMPLEXITY BY METRIC ENTROPY METHOD
Serdar Bilgi*
Istanbul Technical University (ITU), Faculty of Civil Engineering, Department of Geomatics Engineering,Maslak ± Istanbul/TURKEY

According to United Nations statistics, 52.1 %
of world population, corresponding 3.6 billion
people, lived in urban areas in 2011. The chart in
figure 1 demonstrates the world population between
1950 and 2050 years using United Nations data [2].
While the population of the cities increase the
complexity of settlement areas have more important
role.

ABSTRACT
Urbanization is the inevitable trend of social
and economic development of people. One of the
tasks of urban planners is to plan and design urban
areas for individuals and households. More than half
RI WKH ZRUOG¶V SRSXODWLRQ OLYHV LQ XUEDQ DUHDV
Complexity is an important factor in urban areas
because of natural hazards, emergency or other
critical situations, waste of time, common using of
the landscaping, sport facilities and other social areas
etc. Additionally, complexity affects the spatial
distribution of residential buildings, industry,
commerce, energy consumption, water use, waste
management and other environmental and social
correlations. An important goal in future is to make
existing and new urban areas more aesthetic, selfsufficient, sustainable and enjoyable places for better
living of people while interacting with each other.
Entropy can be used as a criterion for the quantitative
measure of spatial information on maps. Such a
quantitative criterion can be used to compare the
spatial distribution of the real objects like residential,
recreation, social and sport facilities in urban areas.
In this study, metric entropy method was
experimented and applications were carried out by a
case study in Istanbul for defining the complexity of
urban areas. Moreover, a quantitative measure is
calculated to define the complexity of urban areas.
Thus, existing or planned urban plans will be
evaluated by the method and significant results
obtained were discussed.

FIGURE 1
World population between 1950 and 2050

After the Second World War, in the period of
modernistic optimism, planners explored the tenets
of logical positivism as being rooted in the
Enlightenment. The knowledge conception of
rational planning is often still assumed to be
positivist, scientific and value-free [3].
In 2008, 3.3 billion people lived in urban areas,
surpassing for the first time over 50% of the total
global population. By 2030 the urban population is
predicted to exceed five billion and 80% of these
urban dwellers will reside in towns and cities of the
developing world [4]. While the population of the
cities increase, the complexity of settlement areas
has more important role.
Considering the local climate, site planner
should understand the relation between light and
energy consumption of the building and should
design the forms. Considering the geology,
appropriate ground should be selected while building
or developing a city; hard ground, gravel or rock,
clayey sand are also acceptable. Likewise, the
infrastructure,
sustainability,
quality
and
preservation of clean water can be possible by
designing the urban plans due to the aspect.
Nevertheless, it is not unreasonable to draw up
a checklist of 'urban success indicators', as Barry
Sherman (1988) has done (see Table 1). What

KEYWORDS:
Metric entropy method, urban complexity, urban
environmental sustainability, land use distribution

INTRODUCTION
An important goal in future is to make existing
and new urban areas more aesthetic, self-sufficient,
sustainable and enjoyable places for better living of
people while interacting with each other.
Urbanization is a threats for both social and
economic life. Moreover, rapid urbanization would
be major risk for future environment in other words
for sustainable urban environment [1].
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and so create a sense of place, while
Alexander (1979) writes of the 'quality without a
name', which he defines in terms of the recurring and
interlocking patterns of events (and, no doubt,
meaning) in buildings, spaces and places.
According to Lynch such a good urban place
would be characterized by: complexity, myriad,
patterns of movement (especially pedestrians),
diversity of primary uses, a fine-grained economy,
an active street life, and variety in opening hours, the
presence
of
people
attractors,
legibility,
imageability, knowledgeability [9,10].
Sports have strong effects on the social life in
urban areas supplying the communication with the
all dynamics of the cities, moreover generating
synergy in the city life for better living of people
interacting with each other. Size of sports facilities
must be evaluated with the population of the city,
population of neighboring settlement areas which
will use the sports facilities.

Sherman has provided is a list of qualities or
characteristics of successful urban places. He tells us
what to look for but not why it is there. For, in
addition to the 'surface appearance' which such
indicators represent, we must understand that good
urban places have a structure and an underlying
dynamic of activity [6].
TABLE 1
Indicators of successful urban places
(1)
Planning will be invisible and the
results will look natural, as though they
happened of their own accord
(2)
There will be interesting and
stimulating shapes
(3)
The 'familiarity' of streets and street
life will be celebrated
(4)
There will be secret places which once
discovered grow on you, making you look
deeper to find more
(5)
There will be surprises, to keep
citizens awake, provide topics of conversation,
prevent ennui
(6)
Experiment will be encouraged, and
there will be exciting things to do
(7)
There will be areas and opportunities
for informal, casual meetings to take place,
including warm and friendly bars and pubs
(8)
Food and drink will be a treat, and
people will be able to purchase and consume it
at varying prices and degrees of leisure
(9)
There will be a variety of comfortable
places to sit and wait²a city worth living in
has to be a city worth sitting in
(10)
There will be a good balance between
the needs to prevent loneliness and to preserve
anonymity and privacy
(11)
Changing seasons will not draw
attention away from the sterner pursuits of
daily life but rather will be an integral part of a
continually changing city, and celebrated as
such
(12)
The senses will be heightened:
affection/friendliness/hospitality; a sense of
belonging; historical and cultural continuity; a
sense of fun/humor; opportunities for gossip;
open-mindedness;
vitality;
fantasy;
flamboyance; color; beauty/aesthetic stimulus

METHODOLOGY
Maps have been created and used for centuries
as abstractions of the real world, and as such are
capable of giving us a picture of our environment
which distils its full complexity into an effective
graphical rendering. Entropy is the second law of
thermodynamics and, briefly defined, represents the
measurement of the uncertainty of a system. By
considering its general nature, the term complexity
can be defined as applicable to the description of
cartographic representations/maps. Attempts have
been made to measure complexity through practical
testing. Bjork, 1996 had also studied for the purposes
of evaluation of quantitative measurement of the
information on maps, comparing maps in different
scale and different design [5]. Maps contains
geometric information about the location, size, and
topological relations between spatial objects.
Forming mosaics on the map will be most
appropriate solution in order to determine the empty
spaces around the objects. Every object on the map
should be inside of a mosaic region.
Entropy. Map is a communication tool with a
scale and projection used for depiction of physical
reality to record spatial relations for a particular aim.
Spatial information on maps is expressed by
symbols. These symbols used on maps represent the
real objects on the earth. Therefore, some
information is attached to these symbols. Real
objects are the entities existing and occupying a
spatial area in the real world.
The concept of entropy was first expressed in
the second law of thermodynamics. Entropy is the
name given to the disorder trend in the universe. This
concept was used as a measure of disorder of a
system. Shannon was the first researcher proposing

Initially something of a voice from the
wilderness, Jane Jacobs (1961) was the first to
explore urban quality from the premise that activity
both produces and mirrors quality in the built
environment. She identifies four essential
determinants which govern or set the conditions for
activity: a mixture of primary use, intensity,
permeability of the urban form and a mixture of
building types, ages, sizes and conditions [7-8].
In his later work Lynch (1981) wrote of the
qualities which urban design should seek to achieve,
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the use of the concept of entropy for quantitative
measurement of spatial information on a map. Later,
this discipline was called information theory by
Shannon and Weaver and applied to communication
theory [11]. After the use of the concept of entropy
by Shannon in communication theory, Sukhov has
adapted the concept of entropy for cartographic
communication in 1967 and 1970. The statistical
information was discussed in Sukhov's study and
only the type of symbols represented on the map is
evaluated in his study [12-13]. Wherever,
- N, is the total number of map symbol on the
map,
- M, is the number of map symbol types,
- K, is the number of symbols of ith types is
accepted;
N is calculated using the equation 1. Probability
of each type of symbols on the map Pi, is calculated
using equation 2 (i=1,2, ..., M).
N K1  K 2  .....  K M
(1)
Ki
Pi
(2)
N
In this case, the entropy of the map is calculated
using equation;

n

H M

H ( P1 , P2 ,....PM ) ¦ Pi ln( Pi)

H M

(3)

(ln Si  ln S )

(5)

max

H P1 , P2 , ... Pn , P1 =P2

... P3

log 2 n (6)

STUDY AREA
Istanbul which is the most populated city of
Turkey and has rapid XUEDQL]DWLRQ VLQFH ¶V
According to Duran et al., areas within Istanbul have
transformed from green areas to residential and the
other man-made structures especially from 1969 to
2000 [18]. Digital multispectral satellite technology
nowadays provides valuable opportunities for
qualifying, quantifying and comparing different
urban components in especially the urbanized areas
in the world [19]. In this study, two main mass
housing areas were selected to realize the pressure of
the rapid urbanization through urban complexity.
1:1000 scaled, 24 digital photogrammetric base
maps of Istanbul Metropolitan Municipality were
used to obtain the geometric data of the Atakoy and
Halkali study areas (Figure 2 and 3). Atakoy is one
of the first satellite town projects in Turkey and
FRQVWUXFWHGLQ¶V7KHVLWHKDVPRGHUQKRXVLQJ
projects with social and cultural places, recreation,
sport, education and shopping areas [20]. Atakoy site
has an area of 174 hectares, including 404 singleblock buildings, 1309 landscaping areas (public
parks and gardens in related layer of digital maps),
75 sport facilities.
+DONDOL VLWH KDV FRQVWUXFWHG LQ ¶V ZLWK
modern housing projects, social and cultural places,
recreation, sport, education and shopping areas.
Halkali site has an area of 158 hectares, including
280 single-block buildings, 254 landscaping areas

(4)

The metric entropy H(M) can be calculated
using equation (5).
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In the case of map, it is clear that for the same
number of feature, the entropy will be larger in case
of the symbols are more evenly distributed [17].
Metric entropy method was experimented by a
case study in two different study area of Istanbul city
for defining the spatial distribution of the residential,
sports facilities and landscaping objects in Atakoy
and Halkali urban areas (Figure 2 and 3).
Entropy can be used as a criterion for the
quantitative measure of spatial information on maps.
Such a quantitative criterion can be used to compare
locations of the residential, sports facilities and
landscaping areas. As a result, it can be an important
component in estimating the success of a project or
site plan. Thus, existing/planned sites could be
evaluated and significant results could be obtained
by the method.

Metric Entropy Method. Topological
relations, location, shape and size of the objects are
evaluated in metric method. There is a space
surrounding the object. This space makes the objects
separate from the rest. The larger empty space
surrounding the building has, the less complexity felt
by the people. This space needs to be tessellated by
feature-based tessellation. The Voronoi diagram
seems to be the most appropriate solution [14].
Voronoi region is not only adequacy for the
determination of the fair share of surrounding empty
space for a map feature but also good for neighbor
relationships [15]. This region is formed from
bisectors of the points closer to the object [16]. All
the Voronoi regions formed the Voronoi diagram of
the set. Metric information concept is associated
with the area of objects covered. If the spaces
occupied by the map objects are approximately equal
to each other, then the map contains more
information, otherwise, the information is reduced if
the spaces varies much. This can be achieved by
using the ratio between Voronoi regions of a map
system over the enclosed area of the whole map as
the probability used in the entropy definition. Let S
be the whole area and it is tessellated by Si, i=1, 2,
« 1  7KHQ VXFK D probability can be defined as
given in equation (4) [17].

Si
S

Si

H(M) has its maximum when Pi has the same
YDOXHIRUDOOL «1,QRWKHUZRUG when the
areas Si equal. Mathematically in equation 6,

i 1

Pi

¦
i 1

M

H (X )

H P1 , P2 , ... Pn
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block building/single sports facility/single
landscaping area) and the area of all Voronoi regions
were needed in both study areas. The objects related
with, residential, sport facility and landscaping area
were classified both due to the layers of digital
photogrammetric maps and remote sensing data.
Voronoi regions of three objects types in vector
format were created and entropy values were
calculated using ESRI ArcMap software.
Data selection were carried out corresponding
to three subset of data which are residential, sport
and landscape object types in the first step (Figure
4). These data are processed as Residential,
Residential & Sport and Residential & Landscape
respectively in the metric entropy calculation period.
The aim of residential base calculation is to figure
out the homogeneous/not-homogeneous spatial
distribution of sport facilities and landscaping areas
around residential areas.

(public parks and gardens in related layers of digital
maps) and 202 sport facilities [20].

(b)
FIGURE 2
Digital photogrammetric and remote sensing data
for Atakoy

Halkali

Atakoy

(a)

(a)

(b)
FIGURE 3
Digital photogrammetric and remote sensing
data for Halkali

(a)

(b)
(c)
FIGURE 4
Atakoy and Halkali Residential objects (a),
Residential & Sport facilities (b),
Residential & Landscaping areas (c)

Whole regularly grouped buildings and similar
site plans were constructed by Housing
Development Administration of Turkey in the
boundaries of the cadastral block in Atakoy study
area. Different housing projects were constructed by
both Housing Development Administration of
Turkey and many private sector companies in
Halkali, and buildings were spread out to the
boundaries of the cadastral block of the study area.

The second step is the statistical part of the
study which depends on Voronoi Math. The math
provides us geostatistical analysis. Each subset of
data has processed by Voronoi Map Tool under
Geostatistical Analyst Title within ArcMAP
software. Therefore, Voronoi areas for each subset
of data has been created separately (Figure 5).
The third and last step of process of data is
evaluation, argumentation and visualization of the
entropy values of that separately created data (Figure
6).

Complexity by Metric Entropy Method. In
the study, two residential areas were compared with
each other using Metric entropy method for defining
the spatial distribution of three types of objects in
urban areas. Metric entropies of the study areas were
calculated according to the spatial distribution of the,
residential, sport facilities and landscaping areas.
Thus the relation among three types of objects were
figured out.
Complexities of both study areas were
determined by metric entropy method. In this
method, in order to calculate the amount of metric
information, Voronoi regions for each object (single128



Volume 26 ± No. 1/2017, pages 125-131

© by PSP

Fresenius Environmental Bulletin


monitoring air pollution via the monitoring
stations (Figure 7).
However, the study areas Halkali and Atakoy
have no local monitoring stations. Hereby, explicit
air quality results on the study areas could not be
obtained.

FIGURE 5
Voronoi regions of Halkali study area and
Metric entropy values calculated for each
REMHFW¶V9RURQRLUHJLRQ

FIGURE 7
Air Quality Monitoring Stations of Ministry of
Environmental and Urbanism of Turkey

Halkali

Atakoy

Main subject of the study is to measure the
complexity of urban plans. Hence, air pollution other
environmental impacts mentioned above could not
be covered in the study. However, the significant
relations among the environmental impacts and
complexity of the city plans would be investigated in
next researches.
In the study, metric entropies of the residential
areas were calculated according to the spatial
distribution of the residential, sport facilities and
landscaping areas (Table 2). Thus the relation among
three types of objects in both study areas were
figured out.
(a)

(b)
(c)
FIGURE 6
Atakoy and Halkali, Residential (a),
Residential & Sport facility (b),
Residential & Landscaping area (c)

TABLE 2
Metric entropy values of study areas
Study
Study
Area
Area
Metric entropy values
Atakoy
Halkali
Residential
0.93
1.13
Residential area & Sport
1.09
1.19
facility
Residential area &
1.12
1.26
Landscaping area

RESULTS AND DISCUSSION
Environmental impacts are considered in
conjunction with the master planning stage of the
cities. In the point of environmental impacts of the
city plans, general environmental consequences
could be modeled as; impacts on air quality, geologic
resources, water resources, cultural resources,
impacts on soundscapes, impacts on sustainability
and long-term management [21]. However, city
planners take into the consideration not to make a
separate/small scaled city plans and external changes
on the master plans, for avoiding the complexity and
increasing of infrastructure investments [22]. The
U.S. Environmental Protection Agency (EPA) and
others are working to make information about
outdoor air quality as easy to understand as the
weather forecast. A key tool in this effort is the Air
Quality Index, or AQI [23]. Similarly, Ministry of
Environmental and Urbanism of Turkey is

Metric entropy results using only residential
area and sport facilities show that sports facilities
were not located homogeneously according to the
residential area in Halkali, meaning Halkali has more
complexity than Atakoy related to the locations of
the sport facilities and the locations of the buildings.
Metric entropy results using only residential
area and landscaping area show that the landscaping
areas were not located homogeneously according to
the buildings in Halkali, meaning Halkali has more
complexity than Atakoy related to the locations of
the landscaping areas and the locations of the
buildings.
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Form, ISBN: 0-262-12085-2, Cambridge,
MA, MIT Press, US.
[10] Alexander, C., (1979), The Timeless Way of
Building, ISBN:13978-0-19-502402-9, pp. 1940. Oxford University Press, New York, US.
[11] Shannon, C. E. and Weaver, W., (1949), The
Mathematical Theory of Communication,
University of Illinois Press, Urbana, Illinois,
US.
[12] Sukhov, V. I., (1967), Information Capacity of a
Map Entropy, Geodesy and Aerophotography,
10(4), pp. 212-215.
[13] Sukhov, V.I., (1970)., Application of
information theory in generalization of map
FRQWHQWV´ ,QWHUQDWLRQDO <HDUERRN RI
Cartography, X, pp. 41±47.
[14] Lee, Y. C. and Li, Z. L., (2000), Taxonomy of
Space Tessellation, ISPRS Journal of
Photogrammetry and Remote Sensing, 55(4),
pp. 139-149.
[15] Gold, C. M., (1992), The Meaning of
Neighbour, In: Theories and Methods of Spatial
Temporal Reasoning in Geographical Space, pp.
220-235, Berlin: Springer-Verlag.
[16] Worboys, M. F., (1995), GIS: A Computing
Perspective, ISBN 0 7484 0064 8, Taylor &
Francis Ltd.
[17] Li, Z. and Huang P., (2002), Quantitative
Measures for Spatial Information of Maps,
International
Journal
of
Geographical
Information Science, 16, pp. 699-709
[18] Duran, Z., Musaoglu, N., Seker, D., (2006),
Evaluating urban land use change in historical
peninsula, Istanbul, by using GIS and Remote
Sensing, Fresen. Environ. Bull. Vol 15 (8A), pp.
806-810.
[19] Kaya S., Seker D.Z., Tanik A., (2012), Analysis
of Urbanized Areas Using V-I-S Components
Model, Fresen. Environ. Bull., Vol. 21, No. 11,
pp. 3243-3248.
[20] URL 1, (2015), Istanbul Metropolitan
Municipality web page, http://www.ibb.gov.tr,
Last visit: October 2015.
[21] U.S. Department of the Interior, (2002), Final
Environmental Impact Statement, Lake
Management Plan, National Park Service, Vol
1, pp. 5-20.
[22] Sahin, S. Z., (2011), Kent Planlama Süreci ile
.HQWVHO $OW\DSÕ <DWÕUÕPODUÕQÕQ øOLúNLVL øQúDDW
0KHQGLVOHUL 2GDVÕ  .HQWVHO $OW\DSÕ
Sempozyumu, 14-15 Ekim 2011, pp. 47-58,
Antalya.
[23] U.S. Environmental Protection Agency, (2003),
Air and Radiation Report, EPA-454/K-03-002.

CONCLUSIONS
In case of the statistical calculation of metric
entropy values are compared visually, with the
remote sensing images and digital photogrammetric
base maps of both study areas, it can be noticed that
the buildings are regularly grouped and similar site
plans are applied in the boundaries of the cadastral
block of Atakoy. Conversely, in Halkali and
different site plans and different housing projects are
constructed.
Furthermore, different site plans and different
housing projects were constructed by both Housing
Development Administration of Turkey and many
private sector companies in Halkali. On the other
hand, whole housing projects in Atakoy were built
by only Housing Development Administration of
Turkey.
Rents increase year by year in Istanbul like the
other cities of the world. Rental was not as valuable
in 19¶V, while Atakoy area have been structured,
as 2000¶V which the years of built of Halkali area.
Under this circumstances, possible parcels were tried
to construct more housing projects in Halkali area by
especially private sector companies, resultant having
more complexity than Atakoy.
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THE ANALYSIS OF THE EFFECT OF PARAMETERS IN GAS
METAL ARC WELDING OF STRUCTURAL STEEL WITH
METAL CORED WIRE ON WELDING FUME USING
TAGUCHI METHOD AND ANOVA
Tolga Mert*
Yildiz Technical University, Mechanical Engineering Faculty, Department of Mechanical Engineering, 34349, Istanbul, Turkey

continuing increasingly. GMAW is preferred to
shielded metal arc welding because it offers not only
ease of use with constantly fed electrode wire but
higher deposition rates [1]. Principle of GMAW is
given in Fig. 1.
As a nature of arc welding processes, emissions
such as ultraviolet and infrared radiation, toxic
fumes and hazardous gases emit [1]. Particles in the
size range of 0.005-ȝPZKLFKDUHUHIHUUHGWRDV
welding fume, are arisen during arc welding
processes [2]. These aerosols are formed as a result
of complex vaporization-oxidation-condensation
mechanisms [3]. Researchers have studied fume
formation in arc welding and the effect of process
parameters on fume formation rate; particle size and
morphology. Carpenter et al. [4, 5] have researched
the impact of thirteen different shielding gases
including O2 and CO2 on fume formation rate, fume
particle size morphology and composition in
GMAW with spray welding regime. Pires et al. [6]
have investigated the influence of seven gas
mixtures on metal transfer modes and fume
emissions. Pires et al. [7] have studied the effect of
different shielding gas mixtures in gas metal arc
welding on fume formation rate, chemical
composition and size of the emitted fume particles.
Popovic et al. [3] have researched the effect of two
different filler metals (metal cored wire and selfshielded wire) on emission of toxic substances. Ioffe
et al. [8] have investigated the effects of arc voltage,
welding speed, shielding gas flow rate and wire
stick-out on fume formation rate and they have found
that fume formation rate decreased at the transition
from globular to spray transfer mode. Bosworth and
Deam [9] have tried to explore the relationship
between droplet sizes and fume formation rate in
pulsed GMAW and they have concluded GMAW
process can be optimized by selecting pulse
parameters which yield to smallest droplets. Pires et
al. [10] have researched reduction of harmful effects
of gas metal arc welding process using different filler
metals and shielding gases along with three different
welding processes, i.e. conventional GMAW, pulsed
GMAW and cold metal transfer (CMT). Castner [11]
have studied the

ABSTRACT
Welding is one of the most important
manufacturing techniques in heavy industry
manufacturing sectors and gas metal arc welding is
highly utilized in manufacturing due to its relatively
ease of use and adaptability to automation. Welding
process emits hazardous fume, which is comprised
of metal particulates and gases such as carbon
dioxide, carbon monoxide, ozone and oxides of
nitrogen, which may be generated in significant
quantities during common arc welding processes. It
is known that more than 800,000 welders are active
around the world today and emissions related to
ZHOGLQJFDQDIIHFWHQYLURQPHQWDQGZRUNHU¶VKHDOWK
adversely.
In this study, Taguchi design of experiment
method was employed in gas metal arc welding
(GMAW) of low carbon structural steel using metal
cored wire. Fume emissions were researched using
variety of process parameters. Fume formation rate
results were evaluated using Taguchi and analysis of
variance (ANOVA) and an evaluation was made
towards the effect of global welding activities on
HQYLURQPHQWDQGZRUNHUV¶KHDOWK

KEYWORDS:
GMAW, structural steel, metal cored wire, welding fume,
7DJXFKLDQG$129$ZRUNHUV¶KHDOWKDQGHQYLURQPHQW



INTRODUCTION
Gas metal arc welding (GMAW) is an arc
welding process, by which metals are joined together
with an electric arc heating. Electric arc is struck
between constantly fed consumable electrode wire
and the workpiece. Shielding gas, which is supplied
externally, protects the arc and molten weld pool
from the surrounding atmosphere. Although the
concept of GMAW was introduced in 1920s, it has
been utilized widely in manufacturing industry since
1980s and application of this semi-automatic
welding method to variety of sectors has been
133
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FIGURE 1
Principle of GMAW [1]
robust design of experiment methods, Taguchi, was
utilized and GMAW of low carbon structural steel
was realized using metal cored wire, i.e. flux cored
arc welding (FCAW), using variety of parameters.
After fume formation rate (FFR) measurements,
results were evaluated using Taguchi S/N analysis
and ANOVA.

effects of pulsed welding parameters on welding
fume and ozone generation during pulsed GMAW.
Xin et al. [12] have investigated fume generation
during gas metal arc welding both with DCEP (direct
current electrode positive) and DCEN (direct current
electrode negative) polarities using solid and metal
cored wires. Chae et al. [13] have researched the
effect of welding current on fume generation in gas
metal arc welding with solid and flux cored stainless
steel wires. Srinivasan and Balasubramanian [14]
have studied the effect of heat input on fume
generation and composition in gas metal arc welding
of austenitic stainless steel. Scotti and Meneses [15]
have researched the effect of short-circuiting
parameters such as short-circuiting current, arc
length (voltage), arcing time and droplet diameters
before detachment on fume generation.
The welders are exposed to toxic fumes and
noxious gases during welding, which might be
dangerous for their health and harmful to the
environment. The greatest health hazard is arisen
from micron and nano sized fume particles because
they could easily be inhaled into lungs [16]. The
emissions of toxic air contaminants such as Mn, Si,
Ni, Cr, Co and Pb and their complex oxides during
welding have potential adverse human health
impacts [17]. Exposure to high levels of Mn may
cause a neurological condition named as
PDQJDQLVP ZKLFK UHVHPEOHV 3DUNLQVRQ¶V GLVHDVH
[18, 19]. Numerous studies have evaluated the health
effects of welding. Most studies have focused on the
pulmonary effects associated with welding fume
exposure. Bronchitis, metal fume fever, lung
function changes, siderosis, immunosuppression,
and a possible increase in the incidence of lung
cancer have all been reported in welders [20].
Welding fume emission is affected by various
welding process parameters such as current type,
polarization, current, voltage, chemical composition
of the filler metal and workpiece, shielding gas
mixture and flow rate, electrode wire extension,
torch drag angle etc. In the literature, fume formation
rate experiments designed and analyzed with
Taguchi along with analysis of variance (ANOVA)
were not encountered. In this study, one of the most

MATERIALS AND METHODS
Cored wires are utilized in manufacturing
industry to a large extent because of their high
deposition rates. Therefore, metal cored welding
wire (EN ISO 17632-A: T 42 3 M M 2 H8) was
employed in this study for gas metal arc welding of
low carbon structural steel (ASTM A 131). Table 1
shows chemical composition of metal cored welding
wire and low carbon steel base metal.
TABLE 1
Chemical composition of low carbon steel base
metal and metal cored wire (% wt)
Material /
Electrode
Low
steel
Metal
wire

Mn

Si

P

S

carbon

0.18

1.30

0.45

0.035

0.035

cored

0.05

1.50

0.65

0.01

0.02

FIGURE 2
Fume chamber (a) and GMAW torch inside
fume chamber (b)
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g was used to weigh filters.  Mobydick 5000 gas
analyzer was utilized to measure gas amounts during
welding.
Experiments were designed using Taguchi
method, which is one of the most reliable design of
experiment methods [22]. Taguchi design of L16
orthogonal array [23] was implemented and welding
trials were run for three times. Table 2 shows five
process factors (i.e. current, welding speed, wire
extension, shielding gas flow rate and shielding gas
mixture) and four levels, which were used to form
L16 orthogonal array.

FIGURE 3
Welding power supply (a) and gas
mixer (b)
Fume emission experiments were realized
inside a fume chamber (Fig. 2) designed according
to EN ISO 15011-1:2009 [21]. Low carbon steel
round plates with a diameter of 290 mm were used
in the experiments. Welding was conducted with a
water-cooled torch (Fig. 2) fixed inside the fume
chamber, for 45 seconds and sampling continued for
another 255 seconds, which made a total sampling
time of 5 minutes. Welding power source used was
water-cooled Expressweld MasterMIG 501W (Fig.
3). Welding voltage was constant at 31V. Shielding
gas mixtures were prepared using Witt KM 60-3 gas
mixer (Fig. 3). Fume was captured on round
Sartorius Stedim MGA glass fiber filters with 240
mm diameter and particle retention of 1.6 μm. Filters
were stored in a furnace at 110°C for at least 1 hour
before and after the experiments. Shimadzu BL320H electronic balance with a readability of 0.001

RESULTS AND DISCUSSION
After the welding experiments were realized
according to L16 Taguchi design, fume
accumulation on filters were weighed and fume
formation rate was calculated. Table 3 presents
Taguchi design and FFR measurements.
Experimental data were analyzed using signal to
noise (S/N) ratio and the analysis of variance
(ANOVA) methods by using Minitab 17 software.
In terms of environmentally friendliness and
occupational safety and health, less fume formation
is favorable. Therefore, smaller is better equation
(Eq. 1) was chosen in S/N calculations. In Eq. 1, n
depicts number of repeated experiments and Y
represents the measured value of the response
variable.

TABLE 2
Experimental factors and levels
Symbol
A
B

Factor
Current (A)
Welding speed
(cm.min-1)
Wire extension (mm)
Shielding gas flow rate
(L.min-1)
Shielding gas mixture

C
D
E

Level 1
200
25

Level 2
220
30

Level 3
240
35

Level 4
260
40

15
10

20
14

25
18

30
22

Ar+5%CO2

Ar+10%CO2

Ar+15%CO2

Ar+20%CO2

TABLE 3
L16 experimental set showing factors, levels and FFR measurements
Run
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Current
(A)
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4

Factors and levels
Welding speed
Wire extension
(cm.min-1)
(mm)
1
1
2
2
3
3
4
4
1
2
2
1
3
4
4
3
1
3
2
4
3
1
4
2
1
4
2
3
3
2
4
1
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Flow rate
(L.min-1)
1
2
3
4
3
4
1
2
4
3
2
1
2
1
4
3

Shielding
Gas
1
2
3
4
4
3
2
1
2
1
4
3
3
4
1
2

Output
FFR
S/N ratio
(g.min-1)
(dB)
0.758
2.40662
0.880
1.11035
0.764
2.33813
0.782
2.13586
0.788
2.06948
0.876
1.14992
0.616
4.20839
0.438
7.17052
0.630
4.01319
0.622
4.12419
0.810
1.83030
0.754
2.45257
0.712
2.95040
0.814
1.78751
0.510
5.84860
0.766
2.31542
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FIGURE 4
S/N ratios of factor levels for FFR
wire extension, welding speed and current.
Coefficient of determination (R-sq (adj)) in ANOVA
analysis was found to be 91.58%. Percentile effects
of the factors are given in Fig. 5.

The lower ---- the better:
Ȁ ൌ െͳͲሺሺσ  ଶ ሻȀሻ





S/N ratios in Taguchi method are used to
investigate the significance of the factors. Higher
S/N ratios yield to the aim, which is lower FFR in
this study. S/N rations for FFR are given in table 4
and Fig.4.

Confirmation Test. Optimum parameter
combination was found to be A2B3C3D4E1. This
combination is not included in the L16 Taguchi
design so a confirmation test with this combination
was needed. Confirmation test was realized with
220A current, 35 cm.min-1 welding speed, 25 mm
wire extension, 22 L.min-1 shielding gas flow rate
and Ar+5%CO2 shielding gas and fume formation
rate was obtained as 0.412 g.min-1. This result
FRQILUPHG 7DJXFKL¶V RSWLPXP SDUDPHWHU
combination.

TABLE 4
Response table for S/N ratios for FFR
Level
1
2
3
4
Delta
Rank

A
1.998
3.650
3.105
3.225
1.652
3

B
2.860
2.043
3.556
3.519
1.513
4

C
1.926
2.870
3.827
3.355
1.902
2

D
2.714
3.265
2.712
3.287
0.575
5

E
4.887
2.912
2.223
1.956
2.932
1

TABLE 5
Analysis of variance results for FFR
Source

Fig.4 states that FFR is minimum at second
level of current (A2), third level of welding speed
(B3), third level of wire extension (C3), fourth level
of shield gas flow rate (D4) and first level of
shielding gas mixture (E1). This combination is
given as A2B3C3D4E1.
After Taguchi analysis, analysis of variance
was performed in order to examine the effect of
factors on FFR. ANOVA was based on general
linear model with 95% confidence level. When
Taguchi analysis was taken into account, factor D
(gas flow rate) was the least effecting factor and it
was decided to be omitted from ANOVA analysis to
prevent saturated model. The results are given in
Table 5. F values in variance analysis should exceed
critical F values obtained from F distribution table
[23] in order to be significant according to null
hypothesis. Critical F value for 95% confidence level
is F0.05,3,3 = 9.28. Factors E, C and B were assessed
to be statistically significant at 95% confidence level
and factor A was evaluated to be statistically
significant at 90% confidence level since critical F
value for 90% confidence level is F0.1,3,3 = 5.39 and
F value for factor A is 8.17. Shielding gas mixture
was the most affecting factor on FFR, followed by

A

3

Adj SS

Adj MS

0.032210

0.010737

Fvalue

Pvalue

8.17&

0.059

#

B
C

3
3

0.037352
0.047066

0.012451
0.015689

9.48
11.94#

0.049
0.036

E

3

0.113630
0.003942

0.037877
0.001314

28.83#

0.010

Error

3
Total
15
* DoF: Degree of freedom
& At least 90% confidence, # At least 95% confidence

FIGURE 5
Percentile effects of the factors
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according to NIOSH [24]. Experimental carbon
monoxide readings reveal that these values are
slightly above the IDLH concentration. It is reported
that 1500 to 2000 ppm of carbon monoxide might be
a dangerous concentration for health for 1 hour
exposure [24]. Since highest values were acquired
within a fraction of a second, instead of 1 hour
exposure, CO quantities and exposure times would
not be life threatening. Time weighted average of
CO reveal that readings stay far above the
recommended NIOSH TWA and ceiling limits.
Therefore, CO risk is decided as intolerable.
Carbon dioxide is an asphyxiant and it targets
respiratory system and cardiovascular system.
Headache, dizziness, restlessness, paresthesia,
dyspnea (breathing difficulty), sweating, malaise
(vague feeling of discomfort), increased heart rate,
cardiac output, blood pressure, coma and asphyxia
are some of the symptoms of CO2. IDLH
concentration for CO2 is 40000 ppm [27].
Experimental maximum and TWA carbon dioxide
readings present that these values stay within
recommended limits. Therefore, carbon dioxide does
not pose any hazard.
Proper ventilation of the welding area and
providing personal protective equipment (face
masks) to welders need to be taken as preventive
measures against hazardous gases.

Hazardous Gases. Arc welding is one of the
major emission sources because of its nature and
apart from ultraviolet and infrared radiation; gas
metal arc welding process emits not only fume
particles but also hazardous gases, such as CO2 and
CO. Table 6 presents exposure limits
(Recommended Exposure Limit ± REL, Permissible
Exposure Limit ± PEL, Threshold Limit Value ±
TLV) for TWA (Time Weighted Average) and
STEL (Short Term Exposure Limit) by NIOSH,
OSHA and ACGIH [24, 25] for carbon monoxide
and carbon dioxide along with minimum and
maximum (mean of three experimental runs)
instantaneous readings obtained at this study for
sixteen runs. Minimum instantaneous and TWA
carbon monoxide and carbon dioxide readings were
obtained at run 10. Maximum instantaneous and
TWA carbon monoxide and carbon dioxide readings
were acquired from run 12 and run 13, respectively.
Lowest CO2 (i.e., 5%CO2) percentage in shielding
gas yielded lower CO2 and CO gas emissions,
whereas high CO2 percentage resulted in high gas
emissions. CO2 percentage in shielding gas was a
major but not the only gas emission defining factor
and the emissions were also affected by other
welding parameters.
OSH Evaluation and Risk Assessment.
Micro and nano sized fume particles are emitted
during arc welding and they can be inhaled by
welders and these particles can settle into their
respiratory tract and lungs and cause disabling of
functions. These particles are mainly complex forms
of iron oxides and manganese oxides in GMAW of
low carbon steel. Some researches link lung cancer,
in addition to other health issues like manganism,
metal fume fever, siderosis, bronchitis etc., to fume
particles and arc welding processes might be
considered as possible cause of cancer [18, 19, 20].
Carbon monoxide is a poisonous gas and it
targets cardiovascular system, lungs, blood, central
nervous system and some of the symptoms are
headache, tachypnea, nausea, lassitude (weakness,
exhaustion), dizziness, confusion, hallucinations;
cyanosis;
depressed
S-T
segment
of
electrocardiogram, angina, and syncope [26].
Immediately dangerous to life or health (IDLH)
concentration for carbon monoxide is 1500 ppm

CONCLUSION
This paper was based on Taguchi experiment of
design and focused on fume formation rate (FFR) in
gas metal arc welding with metal cored wire, i.e. flux
cored arc welding. Results were assessed using
Taguchi signal-to-noise (S/N) ratios and analysis of
variance (ANOVA). Current, welding speed, wire
extension and shielding gas mixture were
determined to be statistically significant whereas,
shielding gas flow rate was found to be insignificant
on FFR. The most effective factor on FFR was
shielding gas mixture and it was followed by wire
extension. It is advised to keep spray metal transfer
and use lower percentage CO2 gas mixtures to
decrease the oxidizing agent amount in the arc
atmosphere in order to reduce fume formation.

TABLE 6
Recommended exposure limits for hazardous gases, experimental
readings and risk management decision
Hazardous Gas

NIOSH REL
(ppm)
TWA
CEILING
35
200

OSHA PEL
(ppm)
TWA
STEL
50
-

ACGIH TLV
(ppm)
TWA
STEL
25
-

Carbon
Monoxide
Carbon Dioxide
10000
30000
10000
30000
5000
* Instantaneous maximum readings range in experimental runs
** Average readings range in experimental runs during arc on time
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30000

Experimental
(ppm)
MAX*
TWA**
220~1720
100~990
3600~29300

2600~19200

RISK
DECISION
INTOLERABLE
TOLERABLE
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Carbon monoxide gas emission measurements
revealed that CO values stayed above recommended
limits by NIOSH, OSHA and ACGIH both for
instantaneous maximum and time weighted average
during arc on time. Therefore risk for this gas was
assessed as intolerable and immediate preventive
measures such as ventilation and face masks should
be taken. Carbon dioxide gas measurements stayed
within recommended limits and the risk for this gas
was evaluated as tolerable.
It is vital to understand the effect of process
parameters both on FFR and hazardous gas
formation and apply optimum process parameters,
which yield to lowest FFR as well as lowest
hazardous gas generation and highest mechanical
properties at the same time.
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PARTICLES IN MMA WELDING OF SHIPBUILDING STEEL
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the x-ray diffraction (XRD) technique, it was found
that mild steel gas metal arc welding (GMAW) fume
is irruptively magnetite. On the other hand, mild
steel shielded metal arc welding (SMAW) fume
contains both a mixed alkali fluoride phase and a FeMn oxide spinel phase. Besides XRD, energy
dispersive spectrometry (EDS) technique can be
used effectively in order to evaluate the elemental
composition of welding fume. As a result of this
study, the elemental analyses of a few welding fumes
are reported.
Oprya et al. [3] examined the relationship
between fume formation rate, welding conditions,
chemical composition of welding fume and the size
of these particles. It was found that welding
materials are the main parameters on the elemental
composition of the welding fume.
Sowards et al. [4] studied on comprehensive
characterization of welding fume particles by using
SEM and x-ray photoelectron spectroscopy (XPS).
The most common particle type is agglomerates,
which are observed as spherical and irregular shapes.
Many of these particles have a core-shell structure.
The core is rich in metal oxides and it is coated with
a shell, which contains more volatile elements (Si,
Na, Mg). Fume composition varies as a function of
aerodynamic diameter.
Sowards et al. [1] developed a method, which
includes the fume formation rate, fume particle size,
mass distribution, morphology, chemistry and
composition of the fume, in order to characterize
welding fume formed as a result of arc welding
processes. In a previous study, Brand et al. [5]
concluded that welding processes with high mass
emission rates (manual metal arc welding, metal
active gas welding, metal inert gas welding, metal
inert gas soldering, and laser welding) show mainly
agglomerated particles with diameters above 100 nm
and only few particles in the size range below 50 nm
(10 to 15%).
Mert et al. [6] studied on an experimental
research to investigate the effect of parameter
selection on fume formation rate (FFR) in SMAW.
L18 Taguchi design was developed in order to
achieve the goal and it was concluded that electrode
type has the greatest effect on FFR (60.10%). While

ABSTRACT
Arc welding process is a significant source of
by-products such as metal particulates and noxious
gases. It is vital to characterize aerosols and define
particle composition and size in order to make an
DVVHVVPHQWIRUDZHOGHU¶VH[SRVXUHWRZHOGLQJIXPH
since welding has been associated not only with
many respiratory problems such as cough, chronic
bronchitis, and asthma but also lung cancer. In this
study, manual metal arc (MMA) welding of
shipbuilding steel were realized with rutile, basic and
cellulosic covered electrodes using variety of
parameters. The most and the least fume generating
covered electrodes and parameter combinations
were analyzed in terms of fume particle composition
and morphology. Results were evaluated with regard
to occupational health and safety as well as
environmental effects.
KEYWORDS:
Fume, particle composition, MMA welding, shipbuilding
steel, occupational health and safety

INTRODUCTION
Manual metal arc welding (MMA) is widely
used in shipyards due to its effectiveness. MMA is
one of the greatest sources of toxic metal particulates
and noxious gases as a result of extensive usage and
the burning process of the electrodes. The effects of
these fume particles and gases are well documented
in recent studies.
Sowards et al. [1] described the collection
analysis procedure in detail and ER70S-6 welding
wire was used for sampling. The characterization of
fume particles were examined in detail by using a
combination of x-ray diffraction (XRD), scanning
electron microscopy (SEM), and x-ray energy
dispersive spectroscopy (XEDS). Comprehensive
information on welding fume particle structure,
composition and morphology can be obtained by
using these techniques collectively. Jenkins and
Eagar [2] used several techniques to analyze the
chemistry of mild steel welding fume. According to
140
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130 A current and 20 cm.min-1 welding speed with
cellulosic electrode, respectively. Fume for chemical
analyses were captured on round Whatman Grade 6
cellulosic filters with 240 mm diameter and again
filters were dried in a furnace.

current value has an effect of 37.16%, welding speed
is almost affectless (1.16%). Senoz et al. [7]
investigated harmful welding fume formed during
shipbuilding from the point of view of a life cycle of
a ship. The study mainly focused on the fume
particles and their effects on human health.
The welding fume contains a number of
complex compounds and it is well known that their
effects can be linked to diseases such as bronchitis,
cancer and functional changes in the lung [8]. Sriram
et al. [9] have examined the effects of welding fume
particulates, which are formed as a by-product of two
different welding processes (gas metal arc - mild
steel and manual metal arc - hard surfacing) on rats.
Taylor et al. [10] have studied the effects of welding
fumes, which have different chemical compositions
and solubilities, on acute lung damage and
inflammation in rats. Pesch et al. [11], by using the
exposure database, estimated the occupational
exposure of inhalable hexavalent chromium
(Cr(VI)). Lu et al. [12] realized investigations on
determination of gaseous form of manganese levels
that occurred during welding processes. The
relationship between long-term, low-level exposure
to manganese and altered serum concentration of
manganese, iron and proteins linked to iron
metabolism in welders is also investigated. Erdely et
al. [13] studied the effect of various types of welding
fumes on the induction of pulmonary and systemic
inflammation.

TABLE 1
Experimental factors and levels
Factor

A

Electrode
type
Welding
speed
(cm.min-1)
Current (A)

B

C

Level
1
Rutile

Level
2
Basic

Level
3
Cellulosic

20

25

30

100

115

130

TABLE 2
Chemical composition of AH-36, rutile, basic
and cellulosic covered electrodes (% wt)
Material/Electrode
AH-36 steel
Rutile electrode
Basic electrode
Cellulosic electrode

C
0.18
0.07
0.08
0.012

Mn
1.30
0.5
1.4
0.5

Si
0.45
0.3
0.4
0.14

P
0.035
-

S
0.035
-

TABLE 3
L9 experimental set and FFR measurements
Factors and Levels

MATERIALS AND METHODS
Fume emission experiments were designed
according to Taguchi design of L9 orthogonal array
and realized inside a fume chamber and AH-36 ship
building steel round plates were used in the
experiments. These plates were welded with rutile
(EN ISO 2560-A: E 42 0 RR 12), basic (EN ISO
2560-A: E 46 6 B 42 H5) and cellulosic (EN 499: E
38 3 C 21) covered electrodes with 3.20 mm
diameter for 45 seconds using Lincoln Electric
Invertec V260-S power source. Experimental factors
and levels are explained in Table 1. Chemical
composition of base metal and the electrodes
gathered from the manufacturers are given in Table
2. Fume was captured on round Sartorius Stedim
MGA glass fiber filters with 240 mm diameter for
FFR experiments. Filters were stored in a furnace at
110°C for at least 1 hour before and after the
experiments. Fume formation rates calculated after
the experiments are given in Table 3.
The maximum and minimum fume generating
parameter combinations (run 7 and run 1) were
selected for chemical analyses of the fume particles.
Minimum and maximum fume generating parameter
combinations were welding with 100A current and
20 cm.min-1 welding speed with rutile electrode and

Run

Electrode
type

1
2
3
4

Output
Current
(A)

FFR
(g.min-1)

1
1
1
2

Welding
speed
(cm.min-1)
1
2
3
1

1
2
3
2

0.116
0.157
0.207
0.323

5
6

2
2

2
3

3
1

0.336
0.238

7
8
9

3
3
3

1
2
3

3
1
2

0.796
0.552
0.664

FIGURE 1
ICP-OES results
RESULTS AND DISCUSSION
Characterization of the fume particles were
conducted using inductively coupled plasma
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FIGURE 2
X-ray diffraction spectrum obtained from rutile electrode fume samples

FIGURE 3
X-ray diffraction spectrum obtained from cellulosic electrode fume samples
electrodes to identify compounds present in the
fume. X-ray diffraction peaks for rutile electrode
emission spectrometer (ICP-OES), XRD and SEMfume reveal that ramsdellite (MnO2) and silicon
EDX analyses.
oxide (SiO2) were predominant compounds.
Magnetite (Fe3O4), ramsdellite (MnO2), silicon
Chemical Analyses. Elemental analyses of
oxide (SiO2) and sodium peroxide (Na2O2) were the
fume particles were realized with Shimadzu ICPEcompounds obtained from XRD analysis for
9000 device using ICP-OES method and analyses
cellulosic electrode fume. Fig. 4 shows scanning
were run twice. Rutile and cellulosic fume samples
electron microscope micrograph (~31000 X) of
were diluted 25 times. Average results are given in
rutile electrode fume particles. Particles were
Fig. 1. Jeol D8 Advance XRD device was utilized to
gather XRD patterns of the samples. Zeiss EVO LS
spherical in shape and agglomerated and particle
10 SEM and Bruker 1.23eV EDX was coupled to
sizes varied from very fine (particle diameters up to
gather SEM photos and EDX analyses of the fume
~300 nm) to ultra-fine particles (diameter <50 nm).
particles.
EDX spectra of particle spotted in Table 4 revealed
ICP-OES results indicate soluble iron,
oxygen (53.40%), carbon (39.41%), silicon (2.41%),
manganese, silicon, potassium, calcium, magnesium
manganese (0.88%) and iron (1.66%) were the
and aluminum elements were present in rutile and
predominant elements.
cellulosic electrode fumes. Iron and manganese
Fig. 5 shows scanning electron microscope
detected were higher in cellulosic electrode fume
micrograph (~30000 X) of cellulosic electrode fume
compared with rutile one, whereas calcium,
particles. Particles were spherical in shape and
magnesium, potassium, silicon and aluminum were
agglomerated and particles showed more dense
higher in rutile electrode.
distribution compared with rutile fume particles.
XRD was performed on bulk rutile (Fig. 2) and
Similar to rutile electrode fume particles, particle
sizes varied from very fine (particle diameters up to
cellulosic (Fig. 3) fume filters from each of the
~300 nm) to ultra-fine particles (diameter <50 nm).
EDX spectra of particle spotted in Table 5 revealed
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oxygen (38.03%), silicon (6.61%), manganese
(7.13%), sodium (5.91%) and iron (38.71%) were
the predominant elements. The health effects and
risk assessment of different metal fumes are
explained in Table 6.
The effect of the particulates formed on human
health is investigated and risk levels are determined
by implementing risk assessment method. As a
result, the biggest health risks have been assessed as
iron oxides, aluminum, silicon and manganese.

EDX spectra results of rutile electrode fume
particle from indicated spot
Element
Wt %
At %
53.40
48.93
OK
39.41
48.11
CK
2.41
1.26
Si K
1.66
0.44
Fe K
0.88
0.24
Mn K
0.78
0.29
KK
0.49
0.15
Ti K
0.17
0.09
Al K
0.20
0.12
Mg K
0.59
0.38
Na K

CONCLUSION
Welding fume, as a by-product of arc welding, is
an inevitable emission source, which is harmful for
both human health and environment. In this study,
chemical analyses of rutile and cellulosic covered
shielded metal arc welding electrodes were realized.
Results are given as follow,
Fe, Mn, Si, K, Ca, Mg and Al were the elements
in rutile and cellulosic electrode fumes according to
ICP-OES analyses.
XRD results for rutile electrode fume reveal that
MnO2 and SiO2 were significant compounds. Fe3O4,
MnO2, SiO2 and Na2O2 were the compounds
obtained from XRD analysis for cellulosic electrode
fume.

TABLE 5
EDX spectra results of cellulosic electrode fume
particle from indicated spot
Element
Wt %
At %
38.03
61.50
OK
0.99
2.14
CK
6.61
6.08
Si K
38.71
17.93
Fe K
7.13
3.36
Mn K
0.41
0.27
KK
0.43
0.23
Ti K
0.59
0.57
Al K
1.19
1.26
Mg K
5.91
6.65
Na K
It was observed in scanning electron microscope
for rutile electrode fume that particles were spherical
and agglomerated. EDX spectra of a spotted particle
in rutile fume revealed measurements of elements as
oxygen (53.40%), carbon (39.41%), silicon (2.41%),
manganese (0.88%) and iron (1.66%). EDX of a
spotted particle in cellulosic fume detected oxygen
(38.03%), silicon (6.61%), manganese (7.13%),
sodium (5.91%) and iron (38.71%). Particle sizes
observed in SEM for both electrode fumes ranged
from very fine to ultra-fine.
Fume formation rate is an important but not-theonly indication of how the emissions emerge from
WKDWZHOGLQJSURFHVVDQGDIIHFWZRUNHU¶VKHDOWKDQG
the environment. Fume particle size, morphology,
distribution and composition are quite crucial to
DVVHVV ZRUNHUV¶ H[SRVXUH WR WR[LF IXPH ,QKDODWLRQ
of these particles constitutes the greatest health
hazard because of their ability to penetrate deep into
the lungs and alveoli.
Iron oxide might cause chronic lung disease after
inhalation. It is estimated that long-term exposure to
arc welding fumes leads to pneumoconiosis in
welders referred to as siderosis.

FIGURE 4
SEM micrograph of spherical and
agglomerated rutile electrode particles

FIGURE 5
SEM micrograph of agglomerated cellulosic
electrode particles
TABLE 4
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Metal
Fumes
Al
FexOx
Si
K
MgO
Mn
Na2O2

TABLE 6
Health effects and risk assessment of metal fumes
Health Effects
$O]KHLPHU¶V disease
Nose and lung irritation, siderosis
Acute silicosis, accelerated and chronic silicosis, pulmonary
fibrosis
Irritation on the skin, eyes, nose, throat and lung with sneezing
and coughing
Eye and nose irritation, metal fume fever
Nervous system disorder, parkinsonism
Irritation and burn on the skin and eyes

Intolerable Risk
Intolerable Risk
Intolerable Risk
Medium Risk
Important Risk
Intolerable Risk
Medium Risk

chemical properties of welding fumes of
inhalable particles, Journal of Aerosol Science,
Vol. 45, pp. 50-57.
[4] Sowards, J.W., Ramirez, A.J., Dickinson, D.W.,
Lippold, J.C. (2010). Characterization of
welding fume from SMAW electrodes-Part II,
Welding Journal, Vol. 89, pp. 82s-90s.
[5] Brand, P., Lenz, K., Reisgen, U., Kraus, T.
(2013). Number size distribution of fine and
ultrafine fume particles from various welding
processes, Annual Occupational Hygiene, Vol.
57(3), pp. 305-313.
[6] Mert, T., Bilgili, L., Senoz, K.M., Celebi, U.B.,
Ekinci, S. (2015). The effect of parameter
selection on fume formation rate in SMAW of
AH36 shipbuilding steel and analysis with
ANOVA method, Proceedings of 15th Global
Conference on Global Warming, GCGW-15,
24-27 May, Athens, Greece.
[7] Senoz, K.M., Bilgili, L., Mert, T., Celebi, U.B.,
Ekinci S. (2015). Detrimental welding fume in
shipbuilding and ship exhaust gases in ship life
cycle, 8th International Scientific Conference on
Naval, Mechanical and Industrial Engineering,
TEHNONAV-2015, 2-4 July, Constanta,
Romania.
[8] 0DáJRU]DWD 6 3ąJRZVND ( .U\VW\QD 3
(2015). Emissions of fluorides from welding
processes, Journal of Environmental Sciences,
Vol. 37, pp. 179-183.
[9] Sriram, K., Lin, G.X., Jefferson, A.M., Roberts,
J.R., Chapman, R.S., Chen, B.T., Soukup, J.M.,
Ghio,
A.J.,
Antonini,
J.M.
(2010).
Dopeminergic
neurotoxicity
following
pulmonary exposure to manganese-containing
welding fumes, Archives of Toxicology, Vol.
84(7), pp. 521-540.
[10] Taylor, M.D., Roberts, J.R., Leonard, S.S., Shi,
X., Antonini, J.M. (2003). Effects of welding
fumes of differing composition and solubility on
free radical production and acute lung injury and
inflammation in rats, Toxicological Sciences,
Vol. 75, pp. 181-191.
[11] Pesch, B., Kendzia, B., Hauptmann, K., van
Gelderb, R., Stamm, R., Hahn, J.U., Zschiesche,
W., Behrens, T., Weiss, T., Siemiatycki, J.,

Manganese, which is described as both cytotoxic and
neurotoxic substance, forms in most welding
processes. It is clearly manifested that chronic
manganese poisoning cause central nervous system
GLVHDVHVVXFKDV3DUNLQVRQ¶VGLVHDVH [14]. Not only
has respirable silica, been known to cause silicosis,
which is a non-reversible and fatal lung disease but
also has been designated as carcinogenic to human
[15]. The early symptoms of harmful exposure to
most substances produced during welding are
similar. These may consist of irritation of the eyes,
nose, respiratory system and sometimes the skin.
Coughing, a tight chest or chest pains, headaches,
nausea, vomiting and fatigue may also be some
insistent symptoms [14].
Risk analysis studies are investigated according
to the characteristics of metal fume in terms of acute
and chronic diseases. Further studies focusing on in
vivo and in vitro methods are needed to understand
welder exposure better and assess the risks.
Detrimental effects of welding have to be estimated
so that convenient measures can be taken on
SURWHFWLRQRIZHOGHU¶VKHDOWK
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known as a worldwide issue partly due to human
activities [1-4].
There are several gases that contribute to the
greenhouse effect. Most prominent among these are
methane (CH4), nitrous oxide (N2O), ozone (O3), and
chlorofluorocarbons. Water vapor (H2O) and carbon
dioxide (CO2) are two of the major greenhouse
gases. Water vapor can easily condense or evaporate,
depending on local conditions. But CO2 tends to
remain in the atmosphere for a very long time (about
a hundred of years). Increasing of CO2 concentration
in atmospheric levels causes a substantial increase in
temperature. The Global Warming Impacts for
increased CO2 and temperature are raising seas,
melting of ice caps, melting glaciers, spread of
disease, increased extreme events and changes in
rainfall patterns. Scripps CO2 data from Mauna Loa
Observatory shows a concentration of 397.27 ppm
for November 2014 and 400.16 ppm for November
2015. The concentration shows a trend of rising for
about 3 ppm per year [5-6].
Anthropogenic (human-generated) greenhouse
gas emissions and human activities changed the
natural CO2 balance. The main human sources are
fossil fuel combustion, deforestation and land use
changes (such as converting agricultural land or
forests to urban development), which release stored
organic matter and reduce the ability of natural
ecosystems to store carbon. When atmospheric
greenhouse gas concentrations increase, Earth
temporarily traps infrared radiation more efficiently,
so the natural radiative balance is disturbed until its
surface temperature rises to restore equilibrium
between incoming and outgoing radiation. It takes
many decades for the full effect of greenhouse gases
to be realized in higher surface temperatures,
because the oceans have a huge capacity to store heat
[7].
The scientific consensus on climatic changes
related to global warming is that the average
temperature of the Earth has risen between 0.4 and
0.8 °C over the past 100 years [8]. According to
Intergovernmental Panel on Climate, the multi
model average CO2 concentration could increase to
985 ± 97 ppm (full range 794 to 1142 ppm) and the
average global temperatures could increase between

ABSTRACT
According to the maps produced by Japan
Meteorological Agency, the raising rate around the
Marmara Sea in Turkey is in average higher than
Mauna Loa Observatory. As clean air in the sense of
low concentrated CO2 is essential for basic
requirement of live, a test study has been performed.
Istanbul Technical University main campus in
Istanbul/Turkey was selected as study area. It is
located near by the heart of the commercial area with
the approximate population of 30K including
VWXGHQWVDQGVWXII$WWKH¶VWKHQHLJKERUKRRGRI
the campus was totally covered with the forestry
areas and small buildings which were converted to
skyscrapers later on. The area now is housing many
national and international companies in these huge
skyscrapers at the northern part adjacent with a road
of high traffic intensity. The other parts of the
FDPSXVDUHHLWKHUVXUURXQGHGE\VTXDWWHU¶VKRXVHRU
roads which can be classified as heavy traffic. As the
indoor air quality is directly depend on to outdoor
gas component, the study focused to find out the
distribution of Carbon dioxide levels in and around
the campus. GIS based distribution maps were
realized using daily measured parameters in the
campus on 30 stations. GIS based spatial analyses
have been carried out to display the distribution level
of the Carbon dioxide concentration. CO2
concentration comparisons with different areas have
been made.

KEYWORDS:
carbon dioxide, ITU campus, GIS, greenhouse effect

INTRODUCTION
Global warming is the increase in the average
temperature of the Earth's atmosphere and its oceans,
due to the effect of greenhouse gases, such as carbon
dioxide emissions from burning fossil fuels or from
deforestation, which trap heat that would otherwise
escape from Earth. This is a type of greenhouse
effect. The increase of the greenhouse effect is
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atmospheric CO2 [13, 14].

2.5 and 5.6 °C by the year 2100. Changes resulting
from global warming will causes rising sea levels,
melting of the polar ice caps, spread of disease, as
well as an increase in occurrence and severity of
storms and other severe weather events [9].
As humans produce and exhale carbon dioxide
CO2, concentrations of CO2 in occupied indoor
spaces as offices, schools, and residences are higher
than concentrations outdoors. Depending on
occupant density and ventilation quantity and
effectiveness, concentrations of CO2 are measured in
the range of 400 to 1200 ppm [10]. Although typical
outdoor CO2 concentrations are approximately 380
ppm, outdoor levels in urban areas are higher.
Concentrations of CO2 inside buildings range from
outdoor levels up to several thousand parts per
million [11]. Prior research has documented direct
health effects of CO2 on humans, but only at
concentrations much higher than those found in
normal indoor settings. CO2 concentrations > 20000
ppm cause deepened breathing; 40000 ppm
increases respiration markedly; 100000 ppm causes
visual disturbances and tremors and has been
associated with loss of consciousness; and 250000
ppm CO2 (a 25% concentration) can cause death
[12]. Carbon dioxide can become dangerous not as a
toxic agent but as a simple asphyxiant.

FIGURE 1
Recent monthly mean carbon dioxide
globally averaged over marine surface sites.

GLOBAL AND REGIONAL CO2
DISTRIBUTION


In recent decades, only about half of the CO2
added to the atmosphere by human activities has
stayed in the atmosphere. The rest has been taken up
and stored in the oceans and in terrestrial
ecosystems. The basic processes through which land
and ocean sinks (storage reservoirs) take up carbon
are well understood, but there are many questions
about how much anthropogenic carbon these sinks
can absorb, and how sensitive these sinks are to
various changes in the environment. These issues are
concerns for atmospheric scientists because carbon
that cannot be taken up by land and ocean sinks will
ultimately end up in the atmosphere.
Atmospheric CO2 is exchanged with the
surface ocean through gas exchange. This exchange
flux is driven by the partial CO2 pressure difference
between the air and the sea. The terrestrial biosphere
reservoir contains carbon in organic compounds in
vegetation living biomass. Here, CO2 is removed
from the atmosphere by plant photosynthesis.
Because CO2 uptake by photosynthesis occurs only
during the growing season, whereas CO2 release by
respiration occurs nearly year-round, the greater land
mass in the Northern Hemisphere imparts a

FIGURE 2
Time series representation of CO2
concentrations (updated on 25 February
2015) for grid point Istanbul (40N, 30E)
obtained from Japan Meteorological
Agency [16].
The dashed line with diamond symbols
represents the monthly mean values, centered on the
middle of each month. The black line with the square
symbols represents the same, after correction for the
average seasonal cycle (October 2015: 398.70 ppm;
October 2014: 396.21 ppm, last updated: December
7, 2015) [15].
CO2 mean concentrations around Istanbul (Fig
2) obtained from Japan Meteorological Agency and
from Global Greenhouse Gas Reference Network
Stations around Turkey (Fig 3) gives similar uptrend
as with Fig 1, but the amplitude of the keeling curves
is somewhat higher than globally.
Japan Meteorology Agency has published on
their website annual mean concentration maps until
the year 2013. But the regional CO 2 concentrations
can easily extrapolated from, as shown on Fig.4.
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FIGURE 3
Greenhouse Gas Reference Network Stations around
Turkey [17]

FIGURE 4
Annual mean CO2 concentrations for the years 2011, 2012, 2013 [18].

FIGURE 5
CO2 concentration distribution at ITU campus
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trees, some randomly selected points and main
entrances to the campus. Measurements have been
tried to make by the shortest time in order not to
become time dependent CO2 undulations. Thus,
measurements have been performed on similar
atmospheric condition with a temperature between
12 °C and 17 °C.

STUDY AREA: ITU CAMPUS
Istanbul Technical University, referred to as
ITU is an international technical university located
in Istanbul, Turkey. ITU was established in 1773,
during the time of the Ottoman Sultan Mustafa III.
With its original name "Muhendishane-i Bahr-i
Humayun", The Royal School of Naval Engineering,
its responsibility was to educate chart masters and
ship builders. It is one of the world's oldest
universities dedicated to engineering sciences, and is
one of the most prominent educational institutions in
Turkey. Now, the university has five different
campuses in the heart of Istanbul with thirteen
faculties and six research institutes with about 30K
people including students and stuff.
Together with the main one, four campuses of
ITU lie at the European site of Istanbul. The main
campus area is surrounded by many national and
international companies in huge skyscrapers at the
northern part adjacent with a road of high traffic
intensity. The other parts of the campus are either
VXUURXQGHGE\VTXDWWHU¶VKRXVHRUURDGVZLWKKHDY\
traffic. Therefore, some parts of the campus are
expected to have higher level of carbon dioxide. As
CO2 is also a product of humans respiration, CO2
concentrations indoors can vary from several
hundred ppm to over 1000 ppm in areas with many
occupants present for an extended period of time like
classes or offices where outdoor air ventilation is
limited [19]. Epidemiologic and intervention
research has shown that higher levels of CO2 within
the range found in normal indoor settings are
associated with perceptions of poor air quality,
increased prevalence of acute health symptoms (e.g.,
headache, mucosal irritation), slower work
performance, and increased absence [20].
The level of CO2 indoors depends upon:
x the number of people present,
x how long an area has been occupied,
x the amount of outdoor fresh air entering the
area,
x the size of the room or area,
x the outdoor concentration.
As the first four cases are difficult to change or
modify, the indoor CO2 concentration may only be
controlled with outdoor fresh air. The importance of
outdoor fresh air with low CO 2 content lies here.
In this study, Istanbul Technical University
main campus, having an area of 1.69 km2, was
selected as the study area. The aim was to find out
the CO2 levels within the campus. Five measurement
series on five different days has been carried out on
30 selected measurement stations with a portable
CO-CO2 measurement instrument of Delta Ohm. In
order to find out the concentration correlations, the
measurements have been carried out on different
paths. Point of interest include student social center,
campus residents, student dormitories, kindergarten,
elementary school, high school, areas with dense

RESULTS AND DISCUSSION
Istanbul houses more than 850 number of
industries mainly distributed to the south of ITU
main campus. Sources of pollution in this part of
Istanbul are heavy traffic, which surrounds the
campus and a dense residential district. The increase
of traffic and the combustion of fuel, gas and coal in
winter seasons will lead to an increased
concentration of CO2. The region is mainly under the
influence of north - northwest winds, so north winds
brings fresh or clean air to the city and ITU campus,
and south winds will take the contaminated or
polluted air from those industrial zones. This means
that the wind direction is important and provides
either fresh or polluted air to the city.
CO2 concentration at ITU campus has been
measured and analyzed at 30 stations. The expected
levels can be captured from Fig 2 and Fig 4 as
approximately 390 ± 400 ppm. Daily average and
station average concentrations both have been
calculated. Daily campus averages varies between
389 ppm and 408 ppm. Station averages have instead
a wider variation cycles between 377 ppm and 428
ppm. Highest average concentration has been
captured at station 8 (Fig 5). Actually this station lies
at the end of the ITU property boundaries and is very
close to one of the main entrance of the university.
This station can be seen as the most upright corner
of the Figure 5. Although the general CO2
concentration results are in harmony with annual
regional mean CO2 concentrations, it can clearly be
seen, that concentration variation exists within the
Campus area. A CO concentration of 2 ppm on one
day and only at station 14 has been discovered.

CONCLUSIONS
ITU campus has a CO2 concentration
distribution decreasing from north to south. Highest
concentrations have been found at the northeast of
the campus, adjacent to a road of high traffic
intensity. There are lying the main entrances to the
campus (stations 5, 8, 9, 10, 11, 12, 14), the institute
of energy, KOSGEB laboratory and Ari science park
buildings (stations 4, 5, 7) and the valley student
housing area (station 7).
The dark colored area, in the mid of Figure 5,
shows lower concentration of CO2. One can
associate this because of the dense forest east to this
149



© by PSP

Volume 26 ± No. 1/2017, pages 146-150

Fresenius Environmental Bulletin





[12] Usha S., Mark J. M., Krishnamurthy S.,
Toshifumi H., Douglas S., Siegfried S., and
William J. F., (2012), Is CO2 an Indoor
Pollutant? Direct Effects of Low-to-Moderate
CO2 Concentrations on Human DecisionMaking Performance, Environmental Health
Perspectives, Vol. 120, number 12, pp. 16711677
[13] Siegenthaler U., Sarmiento J. L., (1993),
Atmospheric carbon dioxide and the ocean,
Nature, Vol. 365, pp. 119-125.
[14] Carbon and Other Biochemical Cycles,
http://www.ipcc.ch/pdf/assessment-report/ar5/
wg1/WG1AR5_Chapter06_FINAL.pdf.
[15] Earth System Research Laboratory, Global
Monitoring Division, http://www.esrl.noaa.gov
/gmd/ccgg/trends/global.html.
[16] Japan Meteorological Agency, Time-series
representation of CO2 concentrations for each
grid point, http://ds.data.jma.go.jp/ghg/ kanshi
/co2time/co2time_series_e.html.
[17] Earth System Research Laboratory, Global
Monitoring Division, Global Greenhouse Gas
Reference Network, http://www.esrl.noaa.gov
/gmd/ccgg/carbontracker/observations.php.
[18] Japan Meteorological Agency, Global maps of
CO2 concentrations, http://ds.data.jma.go.jp/ghg
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[19] MDH, Minnesota Department of Health,
Carbon Dioxide, http://www.health.state.mn
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[20] Erdmann C. A., Apte M. G., (2004), Mucous
membrane and lower respiratory building related
symptoms in relation to indoor carbon dioxide
concentrations in the 100-building BASE
dataset, Indoor Air 14 (s8):127±134

region. There lies the faculty of chemical and
metallurgical engineering (station 22), faculty of
naval architecture and ocean engineering and
lakeside student dormitory (station 23) and the
second part of lakeside student dormitory (station
20). A comparatively lower CO2 concentrated area is
in the southwestern part of the campus, station
numbered as 16 near to the student dormitory. This
is also a forested area of ITU campus.
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TOXICITY AND HEALTH EFFECTS OF ORTHOCHLORO-BENZYLIDENE-MALONONITRILE (CS GAS)
Massimo Zucchetti*, Raffaella Testoni
Dipartimento di Energia, Politecnico di Torino Corso Duca degli Abruzzi, 24, 10129 Torino, Italy

According to Amnesty International, after
exposure in riots in Genoa 2001 (Italy), many
persons have filed a formal complaint,
accompanied by medical reports, claiming to suffer
long-term effects (damage to lungs, throat and skin)
due to exposure to gas CS. Similar reports are
available from other exposed people in Valsusa
(Italy) manifestations during 2011-2015.
In weak subjects, literature reports damage to
the lungs, and in some cases, effects on heart and
liver have been reported too. The potential damage
to internal organs, as well as gastrointestinal
symptoms, was evidenced by accidental exposures
reported in literature. Concerning the eyes, the
increase in intraocular pressure may onset acute
glaucoma in susceptible individuals.
As far as respiratory apparatus is concerned,
usual effects are represented by irritation of the
upper airways that are clinically manifested as nasal
congestion and runny nose: those effects are usually
reversible and disappear within a short time if the
exposed person moves to breath clean air and
washes himself and his/her clothes with fresh water.
In some cases, irritating effects may extend distally
and cause laryngitis, tracheitis, bronchial irritation
and cough with copious phlegm. In severe cases
laryngitis may result in laryngospasm and irritation
of the lower airways, namely ARDS (Acute
Respiratory Distress Syndrome). In medical
literature, numerous cases of prolonged cough and
breathing difficulties for several months are also
reported. Concerning skin, contact with the gas skin
causes burning sensation that usually subsides
quickly: the contamination of the clothes can
prolong the effects and, in case of prolonged
exposure, can lead to real burns. For
gastrointestinal tract, effects usually stem from the
contamination of food and beverage, and depend on
the irritation of the mucous membranes and lead to
symptoms such as nausea, vomiting, loss of
appetite, diarrhea, and abdominal pain. More
serious effects, such as acute liver disease
(hepatitis), have also been reported occasionally.
Finally, there is some ± however disputed evidence from recent studies of carcinogenic and
mutagenic effects of CS. They identify the
mechanism that underlies the toxic action of CS,
namely the formation of cyanides. The carcinogenic

ABSTRACT
The CS gas has repeatedly been used as a tear
gas by police forces during manifestations and riots,
in Europe, in the United States and elsewhere. Our
study is aimed to examine toxicity and health
effects on humans of CS gas, following the people
exposure to CS gas in Valsusa (Italy), during the
2011-2015 period. The claims that the CS gas is not
toxic are counterbalanced by many findings by
recent studies, showing many toxic effects,
especially in case of misuse of the gas, or in weak
and sensitive subjects. Adoption of the precaution
principle seems, in this case, recommendable. The
use of CS gas by police forces for riot control
should therefore be abandoned, substituted by other
countermeasures.

KEYWORDS:
CS gas, toxicity, health effects, tear gas.

INTRODUCTION
The
chemical
product
ortho-chlorobenzylidene-malononitrile (the so-called CS gas), is
chemically synthesized by reacting two chemicals
compounds: 2-clorobenzaldeide and malononitrile.
CS gas has repeatedly been used as a tear gas by
police forces during manifestations and riots, in
Europe, in the United States and elsewhere.
Our study is aimed to examine toxicity and
health effects on humans of CS gas, given our
observation of side effects cases due to exposure of
Italian people participating to manifestations since
2001 up to the present days.
The immediate effects of the gas on humans
occur at low concentrations and depend on the
irritating action to the skin and mucous membranes.
The first target organs are represented by eyes:
intense tearing due to irritation of the mucous
membrane,
blepharospasm,
conjunctivitis,
periorbital edema, burning, and pain. CS is
commonly classified as a non-lethal weapon to
control the riots. However, CS gas has proven to
have toxic side effects, which are currently studied
in toxicology.
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respondents and their children, which persisted for
weeks after the exposure. The medical doctors
noted that patients with asthma and chronic
obstructive pulmonary disease who were exposed to
tear gas seldom showed deterioration of lung
function, some in a serious degree that required
medical treatment and hospitalization. We were
particularly impressed by the lack of information
available to the local community on the effects of
tear gas.

mechanism of CS is not based on the interaction of
the compound with DNA, but directly on the
apparatus of mitotic cells, causing chromosomal
aberrations.

MATERIALS AND METHODS
The effectiveness of CS in crowd control
comes from its property as a skin and mucous
membrane irritant and extremely serious tear
maker, even at low doses. Conjunctivitis and
concomitant blepharospasm, burning and pain are
typical. These symptoms are exacerbated in hot or
humid environment. CS is commonly micronized
and mixed with an antiagglomerant or treated with
a water repellent silicone (known formulations as
CS1 and CS2, respectively): in those cases, it can
remain active for days or weeks when dusted on the
ground.
The use of tear gas in recent situations of civil
unrest shows that exposure to the weapon is
difficult to control and this weapon is seldom
incorrectly used. Severe traumatic injuries from
exploding tear gas grenades and toxic damage were
documented. In addition, the available toxicological
data are still uncertain regarding WKLV DJHQW¶V
possibility to cause long-term pulmonary,
carcinogenic and reproductive effects. However,
published
in
vitro
tests
showed
ochlorobenzylidenemalononitrile
to
be
both
mutagenic and clastogenic.
The widespread use of tear gas agents
naturally raises the question of their safety.
Unfortunately, the nature of its application makes
analytical epidemiological investigation of exposed
persons difficult. In general, the authors of early
¶VDQG¶V review articles have found out that,
if used properly, the harmful effects are transient
and of no consequence in the long run [1-3].
The question arises on the effects of tear gas
when improperly used. In our community survey,
performed in the recent years (2011-2015) in
Valsusa (Italy) [4], we had repeated accounts of
police forces firing tear gas directly into crowd
gatherings and enclosed spaces such as rooms and
shops.
People who find themselves close to
exploding tear gas grenades, may not unfrequently
sustain penetrating trauma from plastic fragments,
which is exacerbated by the presence of chemical
tear gas. Many individuals sustain blistering skin
burns from direct contact with the tear gas powder.
There have been several stories of people that
experienced more severe toxic injuries requiring
medical care and, in some cases, hospitalization.
Our survey on the Val Susa community
discovered some common symptoms, including
coughing and shortness of breath, among

TOXICOLOGY OF CS
As reported above, many studies between
volunteers have noted that, in most cases, the
removal from exposure to the CS determines fairly
rapid recovery with cessation of all symptoms
within a short time.
Toxicology studies by inhalation [5, 6] at high
levels of exposure CS, however, have demonstrated
its ability to cause fatal chemical pneumonitis and
pulmonary edema. In situations where high levels
of exposure have occurred, those effects, as well as
heart failure, hepatocellular damage and death, have
been reported in adults. [5-8]. A child exposed to
CS in a house where police fired CS containers to
subdue a mentally disturbed adult developed severe
pneumonia requiring steroid therapy, oxygen,
antibiotics, and 29 days of hospitalization [9].
The concentration of the respiratory tract of
CS that would be lethal to 50% of healthy adults
was estimated to be of 25000-150000 mg/m3 per
minute, based on animal studies [10]. When
detonated outdoors, a CS grenade generates a cloud
of 6 to 9 m in diameter, in the center of which a
concentration of 2000-5000 mg / m3 can be
produced, with concentrations quickly decreasing
with distance [11]
If detonated in an enclosed space or in groups,
however, you could expect much higher levels of
exposure. In addition, chemical weapons are
generally been noted to be notoriously uneven in
their dispersion [12].
Oral toxicology studies [13-14] have noted the
ability of CS to cause severe gastroenteritis with
perforation. Metabolic studies indicate that CS
absorbed is metabolized to cyanide in peripheral
tissues. However, the actual possibility of exposure
to CS levels causing significant generation of
cyanide at the tissue level is controversial: to
breathe the massive quantities, necessary to
generate cyanide, serious lung injury may prevent
this occurrence. However, this argument ignores the
ingestion of chemical tear gas that can occur with
pharyngeal deposition of compounds CS, not
completely dispersed and swallowing of respiratory
secretions.
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as its toxicology, arise the question whether its
further use may be tolerated under any conditions.
We recognize that it is not enough for health
professionals to study and simply refuse as
"clinically unacceptable" any mode of riot control.
As with many dangers, for example, asbestos, toxic
industrial emissions, radiation, there is an important
role for scientists: study, document, analyze and
report on these risks and to advise the government
on what is acceptable and what does not lead to an
acceptable risk.
At a time when the world has recently seen
the recurrence of the use of CS, this time in the
Middle East, it is also noteworthy that, in 1969, on
the occasion of the General Assembly of the United
Nations, 80 countries voted for prohibit the use of
any chemical warfare, including tear gas, by
applying the Protocol of Geneva.
The technical paper presented at the Public
Prosecutor's Office Court of Genoa , as informative
part and attached to the file - complaint "Syndrome
Genoa " June 15, 2002 , titled "Malononitrile - CS :
mutagenicity data" , signed by Prof. Nicola Lopresti
(University of Pisa) and other researches, shows, on
a scientific basis and based on experimental data,
that a substance like CS could be classified by the
European Commission (Dangerous Substances
Directive 675/148/CEE) in Class 3, namely:
"substances presenting positive results in the most
revealing mutagenicity assays , for which no
relevant in vivo data are available´. Substances of
this type represent a danger to humans because of
their possible mutagenic effects.
Exposure to Genoa in 2001 was massive but
single. Instead, two exposure situations are
particularly dangerous as regards Valsusa:
- For operators of the police forces, CS gas
is a working tool and the contact could have
continued, long-term effects unknown today,
especially in those backside officials and agents not
wearing masks.
- For the protesters of the Susa Valley, there
is the same scenario of repeated exposure.
Exposures in the 2011-2016 five-year period have
been some tens.
Prolonged exposure could transform both the
police agents and the protesters in a group of
highly-exposed subjects to CS gas, potentially
causing unexpected effects due to repeated
exposure.

Burns due to contact and the development of
skin sensitization with allergic contact dermatitis
have been described in a series of experimental and
observational studies on animals and humans [1519]. This is in line with many skin burns
encountered during our investigation in Val Susa.
Symptoms of prolonged cough and shortness
of breath that were reported in our survey of the Val
Susa community: they suggest that this effect may
have occurred because of exposure to CS.
The potential damage to internal organs, as
well as gastrointestinal symptoms, was evidenced
by an accidental exposure reported in [20]. The
laryngeal and bronchial obstruction is demonstrated
for example in [21]. Some studies have associated
exposure to the CS with miscarriages, see for
instance [22].

POTENTIAL GENOTOXICITY
In the study [23], it was established that the
CS chemical agent had no carcinogenic effects
mediated by DNA damage. However, the study in
[24] affirms that the carcinogenic mechanism of CS
is not based on the interaction of the compound
with DNA, but directly on the apparatus of mitotic
cells, causing chromosomal aberrations. The agent
CS can alkylate sulfhydryl groups and, possibly,
DNA [25-26]. As such, it is potentially genotoxic.
Some researchers have shown CS to be mutagenic
on salmonella cells [26] and mice [27]. The CS
agent has been found to suppress the non-specific
esterase activity in mouse skin sebaceous glands
[28-29]: this property was suggested to be used as a
screening test for the carcinogenic potential of
chemicals [29]. A study [30] showed the
carcinogenicity of CS in mice.

RESULTS AND DISCUSSION
From the toxicological point of view, there is
a great need for more epidemiological and
laboratory research that illuminate the health
consequences of exposure to full tear gas
compounds such as CS. The possibility of health
consequences in the long term, such as the
formation of cancer, reproductive effects, and lung
disease is particularly worrying in view of the
multiple exposures suffered by demonstrators and
non-demonstrators too in some areas of civil unrest.
The development of tolerance of CS, a
phenomenon that has been confirmed in studies on
human volunteers [31] has probably increased the
length and intensity of the exposure held by some
individuals.
We also believe, however, that the evidence
already assembled on the misuse of tear gas, as well

CONCLUSIONS
Concerning legal aspects, the Italian Law is
actually not clearly treating this case. Under the bill
April 18, 1975, # 110 (Supplementary to the current
regulations for the control of small arms,
ammunition and explosives), Article 1 states that
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437-440.
[11] Sidel, VW, Goldwya, RM (1966) Chemical
and biologic weapons: a primer, N. Engl.
Journ. Med., 274, 21-27.
[12] Ballantyne, B., Swanston, DW (1978) The
comparative acute mammalian toxicity of 1chloroacetophenone
(CN)
and
2chlorobenzylidene malononitrile (CS), Arch
Toxicol., 40, 75-95.
[13] Gaskins, JR, Hehir, RM, McCaulley, DR,
Ligon, EW Jr. (1972) Lacrimating agents (CS
and ON) in rats and rabbits, Arch Environ
Health, 24, 449-454.
[14] Cucinell, SA, Swentzel, KC, Biskup, R. et al.
(1971) Biochemical interactions and metabolic
fate of riot control agents. FASEB Journ., 30,
86-91.
[15] Chung, CW, Giles, AL Jr. (1979) Sensitization
of guinea pigs to alphachloroacetophenone
(CN) and ortho-chlorobenzylidene malononitrile (CS), tear gas chemicals, J Immunol.,
109, 284-293.
[16] Holland, P., White, RG. (1972) The cutaneous
reactions produced by CS and CN when
applied directly to the skin of human subjects,
British Journ. Dermatol., 86, 150-155.
[17] Schmunes, E. (1973) Industrial contact
dermatitis: effect of the riot control agent
ortho-chlorobenzylidene malonitrile, Arch
Dermatol., 107, 212-215.
[18] Wu, K. et al, (2011) Acute generalized
exanthematous pustulosis induced by a topical
agent: 2 - chlorobenzylidene malonitrile (CS)
gas, British Journal of Dermatology, 164,1,
227-228.
[19] Watson, K. and Rycroft, R. (2005), Unintended
cutaneous reactions to CS spray, Contact
Dermatitis, 53, 9±13
[20] Solomon, I., Kochba, I., Eizenkraft, E.,
Maharshak, N. (2003) Report of accidental CS
ingestion among seven patients in central Israel
and review of the current literature, Arch.
Toxicol., 77, 601±604
[21] Karaman E., Erturan S., Duman C., Yaman M.,
Duman G.U. Acute laryngeal and bronchial
obstruction
after
CS
(o-chlorobenzylidenemalononitrile) gas inhalation. Eur. Arch.
Otorhinolaryngol. 2009;266:301±304.

"For the purposes of criminal laws, the public
security and other laws or regulations on weapons
are weapons of war of every kind that , by their
strong potential for offense, are or may be intended
for the modern armament of the troops at home or
abroad for the use of war and the bombs of any type
or parts of them , aggressive chemicals, deadly
contraptions of war of any kind , bottles or
wrappers explosive or incendiary". This ranks the
CS gas as weapons of war in the third category, i.e.
"chemical weapons".
As for its use in war, the "Convention on the
Prohibition of the Development, Production,
Storage and Use of Chemical Weapons and on their
Destruction" signed at European Union level, in
Paris January 13th , 1993, and adopted in Italy in
1995 and entered into force on April 29th 1997,
prohibits the use of CS gas in any war scenario.
Unfortunately, no explicit statement about the use
of CS gas for riot control by police forces is added
to this prohibition. CS gas is part of the equipment
of the Italian police forces since 1991.
In conclusion, the claims that the CS gas is not
toxic are counterbalanced by many findings by
recent studies, showing many toxic effects,
especially in case of misuse of the gas, or in weak
and sensitive subjects. Adoption of the precaution
principle seems, in this case, recommendable. The
use of CS gas by police forces for riot control
should therefore be abandoned, substituted by other
countermeasures.
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ABSTRACT

INTRODUCTION

This study contains the results of "Living
Standards Survey" which has 38 questions and
³+HDOWK 6XUYH\´ which has 41 questions.
Participants are members of the Chamber of Survey
and Cadastre Engineers which has over 10000
members and attached to the Union of Chambers of
Turkish Engineers and Architects, one of the most
important non-governmental organizations of
Turkey. The results of these two surveys were
matched together based on the participants. As
result, Living Standards-Health Database which
contains 557 participants was obtained. In this
study; determining carbon footprint values,
evaluation of sportive activities, blood pressure
knowledge, smoking rate distributions among
Geomatics engineers in Turkey and visualization via
geographic information systems were carried out.
According the results of the evaluation among the
provinces, average carbon footprint value for
Turkey was found as 15.34 tones CO2/year. The
lowest value among the cities is 9.81 tones
CO2/year for Kars and the highest values is 20.86
tones CO2/year for Mus. Among the geographical
regions of Turkey, Black Sea Region has the lowest
overall of carbon footprint with 14.63 tones CO2/year
and Mediterranean Region has the highest overall
with 15.73 tones CO2/year. According to the results
of the health survey, about performing sportive
activities Central Anatolia Region has the highest
rate with 70%. About smoking rate, Southeastern
Anatolia Region has the highest rate with 55%.
Central Anatolia Region has the highest rate at
alcohol usage with 58% and Eastern Anatolia Region
has the highest rate at having an allergy with 33%.

Ecological footprint is a measure of the
consumption of natural resources. Carbon footprint
(CFP) from the frame of ecological footprint,
measured in units of carbon dioxide (CO2), is the
damage to the environment in terms of the amount
of greenhouse gases (GHG) generated. From this
perspective, the footprint is a concept that should be
known in the context of environmental, social and
economic dimensions.
At the beginning of the problems arising with
sustainability issues it comes to climate change and
global warming. As two of the largest global
challenges we face, the global warming and climate
change, they present themselves as a natural process
and require urgent measures along with the search for
solutions. Therefore, various approaches to prevent
the accumulation of GHG in the atmosphere has been
developed. Among the gases that have greenhouse
effect, it comes to CO2 as one of the most effectives
of all. CO2, such as a greenhouse or window of a car,
lets the sun rays in but does not give out the heat.
Because CO2 has the highest rate among the GHG
that released by human activities, studies have
focused primarily on CO2 analysis.
The recent decades have witnessed a radical
change in the diseases' types and their outbreak in
community, especially the diseases such as heart
diseases, blood pressure diseases and diabetes.
Health awareness includes various aspects that
involve all the healthy behavioral and cognitive
needs. It is a comprehensive understanding of health.
Everyone needs to know this to look after oneself.
This responsibility also extends to the families,
societies, countries and the world.
Abdo defines health awareness as educating
individuals and increasing their knowledge so as to
change their behavior and habits especially in the
case of diseases' spread in community, as well as
instilling habits and traditions that could enforce the
health aspect such as sport practicing and nutrition
[1]. Ahmad sees that the health- mindful person is the
ideal individual who enjoys high levels of health
represented by healthy, social, mental, and physical
integration [2]. She also sees that practicing sportive

KEYWORDS:
Geographic Information System, Carbon Footprint, Health
Awareness, Thematic Map
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description as follows can be used; ³$ µFDUERQ
IRRWSULQW¶ is the total amount of CO2 and other GHG,
emitted over the full life cycle of a process or
SURGXFW´ [6].
Weidmann and Minx mentioned that instead of
all the GHG, CFP should be composed of only CO2,
both direct and indirect effects should be taken into
account and the results should be in weight unit (kg,
tones etc.) [7].
CFP basically consists two main parts;
1. Primary Carbon Footprint: The sum of
the direct carbon dioxide emissions of burning of
fossil fuels, like domestic energy consumption by
furnaces and waters heaters, and transportation, like
automobiles and airplane travel.
2. Secondary Carbon Footprint: The sum of
indirect emissions associated with the manufacture
and breakdown of all products, services and food an
individual or business consumes.

activities helps in avoiding heart diseases, blood
pressure diseases, diabetes, and obesity considering
that the health aspect includes 2 main fields: health
education represented by acquiring knowledge and
information related to health as well as health
awareness which is represented by the practical
application of that knowledge and information.
O'lieweh defines health awareness as a translation
of health knowledge and experiences into behavioral
patterns among individuals [3]. On the other hand,
Salameh identifies it as the individuals' acquaintance
of health knowledge and facts, and their sense of
responsibility towards their own and others' health
[4]. It is also the deliberately health practice that
results from understanding and persuasion, and the
transfer of these health practices into unconscious
habits. Mursi identifies health awareness as the
introduction of health facts, data and information that
are related to health and disease for the community
individuals in an attempt to reach the case when every
individual is ready to respond to health instructions
and guidelines [5].
After reviewing the different definitions of
health awareness, researchers see that health
awareness implies delivering the health information
to people correctly and comprehensibly so as to
influence their daily life and behavior. Enhancing
the students' level of health awareness is an
educational issue since the decrease in the students'
health awareness level is fundamental in the
educational domain, and is caused by lack of
knowledge among students about how to deal with
health problems properly. Thus, the unhealthy
behavior is ascribed to the students' unfamiliarity
with health habits and attitudes that could enable
them avoid diseases.
Reducing the emissions of GHG will
coincidentally lead to a reduction of other air
pollutants such as fine particles, sulfur dioxide or
nitrogen oxides, which cause major problems for air
quality. This is because processes by which these
pollutants are emitted are the same as those that
produce CO2. They are based on the burning of fossil
fuels; so a car engine emits both CO2 as well as
hazardous air pollutants. As the GHG and air
pollutant emissions levels decline, the ambient air
becomes healthier and the incidence of respiratory
and cardiac disease falls.

METHODOLOGY AND USED DATA
Study Area and Participants. This study
contains the results of "Living Standards Survey"
which has 38 questions and ³+HDOWK 6XUYH\´ which
has 41 questions. Surveys created with Google Drive
and applied between March and June 2014.
Participants are members of the Chamber of
Surveying and Cadastre Engineers. 645 responses for
living standards survey and 723 responses for health
survey received from approximately 13000 members
of the chamber.
Firstly, results of these two surveys were
matched together based on the people who answered
the surveys. As a result of these two surveys
matching, Living Standards-Health Database
obtained. Queries were made on this database that
consists of data from 557 participants.
Using data from living standards survey, CFP
values of cities and geographic regions of Turkey
calculated with ::)¶V (World Wildlife Fund)
calculator. Using data from health survey; blood
pressure knowledge, percentage of people that have
diseases, allergy rate, smoking rate, salt use rate,
alcohol use rate and the percentage of people
engaged in sports among geographical regions are
determined.
Calculating Carbon Footprint. There are
many web sites can be used to calculate CFP values. In
this study, ::)¶V (World Wide Fund for Nature)
calculator was used [8]. According to the answers of
participants, CFP values calculated for all
participants.

CARBON FOOTPRINT
CFP is the total amount of CO2 and other
GHG emitted over the full life cycle of a product
or process, from extraction of raw materials
through to decommissioning. CFP concept is a
definition originated within the framework of the
ecological footprint. But, there is no consensus on
a standard definition of CFP. Whereas, a

Analysis of the Data. Assessments were carried
out on the basis of people, region, cities and age
considering the calculated CFP values.
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TABLE 1
Average CFP and Participant Values of Geographic Regions of Turkey
Regions
Black Sea
Central Anatolia
Aegean
Eastern Anatolia
Southeastern Anatolia
Mediterranean
Marmara

CFP Value
(tones CO2)
14.63
14.71
14.77
14.94
14.97
15.73
15.80

Total Members
1524
3272
1529
494
547
1356
4358

Participating
Members
64
136
63
18
18
57
194

Participation
Percentage (%)
4.20
4.16
4.12
3.64
3.29
4.20
4.45

TABLE 2
Results of the Health Survey by Geographical Regions
Regions

CFP
Value
(tones
CO2)
Black Sea
14.63
Central Anatolia 14.71

Blood
Pressure
Knowledge
(%)
55
48

Disease Allergy Smoking
Rate (%) Rate (%) (%)

Salt UseAlcohol
(%)
Use (%)

Sportive
Activities
(%)

33
24

23
22

23
37

72
74

42
58

48
70

Aegean
14.77
Eastern Anatolia 14.94

44
61

21
22

27
33

36
28

78
78

51
50

41
39

Southeastern
Anatolia
Mediterranean
Marmara

14.97

50

11

22

55

67

50

50

15.73
15.80

42
58

17
14

17
22

30
35

68
75

54
45

51
48

FIGURE 1
CFP Map of Turkey by Provinces and Geographic Regions
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Calculations could not be made for Ardahan,
Bartin, Bayburt, (OD]ÕJ Erzincan, Erzurum,
Hakkari, Karabuk, Kirikkale, Kilis, Nevsehir, Siirt
and Yalova because there ZHUHQ¶W any participants
from these cities. Among geographical regions of
Turkey, Black Sea Region has the lowest value with
14.63 tones CO2/year and Mediterranean Region
has the highest with 15.73 tones CO2/year as shown
in Table 1.
According to the results of health survey; about
performing sportive activities Central Anatolia
Region has the
highest rate with 70%.
Mediterranean Region follows with 51%. About
smoking rate, Southeastern Anatolia Region has the
highest rate with 55% and being followed by Central
Anatolia Region with 37%. About ratio with the
treated disease, 55% of the participants from Black
Sea Region has a disease to be treated (Table 2).

GIS-Based Maps. First process to begin
creating CFP maps is calculate values on the basis
of provinces and import them to the system. The
average CFP value of all individuals in a province
gives the average value of that city. After calculate
and import the CFP values of the cities, next step
is perform a similar process for the geographical
regions (Mediterranean Region, Black Sea region,
Aegean Region, Marmara Region, Central Anatolia
Region, Eastern Anatolia Region and Southeastern
Anatolia Region). After all necessary data imported
to the system, next step is creating the maps (Figure
1).
After generated CFP map of Turkey, smoking
and sportive activity data arranged to perform a
similar process (Figure 2). The rates for the regions
were calculated and imported to the system. Firstly,
the map of average smoking rate was generated
(Figure 3).
After average smoking rate map, map of
average sportive activities was generated (Figure 4).
Calculated values were used, imported to the system
and visualized.

RESULTS
GHG that released into the atmosphere as a
result of human activities are the main reasons of
global warming because of their heat retention
capacity. CFP concept consisting of CO2, the most
important of these GHGs, is an increasingly popular
topic mainly due to its rise and effects to the nature.
Minimizing the CFP, especially with regard to the
prevention of global warming is more important than
ever.

FIGURE 2
Average Smoking and Sportive Activity Rates
among Geographical Regions

FIGURE 3
Average Smoking Rate Map by Geographic Regions
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FIGURE 4
Average Sportive Activity Map by Geographic Regions
When Geomatics Engineers in Turkey grouped
depending on their income distribution, 6% has low
income (0- 1500 TL/month), %20 has medium
income (1500-2800 TL/month), %42 has high
income (2800-4000 TL/month) and %33 has very
high income (more than 4000 TL/month). When
evaluating CFP values compared to income, LW¶V
seen that very high income group has the highest
values with 16.71 CO2/year.
Considering the age groups, 40 and above
group has the highest value with 16.25 tones
CO2/year. 30-40 group follows with 15.47 ton
CO2/year and 20-30 group with 14.25 ton CO2/year.
Although the 20-30 age group doesn't have a high
income, because of their active life they use
transportation intensely. Notwithstanding, personal
care consumptions come with modern life are direct
reasons of CFP increase. When we look at the 30-40
age group, they often use airlines because of their
active business life. This has a significant effect on
CFP. Also, this age group spent more money than
the others on technological equipment like
cellphones, computers etc. For above 40 age group,
there is an increase in the domestic heating and other
daily activities. In these ages, due to spend more
time at home, indoor activities have more effect on
CFP values.
According the results of the evaluation among
the provinces, average CFP value for Turkey was
found as 15.34 tones CO2/year. The lowest value
among the cities is 9.81 tones CO2/year for Kars and
the highest values is 20.86 tones CO2/year for Mus.
Among the geographical regions of Turkey, Black
Sea Region has the lowest overall of CFP with
14.63 tones CO2/year and Mediterranean Region
has the highest overall with 15.73 tones

CO2/year. About the reasons of high CFP values, it
could be said that for western parts, fossil fuel usage
for transportation and industry and for the eastern
parts fuel used for heating are the major factors.

CONCLUSIONS
According to the results of Health Survey;
regions that have high rate of sportive activities show
low rate of salt use, allergic reactions and catching
serious diseases. Regions that have high rate of
smoking show high rate of catching diseases.
As it can be seen in the table, lack of sportive
activities and high rate of smoking lead to diseases
that need to be treated. High rate of salt use also leads
to an increase in diseases. Also it can be seen that,
only approximately half of the participants know
their blood pressure value. All these information
show that, there is a growing awareness about health
within this workgroup, but it needs to be raised.
These is a strong link between climate and
health goals. Most of the mitigation measures for
climate change investigated (including cleaner
household-energy sources, less dependence on
automobile transport etc.) would bring public health
benefits. In many cases, these benefits are significant
and would help to address some of the largest and
fastest growing global health challenges, such as
obesity, cancer, and diabetes. While the climatic
effects of mitigation measures are long term and
spread throughout the world, the health benefits are
immediate and local, making them more attractive
to politicians and the public.
For example, important health gains and
reductions in CO2 emissions can be achieved
through replacement of urban trips in private motor
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vehicles with active travel. Technological measures to
reduce vehicle pollutants might reduce emissions,
but the health effect would be smaller. The
combination of reduced reliance on motorized travel
and substantial increases in active travel with
rigorous implementation of low-emission technology
offers the best outcomes in terms of climate change
mitigation and public health. In many cities, the
increase in use of cars and motorcycles with the
resulting increase in road danger has meant that
many individuals who can afford to are changing
to private motorized transport. Although the model
assumptions can be questioned and further research
will undoubtedly provide more robust estimates, large
health benefits associated with active travel are highly
likely and these benefits should be taken into
account in the development and implementation of
policy.

[8] URL-1:
<http://footprint.wwf.org.uk>,
[Accessed 12 August 2014].
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exposure and health effects in residential
environments, as it is estimated that approximately
RIKXPDQ¶VWLPHLVVSHQGDWKRPH [1]. Indoor air
quality may pose harmful health effects such as
respiratory and cardiopulmonary pathologies and
asthma, mainly in children [2]. Especially young
children comprise an interesting subpopulation to
study regarding their exposure to indoor air pollution
for several reasons. Firstly, they spend the largest
part of their time indoors at home [3]. Secondly, they
are more severely affected by the environmental
contaminants because of their physiology that is
characterized by higher ratio of body surface area to
volume than adults, while their respiratory and other
systems are under development. Another reason is
their particular behavioral characteristics, such as
hand-to-mouth behavior, crawling, and eating food
without hand washing after playing [4,5]
Furthermore, the breathing zone of very young
children is closer to the floor while special attention
has been paid to infants because of their commonly
mouth breathing, which bypasses the filter of the
nose [6].
Although the health effects of indoor air
pollutants are not fully understood, indoor air quality
has been linked to DQ DUUD\ RI FKLOGUHQ¶V KHDOWK
outcomes. Epidemiologic studies have consistently
shown that indoor exposures are associated with
children's respiratory symptoms and conditions
including wheezing, asthma and rhinitis [7-9], while
some studies suggest that early exposure during
childhood can play an important role in the
development of chronic diseases in adulthood: the
earlier the exposure, the greater the risk of chronic
disease, including cancer [8].

ABSTRACT
Nowadays, the modern way of human life has
lead to an increasing exposure to residential indoor
air pollution sources (i.e. building materials, solvents
used in cleaning, paints, bio-contaminants, tobacco
smoke, carpets and combustions) which has been
associated with adverse health effects. Especially
infants and young children comprise a vulnerable
subpopulation as they spend the majority of their
time indoors at home while their respiratory and
other systems are under development. &KLOGUHQ¶V
health outcomes that have been studied in literature
include primarily respiratory diseases such as
asthma, impairment of lung function, wheeze and
dry cough and allergic disorders such as, atopic
dermatitis and rhinitis. The methodology followed
for the determination of the above health impacts
varies among questionnaires, doctor diagnosis,
collection of urine samples, skin-prick tests,
spirometric measurements and blood samples,
depending on the health problem that had to be
examined. The main indoor air pollutants that were
PHDVXUHG DQG OLQNHG WR FKLOGUHQ¶V KHDOWK LQFOXded
particulate matter (PM), volatile organic compounds
(VOCs), formaldehyde and other carbonyl
compounds, carbon dioxide (CO2), carbon
monoxide (CO), heavy metals and several biological
agents. Furthermore, parameters such as
geographical, the area of the house and the type of
residence were also taken under consideration.
It is the purpose of the current study to carry
out a state of the art of the link between residential
DLUTXDOLW\DQGFKLOGUHQ¶VKHDOWK7KHUHYLHZZLOOEH
focused on the methodological approaches used for
the assessment of air quality in homes and the
determination of several health effects on children.

MATERIALS AND METHODS
In this review attention will be focused on air
quality in residences, where young children live.
Although residential air quality is not fully
investigated, as it is a complex mixture of agents
migrating indoors from the outdoor air in addition to
agents generated by indoors, there is a number of
identified indoor sources: solvents used in cleaning,
building materials, paint, radon, allergens, cooking,

KEYWORDS:
Indoor air quality, residences, children, health outcomes

INTRODUCTION
There is a considerable interest in the
assessment of the association between air pollution
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activities and outdoor PM [34]. In recent
decades many studies have been carried out in
cKLOGUHQ¶V GZHOOLQJV worldwide to investigate the
concentrations of PM.
In United States, Breysse et al. (2004) collected
samples for PM10 and PM2.5 in homes with asthmatic
children. The mean PM10 concentration (N = 91),
56.5±40.7ȝg/m3, was 25% higher than the PM2.5
concentration (N = 90), 45.1±37.5ȝg/m3, suggesting
that roughly 75% of the indoor PM mass
corresponded to fine fraction, as expected in cases of
combustion sources. Authors confirmed that
smoking is a significant contributor of PM who
found a 33±54 ȝg/m3 increase in PM concentrations
in smoking houses, implying the potential harmful
HIIHFWV RQ FKLOGUHQ¶V KHDOWK. On the contrary, the
frequency of candle and incense burning, cooking
events, and other potential dust-producing events
was not significantly predictive of indoor PM
concentration [19].
In line with the above, Hunt et al. (2011)
conducted a study in a small mid-sized city- in NY,
with the aim to quantify asthma agent levels in the
inner-city homes of a birth cohort whose mothers had
a diagnosis of asthma. Risk of exposure to particle
number and tobacco smoke were assessed in 103
infants' homes. Geometric Mean values for PM2.5
and PM10 in VPRNHUV¶ homes were 26.3 and 37.7
ȝg/m3 respectively, while values in non-VPRNHUV¶
homes were 12.7 and 21.2 ȝg/m3 respectively. As
urinary cotinine constitutes the proximate metabolite
of nicotine [35], a Nurse Practitioner visited
participants' homes every three months to collect an
urine specimen from the child. The results showed
that wheezing in the first year of life was recorded
for 38% of the infants. Adjusted logistic regression
modeling demonstrated that elevated levels of indoor
PM2.5 (15 ȝg/m3) were a significant risk factor for
infant wheezing (OR 4.21, 95% CI 1.36±13.03,
p=0.013). An elevated level of the nicotine
metabolite cotinine in infant urine was also
associated with infant wheezing (OR 5.10, 95% CI
0.96±27.24, p=0.057). The authors concluded that a
major contributor to PM levels was environmental
tobacco smoke (ETS), although particle number
concentration data suggested that this was not the
only source of PM. Nevertheless, reported maternal
smoking during the first year of life was not a
significant predictor of wheeze, whereas proxy
measures of ETS exposure such as elevated indoor
PM2.5 concentrations and urinary cotinine levels
remained significant predictors of wheeze [18].
At the same year, Picket et al. (2011) monitored
PȂ0.5 concentrations in 10 homes with infants in
New England area of the USA. Particularly,
measurements took place in nurseries, the area in the
home where the infant spends the majority of his/her
time, as identified by the participants. Ninety percent
of hourly measurements were between 4.4 and 53.3
ȝg/ m3,

smoking, plastics, carpets, and biomass burning for
fuel or cooking [1,4,5,10-17].
,Q RUGHU WR DVVHVV FKLOGUHQ¶V UHVLGHQWLDO
exposure, many authors have considered in their
experimental studies several parameters that may
affect the air quality and consequently, the levels of
FKLOGUHQ¶V H[SRVXUH $PRQJ WKHVH JHRJUDSKLFDO
area, the area of the house (urban, suburban or rural),
the type of residence (apartment or single house), the
KRXVH¶VGLVWDQFHIURPKLJKZD\RUDPDLQURDGWKH
building materials that have been used, recent
renovations, total number of people living in the
house, the heating and cooling system, pets
ownership and many other factors related with
RFFXSDQW¶VOLIHVW\OHDQGDFWLYLWLHVVXFKDVFRRNLQJ
smoking, domestic cleaning, personal hygiene
activities and home ventilation, have been
investigated. [3,10,18,19]. In addition, numerous
studies on the simultaneous assessment of IAQ in
KRPHV DQG LWV OLQN WR FKLOGUHQ¶V KHDOWK KDYH EHHQ
conducted and concentration of a large number of
indoor air pollutants were measured including
particulate matter (PM) [3, 10, 18-20], volatile and
semi- volatile organic compounds (VOCs &
SVOCs) [20-23], formaldehyde and other carbonyl
compounds [24,25], carbon dioxide (CO2), carbon
monoxide (CO) [10,20], lead [26,27] and several
biological agents, such as molds, fungi, endotoxins
and allergens [28,29].
Based on the above considerations, a
systematic search of the existing literature on
residential indoor pollutants and health effects with
a focus on respiratory and allergic symptoms during
infancy and early childhood has been performed
(Table 1).

RESULTS AND DISCUSSION
Following an
extensive
research,
a
representative sample of the most recent studies has
been eventually selected and is presented based on
the chemical agent which is linked to health effects.
Particulate Matter. Particulate matter (PM)
have been linked to both acute effects, such as
irritation in the skin, eyes, nose and throat and upper
airways, and chronic health effects including asthma,
chronic obstructive pulmonary disease and cardiac
disease [30-32]. It has been demonstrated that it is
the finer PM fraction that has the most acute effects
on human health [33]. Epidemiological studies have
reported that short-term exposure to PM2.5 is related
to increased respiratory symptoms, such as
coughing, wheezing and shortness of breath in
children [11]. PM in residences can be produced by
several sources such as Environmental Tobacco
Smoke (ETS), fuel combustion, cooking, resuspension of settled dust by cleaning and other
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TABLE 1
An overview of the main characteristics of the most representative studies.


Picket et al.
(2011)

 
    

10 houses

Breysse et al. 100 asthmatic
(2004)
children

Zhu et al.
(2015)

10 children 5
with
respiratory/aller
gy symptoms- 5
healthy, urban
area China,
autumn- winter

 

USA

USA

 
  

 
  

PM0.5 ,T VOCs,
infants
0-6 months CO2 ,CO

6 - 12 y.o

 
  

  
CO: (0.25 to 4.69)ppm
CO2 : (382.1 to >2000)ppm

PM2.5 : 45.1 (4.4-191.7)

NO2 , dust
allergen
samples

PM10 : 56.5 (11.7-275.7)

 

Air samples

PM0.5 : (2.0 to143.9)mg/m 3
7 92&V WR ȝJP 3

PM10 , PM2.5 ,

  
  

NO2 : 31.6 (4.1-259.7)

Air - Dust
samples

Asthma

Doctor's
diagnosis

Air saamples/
dust samples

Respiratory and
Questionnaires
allergic
symptoms

Air Samples

Respiratory
symptoms
ISAAC
(astma,
Questionnaires
pneumonia, dry
cough)

O3 : 0.9-20.7

CO2 , PM10 ,
Asia

10-12 y.o

PM2.5 , HCHO,
Acetaldehyde,
T VOCs,
SVOCs, fungis
controls ȝJP 3 )
PM10 : 142-222

Liu et al.
(2014)

24 houses (12
cases-12
controls)

PM2.5 : 121-144
Asia

1 y.o

Culturable
PM1 : 110-129
fungi, PM, CO2 cases
PM10 : 208-260
PM2.5 : 168-194

Jones et al.
(2006)

91 children

Hunt et al.
(2011)

103 infant's
homes whose
mothers had a
diagnosis of
asthma for 24h
only-cohort
study

Devakumar et
55 houses
al. (2014)

Woods et al.
(2014)

22 children

Austalia

0-2 y.o

T SP, PM10 ,
PM2.5

USA

0-1 y.o

PM10 PM2.5

Asia

7-9 y.o

PM4
(Respirable)

Europe

cross sectional
Lezenby et al. personal
Austalia
exposure study(2012)
41 children
case -control
Rumchev et
study, 88 cases, Austalia
al. (2002)
104 controls

PM1 : 141-153
7 63ȝJP 3
PM10 ȝJP 3

Kitchen cooking (Biomass):
ȝJP 3
Kitchen cooking (nonBiomass):
ȝJP 3

PM2.5

PM2.5 ȝJP 3 *(4.9-11.5)
*median T WA

9-12 y.o

HCHO

personal exp:
(4 ppb) -27.9 ppb
indoors:
<DL-37.5 ppb
+&+2ȝJP

Nurse
practiotioner's
diagnosis
Parental report

Asthma

Spirometric
measurement
Peak flow
Variability
(PFV)
Children's
Asthma Contol
T est(CACT )

Passive samples Asthma

skin prick tests
Respiratory
Questionnaire

Air Samples

Air Samples

<DL

Personal
passive
samplers

Yoshinaga et
al. (2014)

100 houses

Asia

Pb and other
metals

Pb: 49.1 mg/Kg

Dust samples

Health Risk

Campo et al.
(2006)

532 infants
born to atopic
fathers, cohort
study

USA

Endotoxin

Endotoxins (EU/mg)
No pet: 58.7
only dogs: 77.8
cats and dogs: 108.7

Dust samples

wheezing
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Wheezing Asthma

Air Samples

11 y.o

6 months3 y.o

Air Samples

PM2.5 ȝJP 3
*GM

Comparison of
estimated daily
exposure to
metals through
house dust
ingestion
ofchildren with
median dietary
intake of the
Japanese and
tolerable
intakes
Physician's
diagnosis (skin
prick testing)
Qestionnaire
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Rocchi e t al.
(2014)

3193 dwellings

De z ie l e t al.
(2014)

case- control
study (185 cases- USA
212 controls)

Wan e t al.
(2013)

case-control
study (34 cases24 controls)

Se o e t al.
(2014)

case-control
study
(15 astmatic-14
non-asthmatic)

Lucas e t al.
(2012)

484 children

 
  

Europe

Asia

<8 y.o

6-13 y.o

Asia

Europe

6 months6y.o

150 children
with atopic
dermatitis

Asia

Lagorio e t al.
(2013)

case control
study, 106
children (46
cases-60
controls)

Europe

0-10 y.o

Le vallois e t
al. (2014)

306 children

USA

1-5 y.o

cross- sectional,
156 homes

Asia

cross-sectional
Barbie ri e t al.
study,
(2014)
113 children

USA

7-12 y.o

30 homes , 43
children

USA

2-5 y.o

cohort study
Rose nbaum e t
103 infants at
al. (2010)
risk of asthma

USA

Staple ton e t
al. (2014)

Raja e t al.
(2009)

10 asthmatic
children

USA

195 nonasthmatic
Je drychowski
children of non- Europe
e t al. (2014)
asthmatic
mothers
Byun e t al.
50 houses
Asia
(2010)
Wichmann e t.
18 houses
al. (2010)

Europe

  

9-16 y.o

Dust samples

PAHs

Carpet dust
samples

  
  

Acute
Lymphoblastic
leukemia

 

Doctors'
diagnosis

Doctors'
Diagnosis
Air samples/dust Asthma
eNO/spirometri
samples
Allergic Rhinitis
c measurement,
EBC collection

submicron
fungal
fragments
±E'
glucan),
airborne mold

Endotoxins (EU/mg)
asthmatic children: 489.9
children with allergic rhinitis:
430.2
dust healthy children: 651.9
 ȕ'JOXFDQ SJP 3 )
asthmatics: 50.9
non-asthmatics: 26.7
airborne mold( CFU/m 3 )
asthmatics: 135.5
non-asthmatics: 85

Lead

3E' ȝJP 2

Dust samples
paint samples

Endotoxins,
T VOCs, CO2 ,
SPM

Air samples

Questionnais
Air samples

Asthma

Doctor's
diagnosis
skin prick tests

Atopic
Dermatitis

Questionnaires

benzene

%HQ]HQHȝJP 3

Personal
Leukemia
passive samples

Doctors'
diagnosis urine
samples

Lead

)ORRUGXVWȝJIW 2 *
paint chips: 1,300 mg/kg
*GM

Dust samples

Blood samples

phtalates

ȝJJGXVW 
DMP: <DL
Dust samples
DiBP: 2.4
BBzP: 1.9
DEHP: 759

Asthma
Allergic rhinitis
Allergic
Questionnaires
conjuctivities
Atopic
dermatitis

Mining - Suburban
40.61
Metals (As, Cd, As: 88.6
5.78
Pb, Sb, Sn, Cu, Cd: 10.4
Pb: 560.9 103.65
Zu)
Sb: 108.7
33.96
Dust (ng/g) - Handwipe s (ng)
Flame
T CIPP: 3440 - 31.3
retardants
T DCPP:2730 - 74.2
(PBDE)
ȈSHQWD%'(
PM,
combustion
(CFU/m 3 )
gases, VOCs,
total fungi: >1214
Viable fungi,
Penicillium: >120
Bacteria,
Cladosporium: >192
Allergen
Aspergillus: >65
Endotoxin
PM10 , settled
dust

Dust samples
Hair Samples

Dust sample
Handwipe
Sample

Asthma

Nurse
practiotioner's
diagnosis
Questionnaires

Dust samples

Asthma

Doctors'
Diagnosis
eNO/spirometri
c measurement,
EBC collection

Respiratory
symptoms

skin prick tests
Spirometric
measuremets

Air-Dust
samples

PAHs

PAHs: 21.3 ng/m 3 *
*GM

Air samples

10 y.o

PM10

PM10 ȝJP 3

Air samples

6-11 y.o

PM2.5 , soot

Soot: 0.81 m-1x10-5
PM2.5 ȝJP 3

Air samples
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6 fungal
species, 1
Molds: 27%-88% of dwellings
family and 2
Bacteria: 92-98%
genera of
mite: 48%
bacteria, 1
house dust mite

ȝJP 3
PM10 : 66.3
PM10 , CO2 ,
Formaldehyde: 75.6
CO, NO2 ,
T VOCs: 648.2
T VOCs, PAHs,
Benzene: 2.8
Airborne fungi
T oluene: 95.3
*in 13 homes
(CFU/m 3 )
Airborne fungi: 212.3

Le e e t al.
(2014)

Bamai e t al.
(2014)

 
  

Soot
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30% significantly lower than outdoor levels
[38].
In an Asian study, PM concentrations were
measured in the context of a case-control study in
houses with children with respiratory symptoms
(case houses) and children without (reference
houses), concluding that all were higher in cases
homes than in the reference homes. The fine fraction
of particles was higher in the case homes than in the
reference homes. Likewise, the ratio of organic
carbon/elemental carbon (OC/EC) in the case homes
was found to be higher than 2, while that in the
reference homes was less than 2. Finally, authors
suggested that a large fraction of fine particles and a
high ratio of OC/EC of PM2.5 might indicate factors
affecting children's respiratory health status [28].
In a more recent Chinese case-control study
[39], investigators measured mass concentrations of
PM1.0, PM2.5 and PM10 in living rooms of children
with respiratory and allergic symptoms during
winter and found mean concentrations equal to 657,
672 and 725 ȝg/m3 respectively, while in homes with
healthy children were usually lower (599,611 and
657 ȝg/m3 respectively). As the calculated indoor to
outdoor ratio (I/O) of PM2.5 was 0.96, they suggested
that the fine particles in the naturally ventilated
indoor spaces had almost outdoor origin. They
REVHUYHGWKDWLQDFKLOG¶VURRPHTXLSSHGZLWKDQDLU
cleaner, PM levels dropped by 53% after using air
cleaner for 30 min [20]. In compliance with previous
authors Du et al. (2011) concluded that even if PM
concentrations in homes with asthmatic children are
high, levels can be dramatically reduced using filters
[39], while Xu et al. (2009), concluded that air
cleaning in combination with ventilation can
effectively reduce symptoms for asthma suffers, as
the Exhaled Breath Condensate (EBC) nitrate
concentrations decreased significantly and the EBC,
pH, and PEF values increased significantly [40].
The exposure of children to air pollution in low
resource settings is believed to be high because of the
common use of biomass fuels for cooking, however
research on the health effects of indoor air pollution
in less-developed countries has been hindered by
lack of detailed data about exposure and illness
outcomes. Devakumar et al. (2014) sampled the
respirable fraction of particle mass (PM4) for
children aged 7 to 9 years in their homes in the rural
region of Dhanusha, Nepal and in parallel collected
data of children's time±activity patterns, to produce
a time-weighted average (TWA) exposure. As it was
expected, higher concentrations were observed in the
kitchens, where cooking takes place, which were
lower in spring/ autumn, possibly because cooking
takes place outdoors and/or house ventilation is
improved. While pollution emanates from the
kitchen, where concentrations are high, its
contribution to overall exposure was low because
children spent little time there. Nonetheless, as
approximately 2/3 of the homes used biomass fuels

while the minimum and the maximum
concentrations among all homes were 2.0 and 143.9
ȝg/m3 respectively. The investigators observed that
the residences with the highest overall levels were
not necessarily those with the highest peak levels.
Based on AirAdvice criteria, the authors reported
that all homes had PM0.5 levels above the threshold
for action recommended for sensitive groups [10].
In European level, Woods et al. (2014)
conducted an exploratory study in order to test the
hypothesis that among children with asthma treated
with inhaled corticosteroids (ICSs) there is a positive
relationship between indoor air PM2.5 concentration
and indices of asthma severity and asthma control.
For that reason, PM2.5 concentrations in living rooms
of recruited children were measured, while in
parallel Spirometric and Peak Flow Variability
3)9  PHDVXUHPHQWV DQG &KLOGUHQ¶V $VWKPD
Control Test (CACT) were conducted. The median
time weighted average (TWA) PM2.5 concentrations
in the living room was 7.4 ȝg/m3. Among the main
results of this study, it was found that TWA PM2.5
concentration in the living room was positively
correlated with PFV and negatively correlated with
CACT. Furthermore, among the 15 non-smoking
households, there were inverse relationships
between TWA PM2.5 concentration and CACT but
not with PFV. Finally, there was a trend for a positive
relationship between the percentage of time that
PM2.5 in the living room exceeded 35 ȝg/m3 and
PFV. The evidence presented in this study indicated
that even low indoor PM2.5 exposure (e.g. in absence
of smoking) have significant implications for asthma
outcomes in children despite treatment with ICS
[36].
Another European study conducted in Denmark
[37], examined the long-term exposure to indoor air
pollution in connection with wheezing symptoms in
infants. In contrary to the previous study, they found
no evidence of an association between long-term
exposure to PM2.5 and black smoke and wheezing
symptoms in infants, suggesting that air pollution is
an important trigger of symptoms rather than an
underlying cause of disease.
One year later, Wichmann et al. (2010)
measured PM2.5 and soot, indoors and outdoors at
residences (mostly apartments) of 18 children in
Sweden. Their aim was to assess to what extent
PM2.5 and soot infiltrate from outdoors to indoors.
The median indoor PM2.5 and soot levels were 8.4
ȝg/m3 and 0.66 m-1 x 10-5 respectively, while the
median indoor/outdoor (I/O) ratios were 0.93 and
0.76 for PM2.5 and soot respectively. The authors
concluded that, although the outdoor and indoor
PM2.5 OHYHOVZHUHVLPLODULQFKLOGUHQ¶VHQYLURQPHQWV
in Stockholm, the levels had a weak association
highlighted that outdoor PM2.5 seems to penetrate
less, but indoor sources compensate. In contrast,
indoor soot levels had a stronger association with
outdoor levels, but indoor levels were in general 20166
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regulations, in four nurseries, at least one daily
CO2 level exceeded the guideline for action needed,
i.e. >999 ppm.
Zhu et al. (2015) found that the average CO2
concentration (508 ppm) of one group with
asthmatic/allergic children was a little smaller than
that of a group without symptoms (542 ppm). In
addition, over 99% of the measured data were less
than 1000 ppm, in excess of which was considered
not good for the occupants' health [20]. In agreement
with the above, another Chinese study reported that
the mean concentration of CO2 in a group with
respiratory symptom was 719 ppm, while in the
reference group was 856 ppm [28]. In contrast, Wan
et al. (2013) found the mean concentration of CO2 in
an asthmatic group at 583 ppm rather than 533 ppm
in a reference group. In order to reduce CO2 levels in
homes with children, the use of air cleaner may be
helpful [46], as Xu et al. (2009) proposed [40]. In
particular, they reported that the installation of air
cleaner with an HEPA filter in combination with
sufficient ventilation, led to the reduction of 30% and
19% in CO and CO2 respectively.

the exposure of children to air pollution was very
high. The 24-hour time weighted average over the
whole year was 168 ȝg/m3 and they concluded that
air pollution in rural households was much higher
than the World Health Organization and the National
Ambient Air Quality Standards for Nepal
recommendations for PM exposure [41].
In line with the latter, a study which conducted
in south India tried to assess the association between
exposure to biomass fuel sources and second-hand
tobacco smoke (SHTS) in homes and adverse health
outcomes in early infancy. 11.728 live-born infants
were enrolled and followed, of whom 92.3% resided
in households that used wood and/or dung as a
primary source of fuel. Exposure to biomass fuel was
associated with an adjusted 49% increased risk of
Low Birth Weight (LBW), a 34% increased
incidence of respiratory illness and a 21% increased
risk of 6-month infant mortality [42]. A more recent
study examined the relationship of biomass fuel use
with asthma symptoms and lung function in Nigerian
children and reported that although smoke exposure
was not associated with an increased risk of asthma
symptoms or airway obstruction, lifetime smoke
exposure may explain the reduction in spirometric
values in female subjects which observed [43].
In an Australian study, (PM) were measured in
suburban homes of 91 young children (0±2 years)
situated within the metropolitan region of Perth
(Western Australia). All were non-smoking
households and the investigators observed low levels
of PM concentrations and no significant differences
in PM concentrations measured at different heights
within a room [3].

VOCs. Volatile organic compounds (VOCs)
are a major group of chemicals that evaporate easily
at room temperature and are commonly found in
indoor air [47]. They are emitted from a wide range
of consumer products used in residential
environments and building materials, such as
cleaning products, paints, floor coverings, cosmetic
products, furnishing and adhesives. Among the
indoor VOCs, some are carcinogenic such as HCHO,
benzene and 1,3-butadiene [48]. Some hypotheses of
a possible influence of VOCs exposure on the
allergic status of subjects have been done, especially
when considering infants and asthma [1,7].
Picket et al. (2011) found that TVOC levels
appeared highly variable both across the nurseries
and within individual nurseries. The average levels
within a home ranged from 210.8 to 4683 ȝg/m3
while some measurements exceeded 6000 ȝg/m3.
Based on AirAdvice criteria, all houses had TVOC
levels above the threshold for action recommended
for sensitive groups and the levels for action
necessary were exceeded by half of the houses [10].
In a case-control study conducted by Rumchev
et al. (2004) the association between domestic
exposure to VOCs and asthma in young children was
investigated and most of the individual VOCs
appeared to be significant risk factors for asthma
with the highest Odd Ratio (OR) for benzene [49].
In another study, Zhu et al. (2015) showed the
risk of indoor exposure to TVOCs of over Chinese
standard for the children in Wuhan. They highlighted
that, as the homes of the children had no new
decoration, in houses with I/O of TVOCs above
unity, there should be indoor sources of TVOCs
other than decoration. The averages of TVOCs were
less than 600 ȝg/m3, which is the limit proposed by

CO and CO2. Although outdoor pollutant
properties of CO2 at a global scale are well
documented, in indoor environments, it cannot be
considered as pollutant, but represents an important
proxy indicator for indoor air quality [44]. Exposure
to CO2 has been associated with asthma in children
[45], while exposure to elevated levels of carbon
monoxide has been associated with irritability,
headaches and poor learning ability [11]. Lee et al.
(2014) investigated the relationship between the
residential environment and indoor air pollutant
levels in the homes of Korean children with atopic
dermatitis and reported that CO2 was significantly
low when moving to a newly constructed building
within one year (P=0.017). Regarding CO, they
highlighted its relationship with types of living room
floor covering and the use of artificial air freshener
among survey items [21].
An American study [10] demonstrated hourly
measurements in homes with infants, where CO
ranged between 0.37 and 1.93 ppm while in some
cases exceeded the monitor limit of 2000 ppm.
Correspondingly, CO2 ranged between 412 and 1194
ppm. While CO levels for all nurseries met the
:+2¶V JXLGHOLQHV DQG 86(3$¶V KHDOWK-based
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formaldehyde concentrations using passive
sampling techniques, while in parallel time activity
data collected. Their aim was to determine FKLOGUHQ¶V
personal exposure to formaldehyde and to assess the
use of stationary measures and time weighted
estimates as surrogates of personal exposure
monitoring. They found low personal exposure
concentrations ranging between <4 ppb (less than the
detection limit <DL) to 27.9 ppb. Indoor
concentrations were variable ranging from <DL to
37.5 ppb and outdoor concentrations were mostly
below the limit of detection. 7KH 6SHDUPDQ¶V UDQN
correlation coefficient between indoor air and time
weighted estimates was 0.959 (p < 0.001), as indoor
air concentration was the main factor in the time
weighted estimate due to children spending so much
time indoors. Although the indoor measure as a
surrogate tended to slightly overestimate the
personal exposure concentration of an individual, the
authors highlighted that the use of a single monitor
in the home constitutes a good measure of FKLOGUHQ¶V
exposure to formaldehyde [24].
Rumchev et al. (2002) in the context of a casecontrol study measured the concentrations of
formaldehyde in homes with asthmatic children and
in a group with healthy ones. The mean indoor
formaldehyde levels calculated from individual
measurements was 27.5 ȝg/m3 with a maximum of
189.7 ȝg/m3. A significantly (p<0.01) higher
proportion of case subjects had a higher
formaldehyde exposure (38 ȝg/m3) compared to
controls (24 ȝg/m3). Children who reported wheeze
were also exposed to higher average indoor levels of
formaldehyde (40.5 ȝg/m3) compared to those
ZLWKRXW VXFK V\PSWRPV  ȝJP3) and the
difference was significant. The results showed that
there was a significant increase in risk of asthma
associated with exposure to formaldehyde, as
children exposed to formaldehyde levels of 60 ȝg/m3
had a 39% increase in odds of having asthma
compared to children exposed to formaldehyde
levels lower than 10 ȝg/m3 [25].
The maximum HCHO concentration measured
in a case-control study was 45.2 ȝg/m3, lower than
half of the limit proposed by the standards for IAQ
in Japan. Regarding Acetaldehyde concentration,
was maximized at 26.9 ȝg/m3, lower than 48 ȝg/m3,
which was suggested for indoor environments by
Ministry of Health, Labor and Welfare, in Japan
[20].

the national standards for IAQ in China. No
consistent relationship between TVOCs levels
observed between the healthy group and the one with
respiratory symptoms [20]. Furthermore, Wan et al.
(2013) showed that the mean concentration of
TVOCs in an asthmatic group was 143 ppb, while in
a control group was 118 ppb and reported that only
6.7% of the TVOCs samples from homes of
asthmatic children exceeded the IAQ guideline set
E\7DLZDQ¶V(3$>@ A study conducted in Korea,
demonstrated that the mean concentration of TVOCs
LQFKLOGUHQ¶VKRPHVZLWKDWRSLFGHUPDWLWLVZDV
ȝg/m3 and its concentration was significantly high
with mixed type of ventilation (P=0.009) and the use
of artificial air freshener (P<0.001) [21].
A recent Italian case-control study [50] of
childhood leukemia and exposure to benzene
assessed by repeated seasonal weekly measurements
in breathing zone air passive samples with
concurrent determinations of cotinine, t-t-muconic
acid (MA) and sulfo-phenylmercapturic acid (SPMA) in urine. The mean benzene level over the
individual yearly averages was 3 ȝg/m3 (0.92 ppb)
and was higher in the cold seasons than in the warm
ones. It was found that cases and controls had similar
levels of personal exposure to benzene and the
leukemia OR for a unit increase (1 ȝg/m3) in personal
benzene exposure was 0.93 (95% CI 0.77 to 1.13).
Urinary concentrations of S-PMA (ln ȝg/g
creatinine) were related to personal exposure to
benzene with youngest children (2±4 years) excreted
higher level of S-PMA compared with children aged
6±12 years. They also observed that urinary cotinine
concentration was higher in children of smoking
parents compared with children of non-smokers.
Finally, authors concluded that cases and controls
did not differ in terms of exposure to benzene, but
the interpretation of this finding was hampered by
the retrospective exposure assessment and the low
statistical power of this preliminary investigation.
Formaldehyde and carbonyl compounds.
Formaldehyde is a well-known irritant of the upper
respiratory tract with symptoms such as eye, nose
and throat irritation commonly associated with
indoor exposure to the gas. Indoor sources of
formaldehyde include particle board, plywood,
fireboard, paneling, urea foam insulation and some
carpets and furniture. As a result, the levels of
formaldehyde are expected to be increased in cases
of moving to a newly-built building or a renovated
house. Exposure to low concentrations of
formaldehyde for a short period of time influences
skin surface parameters, especially the skin barrier
function, in patients with Atopic Dermatitis. It has
also been reported that exposure to formaldehyde in
homes might invoke an inflammatory response in
airways of healthy children. [21,25,51].
Lezenby et al. (2012) measured personal
exposure as well as indoor and outdoor

Phthalates. Phthalates are semi volatile
organic compounds, very commonly used as
plasticizers and can be found in all products
containing plastics (toys, packaging, etc.). Current
research developments concern distribution of
phthalates in indoor matrixes and subsequent
contributions to exposure [1]. Bamai et al. (2014)
have reported that the indoor environment may have
contributed to the increase in asthma and allergies
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and one of the reasons for this is exposure to
phthalates [22]. Just et al. (2012) reported that
prenatal exposure of Benzylbutylphthalate (BBzP)
was related to children's eczema at 60 months of age
[52], while various experimental studies have
reported that several phthalates have adjuvant effects
on Th2 differentiation and Th2-promoted antigen
specific production of IgG1 and IgE in mice [53,54].
Bis(2-ethylhexyl) phthalate (DEHP) may cause
mucosal symptoms such as eye and dermal irritation.
However, data available for both humans and
animals
are
insufficient
to
show
any
irritation/sensitization effect on the eye or skin due
to DEHP and further studies are needed [22].
Although house dust is not the primary means
of exposure to phthalates, it does represent an
important source of phthalate exposure in children.
In this context, Bamai et al. (2014) aimed to
investigate the relationships between phthalate levels
in Japanese dwellings and the prevalence of asthma
and allergies in both children and adult inhabitants in
a cross-sectional study. The levels of seven
phthalates in floor dust and multi-surface dust in 156
single-family homes were measured. Health
outcomes were assessed using questionnaires for
bronchial asthma, allergic rhinitis, allergic
conjunctivitis, atopic dermatitis in past 2 years. The
associations between house dust phthalates and the
prevalence of allergic rhinitis, allergic conjunctivitis,
and atopic dermatitis were stronger for children than
for adults. Particularly, high levels of DiBP, which
are used for PVC-toys and personal care products,
were related to bronchial asthma and atopic
dermatitis and the levels of BBzP were related to
atopic dermatitis [22], in line with Bornehag et al.
(2004) who reported that allergic dermatitis in
children was related to the high levels of BBzP in
house dust. The general conclusion was that
although not statistically significant, the levels of
DMP, DEHP, DiBP, and BBzP in floor dust were
associated with the prevalence of allergic rhinitis,
conjunctivitis, and atopic dermatitis in children
while children are more vulnerable to phthalate
exposure via household floor dust than adults [55].

weight, premature births, slower intrauterine
growth and retardation in neurodevelopment was
confirmed [7,60,61].
Jedrychowski et al. (2014) conducted a study
with the main goal to test the hypothesis that prenatal
and postnatal exposures to PAHs are associated with
depressed lung function in non-asthmatic children.
The study sample comprises 195 non-asthmatic
children of non-smoking mothers, among whom the
prenatal PAH exposure was assessed by personal air
monitoring in pregnancy. At the age of three,
residential air monitoring was carried out to evaluate
the residential PAH exposure indoors and outdoors,
while at the age of five to eight, allergic skin tests for
indoor allergens and lung function testing (FVC,
FEV05, FEV1 and FEF25±75) were performed. No
association between FVC with prenatal PAH
exposure was found. However, this study in
preadolescent children provide evidence that
prenatal PAH exposure produces a depressed lung
function growth in terms of deficits in FEV05, FEV1
and FEF25±75 and that this effect is compounded by
postnatal PAH exposure. The observed deficits
appear to persist through childhood, but it is not
NQRZQ ZKHWKHU ³FDWFK-XS´ PD\ RFFXU GXULQJ
adolescence or early adulthood to result in normal
attained lung function [62].
At the same year, Deziel et al. (2014) in order
to examine a link between dust PAHs and childhood
leukemia, collected residential dust from the living
rooms of two different groups (one with healthy
children and one who have Acute Lymphoblastic
Leukemia (ALL) using a specialized sampler (n=185
cases, 212 controls) or home vacuum cleaner (n=66
cases, 94 controls). Although when dust collected
with specialized sampler no increased leukemia risk
observed, among participants with vacuum dust
positive associations between ALL risk and
increasing concentrations of benzo[a]pyrene (OR
per
ln[ng/g]=1.42,
95%
CI=0.95,
2.12),
dibenzo[a,h]anthracene (OR=1.98, 95% CI=1.11,
3.55), benzo[k]fluoranthene (OR=1.71, 95% CI=
0.91, 3.22), indeno[1,2,3-cd]pyrene (OR=1.81, 95%
CI=1.04, 3.16), and the toxic equivalence (OR=2.35,
95% CI=1.18, 4.69) were observed. The increased
ALL risk among participants with vacuum dust
suggests that PAH exposure may increase the risk of
childhood ALL [63].

PAHs. PAHs are by-products of incomplete
combustion from burning heating oil and fossil fuels.
Coal combustion is a major source of PAH [56,57],
but they are also generated indoors by residential
heating and fumes from cooking [58]. Another
source of PAHs in homes is the parquet flooring
glue. Exposure assessment to PAHs is of continuing
interest because benzo(a)pyrene is known to be
carcinogenic. Studies on children exposure reported
concentrations of PAHs in indoor air and/or dust
samples collected from homes [59]. Up to now,
investigations on the specific effects of PAH
exposure on children's respiratory health are scarce,
though in the last decade the effect of PAH exposure
on adverse birth outcomes, including low-birth

Flame Retardants. A number of publications
[1,59] confirm the ubiquitous presence of
polybrominated diphenyl ethers (PBDEs), a major
class of Flame Retardants (FRs), in indoor
environments. Degradation products have also been
identified in dust [64]. These compounds are already
known to be present in human bodies [65] but the
question of the predominant route of exposure is still
unresolved and is the main scope of numerous recent
studies. Increased levels of higher-brominated
congeners were associated with the recent purchase
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Sn. Further, authors concluded that the debris
from worn out such products may be related to this
highly significant correlation between Sb and Pb
concentrations in house dust. Addressing the health
risk of Japanese children due to exposure to
potentially toxic metals through unintentional
ingestion of house dust, the authors reported that
may not be problematic except for Pb for which
tolerable daily intake information is lacking and thus
assessment was not possible [69].
In a French study, up to five rooms were chosen
in homes of 484 children to sample floor dust, in
order to determine lead contamination. The indoor
floor dust lead geometric mean was 8.8 ȝg/m2 (0.8
ȝg/ft2) and 6.8 ȝg/m2 (0.6 ȝg/ft2) for total and
leachable lead respectively. Approximately 0.21% of
the dwellings had an average loading greater than or
equal to the current American federal hazard
standard of 430.5 ȝg/m2 in total lead [11]. Leadbased paint (LBP) was present in 25% of the
dwellings, LBP on only non-metallic substrates was
present in 19% of homes and on metallic substrates
in 10% of dwellings [26].
Levallois et al. (2014) made an effort to
evaluate the impact of household sources of lead
such as house dust and paint, on the Blood Lead
Levels (BLLs) of children aged between 1±5 years
and living in households where lead sources may still
be present. The results showed that the GM lead
loading was 0.85 ȝg/ft2 for floor dust and the median
concentration of lead in paint chips was 1,300 ȝg/kg,
while lead-based paint was frequently present in
older houses. Forty-two residences (27%) had lead
concentrations higher than the 5,000 ȝg/kg US HUD
guideline for paint chips. Regarding the BLLs for all
children the GM concentration was 1.35 mg/dL, the
levels were higher in fall than in winter (1.50 ȝg/dL
compared to 1.27 ȝg/dL) and were higher in children
of parents not holding a university diploma (1.52
ȝg/dL) compared to measurements of children where
one or more parents had a university diploma (1.30
ȝg/dL). The differences in BLL concentrations
between the above groups were statistically
significant (P<0.05). The impact of house dust
moderately contaminated by lead was clearly
demonstrated in this study for children living in
homes with elevated dust lead loadings on window
sills 414.14 ȝg/ft2 and to a lesser extent on floors
(41.22 ȝg/ft2) [27].
The aim of a study conducted in Bolivia [72],
was to assess the correlations of the metallic
concentrations between household dust and children
hair, comparing these associations in two different
contamination contexts: a mining district and a
suburban non-mining area. Metallic concentrations
in household dust were significantly correlated with
their concentrations in children hair for non-essential
metals, namely, lead (Spearman rs = 0.535, P =
0.001), arsenic (rs = 0.408, P = 0.018) and antimony
(rs = 0.492, P = 0.001) in the mining area, while in

of new upholstered furniture or mattresses in a
Californian study [66]. The dust ingestion pathway
is of particular concern especially for children in
North America [67], where PBDEs are used more.
Stapleton et al. (2014) examined the
correlations between flame retardant residues on
FKLOGUHQ¶VKDQGVDQGOHYHOVPHDVXUHGLQKRXVHdust.
Flame Retardants were detected in all house dust
samples. TCIPP, TDCPP, BDE-209, RPentaBDE,
and BEH-TEBP were detected in the highest
concentrations with geometric mean levels of 3440,
2730, 1720, 1400, and 604 ng/g respectively. TCEP,
HBCD, TBB, and TBBPA were also detected
frequently, but at lower levels overall. FRs were also
TXLWH IUHTXHQWO\ GHWHFWHG LQ WKH FKLOGUHQ¶V
handwipes. Again, TDCPP, TCIPP, and RPentaBDE
were the most abundant FRs measured in handwipes
with geometric mean levels of 74.2, 31.3, and 49.0
ng, respectively continuous measures of EH-TBB
and most PBDEs in handwipes and dust were
significantly and positively correlated, with
correlation coefficients ranging from 0.30 to 0.54.
The strongest correlation between handwipes and
dust was observed for EH-TBB (rs = 0.54, p < 0.001).
After two years they repeated the study to the same
population and while the levels of FRs in residential
dust were constant, in contrast there were no
significant correlations in the hand wipe samples
over time. This suggests that residential sources
remain relatively constant over this time frame, but
the behavior of the children likely changes as they
grow up, and thus may be contributing to differences
in their exposure pathways [23].
Heavy metals. Adverse effects of Pb on
FKLOGUHQ¶VKHDOWKKDVEHFRPHDPDWWHURIZRUOGZLGH
public health concern because it has been shown that
even a low level exposure could result in deficit in
cognitive development [68]. House dust has long
been recognized as major source of Pb for children
and concern has been raised particularly in the
United States where Pb-based paint was in use for
residence until late 1970s. Paint chips from inside the
residence could directly contaminate house dust
[69].
Yoshinaga et al. (2014), in an effort to get
insight into the source of Pb in house dust in
Japanese residences, performed a multi-element
analysis of dust samples collected from 100 homes
and factor analysis was applied. Their analysis
showed that the abundance of Pb and other elements
(Cd, Cu, Mo, P, S, Sn, Sb, and Zn) were >10 times
condensed in house dust than natural occurrence,
demonstrating that Pb and these elements in house
dust had anthropogenic contamination origin. As it
has been recognized, Pb and Sb were often detected
at elevated levels in various toys, objects made of
plastic and cheap jewelries made of metals [70, 71].
The results suggested that Pb share a common
mechanism of house dust contamination with Sb and
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of children respiratory health issues [28].
Seo et al. (2014) investigated 29 homes and
measured the levels of submicron fungal fragments,
expressed as the concentration of (1,3)-b-D- glucan
in residences with asthmatic and non - asthmatic
children. Air samples from living rooms for
submicron fungal fragments and airborne mold were
collected. The GM concentration of (1,3)-ȕ-Dglucan in submicron fungal fragments in homes with
an asthmatic child was 50.9 pg/m3, while this value
was about two times higher than that at homes with
non-asthmatic children (26.7pg/m3) and the
difference was statistically significant. A significant
negative correlation of relative humidity with the
concentration of (1,3)- ȕ-D-glucan in submicron
fungal fragments was observed. As the mean relative
humidity in homes with asthmatic children (48.5)
was lower than that in homes with non-asthmatic
children (51.2), authors concluded that low relative
humidity may contribute to easy aerolization of
submicron fungal fragments and lead to an increase
in the levels of submicron fungal fragments in indoor
air [76].
In a study with 103 infants at risk of asthma
total fungal levels and home characteristics such as
dampness/visible water and visible mold were not
associated with wheeze among study members.
Penicillium however, demonstrated a significant
positive association with visible mold in the
residence and constituted a significant predictor of
wheeze in the first year of life among infants at risk
[77].
In a French study, dust samples were collected
from 3193 dwellings and molds were detected by
qPCR from 27% (S. chartarum) to 88% (A. alternata)
of dwellings [78], while Lee et al. (2014) suggested
that the indoor concentration of bacterial aerosols
was significantly low with the use of air cleaner [21].

the suburban area no significant correlations were
observed. Authors suggested that that the household
dust contamination with non-essential (and toxic)
metallic elements plays an important role in human
exposure, particularly for children and highlighted
that in a context of high metallic contamination, this
association between the indoor environment and the
exposure, seems to be modulated by the children's
playing behavior.
Biological Agents (Molds, fungi, Endotoxin,
Allergens). Allergens found in homes may be
associated with the prevalence, incidence, and
severity of asthma. Common indoor allergens are
specific proteins associated with cat and dog dander
and saliva, cockroach and dust mite fecal pellets, cast
skins and body parts, and mice urine, fungi and mold
[73]. While studies of fungal exposures and infant
wheeze are mostly focused on adverse outcomes, a
small body of literature on fungal components [74]
and wheeze risk suggests that exposure to some
fungal derivatives or certain species [75] may exert
protective effects.
Molds, fungi. Zhu et al. (2015) measured the
settled fungi as well as adherent fungi LQFKLOGUHQ¶V
homes and found both the levels in the asthmatic
group lower than the healthy group and this result
accords with the fact that the parents of the children
with health problems make more efforts to keep the
house clean. Great differences were observed
between the fungal levels in autumn and winter, with
the winter levels to be lower, as fungi is more
difficult to survive in colder environments. The most
common observed fungi were Aspergillus and
Penicillum, which exceeded 50 cfu/m3 in some
homes in autumn. These two fungal species have an
ability to produce mycotoxins and are more closely
associated with respiratory allergic symptoms.
Furthermore, Penicillium may be a source of
MOVCs and implicated in asthma symptoms in
children [20].
In agreement with the above, Liu et al. (2014)
resulted that although the average geometric mean
diameter of total culturable fungi was smaller in
homes in which lived young children with
respiratory symptoms than in reference homes, but
the inhalable fraction of that was larger in case
homes than in references homes. The results
demonstrated that the prevalence of children¶V
asthma may be potentiality linked with Aspergillus
and Cladosporium within the range of 0.65 - 1.1 ȝm
and Penicillium within the range of 2.1- 3.3ȝm,
while the prevalence of children's pneumonia, may
be potentially linked with Aspergillus within the
range of 3.3- 4.7 ȝm and Yeast within the range of
2.1 to 3.3 ȝm may be potentially linked with the
prevalence of children dry cough. The overall
conclusion was that the higher respirable fraction for
indoor culturable fungi might be an important cause

Endotoxin. Endotoxin, a component of cell
walls of gram-negative bacteria, is ubiquitous in
indoor environments and has strong proinflammatory properties that can induce airway
inflammation and cytokine upregulation in humans
[46].
Horich et al. (2006) examined the relationship
between endotoxin exposure and wheezing and
found that endotoxin exposure in early life has
important health implications. Specifically,
endotoxin exposure was found to be significantly
correlated with a nearly 6-fold increase in the
prevalence of wheezing for a one interquartile
increase in airborne endotoxin among 360 children
[79]. In compliance with the above, Rosenbaum et
al. (2009) reported that high endotoxin exposure
constitutes a significant risk factor for wheezing
[77].
In contrast, Campo et al. (2006) aiming to
evaluate the relationship among high endotoxin
exposure, pet ownership, atopy, and wheezing in
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high-risk infants, examined infants with at least 1
parent with confirmed atopy. A complete medical
history and skin prick testing to foods and
aeroallergens were performed at the age of one year,
while house dust samples were analyzed for
endotoxin. The results showed that the risk for
recurrent wheezing (aOR 0.4 95% CI (0.1-0.9) and
any wheezing was significantly less in homes with
high endotoxin exposure in the presence of two or
more dogs. Regarding the relationship between
atopy and endotoxin in house dust collected, no
direct relationship was found [29]. In line with the
above, Iossifova et al. (2009), showed that exposure
to endotoxin had no effect on recurrent wheezing,
when settled dust, which was collected from homes
with infants, was analyzed [80]. Wan et al. (2013) in
order to determine the endotoxin concentrations in
homes of healthy children and those of children with
allergy-related respiratory diseases in Taipei,
Taiwan,
nitric
oxide
(eNO)/
spirometric
mearurements and pH values of exhaled breath
condensate (EBC) of both groups were used to
evaluate possible associations with endotoxin
exposure in the home. The median endotoxin level in
the homes of both asthmatic children (489.9 EU/mg
dust) and children with allergic rhinitis (430.2
EU/mg dust) was significantly lower than that in the
homes of healthy children (651.9 EU/mg dust, p=
0.021). Asthmatic children had higher eNO levels
and lower EBC pH values compared to those of
children with allergic rhinitis, children with asthma
and allergic rhinitis, and healthy children. (Children
with asthma eNO: 36.9 ppb, healthy children 11.7
ppb, children with allergic rhinitis, EBC pH= 7.9,
children with asthma and allergic rhinitis, EBC pH =
7.9, and healthy children, EBC pH= 7.3) [46].

samples and EBC or eNO samples were very
poorly correlated in comparison to the correlations
of airborne allergens collected on the filter with
inflammation markers, a fact that illustrates the
importance of measuring airborne allergen
concentration, since the actual exposure and
inflammation response is to the airborne allergens.
The airborne allergens that had the best correlation
with nitrate in EBC samples were Fel d1 (0.917), Der
p1 (0.598) and endotoxin (0.638), and with eNO
were Der p1 (0.819) and Fel d1 (0.697). The higher
resuspension rates for cat dander (Fel d 1) and dust
mite allergen (Der p 1) in comparison to dog dander
and endotoxin may have resulted in higher exposure
of these two allergens [82].

CONCLUSIONS
The main goal of this paper was to review the
findings from studies linking IAQ in houses to
FKLOGUHQ¶VKHDOWKV\PSWRPVIn particular, chemical
pollutants, and their possible sources, monitoring
methodologies and related health effects were
reported. The outcomes provide suggestive evidence
that certain conditions, commonly found in homes,
can have adverse effects on the air quality and
FRQVHTXHQWO\PD\DIIHFWFKLOGUHQ¶VKHDOWK+RZHYHU
due to the small number of conducted studies, the
great variety of pollutants discussed, and the
differences among the methodologies that have been
used, it is difficult to draw safe conclusions.
Previous studies have used a number of
methodologies to assess indoor exposure to
environmental hazards but all of this research
presents a number of limitations. Firstly, the great
majority of the studies was based on a limited
number of participants and conducted only in one
country. Secondly, the results were based frequently
on data from self-reported questionnaires on
exposure and health outcomes, rather than in-situ
measurements of pollutants and health tests to
children. Third, in cases of pollutants measurements,
the duration of sampling was often very short and
varied between 8 and 24 hours, as a result of
representing RQO\DVQDSVKRWRIFKLOGUHQ¶VH[SRVXUH
Then, in the vast majority of studies, repeated
measurements in different seasons were not taken
into consideration, in order seasonal variations to be
achieved. Finally, a great number of investigators
carried out case-control studies, which are prone to
measurement errors stemming from the retrospective
reconstruction of the exposures of interest, and to
differential participation leading to control samples
not being representative of the study base.
As the results of the investigated studies are
inconclusive, the necessity of conducting
prospective longitudinal cohort studies in a more
standardized way is emerged. More specifically,
greater sample sizes, in-situ measurements rather

Allergens. Exposure to allergens, possibly in
combination with other indoor agents like endotoxin
and ȕ-(1,3)-glucans, may lead to the development of
allergy and allergic asthma and increased exposure
to allergens worsens symptoms in children with
allergy and allergic asthma [81]. Breysee et al.
(2004) collected dust samples in homes where
children, who had doctor-diagnosed asthma, current
asthma symptoms, or medication use at least once in
the previous three months. The most commonly
detected allergen was mouse, found in all the
bedroom samples and in 99% of kitchen samples.
Cockroach, dog, and cat allergens were also
common, while house dust mite was less common.
The predominant house dust mite allergen, Der f 1,
was detected in 59% of bedroom samples, but the
median concentration was only 66 ng/g. Mouse
allergen was also found in large quantities, with a
median concentration in bedroom dust (3659 ng/g)
that was an order of magnitude higher than cat or dog
allergen [19]. Raja et al. (2009) collected dust
VDPSOHVLQDVWKPDWLFFKLOGUHQ¶VKRPHVDQGIRXQG
that the correlations between allergens in settled dust
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significant information including the effectiveness
of conventions and regulations to control and
reduce the pollutant input.
Sediment is the potential reservoir for heavy
metals contributing in the adsorption mechanism of
dissolved heavy metals [1, 2].Heavy metals cause
serious environmental problems with high toxic
properties and severe effects on the environment
and the biota. The geochemical study of sediments
should include the application of geospatial and
statistical techniques to quantify the extent of
sediment contamination and to assess the impacts
of anthropogenic over natural causes that may
affect
environmental
status
[3].
Kriging
interpolation method is one of the main parts of the
geostatistical analysis. It is used to interpolate
values at un-sampled locations according to the
original data set of the regionalised variables and
the structural features of the variogram [4].
Statistical techniques are powerful tools for high
dimension data since patterns can be hard to find.
Agglomerative hierarchical clustering [5] is a
bottom-up approach that provides a tree-like
structure in a way to maximise intra and minimise
inter cluster similarity.

ABSTRACT
Ports are small semi-closed marine areas that
host numerous pollutant activities and act like hot
spots and secondary pollutant sources for the
adjacent coastal area. Sea bottom sediments have an
essential role as natural ultimate sink of pollutants
entering into the marine environment therefore it is
very important to assess the extent of sediment
contamination. For this purpose geospatial and
statistical techniques should be applied.
At the present paper, a geostatistic approach
was used to generate the metal pollution dispersion
to the Piraeus port and its surrounding area, as this
port is regarded as the largest Greek seaport and
one of the largest ports in Europe. A number of sea
sediments were collected, treated with a mixture of
strong acids for being digested and their metal
content was measured with flame AAS. Metal
concentrations were provided and metal prediction
surfaces were created by using the Kriging
interpolation method. In addition, agglomerative
hierarchical cluster analysis was applied furnishing
with metal associations. Average metal values were
compared with those used as standards and
guidelines for classifying the level of chemical
contamination of dredged material for disposal.

MATERIALS AND METHODS
KEYWORDS:
geostatitics, metal, Piraeus, pollution, sea, sediment.

At the present paper the study area comprises
Piraeus port and the marinas of Microlimano and
Zea in Greece. Piraeus port is located on the
Saronikos gulf, about eight kilometres from Athens'
city centre and nearly 528 nautical miles northwest
of the Alexandria Port, in Egypt. It includes
passenger and commercial ports, a ship repair zone
and a container terminal.The anchorage of coastal
shipping consists of the main port, the pre-port, the
port Alon and the auxiliary port (Fig. 1).
Microlimano is located at the North Eastern part of
the Piraiki peninsula serving as fishing shelter. It is
significantly shallow with depth less than 4m. Zea
is located at the central and narrowest part of the
Piraiki peninsula. It consists of two sections, the
shallow inner one that lies northwards and has a
max depth less than 5 m and the outer one with a
depth ranging from 5 to more than 12 m. The inner

INTRODUCTION
Ports are coastal semi-closed marine areas
with limited sea water mixing that host various
pollutant activities leading to an increased
environmental pressure and acting as secondary
pollutant sources for the adjacent area. Pollutant
loads are accumulated in the water column and
finally deposited to the sediment matrix as sea
sediment is physical trap for many environmental
pollutants. This mechanism can build up to chronic
pollution levels that may result in ecological
degradation. Since sediment keeps the records for
the pollution tendency, geochemical studies offer
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section serves as a marina. Till 2002, the outer
section was the departure point of flying dolphins
but recently it is used as a marina, mooring larger
vessels. The inner section is well protected from the
winds while the outer one receives intense rippling
from the reflection of the swell when strong south
winds blow.
Forty four surface sediment samples were
collected from the study area (Fig. 1) using a Van
Veen grab. All sediment samples were treated by
hand for the removal of unrepresentative material
and then homogenized. Samples were dried at 40°C
and thoroughly ground using a small pestle and
mortar. They were digested with a mixture of
concentrated acids (HNO3-HF-HClO4) in screw
capped Teflon beakers on a hot plate [6]. Metal
concentrations were measured with Flame Atomic
Absorption Spectrophotometry (Varian Spectra
AA-200 model equipped with deuterium lamp for
background correction) and Graphite Furnace
Atomic Absorption Spectrophotometry (AAS),
(Varian Spectra AA-640Z GTA 100 model,
equipped with Zeeman). The sediment reference
used was IAEA433. In a following step a
geodatabase was created by applying the ArcGIS
software [7].

deltaic fans of Kifissos and Korydallos rivers [8].
During the fifth century B.C., when the long walls
were constructed, Piraeus was connected to the
mainland [8, 9, 10]. In following centuries,
deposition of alluvial terrestrial sands, gravels and
clays caused various geomorphological changes.
Piraeus belongs geotectonically to the Sub
Pelagonic zone [11]. The geological formations of
the area from older to new ones, according to
Apostolopoulos et al, [12], are
x
Upper Cretaceous limestones in the
mountainous area north of the Piraeus port.
x
³0DUOV RI 3LUDHXV´ ZKLFK DUH 1HRJHQH
sediments of a shallow marine environment [13]
(consisted of marls, marly sandstones and
limestones, conglomerate) and layers of siltstones,
clays, silty and clayey sands.
x
Holocene deposits made up of talus
material of Pliocene slopes of the Piraeus peninsula,
.LILVVRVULYHUGHSRVLWV³FXOWXUDO´GHSRVLWVIURPthe
5th century B.C. onward and shallow marine and
lagoonal deposits of sands and silty sands plus silts
or clays of lagoon origin.

Geological features. Piraeus in early
Holocene time was a rocky hill linked with the
Attica mainland. Then, through the late to final
Neolithic period due to the sea level rise, Piraeus
became an island situated in a shallow marine bay
[8]. In the Early and Middle Bronze Age, Piraeus
was separated from the Attica mainland by a wide
lagoon. This lagoon was periodically filled by the

Prediction surfaces were created for Fe (Fig.
2), Mn (Fig. 3), Cr (Fig. 4), Pb (Fig. 5), Zn (Fig. 6),
Cu (Fig. 7), Ni (Fig. 8) and Cd (Fig. 9) applying the
Kriging interpolation method. It is obvious that
sediments of the main Piraeus port and the area
towards Perama are enriched in pollutant load in
comparison to the two marinas to the east.

RESULTS AND DISCUSSION

FIGURE 1
Study area with sites of interest and sediment sample locations.
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FIGURE 2
Prediction surfaces for Fe.

FIGURE 3
Prediction surfaces for Mn.

FIGURE 4
Prediction surfaces for Cr.

FIGURE 5
Prediction surfaces for Pb.

FIGURE 6
Prediction surfaces for Zn.

FIGURE 7
Prediction surfaces for Cu.

FIGURE 8
Prediction surfaces for Ni.

FIGURE 9
Prediction surfaces for Cd.

Considering thoroughly the coastal uses,
major pollution sources in the Piraeus port area are

a point source at the north western part of the preport accommodating ship repair activities, a point
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various ancillary activities, Kifissos and Ilissos
river mouths as well as the nearby Piraeus port that
depending on current and sediment transport
patterns may act as secondary pollution supplier.
Hierarchical cluster analysis of metal content
was undertaken and the dendogram produced shows
the relative % measure of the magnitude of
difference between clusters (Fig. 10).
The Mn, Cr, Ni association reflects their
enrichment in alluvial deposits deriving via
mechanical and/or chemical weathering process of
the surrounding mountains and hills. According to
various studies [14. 15] Greek soil shows normal
enrichment in these metals caused by the
widespread presence of mafic/ultramafic rocks. The
Pb, Zn, Cu association may represent the
anthropogenic influence.
In an effort to assess sediment environmental
status, average metal values for the Piraeus, Zea
and Microlimano sediment samples (Table 1) were
compared with those used as standards and
guidelines (Table 2) for classifying the level of
chemical contamination of dredged material for
disposal.

source at the south breakwater of the port hosting
light repairing activities, the port itself, through its
operations plus the deterioration of its building
materials, long-term anchored ships through rusting
process, ship hulls due to antifouling agents as well
as means of road transportation on the adjacent
onshore coastal area to satisfy port services. Minor
but still significant pollution contribution could be
attributed to the presence of small coastal industrial
installations and rainwater urban run-off. The
presence of a redundant fertiliser production
installation (Fig. 1) may act as point source
pollution for the pre-port area of the passenger port.
This suggestion is based on metal content and the
potential prevention of sediment transport as the sea
bottom depth decreases moving from the pre-port
area towards the central port. Also, terrigenous
material is transported by the rivers mainly Kifissos
and secondarily Ilissos as well as the less
significant streams. The entrance to the passenger
port shows enrichment in Fe, Pb, Zn, Cu and Cd.
Copper, Ni, Fe, Mn and Cr show high
concentrations at the Kinossoura peninsula.
At Zea and Mikrolimano pollution sources
refer to recreational and fishing services along with

FIGURE 10
Metals cluster analysis dendrogram for Piraeus, Zea and Mikrolimano sediment samples (%
similarity results)
TABLE 1
Average metal values (μg/g dry weight) for Piraeus, Zea and Microlimano sea sediment.
Marine area
Piraeus
Zea
Microlimano

Cr
(μg/g)
445
119
235

Pb
(μg/g)
369
89
24

Zn
(μg/g)
1215
209
378

180

Cu
(μg/g)
261
49
45

Ni
(μg/g)
100
73
127

Cd
(μg/g)
4.2
6.7
2
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TABLE 2
Standards and guidelines for classifying the level of chemical contamination of dredged material for
disposal (ȝg/g dry weight), [16, 17].
Conrtaminant
UK Cefas Guidelines
Canadian Guidelines
Heavy Metal
AL11
AL22
TEL3
PEL4
Cr
40
400
52.3
160
Pb
50
500
30.2
112
Zn
130
800
124
271
Cu
40
400
18.7
108
Ni
20
200
15.9
42.8
Cd
0.4
5
0.7
4.2
1
Action Level 1 (AL1): Levels below this lower threshold are of no concern or are unlikely to influence the
licensing decision.
2
Action Level 2 (AL2): Dredged material with levels above this higher threshold is unsuitable for disposal at sea.
3
Threshold Effect Level (TEL): Exposure to this level is likely to affect some sensitive species.
4
Probable Effect Level (PEL): Exposure to this level is likely to cause adverse effects to a wider range of
organisms.

Comparing Tables 1 and 2 it is apparent that
sediment from Piraeus corresponds to Cr, Pb, Zn,
Cu and Ni average values above the Canadian
Guidelines (both TEL and PEL). As far as Cd is
concerned, Piraeus sediment shows a contaminant
content above TEL and equal to PEL value.
Moreover, Piraeus material has Cr, Pb, Zn, Cu, Ni
and Cd average content above AL1 while for Cr
and Zn above AL2 as well.
Zea and Microlimano sediment corresponds to
Cr, Zn, Cu, Ni and Cd average values above AL1
whereas Pb is above AL1 only for Zea.
Contaminant levels in both areas are below AL2 for
Cr, Pb, Zn, Cu and Ni while for Cd this remark
applies only for Microlimano. Additionally, Cr, Pb,
Zn, Cu, Ni and Cd levels are above TEL for both
marinas sediments with the exception of Pb in
Microlimano.
Furthermore,
Zea
sediment
corresponds to higher than PEL values for Ni and
Cd whereas Microlimano for Cr, Zn and Ni.
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processes [3], WKHFRQWURODQGHIIHFWRI92&¶V [4], if
outdoor painting operation has health risks for
people living in the site surroundings [5]. Most of the
organic solvents are recognized as extremely
hazardous chemicals and some of them might cause
$O]KHLPHU¶VGLVHDse, leukoencephalopathy, multiple
sclerosis, neurobehavioral disorders. Short-term
exposure to xylene may cause irritation of the skin,
eyes, nose and throat, difficulty in breathing,
impaired lung function, impaired memory, possible
changes in liver and kidneys [6].
It is estimated that the share of shipping-related
CO2, CH4 and N2O (main greenhouse gas emissions)
in global emissions are 2.6%, 0.3% and 6.1%,
respectively [7]. Besides, shipping operations are
responsible for 15% and 5-8% of NOx and SOx
emissions, respectively [8, 9].
In a recent study, some formulas, which are
based on main characteristics of the ship, developed
in order to estimate the airborne emissions during
pre-design stage [10]. Chatzinikolaou and Ventikos,
(2015) [11] developed a holistic framework for
shipping emissions in terms of life cycle assessment
(LCA).
TABLE 1
Main Characteristics of Ship

ABSTRACT
Shipbuilding and shipping industries are
comprehensive sectors with various types of
manufacturing and operation phases. Ship
manufacturing is a complicated body of processes
including mainly painting, blasting, cutting and
welding. Painting is the most important emission
producer stage amongst all. Ship operation phase is
WKHORQJHVWVWDJHRIDVKLS¶VOLIHF\FOHDQGGXHWRWKH
fuel burning in engines; different types of gaseous
emissions are produced. In this study, an on-going
bulk carrier, which was built in Turkey, was
selected. The greatest emission sources of
shipbuilding and operation processes, which are
painting and flue gas, are investigated. The impacts
of these emissions to the human health and
environment are examined.

KEYWORDS:
Shipping emissions, life cycle assessment, shipbuilding,
painting

INTRODUCTION
Although the great importance of shipping for
worldwide trade, shipbuilding and shipping
activities are important sources of harmful airborne
emissions. Various types of air pollutants formed
during all of these stages; however, painting and
operation processes are major airborne emission
producers.
United Nations Conference on Trade and
Development (UNCTAD) report indicated that total
international seaborne trade of bulk carriers, in terms
of millions of tons loaded, increases 6.91% in
average between 2010 and 2014 [1]. In a previous
study, which is based on Special Report Emissions
Scenarios (SRES) of Intergovernmental Panel on
Climate Change (IPCC), Eyring et al. (2005) [2]
indicated that the total fuel consumption will
increase 36.4%-46% and 43.5%-158.9% for
different scenarios in 2020 and 2050, respectively.
Some recent studies focused on volatile organic
compounds (VOC¶V emissions and hazardous air
pollutants (HAPs) formed as a result of painting

Main Characteristics
L
B
T
DWT
Main Engine Power
Aux. Engine Power
Speed

MATERIALS AND METHODS
In this study, emissions related with shipping
are estimated by the help of emission factors. The
calculation are realized in consideration of ship life
cycle assessment. Total VOC emissions formed
during three life cycle stages (new building, repair
and operation) of a ship are calculated. Greenhouse
JDV *+*¶V  DQG KHDY\ PHWDO HPLVVLRQV DUH DOVR
183
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25 m.
10 m.
30.000 ton
7860 kW
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7KH FRQWHQWV RI 92&¶V DUH GLIIHUHQW IRU HDFK
type of paint. While the main contents of solvent
based paints are toluene (37.87%), isomers of xylene
(8.17%), ethyl acetate (2.04%) and acetone (1.27%),
the main contents of primer paints are toluene
(44.31%) and isomers of xylene (2.68%). 50.65%
and 52.01% of solvent based paints and primer
SDLQWVDUHRWKHU92&¶VUHVSHFWLYHO\ [13].
The total VOC emissions were calculated by
multiplying the total paint consumption and VOC
contents of the paint type. The results are given in
Figure 1 for each sub-unit. Repairing process is
applied only four units (topside, boottop, vertical
sides and flat bottom) of the ship. The total VOC
emissions are calculated by multiplying the emission
IDFWRUV IRU GLIIHUHQW W\SHV RI 92&¶s with the total
paint consumption. The results are presented in
Figure 2.

calculated. During shipyard stages, only painting
process is considered. A bulk carrier is chosen and
used for the calculations. The general characteristics
of the ship are given in Table 1.
In Table 1, L means the length between the
perpendiculars (fore and aft) of the ship. Fore
perpendicular is the vertical line, which is drawn
considering the junction point of waterline and the
ship is fixed. Aft perpendicular is the line in
alignment of rudder. B means the maximum breadth
of the ship on the mid-section. T is the height of the
underwater body of the ship. Deadweight (DWT)
can be explained as the moving loads of the ship such
as freight. The size of the ship has direct but opposite
effects on building and operation emissions. While
the emissions formed during shipyard processes
increase with the size, bigger ships cause less
airborne emissions. Amongst all, the most of the
airborne emissions are formed during painting
process. All ships must be put under maintenance
and, if necessary, repaired once in five years. During
this process, all hull surfaces of the ship are
maintained. The ship is on operation all the time
between maintenance processes and most of the
DLUERUQHHPLVVLRQVRIDVKLS¶VOLIHF\FOHDUHIRUPHG
during the operation phase.
The calculations are mainly based on the
formulas, which are presented and explained as
follows, that are offered by [12].
ሾܥܱܸܧ ሿ௫ ൌ ሾܳఘೇೀ ቀ
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FIGURE 1
7RWDO92&¶V for new building

(1)
-$2

ሾ ܥܱܸܶܧ ሿ௫ ൌ σሾܳఘೇೀ ሺ  ሻ ሺͳ െ  ሻሿ (2)
ଵ
ଵ
where;
i: pollutant type
j: surface type
k: paint type
x: ship type
ሾܥܱܸܧ ሿ௫ : i emission from paint k applied to the
hull surface j of ship x (g/m2)
ሾ ܥܱܸܶܧ ሿ௫ : total EVOCs from paint k applied to
the hull surface j of ship x (g/m2)
Q: total quantity of coating used per m2 (l/m2)
ȡVOCi: density of VOC type I (g/l)
VOCi: proportion of VOC type i in total VOC
CEi: control efficiency for pollutant i
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FIGURE 2
7RWDO92&¶VIRUmaintenance/repair
Airborne emissions during operation.
Annual operation data is used in order to calculate
the airborne emissions of the chosen ship. Three
methods are used for estimations: Fuel
Consumption, Engine Power and Energy. All three
methods could be assumed accurate and used for
further calculations. The ship travelled Barcelona-St.
Petersburg-Novorossiysk-Santos-ChittagongKakinada, in order, annually.

RESULTS AND DISCUSSION
VOC Emissions of Painting Process during
New Building and Maintenance/Repairing. First,
the total VOC emissions are calculated for the new
building stage of the ship. The total amounts of
paints are obtained from both the shipyard and the
paint company. Due to the complexity of a ship,
which is manufactured by merging different parts,
the ship is divided six sub-units (bottom & side,
topside, cargo, deck, machinery and tanks) that are
comprise of smaller parts of the ship.

Fuel Consumption (FC) Method. FC method
is mainly based on the fuel consumption data, which
is obtained from daily noon reports of the ship. In
case of keeping the reports in high accuracy, this
method could be preferred to get more realistic
estimations than other methods. Trozzi, (2010) [14]
offers the following formula for FC method.
184
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்ܧǡǡǡ ൌ σሺ ܥܨǡǡ ൈ ܨܧǡǡǡ ሻ
(3)
where;
ETrip: emission over a complete trip
FC: fuel consumption
EF: emission factor
i: pollutant
j: engine type
m: fuel type
p: the different phases of trip
The total fuel consumptions of the engines in
operation phase are 2333 and 325 tons of heavy fuel
oil (HFO) for transit for main and aux. engines,
respectively. Aux. engine consumes 27.1 tons of
HFO in port. It also burns 244 and 369 tons of marine
diesel oil (MDO) during transit and port stages. It
was assumed that while main engine burns only
HFO, aux. engine burns only MDO. It was also
assumed that only aux. engine works in port. In
Table 2, the total airborne emissions are presented.
Heavy metals include Pb, Cd, Hg, As, Cr, Cu, Ni, Se
and Zn. The calculations made by using the emission
factors that are offered by [15].

The calculation are realized by using the emission
factors that are offered by [17].
TABLE 3
Total Airborne Emissions for EP (t)
Emission Type
Greenhouse Gases
*+*¶V
Heavy Metals

Other Gases

Greenhouse Gases
*+*¶V

CO2
CH4
N 2O

Heavy Metals

Other Gases

NOx
SOx
PM2.5
CO
NMVOC

Amount
10491.34
0.08
0.507
0.11
263.45
128.48
16.9
9.85
4.42

TABLE 4
Total Airborne Emissions for E (t)

Engine Power (EP) Method. EP method could
be used in case of absence of fuel consumption data.
In spite of this method is mainly based on engine
SRZHUHQJLQHORDGDQGHQJLQHV¶ZRUNLQJKRXUVDUH
also considered during calculation. Trozzi, (2010)
[13] offers the following formula in order to
calculate the emissions.
்ܧǡǡǡ ൌ σሾܶ σሺܲ ൈ ܨܮ ൈ ܨܧǡǡǡǡ ሻሿ (4)
where;
LF: engine load factor
P: engine nominal power
T: time
e: engine category
The main and aux. HQJLQHV¶ SRZHU RI WKH VKLS LV
presented in Table 1. Engine load data is obtained
from [15]. According to this report, while aux.
engine loads are 0.3 and 0.2, main engine loads are
0.8 and 0.2 for transit and port, respectively. Both
main and aux. engines work 3099.9 and 5635.92
hours during transit and port phases, respectively. In
Table 3, the total airborne emissions are presented.

Emission Type
Greenhouse Gases
*+*¶V

CO2
CH4
N 2O

Heavy Metals

Other Gases

NOx
SOx
PM2.5
CO
NMVOC

Amount
10184.49
0.09
0.52
0.094
263.51
121.62
17.46
9.99
4.5

Painting is the most harmful process during
new building and repairing while the most amount of
emissions form during operation phase. The main
DLUERUQHHPLVVLRQIRUPHGGXULQJSDLQWLQJLV92&¶V
KHQFHRQO\WKH92&¶s emissions are calculated. The
WRWDOHPLVVLRQDPRXQWRIDEXONFDUULHU¶V life cycle is
given in Table 5. Because the ship is still in
operation,
emissions
formed
during
185



NOx
SOx
PM2.5
CO
NMVOC

Amount
21467.17
0.19
1.05
0.213
589.25
264.74
37.98
19.24
9.63

Energy (E) Method. Energy method is not an
independence method, but totally related with the
fuel consumption method. In order to realize the
calculations, first, the fuel consumption data, which
is mentioned in section 3.3.1, is needed. Then, the
total energy produced by burning these fuels is
calculated by using calorific values of the fuels.
Calorific values for HFO and MDO are 40.6 and 42.7
TJ/ton, respectively. Main engine produces
94755.91 TJ energy during all transit stage by the
burning process of HFO. During all transit stage,
aux. engine produces 13215.72 and 10423.07 TJ of
energy by burning HFO and MDO, respectively.
Aux. engine also produces 1100.26 and 15781.92 TJ
of energy as a result of the combustion process of
HFO and MDO, respectively.
Table 4 shows the total airborne emissions
according to Energy method. The emission factors
are taken from [15].

TABLE 2
Total Airborne Emissions for FC (t)
Emission Type

CO2
CH4
N 2O
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The total airborne emissions, which occur during
painting and operation phases, of the world bulk
carrier fleet can be estimated roughly by using the
data given in Figure 3.
Because the painting and flue gas emissions
have acute and chronic effects on human health,
studies on the emission reduction methods and
techniques become more of an issue for the harmful
effects of these emissions on human health and
environment.

dismantling/recycling stage is not reachable and not
considered into account.
TABLE 5
Total Airborne Emissions of Bulk Carrier
Life Cycle Stage
New building
Repairing
Operation
Total

Total Emissions (t)
17.075
1.355
10602.27
10620.7
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FIGURE 3
Total Emissions/DWT Ratio
The shares of life cycle stages on emissions are
0.16%, 0.012% and 99.82% for new building,
repairing and operation, respectively.
Due to the intensive use of ships to carry
various types of goods all over the world, shippingrelated emissions are already a great problem and
according to the estimations, the amount of
emissions will increase depending on the growing
number of ships. Although Figure 3 shows that the
main source of shipping emissions is operation
phase, shipyard emissions are also important
problems that are impossible to ignore due to the
near location of shipyards to some big cities. It must
also be considered that only painting emissions are
calculated in this study. Blasting, cutting and
welding emissions can also be estimated by different
methods, as well as painting.

CONCLUSION
Shipping-related emissions have many
different harmful effects on human health and
environment. IPCC held International Maritime
Organization (IMO) responsible for developing and
preparing regulations and studies on emission
reduction issue.
According to the data given by United Nations
Conference on Trade and Development (UNCTAD),
it is estimated that the total carrying capacity of all
bulk carrier fleet is approximately 750000 DWT.
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ABSTRACT
An extensive urban aerosol sampling campaign
was carried out from January to April 2013 at two
locations in the urban area of Thessaloniki, to assess
their chemical composition and their toxicity based
on their ability to generate Reactive Oxygen Species
(ROS).
PM levels during the cold period where higher
compared to the warm period. In addition, PM levels
of all measured fractions (PM1, PR2.5 and PM10) in
the urban background station were higher than the
ones in the traffic site, indicating the strong presence
of PM emission sources other than traffic; additional
chemical analysis showed the strong contribution of
biomass burning for space heating. Moreover, PM
levels of urban background station were
characterized by higher oxidative potential values.
Considering particle concentrations, size distribution
and oxidative potential, the region specific oxidative
stress (SOS) index was calculated; this is the product
of the mass of different size fractioned PM deposited
across the human respiratory tract (HRT), multiplied
to the oxidative potential of the specific size fraction.
Thus, although exposure to PM for the people living
close to the urban background station was almost
50% higher, the overall SOS index was up to 4 times
higher.
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INTRODUCTION
Airborne particulate matter (PM) produced by
combustion processes, such as diesel exhaust
engines [1] and wood combustion [2] is an important
pollutant in the atmospheric environment.
Particulate matter reaches different regions of
human respiratory tract, depending on its size
(aerodynamic diameter) [3]. Moreover, due to the
several adsorbed compounds, particulate matter has
the ability to produce reactive oxygen species
(ROS), which are harmful to human health [4].

There are three major mechanisms that govern
deposition of particles across the HRT; Brownian
diffusion, gravitational sedimentation and inertial
impaction. Interception and electrostatic deposition
are considered as secondary mechanisms [5]. It
should be noticed that the relative contribution of the
deposition mechanism varies across the different
HRT regions. The dose of inhalable PM and its
deposition are determined from inhalation frequency
and structural parameters of the lungs. In particular,
the factors that affect PM deposition are size,
concentration, hygroscopicity, air interaction,
chemical reactions in which PM might participate
and their chemical load [6,7]. In general, when PM
size and inhalation rate increase, PM are deposited
at upper parts of HRT, while the deposition at lower
parts of HRT are related with small size PM and low
inhalation rate [8].
In the human organism, mitochondria generate
a great deal of ROS under physiologic conditions
[9]. Cells produce ROS through electron transfer
reactions, using enzymatic and non-enzymatic
processes [10]. Mitochondria are the intracellular
organelles and the main intracellular generators of
526ZKLFKLQFOXGHVXSHUR[LGH ȅ2-) and hydrogen
superoxide. These chemical constituents are
generated through one electron and two electron
reduction reactions, as well. Furthermore, ROS
include the more reactive hydroxyl radical, too
[11,12]. Oxidative stress occurs when the level of
ROS exceeds cellular defence mechanisms [13].
PM can generate ROS through two different
mechanisms. On the one hand, PM uses the
oxidative constituents that are absorbed into its
surface such as PAHs, nitro-PAHs, olefins,
aldehydes, nitric constituents, nitric components
[14] and can cause oxidation. On the other hand, it
has the ability to induce the cellular generation of
ROS [15,16], especially through target cells, such as
pulmonary epithelial cells and pulmonary
macrophages [10]. Oxidative stress is the
responsible factor for pathological conditions of the
lung through inflammation of the respiratory tract,
especially when humans are exposed to inhalable
airborne particles [17]. Exposure to organic
components of PM may damage biomolecules and
provoke diseases such as cancer [18]. In case of
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chronic inflammation, continuous production of
ROS may cause serious tissue damage [19].
Considering all the above, it is of interest to
develop a more informative exposure metric that
considers the two main characteristics of PM. i.e.
size distribution and toxicity. Aim of the study is to
develop a new index for use in the epidemiology of
the 21st century that accounts for both PM size
distribution and toxicity and to demonstrate how this
index allows us to better differentiate air pollution
burden within the population of an urban
agglomeration, exposed to biomass from space
heating emitted PM.

MATERIALS AND METHODS
An extensive sampling campaign was carried
out from January to April 2013 at two locations in
the urban area of Thessaloniki, representing a traffic
and an urban background site respectively. The
urban background site is in Ilioupoli district of
western Thessaloniki (40o¶ ȃ o¶ (  30
samplers were placed on the roof of a building at a
height of approximately 9 m above the ground. No
significant traffic sources were in proximity to the
site. Secondly, the traffic site is located at the
campus area of Aristotle University of Thessaloniki,
at a balcony of the School of Engineering, Building
D (40o¶ȃo¶( 7KH VLWHLVFURVVHGE\WKH
main highway of Thessaloniki, Egnatia Street, at
approximately 50 m and its distance from residential
buildings is 500 m. Samplers were placed at a height
of 6 m from the ground. Low volume samplers were
used for the collection of aerosols (TCR-Tecora).
PM1.0, PM2.5 and PM10 samples were collected on
PTFE filters (Pall Corporation, 47 mm diameter) for
24 h. Volumetric flow rate of the pump was set at 2.3
m3/h. Mean ambient temperature was 8.9 ± 3.6 °C,
while average relative humidity was 68%. PM mass
concentrations were calculated by weighing the
filters before and after sampling.
The dithiothreitol-based chemical reactivity is
considered a quantitative method for the assessment
of the capacity of a PM sample to catalyse ROS
generation [20]. The redox activity of a sample is
based on the ability of the PM to catalyse electron
transfers between DTT and oxygen in simple
chemical systems [21]. PM2.5 and PM10 samples on
filters were stored at -20 °C in the dark prior to use.
For sample measurement, a circular filter punch with
a known mass of PM2.5 and PM10 was added to the
DTT vial and the rate of DTT loss was monitored
over time. First, 10 ml vials were put into a shaking
water bath for a couple of minutes. For every sample,
3 ml of 100 ȝȂ DTT in 0.1 M phosphate buffer were
added into the vial and the DTT loss was measured
over time at 37 oC. For times from 0 to 15 minutes,
0,5 ml of the reaction mixture are removed and
added into test tubes which contain 0.5 ml of 10%
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TCA. When all time points are quenched, 50 ȝl of 10
mM DTNB (made in 0.1M phosphate buffer, pH 7.4)
are added into the test tubes, which are incubated at
room temperature for 5 minutes, forming 2-nitro-5thiobenzoic acid (TNB). To continue, 2 ml of 0.4 M
Tris-Base pH 8.9 with 20 mM EDTA were added
into the test tubes. Finally, the absorption was
measured at 412 nm, quantifying TNB, which had a
molar absorptivity of 14150 M-1cm-1 [22]. The rate
of DTT consumption is calculated using linear
regression rate for the time points of DTT
concentration. The results were expressed as pmol
DTT/min per PM mass (ȝg). As for the positive
FRQWURO PHDVXUHPHQW  PO '77 DQG ȝO 341
were added into the vial. Blank and positive controls
were run in triplicate each day. It is also crucial that
the experiment was carried out in a room with the
lights off and the vials which contain DTT, DTNB
and PQN were covered with aluminum foil, so as to
prevent from photo-degradation [23]. The rate of
DTT reactivity of a sample vial is calculated by
subtracting the blank DTT rate of the sample DTT
rate.
Personal exposure (ET) to the different PM size
fractions was estimated based on the average
concentration to which a person is exposed over a
given period, e.g. 1 day, 1 month or 1 year, T, the
number (n) of locations encountered spending a
fraction fn of the period T in location n where the
concentration of PM (for the given size fraction) is
equal to Cn (Ott, 1982):
E

T

= ¦ fn × Cn
n

(1)

Microenvironments were distinguished in
terms of time spent within them, and time-weighted
factors were used, based on the time-activity data of
the EXPOLIS study [24], which were further
enhanced with data from the MTUS database
(MTUS:
Multinational
Time
Use
Study
(http://www.timeuse.org/mtus/)). The exposure
factors used were cross-checked against the
(XURSHDQ &RPPLVVLRQ¶V (;32)$&76 GDWDEDVH
(EXPOFACTS:
Exposure
Factors
database
maintained by the EuropHDQ &RPPLVVLRQ¶V -RLQW
Research Centre (http://expofacts.jrc.ec.europa.eu/)).
Thus, to estimate exposure, we used information on
detailed time activity patterns, linking the several
types and duration of activities to specific
microenvironments.
By using detailed activity patterns and linking
them to specific microenvironments an additional
factor influencing the actual human intake of PM x,
namely inhalation rate, was considered. Calculations
refer to the time-activity pattern of individuals for a
period of one week (weekdays and weekend), as
given by Sarigiannis et al. (2012) [25].
PM deposition across the three main HRT
regions (nasopharyngeal, tracheobronchial and
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pulmonary), was estimated using the Multiple Path
Particle Deposition (MPPD) v.2.1 model [26]. Agespecific lung geometries representing 10 distinct
ages from 3 months old to 21 years old were also
provided. Both an idealized symmetric single-path
model as well as a 5-lobe symmetric multiple-path
model were used for each age setting [27-29].
Software inputs include morphological parameters
of pulmonary system ± functional residual volume
(FRC), tidal volume (TV), upper respiratory tract
(URT) volume, as well as breathing frequency (BF)
for each age group.
Once the oxidative stress potential of PM of
different size is estimated, the next step is the
estimation of the actual oxidative potential burden
deposited across different HRT regions. This is the
product of the mass of different size fractioned PM,
multiplied to the oxidative potential of the specific
size fraction, at the HRT region of interest. This
calculation forms a new exposure metric, called
region Specific Oxidative Stress index (SOS), which
refers to the oxidative stress associated to a specific
HRT region:
n

SOSHRT-region = ¦ PM i × ROSi

(2)

1

RESULTS
Concentrations of PM. Details on the levels
of the different PM size fractions (as well as main
meteorological parameters) have been already
presented by Sarigiannis et al. (2015) [30] ǹW WKH
urban background station, the maximum
concentration of PM10, PM2.5 and PM1 were 137
ȝg/m3, 132 ȝg/m3 and 104 ȝg/m3 respectively.
Rainfall and increased wind speed resulted in lower
concentrations. It is also observed that at the days
with low ambient temperature PM concentrations
increase due to enhanced space heating needs. The
max median daily concentration of PM1 was
observed on the 20th January 2013, when
temperature was almost 11oC and humidity 59%.
The respective value for PM2.5 was observed on the
11th of January 2013 (temperature 7 oC and 75%
precipitation) and for PM10 on the 20th of January
2013, the same day with PM1 max daily value during
the sampling period. The ratio of PM2.5/ PM10 was
0.8, revealing the presence of strong emission
sources beyond traffic. This is deduced from the fact
that during the warm period (i.e. without domestic
heating emissions) the ratio of PM2.5/ PM10 was 0.6.
PM2.5/PM10 ratio increase means greater
contribution of season-specific emission sources
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(e.g. domestic heating). The days with the lowest
temperature, the concentrations of suspended
particles was noticeably increased in the background
station, due to the contribution of biomass burning
for space heating [31]. On the contrary, PMx
concentrations tend to decrease during transition
from the cold to the warm period. Lowest PMx
concentrations were observed on the 7th of April
2013, when temperature started to reach common
spring values.
The maximum median daily concentration
values at the traffic station were 96 ȝg/m3, 77 ȝg/m3
and 64 ȝg/m3 for PM10, PM2.5 and PM1, respectively.
The minimum median daily concentration values at
the traffic station were 10 ȝg/m3, 6 ȝg/m3 and 4.0
ȝg/m3. The max daily concentrations at the traffic
site were observed on the 10th of January 2013 for
PM1 and PM2.5 and on the 11th of January 2013 (the
same date with PM2.5 maximum median daily
concentration at the urban background site) for
PM10; they were, however, lower than the ones of the
urban background monitoring site.
Redox potential. Oxidative potential is one of
the most usual measures used to reckon the oxidative
capacity of airborne particulate matter and
consequently the related toxicity. Figure 1 shows
that the specific oxidative potential (i.e. expressed
per unit of PM mass) of PM1 is the highest, while
PM2.5 and PM10 follow. The same trend is observed
at both sampling sites. PM of lower aerodynamic
diameter have a much higher active surface area than
larger particles, enhanced oxidant capacity, greater
inflammatory potential and higher pulmonary
deposition efficiency. PM of lower fractions that
include ultrafine particles (UFPs) as well, are highly
reactive due to their small size and the large surface
area. They also adsorb large amounts of toxic
compounds on their surface [32]. Due to these facts,
smaller particles are considered as the most harmful
for human health.
With regard to the results of the DTT assay
carried out for the particles collected in this
campaign, oxidative potential was not only
correlated to PM mass, but also on the chemical
components adsorbed on their surface [22].
Chemical analysis proved that oxidative potential of
a certain PM sample is not correlated to PM mass.
On the contrary, a strong correlation between
chemical composition and oxidative capacity of a
PM sample seems to exist. PM of lower aerodynamic
diameter are mostly derived from combustion
processes, such as traffic and biomass burning for
domestic heating (Sarigiannis et al., 2014) [2]. On
the contrary, PM10 contains also soil dust, sea salt or
even pollen [3].
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FIGURE 1
Oxidative potential values for PM1, PM2.5 and PM10 at urban background site and traffic site

FIGURE 2
Deposition of particulates across different regions of HRT for the population leaving in the two
sampling locations

PM deposition across human respiratory
tract. The various size-distributed particle fractions
are deposited in distinct manner in the three main
HRT regions. This is the result of the different
deposition processes occurring in the different
regions of the HRT, which are related to the
physiology/morphology of the respiratory system
and the PM size distribution. This has been verified
by a variety of lung deposition computational and
experimental efforts [33]. HRT deposition results
indicate that the lower respiratory tract of infants and
children (up to 14 years old) can retain up to 74%
higher mass fraction of PM1 particles than that of
adults. Although particle deposition in infants and
children has been poorly studied [34] and a high
variability between individuals has been observed
[35], key factors that influence the thoracic
deposition of particles in children are: (a) lower
ventilation rates (l/min), which foster deposition by
sedimentation, a process that governs the deposition
of larger inhalable particle diameters resulting in
increased overall particle deposition profiles; and (b)
lower FRC volumes. The results of the daily

deposition of particles across the three HRT regions
for the population (all age groups included) living in
the two urban locations, are presented in Figure 2. A
significantly higher amount of PM is deposited
across all HRT regions for the population living in
the urban background location, however, this
difference is higher regarding the lower HRT; this is
attributed to the significantly higher amount of lower
aerodynamic diameter particles present in this area
of the city, because of the intense use of biomass for
space heating.
Region Specific Oxidative Potential Index
(SOS). Taking into consideration exposure
variability and deposition parameters, the actual PM
mass that is deposited in the HRT daily was
calculated. By calculating PM deposition across
different parts of human respiratory tract in
combination to PM oxidative potential of the actual
PM mass deposited, the region specific oxidative
stress index (SOS) is derived. In practice, the SOS
index is calculated using the following equation:
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n

SOS HRT  region

¦ PM i  ROSi
1

where PMi represents PM mass (i as
aerodynamic diameter) that is deposited across the
HRT region of interest and the oxidative potential
ROSi of PM with an aerodynamic diameter i that are
deposited in the specific HRT region.
The results of the SOS index of the various
HRT regions for the population living in the two
urban areas are illustrated in Figure 3. In this case,
the differences of the actual toxic burden are even
higher than the differences in PM deposition. The
former capture as well the higher oxidative potential
of smaller aerodynamic PM.

DISCUSSION
The use of the SOS index allowed us to further
differentiate exposure of the toxic burden between
two different urban locations, accounting for two
key PM characteristics such as (a) particle size
distribution and (b) toxicity, in terms of inducing
oxidative stress. Particulate matter from the urban
background location not only does it have higher
concentration values than those at the traffic region,
but presents higher deposition values across HRT
regions also. Furthermore, the oxidative potential of
PM10, PM2.5 and PM1 at the urban background station
is higher than the respective oxidative potential of
PM at the traffic station. The results indicate that PM
of lower aerodynamic diameter present higher redox
activity. Oxidative potential does not necessarily
depend on PM concentrations, but mostly on the
redox activity of the adsorbed compounds [36],
which in turn is mostly associated to the source of
the particles under study. In addition, PM deposition
across the HRT is strongly associated to PM size
distribution; PM10 are deposited across upper parts
of the HRT, while fine and ultrafine PM have the
ability to reach the alveoli [37]. Generally, probable
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differences in oxidative potential of different regions
of interest may reflect additive or synergistic effects
of chemicals absorbed on PM [38].
Translating ambient air PM size distribution
and chemical composition into a toxicity burden
index, would help to refine the measurement of
exposure and increase the robustness of the
association between ambient air PM and adverse
health outcomes. The characteristic symptom of
asthma is inflammation of airways. ROS generation
is increased in patients that suffer from asthma. ROS
overproduction or reduction of protective system
have as a consequence the bronchial hyperactivity a
characteristic of asthma [39]. Because PM enters the
human body via the nasopharyngeal region, the SOS
index calculation would be useful at that region. On
the other hand, ROS overproduction may incur
direct oxidative damage to epithelial cells. Earlier
studies have shown that ROS may contribute to
dysfunction of endothelial barrier and to increased
permeability to fluids, macromolecules and
inflammatory cells [40,41]. For the above reasons
the SOS index calculation is more useful to be done
at the tracheobronchial region and at pulmonary
bronchioles. For other endpoints such as chronic
obstructive pulmonary disease, [40] which is related
to inflammatory responses to small airways, the SOS
index should be determined in the pulmonary
bronchioles. As far as the cardiovascular system is
concerned, when PM is deposited at the alveoli,
activation of cytokine production from alveoli
macrophages and epithelial cells is promoted [42].
As a result, inflammatory cells and bone marrow are
accumulated [43]. Moreover, an increase in plasma
viscosity [44], fibrinogen [45], protein activator C
[46] in healthy individuals related to atmospheric
pollution has been observed. In a nutshell,
epidemiological associations could be greatly
enhanced if the proper SOS index was used to
associate environmental exposure to PM and certain
health endpoints, rather just using ambient air PM
levels.

FIGURE 3
Cumulative risk and expected lifetime cases
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CONCLUSIONS
The region-specific oxidative stress index
associates human exposure to the oxidative potential
of deposited PM across the different regions of HRT.
Specific oxidative potential is determined with
respect to the PMx surface mass capturing thus its
capacity to absorb chemical substances and its
source of origin.
The specific oxidative potential of PM1 (i.e.
ROS per PM mass) at the urban background station
is higher than the specific oxidative potential of PM1
at the traffic station. The same is true for both PM1
and PM2.5. At the urban background station the SOS
index has higher values in each part of HRT,
compared to the traffic station. This is explained by
the fact that daily PM deposition and their toxicity
per PM mass are higher at the urban background site.
Furthermore, the SOS index is affected by the source
of the PM and, consequently, its chemical
composition. High PM concentrations at the urban
background site originate mainly from biomass
combustion.
The use of the SOS index across different
regions of human respiratory tract is promising for
air epidemiology of the 21st century, as it considers
both PM diameter distribution that affects the
deposition rate across the HRT and PM toxicity. In
this manner, the SOS index makes the association
between ambient air exposure and human health
more robust and precise.
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ABSTRACT

INTRODUCTION

Soil salinization is one of the significant
phenomena accelerating land degradation processes,
which in turn cause loss of soil productivity,
reduction in biomass production and human health
implications. Due to high spatial and temporal
variability of soil salinity, mapping and tracking its
changes is an essential issue for anticipating natural
disasters like desertification and for mitigating
severe economic and social consequences in
especially arid and semi-arid regions of the world.
The main objective of this study is to review the most
recent remote sensing applications for soil salinity
assessment via various multispectral data such as
LANDSAT,
Moderate
Resolution
Imaging
Spectroradiometer (MODIS), SPOT, IKONOS,
Quick Bird and the Indian Remote Sensing (IRS)
series of satellites, as well as hyperspectral data such
as HuanJing-Hyper Spectral Imager (HJ-HSI) and
Hyperion Earth-Observing 1 (EO-1). Furthermore,
utility of recent remote sensing analysing techniques
and methods including linear spectral unmixing,
Decision-Tree
Analysis
(DTA),
supervised
maximum likelihood classification, principal
components analysis, inverted Gaussian function,
partial least square regression technique and
regression±kriging approaches are discussed.
Examples of spatio-temporal changes in saltaffected Mediterranean soils are referred. In
addition, various spectral bands which are sensitive
to soil salinity for each of the multispectral data are
introduced. Besides, details are given on the
generation of salinity and vegetation indices to
achieve the most significant correlation with ground
electrical conductivity values by means of
combining appropriate spectral bands with special
focus on the Mediterranean countries.

Climatic conditions and soil properties are
among the fundamental factors that affect
salinization which becomes even more pronounced
in arid and semi-arid regions of the world as
secondary salinization results from inappropriate
irrigation and weak soil drainage conditions leading
to land degradation [1, 2]. Three key potential
impacts on human health resulting from soil salinity
are also identified as wind-borne dust and respiratory
health; altered ecology of the mosquito-borne
disease Ross River virus; and mental health
consequences of salinity-induced environmental
degradation [3]. Given the predicted increase in
extent and severity of soil salinity over the coming
decades, its adverse outcomes are likely to be further
exacerbated, including those related to human
health. Therefore, it is of utmost importance to
monitor and predict salinity on soil. Over the past
few decades, Remote Sensing (RS) technologies
have highly contributed to rapid and accurate salinity
assessment [4]. These approaches are fast, nondestructive, and can potentially be used to map and
monitor topsoil salinity across large areas after
conducting adequate corrections. Multispectral data
and particularly, hyperspectral data are important
bases for monitoring salt content of soil in different
scales ranging from local to global. Use of
multispectral data collected at short and periodic
intervals has enabled the detection of changes in soil
salinity and in assessing the rate of salinization. As a
case study in the Werigan±Kuqa Oasis, China, three
approaches namely Universal Kriging (UK),
Spectral Index Regression (SIR) and Regression±
Kriging (RK) were carried out by using two Landsat
TM images obtained on April 15, 2011 and
September 22, 2011 representing the dry season and
wet season in respectively order to analyse seasonal
and spatial salinity changes. The achieved outcome
shows that the Regression- Kriging approach
produces the most accurate results due to its
capability to combine both spatial autocorrelation
and regression [5]. Detection of multi-temporal soil
salinity changes between years 1975 and 2004 in the

KEYWORDS:
Indices, Mediterranean countries, remote sensing, soil
salinity, spectral bands.
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estimation
via
multi-spectral
and
hyperspectral space borne remotely sensed data with
a special focus on case studies from the
Mediterranean countries. As such, referring different
satellite images enhancement methods will aid the
interested scientists and groups to extract accurate
information and indices for achieving high
correlation with ground electrical conductivity
measurements.

Ardakan area of Central Iranian deserts by using
Landsat MSS and TM is another example that
indicates the utility of multispectral data [6]. In
previous studies, presence of vegetation confined the
respective precision of mapping salinity, acting as a
surface barrier [7]; however, more recent studies
investigated new methods for evaluating soil salinity
with improved accuracy by using hyperspectral data.
In the Uttar Pradesh of India Pearson, Hyperion
Earth Observing (EO-1) sensitive bands for soil
salinity were determined using product-moment
correlation analysis created from the mean spectral
reflectance value and the soil salinity parameters [8].
Furthermore, in Rudong County, China, researchers
combined indices composed of Soil Adjusted
Salinity Index (SAVI) and Normal Soil Salt Content
Response Index (NSSRI) to predict soil salt content
[7].
Knowledge and data gained from RS of saline
soils is intensely utilized as part of worldwide
agricultural activities. Such activities have been
practised in the Mediterranean region representing
semi-arid and arid climatic conditions since
Neolithic times. Rapid population growth and
advances in technology have allowed continual
cultivation resulting in over-exploitation and
impoverishment of the soil in the region. Besides,
intensive cropping and excessive use of fertilizers
made the situation even worse. Furthermore, in this
arid and semi-arid climatic zone, water for
agriculture has become an increasingly limited
resource due to priority for domestic and industrial
use. Therefore, policies and economic conditions
dictate that saline water bearing poor quality
regarding soil fertility is now frequently used for
irrigation of crops [9]. Main causes of soil salinity in
the Mediterranean countries are depicted in Figure 1.
Remotely sensed images taken over time can be used
to monitor the advancement of reclamation projects
in the Mediterranean Countries to ensure that the
processes are properly being carried out and that the
soil is being rehabilitated and to predict the areas at
risk.

MATERIALS AND METHODS
Researchers have so far used different satellite
images and applied various digital image processing
techniques to these images to monitor and map soil
salinity in the Mediterranean countries. Location of
7 case study areas is plotted on the map given in
Figure 2, and Table 1 is a review of these
corresponding case studies regarding the reasons of
soil salinity together with the main problems and
their probable effects versus the satellite data utilized
to fulfil the objectives of the studies and data used in
attaining the results. This study moreover reviews
the application of 6 different RS techniques; namely
Principal Components Analysis (PCA), Linear
Spectral Unmixing (LSU), Decision-tree analysis
(DTA), Maximum Likelihood Classification (MLC),
Inverted Gaussian Function and Partial Least Square
Regression, which are utilized for soil salinity
assessment in several regions of the world.

FIGURE 2
Geographical location of the case study areas, (1)
Morocco, (2) Algeria, (3) Egypt, (4) Syria, (5)
Turkey, (6) Spain, (7) Tunisia
Saline soils and spectral reflectance
characteristics of salt-affected vegetation. Salt
accumulation at the terrain surface results in increase
of reflectance in the visible and near infrared (NIR)
portions of electromagnetic spectrum [19].
Generally, barren, smooth and light saline soils
expose higher spectral reflectance in comparison
with humid, rough and dark puffy salt crust in the
visible region of spectrum especially in red portion
[20]. Salt- affected soil and salt crust show higher
reflectance values compared to fertile soil, water and
vegetation. The differences between reflectance
values of salt- affected soil and other

FIGURE 1
Main reasons of soil salinity in the
Mediterranean countries
The main objective of this study is to review
the most recent RS applications for soil salinity
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TABLE 1
Different case studies for soil salinity assessment in the Mediterranean countries
using different recent satellite technologies
Soil salinity problems and their effects

Location

1

2

3

4

Tadla
region,
Morocco

Cheliff
plain,
Algeria

Egypt

Syria

5

Turkey

6

Province
of
Alicante,
Spain

7

Tunisia

Reasons for
soil salinity
problem

Increased
use of
ground and
surface
water
Salty
groundwater
Closeness of
water table
to the
surface

Parent
Materials
Increased
use of
groundwater
for irrigation
Parent
Materials
Landform,
water table,
depth to
water
Topography
Parent
Materials
Salty
groundwater
Closeness of
water table
to the
surface
Parent
Materials
Brackish
marshes
which are
formed
where
streams join
the lake
Low quality
water that is
used in the
poorly
drained soils
located in
the coastal
plains

Parent
Materials

Main
problems and
their effects

Loss of
vegetation
and
agricultural
productivity

Remote sensing analysing methods for monitoring, mapping and predicting soil salinity

Satellite data

Objectives

Methods of
analysing data

Field data

Success
rate
(corre
lation
with
the
ground
reference)

Earth Observing
(EO)-1
ALI 9 and 10
spectral bands

Analysing potential
and limits of the
Earth Observing
(EO)-1 ALI sensor
spectral bands for
secondary soil
salinity and sodicity
[10].

Empirical
relationships
between the
electrical
conductivity (EC)
and different
spectral salinity
indices

The spectroradiometric
measurements
on 28 bare soil
samples

52,91%

Electrical
conductivity
field
measurements
collected
simultaneously
with the
acquired
satellite images

90%

Soil
degradation
and loss of
land
productivity

Thematic
Mapper(TM)
Landsat sensor

Soil salinity mapping

Principal
component
analysis (PCA)
and spectral
indices of soil
salinity [11].

Threatens the
environment
in the region

Landsat 7

Estimation of the
spatial distribution of
soil salinity [12].

Multiple linear
regression model

109 soil
samples were
collected

45%

Endangers
agricultural
production

SPOT2 satellite
Data

Salinity mapping
[13].

Ordinary kriging
Regression±
kriging

3980 samples
were used

95%

Landsat 5, 7 and
8

Evaluating changes
in the waterlogging
and salt-affected
areas [14].

Principal
Components
Analysis (PCA)

Fieldwork

Not given

200 samples
were collected
from 98
different points

86%

Waterlogging
and threat of
salt on
agricultural
production

Limiting plant
growth

Not given

Endangers
agriculture
sustainability

Negative
impact on
crop
productivity
and soil
fertility

ASTER

Landsat 7
ASTER

Detection,
monitoring and
mapping of the saltaffected soils in order
to manage and plan
for sustainable landuse [15].

Empirical
reflectance
method using
ASTER data
Biophysical
method using
Landsat 7 data

Landsat 5

Investigating the
effects of soil
moisture and salinity
on the penetration
depth of light into the
soil [16].

Regression
analysis

Spectroradio
metric
measurements
in the field

99%

Landsat 5

Evaluating the use of
different remote
sensing techniques to
analyse salinization
processes in an
agricultural coastal
area [17].

Spectral mixture
analysis
Principal
Components
Analysis (PCA)
Linear spectral
unmixing (LSU)

116 soil
samples taken
from the top 5
cm soil

Best
results of
linear
regression
models:
R2=0,16

Landsat 8

Determining different
soil salinity classes,
detection of soil
features and patterns
of saline soil and
prediction of soil
salinity [18].

Randomly
collected 75
samples from
the top 10 cm

52%
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(a)

(b)
FIGURE 3
SI image for the Salt Lake in Turkey (a) in year 1990, (b) in year 2011.

land cover categories are significantly noticeable in
the NIR sections of the spectrum. Most of the
satellite sensors including ASTER have bands
covering these regions; therefore, it is suggested that
red and NIR band derives salinity indices that can
produce useful results for salinity mapping.
As an example for the adverse effects of soil
salinity on vegetation, spectral reflectance of a
sugarcane canopy at different soil salinity levels (2,
5 and 9 dS/m) were analysed in a study [21]. Spectral
reflectance values of sugarcane canopy increased in
the visible and Shortwave-Infrared (SWIR); but
decreased in the NIR regions. In the vegetation case,
spectral reflectance difference resulting from salinity
could be analysed by the changes in the leaf and
other parts of the vegetation. Vegetation grown in
fertile and saline soil have different spectral
characteristics since salinity significantly reduces
chlorophyll content of the vegetation resulting in
high reflectance values in the visible and SWIR
region; but low reflectance values is observed in the
NIR region [21].

Principal Components Analysis (PCA).
Principal Components Analysis (PCA) transformsdimensional image data into a new set of images
(components) orthogonally. New components are
uncorrelated with each other and ordered with
respect to the amount of information they represent
from the original image; thus, the first components
bear highest amount of information [22].
Mean,
standard
deviation,
correlation
coefficient, and variance/covariance matrices
calculated from images are used in this method. As
an example, in the north-eastern part of Egypt near
the Mediterranean Sea, Principal Components
Analysis (PCA) was carried out on the multitemporal Landsat 8 images whose result indicate
promising potential of PCA technique in identifying
and discriminating between all different classes;
particularly the hydro salinized wastelands such as
the permanent, temporary waterlogged, salt-affected
areas, bare land and vegetation. In the study,
Normalized Difference Salinity Index (NDSI) is
applied for illustrating the change of salt-affected
and waterlogged areas distribution [14]. As
schematic examples of detecting soil salinity
changes utilizing salinity indices, 2 images for years
1990 and 2011 as depicted in Figure 3 (a, b) are
generated by applying a salinity index
(SI=(B1×B3)^(0.5)) to Landsat multispectral data for
the Salt Lake located in Turkey. Increase in saltiness
can easily be identified between these years
especially over the lake and its surrounding with
higher SI values represented by brighter tones.

Soil salinity indices generated by sensitive
spectral bands. Various researches have been
conducting the process of mapping soil salinity
through utilizing different soil salinity indices and
distinctive Spectral Vegetation Indices (SVI).
Although vegetation and salinity indices are useful
in assessing soil salinity, it is not possible to apply a
specific vegetation or salinity index to every natural
condition with proper results. Natural conditions,
soil types, vegetation cover, and density can change
the values obtained from these indices. Recent
remote sensing applications used to generate proper
indices for soil salinity assessment via various
multispectral data are described in Table 2.

Linear Spectral Unmixing (LSU). This is a
well-known method to estimate the fractions of
different land cover/use categories for a given pixel.
Pure reflectance of related categories called end
members is needed to apply this method. It is
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TABLE 2
Recent remote sensing applications used to generate proper indices for soil salinity assessment
via various multispectral data
Multispectral data and their
sensitive spectral bands to soil salinity
Accuracy
Sensitive
Assess
spectral
Satellite
ment
bands to
Data
(correlation
soil
with ground
salinity
data)

MODIS

IKONOS

Quick
Bird

Landsat 7
ETM+

HuanJing
-Hyper
Spectral
Imager
(HJ-HSI)

1, 2, 3, 4,
5, 6 and 7

Band 4 (Near
Infrared)
gives the
highest
correlation

1, 2, 3, 4

The Red and
Near Infrared
spectral
give the
highest
correlation

1, 2, 3, 4

4 , 5 and 7

Green and
Near Infrared
bands give
the
highest
correlation

-

continuum
-removed
reflectance
bands 1
and 2

-

1, 2, 3

Saline soils
have high
spectral
reflectance
especially in
Blue band
(band 1).

Case Studies

Location

Yellow
River
Delta,
China

Al-Hassa
Oasis,
Saudi
Arabia

Pingluo
County,
China

Western
San
Joaquin
Valley,
California,
USA

Rudong
County,
China

Applied Indices

Equations

Enhanced
Vegetation Index
(EVI)

Soil-Adjusted
Vegetation Index
(SAVI)
Normalized
Differential
Salinity Index
(NDSI)


ൌ ሺ

ሺܲܰ ܴܫെ ܲ݀݁ݎሻ

ሺܲܰ ܴܫ  ͳܥൈ ܲ ݀݁ݎെ  ͳܥൈ ܾ݈ܲ ݁ݑ ܮሻ

ܵ ܫܸܣൌ
ሺேூோିோሻ
ሺሺேூோାோାሻሺଵାሻሻ[28]
ሺܴ െ ܴܰܫሻ

ܰ ܫܵܦൌ
ሺܴ  ܴܰܫሻ

. spectral indices
. Brightness Index
. Normalized
Difference
Vegetation Index
(NDVI)
. Soil Salinity
Indices
. Ratio Vegetation
index (RVI)

Canopy Response
Salinity Index
(CRSI).

1.Normal Soil
Salt Content
Response Index
(NSSRI)

ܴܸ ܫൌ

ሺܰ ܴܫെ ܴሻ
ሺܴ  ܴܰܫሻ

 ܫܤൌ ξܴ ଶ  ܰ ܴܫଶ [29]

 ܫܴܵܥൌ
ሺேூோൈோሻିሺீൈሻ

ටሺேூோൈோሻାሺீൈሻ[31]

ܴܰܵܵ ܫൌ

ሺሺேூோାோାሻሺଵାሻሻ[28]

ͳܤ
͵ܤ

ሺ ͳܤെ ͵ܤሻ
ܵʹ ൌ
ሺ ͳܤ ͵ܤሻ
ሺ ʹܤൈ ͵ܤሻ
ܵ͵ ൌ
ͳܤ
ܵͶ ൌ ξ ͳܤൈ ͵ܤ

200

Note

85%

. G is a gain factor
(G=2.5)
. P NIR, P red, and
P blue are partially
atmospherically
corrected surface
reflectance for the
respective MODIS
near-infrared, red,
and blue bands
. L is the canopy
background
adjustment (L=1)
. C1 and C2 are
coefficients of the
aerosol resistance
term [27].

Characterizing
the soil salinity
levels [20].

-

. B is blue band
. G is green band
. R is red band
. NIR is near infrared
band
. L is a soil
adjustment factor

Estimating the
soil salinity
using partial
least squares
regression
(PLSR)
predictive
model [30].

94%

Assessing the
applicability of
MODIS time
series VI data
for monitoring
soil
Salinization
[26].

Exploring the
potentials and
limitations of
assessing soil
salinity via
linear
modelling of
remote sensing
vegetation
indices [32].

73%

[7]

ሺଵାଶሻ

ሺேூோିோሻ

Salinity indices

Succ
ess
Rate

ሺଵିଶሻ

ܵ ܫܸܣൌ
2. Soil Adjusted
Salinity Index
(SAVI)

Punjab,
Pakistan

ܴܰܫ
ܴ

ܰ ܫܸܦൌ

ܵͳ ൌ
Indian
Remote
Sensing
(IRS)

Objectives

Predicting soil
salt content
with improved
precision [7].

64%

Monitoring the
occurrence
pattern of saltaffected soils
during years
1992±1995
[33].

98%

. R is red band
. NIR is near infrared
band

.R is red band
. NIR is near infrared
band.
. B is blue band
.G is green band

. R is red band
. NIR is near infrared
band
L is a soil adjustment
factor
. B1 and B2 are the
CR-reflectance of the
bands 1 and 2,
produced by
hyperspectral
analysis,
respectively.

. S1±S4 are salinity
indices
. B1±B4 are four
bands of IRS data
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concentrations in soils and measured spectral
reflectance values [35]. As a case study, in the
Pingluo County of China, partial least squares
regression (PLSR) predictive model was used to
estimate soil salinity by using QuickBird data and
soil spectral reflectance measurements. They found
high correlation between Quickbird image-derived
spectral reflectance and measured spectral
reflectance values with R2 = 0.940. Based on their
analysis, highest contribution to the soil salinity
estimation is from NIR band, followed by blue and
green bands. On the other hand, green band has the
lowest impact on salinity calculation. PLSR method
could be used for the accurate prediction of soil salt
content based on visible and NIR spectral reflectance
values [30].

assumed that each pixel is composed of linear
combination of all end members in the image frame
[23]. As a case study, this method was applied to
2003 and 2010 dated Landsat Enhanced Thematic
Mapper plus (ETM+) images in the north-western
coast of Egypt. The unmixing results of LSU turned
out to be accurate for quantifying the proportional
physical abundance of salts. Corresponding result
shows that the prediction of salinity levels was linear
and significantly high at R2 = 0.84 for LSU [24].
Decision-tree analysis (DTA). Soil salinity
maps can be developed over large areas using
Decision-tree analysis (DTA) which is a predictive
mapping technique. In DTA, not only the spectral
properties of soil surface; but, also some
environmental parameters that considerably affect
soil salinity could be incorporated into the
classification procedure. Usage of additional data
such as geologic maps, terrain and landform maps
could significantly enhance delineations of map
classes including salty classes. Most of the pixelbased traditional classification techniques such as
Maximum Likelihood Classification, Minimum
Distance, etc. only counts for spectral information
which might not be enough to identify salty classes
when only limited spectral bands are available from
the sensors. Compared to traditional mapping
methods, utilizing DTA could significantly improve
the accuracy of soil salinity mapping. As an example,
in Malheur County at the south-eastern Oregon,
USA, DTA yielded a predictive soil salinity map
with an overall accuracy of 98.4% [25].

RESULTS AND DISCUSSION
Remote sensing techniques [36] and indices
which are introduced for soil salinity assessment
have their own specific advantages for various case
studies with different environmental conditions, soil
type and texture, and land cover categories. As such,
monitoring salinity requires wise selection of the
paramount detection and analysis method together
with proper indices based on the characteristics of
the studied region [37].
Inverted Gaussian (IG) method is used to
quantify the content of salt in soil considering the
variations in spectral reflectance of salt-affected soil
in various case studies [34]. PCA technique is useful
especially in identification of salts at the surface;
therefore, it indicates saline soils. DTA technique
could remarkably enhance the productivity and
improve the accuracy of soil salinity mapping by
introducing additional data to spectral reflectance
such as surficial geology, geologic maps, terrain
layers and landform maps. This approach could
significantly enhance delineation of salty classes
[25].
Vegetation indices could be also used for the
assessment and mapping of soil salinity if the region
is densely vegetated and if saltiness in the soil affects
the vegetation cover. However, vegetation indices
might not provide reliable results on bare soils in arid
areas. In such cases, application of salinity indices
could produce better results. Depending on the
geographic region, density of vegetation and soil
should be analysed, and related vegetation and/or
salinity indices should be selected based on their
spatial distribution. Vegetation indices such as
NDVI, EVI and SAVI, might have a low correlation
with EC if the vegetation cover is not dense enough,
whereas soil salinity indices have high correlations
with EC especially over bare soils and low-density
vegetated areas in arid and semi-arid regions.

Inverted Gaussian Function. Inverted
Gaussian (IG) method is used to quantify salt content
in soil considering the variations in spectral
reflectance in various case studies. As an example,
this model was carried out on soil samples which
were collected from the island of Texel in the northwest of The Netherlands in north-east Hungary.
Spectral reflectance curves obtained in the nearinfrared (NIR) and shortwave infrared (SWIR)
region were used for the analysis. Parameters of
spectral reflectance of salt-affected soil in IG model
are generally sensitive to both overall reflectance and
maximum reflectance positions. With the increase of
soil salinity level, maximum reflectance value shifts
towards shorter wavelengths [34]. In their research,
[34] presented the lab-based spectral reflectance
curves of salt affected-soil. As an example, soil
having 27.70 EC value has the maximum reflectance
value around 1200 nm; whereas, soil having EC
values of 1.60 and 2.50 have their maximum spectral
values around 2000 nm.
Partial
Least
Square
Regression.
Considering inferential capability of Partial Least
Square Regression (PLSR) approach, it could be
used to model the relationship between salt
201
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CONCLUDING REMARKS
Overuse of groundwater, soil structure, parent
materials, water table depth and water quality can
cause soil salinity in different regions of the world.
It is important to monitor and assess salinity
especially to reduce land degradation, to take
environmentally sensitive decisions, and to mitigate
with the health implications resulting from dryland
salinity. In recent years, remotely sensed technology
has been widely used to map soil salinity in different
scales ranging from local to global platforms.
7KDQNV WR UHPRWH VHQVRUV¶ DELOLW\ WR KDYH V\QRSWLF
view and to generate fast, accurate and periodic data.
However, remotely sensed data could not be directly
used to study saltiness; rather several processing and
transformation methods need to be applied to derive
accurate information. Moreover, remotely sensed
data itself will not be enough for the accurate and
absolute determination of soil salinity; it should be
incorporated with field measurements of EC and
spectral reflectance to achieve promising results. The
performance of high spatial resolution satellite data
like IKONOS and SPOT is better than other
multispectral satellite data like Landsat in detecting
slightly and moderately saline soils. However,
Landsat data have been widely used for a variety of
soil salinity assessment studies due to its
comparatively less cost. On the other hand, there is a
probability that hyperspectral sensors outperform
multispectral data for assessing soil salinity in future
due to their capability to detect and map saline soils
in more detail.
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as a commonly used auxiliary chemical in various
industrial sectors, such as factories producing insect
repellants, paint and ink, plastic, automotive industries,
nail
polish
manufacturing,
synthetic
fiber
manufacturing textile mills etc [2, 4, 5]. It is interesting
to note that di-butylphthalate is even used as an input of
enteric coating for some pills in pharmaceutical industry
[6] and as a concrete additive [5].
Being a low molecular weight phthalate ester, dibutylphthalate is grouped as an emerging contaminant
of environmental concern [7, 8]. This chemical has
potential endocrine disrupting characteristics [8] and dibutylphthalate and its metabolites is stated to cause antiandrogenic effects [9]. Literature data is available on dibutylphthalate in processed, packed school meal [9]; the
emissions released due to the application of latex wall
paint doped with di-butylphthalate [10]; hazard indice
of di-n-butylphthalate exposure and serum
reproductive hormone levels among occupationally
exposed and unexposed construction workers [11].
The release of di-butylphthalate in workplaces can
cause serious health effects. Exposure levels of this
chemical by inhalation route are estimated to be below
2 mg/m3 with a reasonable worst case of 5 mg/m3
averaged over a shift, with possible short-term exposure
levels of up to 10 mg/m3 [12].
Occupational exposure to di-butylphthalate is of
importance in certain proffessions such as manicurists
and workers of rubber industry [13, 14]. It is stated in
literature
that
di-butylphthalate
metabolite
concentrations in workers of rubber gasket
manufacturing exceed the levels associated with the
general population by 26 fold [14]. Therefore, necessary
precautionary actions should be taken before operating
such workplaces. The allocation of chambers and the
related air exchange requirements must be carefully
simulated to lower the negative impacts of possible
spillages on the health of the workers.
In this respect the aim of this study is to
investigate the effect of the di-butylphthalate spillage
scenarios on the general layout of a plant using this
auxiliary.

ABSTRACT
This study investigates the effect of the dibutylphthalate spillage scenarios on the general layout
of a plant using this auxiliary. The aim is to reveal the
operating conditions of two alternative chambers with
300 and 900 m3 volumes in a plant where possible dibutylphthalate addition to the processes can take place.
The allocation of chambers and the related air exchange
requirements are simulated to get rid of the negative
impacts of possible spillages on the health of the
workers. US EPA Indoor Air Quality and Inhalation
Exposure (IAQX) Version 1.0 Model for single
component solvent is used. The spillage of 5, 8 and 10
liters of di-butylphthalate within alternative production
chambers are simulated by using 3 different air
exchange rates (AER) 1 per hour (8 times in 8 hours), 5
per hour and 10 per hour. The simulations are
performed by assuming immediate cleaning within half
an hour after the spillage. The results showed that when
300 m3 chamber will be used for di-butylphthalate
addition to the processes, an air exchange rate of 10 per
hour is required. In this chamber the air exchange rate
can be reduced to 5 per hour only if not more than 5
liters of di-butylphthalate is applied at a time. On the
other hand an air exchange rate of at least 1 per hour
must be adopted to tackle the problem of 8 liter dibutylphthalate spillage in the room with 900 m3
volume. However, an air exchange rate of 10 per hour is
required for 10 liter di-butylphthalate spillages in this
room.

KEYWORDS:
Di-butylphthalate, spillage, occupational health, industry,
indoor air pollution.

INTRODUCTION
Due to their extensive usage, phthalates
ubiquitously exist in the media around us for more than
50 years [1-3]. Potentially phthalates are known to exert
negative impacts on health [1]. Some are grouped as
developmental and reproductive toxicants [3]. Low
levels of these man-made chemicals are measured in the
environment [2]. Among phthalates, low molecular
weight phthalate ester, di-butylphthalate is considered

MATERIALS AND METHODS
There exists two alternative chambers of 300 and
900 m3 volumes in the factory where possible di-
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According to the graphs given in Figure 2.a
and 2.b, even an air exchange rate of 1 per hour is
adequate for overcoming the problem related to 5 or
even 8 liter di-butylphthalate spillage in a room of
900 m3 volume. As given in Figure 2.c, an air
exchange rate of 10 per hour is sufficient for a dibutylphthalate spillage of 10 liters in a room of 900
m3.

butylphthalate addition to the processes can take place.
Used di-butylphthalate is obtained in containers of 5, 8
and 10 liters. A simulation study is performed in order
to find out the usage of each chamber without creating
any occupational health hazard on workers. For this
purpose Indoor Air Quality and Inhalation Exposure
(IAQX) Version 1.0 Model [15] for single component
solvent is used. The spillage of 5, 8 and 10 liters of dibutylphthalate within production chambers of 10×10×3
m3 and 20×15×3 m3 are simulated by using 3 different
air exchange rates 1 per hour (8 times in 8 hours), 5 per
hour and 10 per hour. The simulations are performed by
assuming immediate cleaning within half an hour after
the spillage. The applied simulation parameters are
tabulated in Table 1.

CONCLUSIONS
This study investigates the effect of the dibutylphthalate spillage scenarios on the general layout
of a plant using this auxiliary. The results of the
simulation study performed to find out the proper usage
conditions of two alternative chambers having 300 and
900 m3 volumes, show that:
i) When 300 m3 chamber will be used for dibutylphthalate addition to the processes, an air exchange
rate of 10 per hour is required in order not to create any
occupational health hazard on workers during spillages.
In this chamber the air exchange rate can be reduced to
5 per hour only if not more than 5 liters of dibutylphthalate is applied at a time.
ii) An air exchange rate of at least 1 per hour must
be supplied to overcome the problem associated with 8
liter di-butylphthalate spillage in the room having a
volume of 900 m3. However, an air exchange rate of 10
per hour is required for 10 liter di-butylphthalate
spillages in this room. Therefore, the usage conditions
for this room can be summarized as either applying an
air exchange rate of 1 per hour by using not more than 8
liter di-butylphthalate at a time; or supplying an air
exchange rate of 10 per hour for 10 liter dibutylphthalate additions at a time.
It is recommended to run such simulation studies
before allocating the chambers for manufacturing
processes operated with chemicals that can cause
occupational health risks on workers.

RESULT AND DISCUSSION
The simulation results obtained on the 300 m3
chamber is given in Figure 1. Figure 1.a shows the
concentration profiles of di-butylphthalate in air after a
5 liter spillage for 3 different areation rates of 1, 5 and
10 per hour. Similarly Figure 1.b and 1.c illustrate the
concentration of di-butylphthalate in air after 8 and 10
liter spillages, respectively.
Figure 2 shows the simulation outcomes for 900
m3 chamber.
As can be seen from Figure 1.a, an air exchange
rate of 5 per hour or more must be supplied to tackle the
di-butylphthalate spillage of 5 liters in the room of 300
m3. On the other hand, according to Figure 1.b, the air
exchange rates of 1 and 5 per hour are not sufficient and
an air exchange rate of 10 per hour must be adopted for
a di-butylphthalate spillage of 8 liters in a room of 300
m3. Similar to that of 8 liters di-butylphthalate spillage it
is revealed that an air exchange rate of 10 per hour must
be adopted for a di-butylphthalate spillage of 10 liters in
a room of 300 m3 (Figure 1.c).

TABLE 1
Simulation parameters
Building
Ventilation
Solvent

Source

Conditions

PARAMETER
Zone Volume
No of air zone(s)
Air Exchange rate
Solvent type
Compound
Formula
Molecular weight
Vapor pressure (Vp)
Molecular diffusivity in air (D)
Volume spilled
Spill area
Density
Clean up after spill
Air velocity
Simulation period
Gas phase mass transfer coefficient
calculation method

UNIT
m3
per hour
g/mole
mmHg
m2/h
mL
m2
g/mL
hour
cm/h
hour

205

VALUE
300/900
1
1/5/10
Single component
DBP
C16H22O4
278.3
0.075006
0.015768
5000/8000/10000
10/16/20
0.00105
0.5
10
8
Mackay and Matsugu Method [12]
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a

b

c
FIGURE 1
Indoor concentration variations of
a) 5 liter; b) 8 liter and c) 10 liter DBP spillages in a room of 300 m3
(conditions: AER=1-5-10 per hour and cleaning after 30 min from spilling)

b

a

c
FIGURE 2
Indoor concentration variations of
a) 5 liter; b) 8 liter and c) 10 liter DBP spillages in a room of 900 m3
(conditions: AER=1-5-10 per hour and cleaning after 30 min from spilling)
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ABSTRACT
The increasing pollution leads to the
deterioration in the water quality of the region as
well as the quality of the recreation areas in parallel
with the meteorological and hydrodynamic
conditions in seas. Therefore, plastic packages and
plastic wastes being formed later on, no matter how
meticulously they are collected, may lead to adverse
effects on marine ecosystems in terms of their
content. In coastal areas where macro plastics are
detected, the entrance of materials into the marine
ecosystem is very easy as a result of climatic and
abiotic factors. The macro plastics that reach seas
and oceans disintegrate in time and get a
microplastic size and thus pose a threat for the
marine organisms. This study aims to determine the
possible entrance ways of macro and micro plastics,
which were detected after they had been
dimensioned in coastal area, into the marine
ecosystem and their possible effects on living
HFRV\VWHP RQ øVWDQEXO FRDVWDO DUHD 7KH studies,
which have newly been started on microplastics,
reveal the need for making a policy by predicting the
conditions of globalized world apart from the
country conditions. The role of researchers in the
monitoring of plastic pollution will increase in the
FRPLQJ\HDUVDQGWKHWUXO\³ELJ´GDWDWKH\GRFXPHQW
must become part of the science of plastic pollution.
For the present, it is real that a few scientists around
the Turkey are engaged in attempting to understand
the consequences of the problem of plastic that
contaminates seas.
KEYWORDS:
Anthropogenic litter,
recreation areas, Turkey.

plastic,

macro/microplastic,

INTRODUCTION
Nowadays, there are several packaging types
are being used in order to improve storage and
transportation conditions and not only for fulfilling
FRQVXPHUV¶ needs at a low price but also fulfilling
them in appropriate way. Amount of packaging
wastes have been increased in parallel with
conditions of social life. It is possible to classify

those packaging categories according to raw
materials they are being produced. Improvements on
material sciences brought common use of composite,
plastic and variations of plastics with it and as a
result, amount of plastic, which turns into waste,
reaches higher numbers. While worldwide plastic
was 1.5 billion tons per year at 1950's, it has almost
reached to 280 billion ton per year at 2001 [1].
Especially, when it's considered that plastics are
petrol-based materials and petrol resources are
limited, it's very important to recycle those valuable
materials, which became waste for national economy
and environment.
Although plastic provides many social benefits,
increasing worries about this valuable material's
environmental effects made it to primary research
subject of environmental engineering. In the
beginning, wear resistant structure of plastics made
them very desirable, but since they are also being
resistant to degradation as much as wear resistant,
made disposal of plastic wastes problematic. Plastic
materials may have different structural patterns
according to their chemical properties. These can be
classified as Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS), Poly (ethylene terephthalate)
(PET); and Poly (vinyl chloride) (PVC). Altogether,
these plastics represent 90% of the total world
production [2, 3]. Polyethylene is the most common
plastic among used plastic and plastic waste [4].
Plastics generate 10% of the solid wastes (30%
as volume) [5]. 75-80% of produced plastic is used
for durable products (TV, car, washing machine etc.)
and the rest (20-25%) is used for packaging sector.
Half of the plastic that used for packaging sector is
used for durable packages (plastic barrel, can, bin
etc.) and the rest is thrown away as trash. Which
means, adverse effects on environment caused by
plastics, can endure for a long period of time. In
Turkey, inspection and recycle of plastic wastes is
controlled according to ³3DFNDJLQJ :DVWH &RQWURO
5HJXODWLRQ´No. 28035 that is accepted at 14 August
2011. According to numbers obtained at 2010,
amount of plastic packaging waste launched to the
market is 812,532 tons and amount of recycled
plastic packaging waste is 242,039 tons. Only 30%
of the plastic waste recycled in Turkey [6]. For 2015,
regulation indicates that, Turkey aims to reach 48%
for recycle of plastic packaging waste [7]. According
to statistics, 1,377,841 tons plastic packaging has
208
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been produced in the Turkey 2012 and 908,674 ton
of that plastic packaging launched to the market. In
the same year, amount of recycled plastic packaging
announced as 372,246 tons. In 2012, recycle ratio of
plastic packaging that had been launched to the
market is 41% [8]. In 2015, while amount of
recyclable waste amount in Turkey is 7,256,548
tons, amount of packaging waste is 3,628,274 tons.
42% of this waste is paper/cardboard (1,680,000
tons), 43% of it is plastic (1,720,000 tons), 13% of it
is glass (520,000 tons) and rest is metal (2%, 80,000
tons).
Sea-base waste; wastes which take 80% of its
resources from land, result of direct or indirect
transfer of waste materials to the oceans or seas
without going through and process [9]. Because of
its lightweight and durable nature, plastic has
become a prevalent and widespread element of
marine litter. Its plastic parts which won't draw
attention at first, has become an indispensable part of
sea-base waste composition lately [10]. Terms
'microplastic' and 'microlitter' have been defined
individually by various researchers. Gregory and
Andrady [11] defined microlitter as the barely
visible particles that pass through a 500 Pm sieve but
retained by a 67 Pm sieve (0.06±0.5 mm in diameter)
while particles larger than this were called mesolitter
[3, 12].
Even though waste plastics gathered carefully,
in respect to material compositions, they may cause
various adverse events in various ecosystems.
Dispersion of materials, by mistake or deliberately,
will cause an uncontrollable accumulation. These
wastes reach coastal areas through winds and rivers
[10]. The rapid increase in global plastic production
has resulted as an increase in the amount of plastic
items and fragments in marine systems, which in
many cases has offset the gains made by reducing
losses of industrial pellets and dumping of shipgenerated wastes. Plastic is becoming so abundant in
some marine systems that it is actually altering the
physical properties of the environment. Shortly,
plastics won't only threaten terrestrial ecosystems
but also aquatic ecosystems. This pollution affects
every aquatic areas, watercourses, seas and oceans
but mostly coastal areas. Coastal areas which macro
plastics are detected, it's very easy for materials to
get into sea ecosystem because of seasonal abiotic
factors [13]. Ultraviolet (UV) radiations plays a key
role in plastic degradation and since UV light is
absorbed rapidly by water, plastics generally take
much longer to degrade at sea than on land.
However, the rate of degradation depends on the
ambient temperature as well as polymer type,
additives and fillers [3]. Thus macro plastics that
reach oceans and seas turn in to micro plastics in
time and threaten microorganisms.
Effects of microplastics on organisms depend
on microplastic characterization (size, density,
abundance and color) and trophic level of organisms.

Plastics can be introduced into the aquatic food chain
when accidentally consumed by marine organisms,
releasing dangerous chemicals. Although the
ingestion of plastic debris by marine organisms is
more common in oceanic waters, plastic has also
been found in the digestive tracts of several
organisms in the Mediterranean Sea. When
organisms encounter larger sized fractions of
microplastics, nourishment and digestion problems
occur. Most current example for this; sea turtles, sea
birds and whales may die because they eat plastic
wastes and this cause death through reasons like
suffocation, intestinal obstruction or hunger. Figure
1 presents modeling of micro plastic accumulation
for trophic scaling. Most concerning issue about
microplastics is their role in introducing persistent
organic pollutants (POPs) into marine food webs [2,
12]. Some of the additives used to modify the
properties of plastics are biologically active,
potentially affecting development and reproduction.
Codina-Garcia et al. [14], had run a special study
about how microplastics are isolated in bird stomach.
Thus, it is widely accepted that the majority of the
items polluting coastal and marine environments are
comprised of these materials [2, 3]. According to
predictions, rate of plastic wastes that reaches to
oceans is 10%. Plastic wastes quantity found in
water body are increasing day by day in worldwide
[15]. Many countries spare special budget for
projects about subject of macro and micro plastic
wastes that reaches to coastal areas [16].

FIGURE 1
Microplastics moving in the food chain
(adapted by Ivar do Sul & Costa [17])
Literature review shows that, many researchers
have found about not only effects of microplastics on
marine ecosystems but also their effects on inland
waters and dam lakes [18-22]. Since ultimate
accumulation point of plastic wastes marine
ecosystems, studies about plastic sourced pollution
in marine environment is intensifying every day [23,
25]. Studies about marine ecosystems usually cover
plastic accumulation and its ecologic effects on deep
sea [26, 27], sea surface [28] and coastal areas [29].
In addition to this, microplastics that are
accumulating within micro and macro marine
species, was topic of many studies [16, 30-33].
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Macro and microplastics which reaches to
marine ecosystems pose a problem that affects
aquatic life, human life and socio-economy and
increasing with each passing day. Formation,
abundance and distribution of these materials on
coastal areas are unknown for Turkey. In this study,
paths for macro and microplastics to reach coastal
areas are examined especially for coastal area of
øVWDQEXODetermination of effects on biodiversity is
aimed through classification and sizing of samples
WDNHQIURPøVWDQEXOFRDVWDPRQJPDFURSODVWLFVWKDW
can reach coastal areas easily. Suggestions were
given about possible threats micro and macroplastics
causes according to results obtained from study.

between 1 ȝPDQG0 cm. Large sized plastics were
determined as plastic caps in general. Structurally
long materials were observed as parts broke of from
toys. Smaller structures observed under microscope
and image in Figure 4 was obtained. Taken sand
samples examined by Krüss brand, MBL2000
multipurpose microscope in order to determine their
normal crystal structures (Figure 5). For
determination of crystal structures, reference
sampling areas, where plastic particles were not
present, were chosen.

MATERIAL AND METHOD
No trace of any study have been found about
SODVWLFZDVWHVRQFRDVWDODUHDVRIøVWDQEXOZKLFKLVD
city have a coast to Sea of Marmara and hosting 15
billion population. In order to study, Yesilkoy coast,
RQH RIWKH PRVWDFWLYH FRDVWDODUHDRIøVWDQEXODQG
frequented place recreational use, have been chosen
(Figure 2).
Macroplastic Analysis at Coastal Area. Each
country has their own units that running cleansing
operation of coastal areas from pollution caused by
anthropogenic reasons. For instance, Santiago del
Teide in Spain Tenerife Island and Sydney Bondi
Beach in Australia are favorite coastal areas and
beaches in terms of tourism in each season and it's
prohibited to leaving any plastic waste to their
coasts. In USA, Center for Marine Conservation
(CMC) runs this operation since 1986. CMC
classifies each waste material and lists 85 kins of
waste materials in 8 categories. Prevalent 12 items
are; cigarette stub, paper pieces, plastic pieces,
polystyrene glass pieces, plastic nourishment pouch,
plastic cap, metal beverage can, plastic straw, glass
beverage can, plastic beverage bottle and
polystyrene cup [34]. Conspicuous part of this list is,
8 members of this list are plastic thematic packaging
products or wastes and they are qualified to reach the
sea directly. In this study shows, macro sampling
made in Yesilkoy coastal area has a similar
classification. Photographs of chosen one square
meter sample areas from sample zones are given in
the Figure 3. As can be seen in the Figure 3, in
sorting of waste material; plastic pouch, plastic
bottle and packaging waste are in the first place.
Microplastic Analysis at Coastal Area. Sand
samples taken from sampling areas and aquatic areas
in Yesilkoy coast which was chosen as a sampling
area, was brought to laboratories and left for drying.
Size of the macroplastics and primary microplastics
were determined by observation. Main structures
determined in macroplastics have remarkable sizes

FIGURE 2
Study area

FIGURE 3
Yesilkoy Coastal area, a- General view of Florya
beach, b- Sampling area, c- Collected
macroplastics

Macro/microplastic sizing rules. Macro and micro
sizing rules acknowledged in order to size the plastic
samples gathered during study. There is ongoing
GHEDWH DV WR WKH VL]H OLPLW IRU µPLFURSODVWLFV¶ >@
Some authors take a broad view, including items <5
mm diameter [36], whereas others restrict the term
to items <2 mm, <1 mm or even <500 ȝP >@
Andrady [3] argued the need for three terms:
PHVRSODVWLFV  ȝP±5 mm), microplastics (50±
ȝP DQGQDQRSODVWLFV ȝP HDFKZLWKWKHLU
own set of physical characteristics and biological
impacts. In this study, it's found appropriate for
measuring range to examined under 4 different
groups. Macroplastics considered in the range of
>5cm, 3-5cm and 1-3cm; mesoplastics considered
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for length shorter than 1cm and microplastics
considered in range between 50-ȝP

FIGURE 4
Sand samples which microplastics determined

FIGURE 5
Normal crystalized sand sample (10x40
magnification)

RESULTS AND DISCUSSIONS
In this study, paths of micro and macro plastics
to reaching coastal ecosystems have been examined
YLDVWXG\PDGHDERXWFRDVWDODUHDVRIøVWDQEXOZKLFK
have highest population among other coastal cities of
Turkey. Classification and sizing of macro plastics
that can reach aquatic structures performed for
chosen coastal area. According to obtained findings
and other studies about this subject, damage caused
by macro and micro plastics to bio-diversity of
marine ecosystems has been discussed and
suggestions have been presented against anticipated
threats.
Plastic samples obtained from study areas
classified accordingly their sizes and percentage
distribution in total example amount was
determined. Macroplastic samples that determined in
study are presented in Figure 6. Total of 218
macroplastics were determined in sampling area.
When their size analysis was done, it's eligible to
examine them under 4 different groups. According
to these results it's determined that, 15 of them are

larger than 5 cm, 69 of them are between 3 cm to cm,
121 of them are between 1 cm to 3 cm and 13 of them
or smaller than 1 cm. Percentage distribution of these
plastics presented in Figure 7. When this distribution
is examined, we observe that most of the
macroplastic samples (% 55.5) belong to 1cm to 3cm
group. In the observation of this large group of
plastics, it's determined that, beverage caps which
are used commonly on beaches are mainspring.
Another conspicuous point about percentage
distribution of plastics is lowest (<1cm) and highest
(>5cm) parts of the sizing have smallest percentages.
When these two parts are removed, rest of the
plastics have %87.5. Plastic structures between 1cm
to 5cm being able to reach to coastal areas easily
shows that they can also reach marine environment
and cause structural changes which may have effects
on organisms.
One of the major challenges in addressing the
marine plastics problem is the diverse nature of
plastic products, and the many routes they can follow
to enter marine systems [9, 37]. As a result, a
diversity of mitigation measures is needed to tackle
the problem. Long-term studies of plastic ingestion
by seabirds also indicate limited success in tackling
the marine litter problem. The rapid increase in the
amount of ingested plastic through the 1960s and
1970s [38, 39] stabilized during the 1980s and 1990s
[40, 42], but only studies of North Atlantic fulmars
show a recent decrease in the amount of ingested
plastic [43]. Although the total amount of ingested
plastic has tended to remain fairly constant over the
last few decades, there has been a marked change in
the composition of ingested plastic from pellets to
plastic fragments [40, 41, 43] suggesting that efforts
of reducing the number of pellets entering the sea
have been at least partially successful. These results
mirror the findings of net-samples of plastic litter at
sea, which have seen a major increase in proportion
of user fragments and a corresponding decrease in
industrial pellets relative to surveys conducted in the
1970s and 1980s [24, 44].
Interaction rates with marine biota provide one
way to track the impacts of marine plastics, and
several studies have focused on the effects of
specific mitigation initiatives. For example, the rate
of entanglement in Antarctic fur seals
(Arctocephalus gazella) at South Georgia decreased
over the last two decades following active steps to
prevent dumping of persistent wastes by vessels
operating in the waters around the island [45, 46].
Another study carried on about Copepods.
Copepods are sometimes used as biodiversity
indicators. Some scientists say that they form the
largest animal biomass on earth. As determined, in
marine ecosystems, Copepod forms which macro
plastics were observed in their stomachs, died since
they can't digest them [16].
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FIGURE 6
Size distribution of macro plastics observed in
study area

FIGURE 7
Percentage distribution of size analysis of macro
plastics
This result causes serious problems on population,
also cause loss of species from trophic levels. Since
these species constitute essential nutrients for
zooplanktonic organisms and small fishes.
Unfortunately, micro plastics (smaller than 20μm)
are taken by small invertebrates via digestion but
they are also egested. Microplastics can be ingested
by low trophic suspension, filter and deposit feeders,
detritivores and planktivores. Therefore, they may
accumulate within organisms, resulting in physical
harm, in ways like internal abrasions and blockages
[10]. Planktonic forms that survive may observe in
feces of more developed organisms or face a similar
end [2]. In some cases, organisms can distinguish
hunt and anthropogenic pollutants, they can also take
microplastics to their systems since they may
deceived by colors of microplastics. Even forms
which have selective food habits may consume
plastic materials if they mistake their shapes and/or
colors. Planktonic forms which are at the bottom of
the food chain come up against a similar end. Even
some commercially important fishes and their larvae
are visual predators, preying on small zooplanktons,

and may feed on microplastics which mostly
resembling their prey i.e. white, tan and yellow
plastic [10].
Accomplished studies followed by increase on
awareness levels, caused prohibition of plastics on
coastal areas and new precautions about collecting
plastic wastes. Entrance of wastes which threatens
coastal areas to the aquatic areas need to be stopped
in Turkey, as much as on the other countries.
Macroplastics, which reaches to many coastal areas
via meteorological effects like rain and wind and
anthropogenic activities, play a part in news more
than scientific publications in Turkey. Yesilkoy
region, which is used recreationally by tourists and
local residents, was chosen as sampling zone for this
study. When result of the study is examined,
pollution on Yesilkoy Coast is more intense when
compared to coast on other countries as quantitative
and qualitative. It is possible to list 8 categories
which are forming classification of almost all litter
in sampling area (CMC). By using similar
approaches, it's easily seen that plastic pollution on
coasts of Turkey and microplastic wastes on seas of
Turkey formed via this pollution may reach to
dangerous
proportions.
Marmara
Sea
is
economically rich in the aspect of endemic and
economic species. Istanbul, which is the most
important coastal area in Marmara Sea, has all these
economic species and some endemics, which can
come across this pollution in any moment. Those
species no matter at what trophic level they belong
to, need to be protected. Besides, decreasing in
numbers of Copepod and similar species which
compose essential nutrients of anchovy because of
plastic wastes, shows how serious this threat is.
How effective can these measures in reducing
litter entering the sea? Although there are some
exceptions, amounts of plastic litter at sea are
increased day by day. Not only coastal areas, the
quantities on beaches and on the seabed are
continuing to increase. So, amounts of plastic litter
need to be determined in these areas and source of
these plastic litters also need be determined. For the
anthropogenic based resources, frequency of the
controls needs to be increased against existence of
the packaging that may be left behind by wastes at
the exit or before entrance of the beach. Notifications
put to these areas and intimidating punishments are
determined as possible details of a solution. But most
importantly, new generations need to give proper
education so they can care for coastal areas.
Microorganisms living in marine areas are not only
very important for marine productivity but also
essential for continuity of life. Similarly, biodiversity is richness no matter which environment it
belongs and a healthy ecosystem is required to
maintain this richness.
It is saddening that; there is no such detailed
research about plastics that threatens coastal areas in
Turkey. Classification of all macro plastics as "sea
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waste" implies how serious of a threat exist for
coastal areas of Turkey. This study tries to
emphasize need of monitoring of each plastic that
reaches to coastal areas according to their state and
size by separate studies. This study can be qualified
as preliminary study. It would be suitable for new
studies to focus on different coastal areas beside of
organism studies aim to determine the effects of
plastic waste to bio-diversity. In the light of
information obtained from this study, new studies
about this subject will minimize possible threats to
coastal areas.
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ATTENUATION OF SPIRULINA PLATENSIS ON ACUTE
LIVER INJURY IN RATS EXPOSED TO BOTH
Ȗ -RADIATION AND CARBON TETRACHLORIDE
Mahmoud Moustafa Enas*, Zakaria Mansour Somaya, Ismail Ibrahim Sahar
Radiation Biology Department, National Center for Radiation Research and Technology, Atomic Energy Authority, Cairo Egypt

resulting in oxidative stress and tissue damage [2].
Carbon tetrachloride (CCl4) is a solvent that has been
previously used as a cleaning fluid or degreasing
agent, as a grain fumigant, and industrially in the
synthesis of refrigeration fluid and propellants for
aerosol cans, although most of these uses have been
discontinued, the possibility still exists for carbon
tetrachloride to be released to the environment,
primarily through industrial processes or old bottles
of cleaning agents containing carbon tetrachloride
that may still be at home. Degradation of carbon
tetrachloride occurs slowly in the environment,
which contributes to the accumulation of the
chemical in the atmosphere as well as the ground
water [3]. Moreover, people who work with carbon
tetrachloride in industry or living within or very near
to waste sites are likely to receive the greatest
exposure to the compound [4]. Over the last three
decades, there has been increasing global concern
over the public health impacts attributed to
environmental pollution, in particular, the global
burden of disease. The World Health Organization
(WHO) estimates that about a quarter of the diseases
facing mankind today occurs due to prolonged
exposure to environmental pollution. Radiation and
CCl4, as environmental pollutants are the most
widespread sources of environmental stress on living
organisms [5].
Spirulina is a simple microscopic blue green
algae. Spirulina Platenesis (SP) is a unicellular
cyanbacterium, with high nutritional value and with
wide range of medicinal applications. It contains
very potent naturally occurring antioxidants and free
radical scavenging agents. Besides the free radical
scavenging and antioxidant activity, Spirulina and
its active constituent C-phycocyanin exhibit antiinflammatory, neuroprotective, hepatoprotective,
immunomodulatory and anticancer activities [6].
The objective of this study was to elucidate the
role of Spirulina (SP) against liver toxicity induced
by exposure to ionizing radiation, CCL4 as well as
both ionizing radiation and CCL4 in rats.

ABSTRACT
The aim of this study was to evaluate the effect
of Spirulina platensis (SP) on liver injury induced by
H[SRVXUH WR Ȗ-radiation (Rad), carbon tetrachloride
(CCL4) and both Rad+CCL4 in male albino rats
Sprague Dawley ([SRVXUH WR HLWKHU Ȗ-radiation or
CCl4 induced significant increases in the levels of
liver carboxylesterase (CE) and myloperoxidase
(MPO) activities, malondialdehyde (MDA), and
interleukin-ȕ ,/-ȕ  FRQWHQWV DOVR '1$
fragmentation % as well as, a significant elevation of
serum C-reactive protein (CRP), hyaluronic acid
(HA) contents, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and gammaglutamyl transferase (GGT) activities, with
concomitant damage in liver architecture. Moreover,
exposure to Rad+CCl4 has potentiated the severity of
liver injury. SP treatment has significantly reduced
the severity of liver injury substantiated by
significant improvement in the biochemical and
histopathological changes. It could be concluded
that Spirulina platensis interference with radicalmediated cell death and inflammation would protect
liver tissues from CCL4 DQG Ȗ-radiation-induced
hepatotoxicity.

KEYWORDS:
Spirulina- Ȗ-radiation- carbon tetrachloride- liver injury.

INTRODUCTION
Human exposure to drug, ionizing radiation and
environmental pro-oxidant pollutants has become
inevitable with its vast application in diagnosis and
industry. It has been assumed that occupational
radiation workers as well as patients subjected to
radiotherapy or radiodiagnosis and persons who had
taken part in nuclear accidents are those exposed to
different stresses [1]. Radiation damage, is to a large
extent, caused by the overproduction of reactive
oxygen species, including superoxide anion (O2 í),
K\GUR[\O UDGLFDO 2+  DQG K\GURJHQ SHUR[LGH
(H2O2), that overwhelm the levels of antioxidants,
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and allow to clot overnight (4oC) and serum
was separated following centrifugation (1500 per
minute for 30 min). Sera were stored at -70oC until
analyzed. A portion of liver tissues were dissected
immediately for histopathological examinations.
Another portion (0.5g) were homogenized in 1.5 mL
of buffer solution (50 mmol/l Tris, 150 mmol/l NaCl,
and 10 ml/l Triton X-100, pH 7.2) [7] and mixed
ZLWKȝORISURWHLQDVHLQKLELWRUFRFNWDLOVROXWLRn
(P8340, Sigma- Inc., Saint Louis, USA). Liver
homogenate was centrifuged at 3000 g for 15 min at
4°C and the supernatant was stored at -70 °C until
aspartate (AST) and alanine aminotransferase (ALT)
activity was determined according to Reitman and
Frankel [8] and gamma glutamyl transferase (GGT)
according to Szasz [9]. Serum hyaluronic acid (HA)
and C-reactive protein (CRP) level were measured
by ELISA kit (RD system, Minneapolis, MN, United
6WDWHV DFFRUGLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV
Lipid peroxidation was measured according to
Yoshioka [10]. Myeloperoxidase (MPO) activity
was determined using 4-aminoantipyrine/phenol
solution as the substrate for MPO mediated oxidation
by H2O2 and changes in absorbance were recorded at
510 nm.
TABLE 1
The influence of Spirulina (SP) on C-reactive
protein and hyaluronic acid levels in the serum
RIUDWVH[SRVHGWRȖ-radiation (Rad), carbon
tetrachloride (CCl4), and their combined effect
(Rad+CCl4).
Hyaluronic
C-reactive
Parameters
acid
protein
Groups
ȘJPO
ȘJP/
Control
42.73±0.22
1.09 ±0.35
SP
37.17±0.34
1.15 ±0.31
P1 vs control
n.s.
n.s.
CCL4
85.84±0.53
10.36
P1 vs control
S
±0.34
S
47.13±0.31
1.97±0.15
SP+ CCL4
n.s.
n.s.
P1 vs control
S
S
P2 vs CCL4
Rad
61.44±0.16
5.86±0.84
P1 vs control
S
S
44.43±0.39
2.41±0.22
SP+Rad
n.s.
p 
P1 vs control
P2 vs Rad
S
S
Rad+CCl4
106.7±0.37
9.89±0.40
P1 vs control
S
S
48.06±0.33
3.03±0.11
SP+Rad+CCl4
n.s.
S
P1 vs control
S
P2 vs Rad+CCl4 S
Values are expressed as Means ± Standard Error
(n=6). P1: significance vs control group. P2:
significance vs respective group not receiving
spirulina. Differences between means were
FRQVLGHUHG VLJQLILFDQW DW S KLJKO\ significant
DW S DQG YHU\ KLJKO\ VLJQLILFDQW DW S
n.s.: non-significant.

MATERIALS AND METHODS
Materials. Carbon tetrachloride (CCl4) was
obtained from Morgan Chemical Co. (Cairo, Egypt).
All other chemicals were obtained from Sigma
Chemical Co. (St. Louis, MO USA). Spirulina
powder was received from DXN Company in
Malaysia.
Experimental Animals. Male albino rats
Sprague Dawley weighing 150±180 g were used in
the present experiments. Experimental animals were
housed in cages with free access to drinking water
and diet and maintained in the animal care facility
throughout the duration of the experiment. The
animals were kept at 22±Û&ZLWKWKHKOLJKWGDUN
cycle. Animal experimentation were consistent with
the guidelines of Ethics by the Guide for the Care
and Use of Laboratory Animals (National Research
Council, 1996) in accordance with the
recommendations for the proper care and use of
laboratory animals approved by animal care
committee of the National Center for Radiation
Research and Technology (NCRRT), Cairo, Egypt.
Rats were divided into 8 groups (n=6). 1Control: received distilled water by gavages daily
during 5 weeks, 2-SP: received Spirulina in distilled
water (300 mg/kg bwt/day) by gavages daily during
5 weeks, 3-CCl4: received CCl4 (1ml/kg bwt) by
gavages twice/week during 4 weeks, 4-Rad: whole
body gamma-irradiated with 4Gy applied 1Gy/week
during 4 weeks, 5-Rad+CCl4: rats exposed to the
combined effect of radiation and CCl4, 6-SP+CCl4:
received spirulina for one week before starting CCl4
treatment and continued daily during CCl 4
administration, 7-SP+Rad: received Spirulina for
one week before starting irradiation treatment and
continued daily during radiation treatment, 8Sp+Rad+CCl4: received Spirulina for one week
before starting irradiation and CCl4 administration
and continued daily during radiation and CCl4
treatment. Animals were sacrificed at the end of the
5th week.
Radiation Facility. Whole body gammairradiation of rats was performed with the use of a
Canadian gamma cell-40, (137Cs) established at the
National Center for Radiation Research and
Technology (NCRRT), Cairo, Egypt at a dose rate of
0.45 Gy /min.
CCl4 treatment. CCl4 was prepared in olive oil
(40% v/v) and given to animals at concentration of 1
ml/kg body weight via orally administration twice
per week during 4 weeks
Biochemical Assay: Animals were sacrificed
24 h after the last dose of Spirulina. Blood samples
were taken just prior to dissection from the venous
plexus behind the orbit in a sterile centrifuge tube
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TABLE 2
The influence of Spirulina (SP) on malondialdehyde (MDA) and interleukin-ȕ ,/-ȕ OHYHOVDQG
carboxylesterase (CE) DQGP\ORSHUR[LGDVH 032 DFWLYLWLHVLQKHSDWLFWLVVXHVRIUDWVH[SRVHGWRȖradiation (Rad), carbon tetrachloride (CCl4), and their combined effect (Rad+CCl4).
Parameters
MDA
IL-ȕ
CE
MPO
(nmol/g tissue)
(pg/mg protein) (PM substrate
(unit/g protein)
Groups
hydrolyzed/min/g tissue)
Control
4.54±0.32
37.62±1.08
7.12±0.12
123±0.82
4.90±0.35
34.26± 0.45
6.24±0.44
124±0.86
SP
n.s.
n.s.
n.s.
n.s.
P1 vs control
45.33±1.9
63.48±0.37
14.31±0.16
243±0.67
CCL4
P1 vs control
S
S
S
S
SP+ CCL4
7.15±0.96
40.26±0.4
7.86±0.51
130±0.68
P1 vs control
n.s.
n.s.
n.s.
n.s.
P2 vs CCL4
S
S
S
S
34.25±1.78
49.26±1.43
10.32± 0.64
202± 1.07
Rad
S
S
S
S
P1 vs control
5.61±0.93
SP+Rad
38.64±0.55
7.41±0.33
143±0.97
n.s.
P1 vs control
n.s.
n.s.
n.s.
P2 vs Rad
S
S
S
S
92.2±2.8
76.02±0.84
17.78±1.02
268±2.61
Rad+CCl4
P1 vs control
S
S
S
S
13.03±0.85
40.8±0.33
9.04±0.54
166±1.29
SP+Rad+CCl4
S
n.s.
S
S
P1 vs control
S
S
S
S
P2 vs Rad+CCl4
Values are expressed as Means ± Standard Error (n=6). P1: significance vs control group. P2: significance
vs respective group not receiving spirulina. Differences between means were considered significant at
SKLJKO\VLJQLILFDQWDWSDQGYHU\KLJKO\VLJQLILFDQWDWSQVQRQ-significant.
One unit of MPO activity is defined as that which
degrades 1 μmol H2O2/ min at 25 oC. Data are
presented as U/g protein [11, 12]. Carboxylesterase
(CE) activity was measured spectrophotometrically
using p-nitrophenyl acetate as a substrate according
to the method of Clement and Ehardt [13].Hepatic
interleukin
IL-ȕ
ZDV
DOVR
PHDVXUHG
spectrophotometrically
using
enzyme-linked
immunosorbent assay (ELISA) kits Quantikine®
RLB00. All photometric determinations were done
using
(Thermo
Electron
UV-Visible
spectrophotometers U.S.A.).

groups and fixed in 10% formalin saline for twenty
four hours. Washing was done in tap water then
serial dilutions of alcohol (methyl, ethyl and absolute
ethyl) were used for dehydration. Specimens were
cleared in xylene and embedded in paraffin at 56
degree in hot air oven for twenty four hours. Paraffin
bees wax tissue blocks were prepared for sectioning
at 4 microns thickness by slide microtome. The
obtained tissue sections were collected on glass
slides, deparaffinized, and stained by hematoxylin &
eosin stain for routine examination through the light
electric microscope [15].

DNA
fragmentation%
assay:
DNA
fragmentation% assay was conducted using the
procedure of Wu et al. (14) with some modifications.
The tissue (50 mg) was homogenized in 10 volumes
of a TE solution pH 8.0 (5 mmol Tris±HCl, 20 mmol
EDTA) and 0.2% triton X-100. 1.0 ml aliquot of
each sample was centrifuged at 27,000 × g for 20 min
to separate the intact chromatin (pellet, B) from the
fragmented DNA (supernatant, T). DNA was
isolated by using the methods of Wu et al. [14] to
HVWLPDWH '1$ GDPDJHV  ȝJ '1$ RI UDWV Zere
separately loaded in 1.5% agarose gel containing 1.0
ȝJPOHWKLGLXPEURPLGHLQFOXGLQJ'1$VWDQGDUGV
ȝJSHUZHOO (OHFWURSKRUHVLVZDVSHUIRUPHGIRU
45 min at 100 Volt.

Statistical Analysis: The SPSS/PC computer
program was used for statistical analysis of the
results. Data were analyzed using one-way analysis
of variance (ANOVA) followed by post hoc test for
multiple comparisons. Values were expressed as
mean ± SE. Differences were considered significant
at P < 0.05.

RESULTS
Serum C-reactive protein and hyaluronic acid
levels displayed a marked elevation in Rad, CCL4
and CCL4+ Rad groups. Spirulina treatment has
significantly reduced the increase of CRP and HA
relative to their respective group not receiving
Spirulina (Table 1).
A
highly
significant
elevation
of

Histopathological study: Autopsy samples
were taken from the liver of rats of the different
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malondialdehyde (MDA), interleukin-ȕ ,/-ȕ 
levels, carboxylesterase (CE) and myloperoxidase
(MPO) activities were recorded in hepatic tissues of
UDWV H[SRVHG WR Ȗ-radiation (Rad), CCl4, and their
combined effect (Rad+CCl4) compared to their
respective values in the control group.
Administration of Spirulina has significantly
reduced the increase relative to their respective
values in rats not receiving (Table 2).
Serum ALT, AST and GGT activities showed a
highly significant increase in rats exposed to Rad,
CCl4, and Rad+CCl4 compared to their respective
values in the control group. Administration of
Spirulina has significantly reduced the increase of
enzyme activities relative to their respective values
in rats not receiving Spirulina (Table 3).
([SRVXUH WR Ȗ-radiation or administration of
CCl4 elicited hepatic DNA damages (%
fragmentation); treated rats with SP (300 mg/kg
b.w.) improve DNA fragmentation (Figure 1).

(n=6). P1: significance vs control group. P2:
significance vs respective group not receiving
spirulina. Differences between means were
FRQVLGHUHG VLJQLILFDQW DW S KLJKO\ VLJQLILFDQW
DW S DQG YHU\ KLJKO\ VLJQLILFDQW DW S
n.s.: non-significant.

FIGURE 1
DNA fragmentation % in the different groups;
marker ladder curve with 8 peaks corresponding
to 8 bands of DNA fragments ranging from 400,
350, 300, 250, 200, 150, 100 and 50 base pair.
Lane 1 (control), lane 2 (SP), lane 3 (CCl4), lane
4 (SP+CCl4), lane 5 (Rad), lane 6 (SP+ Rad), lane
7 (Rad+CCL4) and lane 8 (SP+Rad+CCL4)

TABLE 3
The influence of Spirulina on aspartate
aminotransferase (AST), alanine
aminotransferase (ALT), and gamma-glutamyl
transferase (GGT) activities in the serum of rats
H[SRVHGWRȖ-radiation (Rad), carbon
tetrachloride (CCl4), and their combined effect
(Rad+CCl4).
Parameters
Groups
Control
SP
P1 vs
control
CCL4
P1 vs
control
SP+ CCL4
P1 vs
control
P2 vs CCL4
Rad
P1 vs
control
SP+Rad
P1 vs
control
P2 vs Rad
Rad+CCl4
P1 vs
control
SP+Rad+C
Cl4
P1 vs
control
P2 vs
Rad+CCl4

AST
(U/l)
50.27±1.0
5
50.49±0.4
9
n.s.
77.54±3.1
0
S
56.83±1.1
5
n.s.
S
63.82±1.9
2
S
55.47±0.7
2
n.s.
S
80.20±3.1
4
S
57.34±1.4
7
S
S

ALT
(U/l)
36.98±0.7
2
37.57±0.3
8
n.s.
70.59±2.7
7
S
41.99±0.9
8
n.s.
S
44.96±1.2
3
S
39.08±0.3
7
n.s.
S
65.61±2.7
5
S
45.84±0.5
9
S
S

GGT
(U/L)
4.27±0.1
7
3.71±0.1
2
n.s.
8.58±.53
S

A- Control

4.71±0.3
1
n.s.
S
6.13±1.5
2
S
4.44±0.3
9
n.s.
S
10.67±0.
37
S
4.80±0.3
3
n.s.
S

C- CCl4

D- SP+CCl4

FIGURE (2A)
Photomicrograph in the liver of rats in different
groups (H & E X 400)
A- Control: normal healthy rats given distilled water
by gavages daily during 5 weeks showing liver
normal architecture, B- Spirulina: given SP in
distilled water (300 mg/kg b wt/day) by gavages
daily during 5 weeks showing liver normal
architecture, C- CCL4: given CCL4 (1ml/kg bwt) by
gavages twice/week during 4 weeks showing
infiltration of inflammatory cells with congestion of

Values are expressed as Means ± Standard Error
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Figure (2a, 2b).

the portal vein and degeneration of hepatocytes, DSP+CCL4: received SP one week before CCl4
treatment and continued daily during CCl 4
administration showing marked improvement in
hepatocytes and in the portal vein area.

E- Rad

F- SP+Rad

G-Rad+CCl4

H-Sp+rad+CCl4

DISCUSSION
Nowadays, an increasing attention has been
given to the role of toxic chemicals, ionizing
radiation and environmental pro-oxidant pollutants
in the pathogenesis of many diseases. Radiation and
CCl4, as environmental pollutants are the most
widespread sources of environmental stress on living
organisms.
The results obtained in the current study show
that exposure to gamma-radiation as well as CCl4
induced liver inflammation, and dysfunction evident
by a significant increase in liver interleukin-1 beta
(IL-ȕ  FDUER[\HVWHUDVH &(  P\HORSHUR[LGDVH
(MPO)
malondialdehyde
(MDA),
DNA
fragmentation % associated with significant increase
in serum hyaluronic acid (HA), C-reactive protein
levels (CRP) and aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and gammaglutamyl transferase (GGT) activities. The results
are substantiated by severe histopathological
observations in hepatic tissues. Exposure of rats to
the combined effect of Jradiation and CCl4 has
intensified the biological and histological damage.
The significant increase of the lipid
peroxidation end-product MDA is probably the
result of interaction between lipids and free radicals
based on the evidence that radiation damage is due
to the overproduction of free radicals mainly
hydroxyl radicals (OH) which interact with
unsaturated bonds of polyunsaturated fatty acids in
cell membrane [16,17]. With the same concept
CCl4-induced hepatotoxicity is believed to involve
two phases. The initial phase involves the
metabolism of CCl4 by cytochrome P450 to the
trichloromethyl radicals (CCl3Ɣ and/or CCl3OOƔ),
which lead to membrane lipid peroxidation and
finally to cell necrosis [18, 19]. The second phase of
CCl4-induced hepatotoxicity involves the activation
of Kupffer cells, which is accompanied by the
production of pro-inflammatory mediators [20]. The
results corroborate previous findings that exposure
to CCl4 provokes an increment in lipid peroxidation
[21]. The significant elevations in serum ALT, AST
and GGT markers of hepatocellular injury appear a
consequence of increased lipid peroxidation and cell
membrane damage [22]. Sallam [23] reported that
the significant increase in serum transaminases
induced by Jirradiation result from the interaction
of cellular membranes with gamma rays either
directly or indirectly. Cheng et al. [24] reported that
CCl4 causes acute hepatocyte injuries, altered
membrane integrity and as a result enzymes in
hepatocytes leak out. In agreement with the leakage
of large quantities of enzymes into the blood stream
severe histopathological changes were observed in
the liver. In addition, the changes induced by CCL4

FIGURE (2B)
Photomicrograph in the liver of rats in different
groups (H & E X 400)
E- Rad: whole body J-irradiated 4Gy (1Gy/week;4
weeks) showing dilatation of the central vein (cv)
with proliferated Kupffer cells diffused between
hepatocytes, F: SP+Rad: given spirulina one week
before J-irradiation and continued during irradiation
treatment showing amelioration of liver architecture,
G: Rad+CCL4: exposed to J-radiation and CCl4
showing dilatation of the portal vein (PV),
hyperplasia in bile duct with oedema, inflammatory
cells infiltration and fibrosis in portal area, H: SP+
Rad+CCL4: given spirulina one week before
Rad+CCl4 treatment and continued daily during
Rad+CCl4 treatment showing amelioration of liver
architecture.
Histopathological observation in the liver of
control and Spirulina treated rats showed normal
liver architecture noticeable by normal structure of
central vein and portal area surrounded by normal
hepatocytes. Infiltration of inflammatory cells in the
portal area associated with congestion of the portal
vein and degeneration of hepatocytes are observed in
CCl4 group. In RAD group Kupffer cells appear
proliferated in between hepatocytes associated with
dilatation of the central vein. In the group of rats
exposed to Rad+CCl4 there were hyperplasia in the
bile ducts with dilation and congestion in the portal
vein as well as fibrosis, inflammatory cells
infiltration and oedema in the portal area. SP
treatment has alleviated histopathological changes
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activation of transcription factors that bind to
DNA elements and stimulate increased transcription
of CRP, resulting in a rise in its level [36].
Exposure to gamma radiation, CCl4 as well as
radiation + CCl4 induced DNA fragmentation.
Radiation induced damages to DNA are primary
determinants of radiation-induced mutations,
carcinogeneis, and lethality. The unrepaired lesions
in DNA cause cell death and the misrepaired ones
lead to mutation and carcinogenesis [37]. The
damaging effect of CCl4 on DNA has been shown in
previous studies [38, 39]. The damage of DNA
associated with increased MDA support that lipid
peroxides react with the DNA strand to form adducts
[40] .
Spirulina
treatment
has
significantly
ameliorated liver toxicity and inflammation,
evidenced by a significant reduction in the amount
of liver MDA, CE, MPO, IL-1 beta and DNA
fragmentation % associated with significant
improvement in the activity of liver marker enzymes,
HA and CRP levels compared to their respective
values in rats not receiving Spirulina. Biochemical
amelioration was associated with improvement of
the histopathological changes observed in hepatic
tissues. The results support previous data that
Spirulina possesses hepatoprotective [41], antioxidant [42, 43], anti-inflammatory properties [44,
27, 43] and anti-fibrotic properties [45] and that
dietary supplementation with Spirulina may be
useful to protect liver cells from lipid peroxidation
and oxidative DNA damage [46].
The modulator role of spirulina may be
attributed to its content of vitamin B1 (thiamine), B2
(riboflavin), B3 (nicotinamide), B6 (pyridoxine), B9
(folic acid), vitamin C, vitamin D, vitamin A, and
vitamin E [47],
providing spirulina potent
antioxidant and free radical scavenging activities
[48,49,50]. In this context, many studies showed that
S. platensis has chelating ability, inhibit lipid
peroxidation [51], inhibit the oxidase enzymes
system, while activate and protect the anti-oxidase
system, react with lively free radicals and change
lipid peroxides into hydroxyl resin [52, 53]. In the
same context, Zhang et al [54] attributed the
neuroprotective role of Spirulina platensis to its
antioxidant properties and Ibrahim and Abdel-Daim
[55] found that administration of SP minimized
cardiotoxicity by its free radical scavenging and
potent antioxidant activity.
Based on the results obtained in the current
study it could be concluded that Spirulina rich in
vitamins may be a useful candidate to minimize liver
dysfunction due to liver toxicity. We suggest that
natural antioxidants and scavenging agent in
Spirulina might be the effective food nutrients in the
diets of patients with hepatopathies and their
prospects as an adjuvant to radiotherapy should be
considered.

in liver enzymes could be attributed to the oxidative
injuries of hepatocytes. CCL4 interferes with the
movement of RNA from the nucleus to the
cytoplasm which may cause membrane injury
resulting in a rise in tissue liver markers. The
carboxylesterases CE; involved in the metabolism
of ester, thioester, or amide xenobiotics, play an
important part in liver detoxification process [25].
Carboxylesterase was found to be responsible for
the hydrolysis of CCL4, the increase of CE may
result from its release to the soluble intracellular and
extracellular compartments [26] confirming liver
damage. The excessive production of CE can be
deleterious to tissue function because of the ability
of CE to react with biomolecules or with other free
radicals e.g., superoxide anion, yielding the highly
reactive peroxynitrite radical capable of evoking the
oxidation of important cellular biomolecules.
Additionally, it has been previously reported that an
increase of inflammatory mediator MPO activity is
associated with an inflammatory response [27]. In
the current, the increase of MPO activity associated
with augmentation of IL-1 beta (also known as
catabolin, a cytokine protein) predict inflammation
and corroborate previous findings that apoptotic
bodies of hepatocytes activate Kupffer cells, which
secrete cytokines and chemokines perpetuating the
signal by recruiting leucocytes to the injury sites
among them neutrophils, which was confirmed by
changes MPO activity, enzyme present on
azurophilic granules of these cells [28,29].
The increased of fibrogenic cytokines observed
in CCL4 and H[SRVXUH WR Ȗ-radiation or in
combination group rats is accompanied with
increases in hyaluronic acid (HA) (Table I), the high
content of HA, a sensitive marker of liver
fibrinogensis [30]. Serum hyaluronic acid (HA); a
non-sulfated glycosaminoglycan synthesized in liver
by stellate cells, increase proportionally to the
severity of liver disorders [31]. Its increases may be
due to a greater hepatic production as well as to a
decrease in its degradation by hyaluronidases [32].
The Increase of serum HA confirm liver toxicity
[33]verified by the histopathological changes in liver
architecture.
The data obtained shows an increase in serum
fibrotic signs serum CRP, and liver IL-1 beta in
gamma radiation, CCl4 as well as radiation + CCl4
rats group compared to control rats group (Table I,
2) verifies inflammation which is in agreement with
the histopathological changes. C-reactive protein
(CRP) is an exquisitely sensitive systemic marker of
inflammation and tissue damage. It is one of acute
phase proteins, whose concentrations can change
rapidly in response to abnormal events that disturb
physiologic homeostasis, including infection, tissue
injury and trauma [34]. Furthermore, IL-ȕKDVEHHQ
reported as a liver pro-inflammatory fibrogenic
cytokine [35]. The elevated serum CRP may be
attributed to an increase of IL-6 that triggers the
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ABSTRACT

INTRODUCTION

Water pollution is a major environmental and
human health issue and the Sarno river is regarded
as the most polluted River in the whole of Europe.
This study aimed at evaluating antioxidant
response to freshwater pollution in the Sarno River
(Campania, South Italy), using bags containing the
biosensor water plant, Lemna minor L.
Homogeneous samples of L. minor, collected from
the Botanical Gardens of the University of Naples,
were accurately washed and disposed in nylon bags.
The bags were exposed for one week, floating on
the water of the Sarno River at three sites, to
determine antioxidant response to pollutants. Five
heavy metal concentrations, representative of
pollution of the River, were measured in the three
exposure sites. Ultrastructural alterations of the
exposed samples were examined to confirm the
environmental stress, which underwent the exposes
samples. Three different methods were used to
measure the antioxidant activity: Trolox equivalent
antioxidant capacity, chemiluminescence, and GST
activity assays. Moreover, some specimens were in
vitro exposed to the same heavy metal (HM)
concentrations measured in the three exposure sites
of the River and the results were compared with
those obtained from the bag experiment.
L. minor reacted to pollution increasing the
antioxidant activity, which gets higher from the
river springs towards the flatland (see bag
experiments) and is related to the heavy metal
concentrations (see in vitro experiments).
Furthermore, TEM observations showed that cell
ultrastructure alterations increased along the river in
the same way as the antioxidant activity.
The results confirmed the potential use of this
species as biosensor and this methodological
approach
both
in
biomonitoring
and
phytoremediation studies.

Constant release of hazardous metal pollutants
into the environment has become a global problem.
Contamination of soil, ground and surface waters
with such pollutants can negatively affect all levels
of an ecosystem, and thus, the clean up of
contaminated soils and waters is one of the most
important challenges the environmental scientists
face today. Heavy metals are ecopersistent and
non-biodegradable
and
they
can
be
bioaccumulated through the biologic chains:
soil-plant-food and seawater-marine organismfood. So, high amount of heavy metals in
environment represents also a potential danger
for human health. For this reason, accurate
monitoring of their concentration plays an
important role. In literature there are mentioned
many methods for heavy metals determination
(Rashid et al., 2016) and biosensors represent
promising biotools, alternative or complementary to
conventional analysis techniques, for fast, simple,
cheap and reliable screening (Volkov et al. 2001,
Campas et al., 2008). Among biosensors there are
also the tissues, which usually act as enzyme
source, cells or whole organisms, whose respiration,
growth, fluorescence or bioluminescence can be
indicative of the presence of certain chemicals
(Rekha et al., 2000).
The use of plant-tissue as biosensors is
interesting not only in terms of development of new
bioanalysis devices, but also as tools to provide
information about the plant biochemistry and
physiology and to better understand enzymatic and
photosynthetic processes. Green plants interfaced
with a computer through data acquisition systems
can be used as fast biosensors for monitoring the
environment; detecting the effects of pollutants,
pesticides and defoliants; predicting and monitoring
climate changes; and in agriculture, directing and
fast controlling of conditions influencing the
harvest (Campas et al., 2008). The use of new
computerized methods provides opportunities for
detection of fast action potentials in green plants in
real time. Biochip technology is also of great value

KEYWORDS:
Lemna minor, biosensor, Sarno River, heavy metal
pollution, TEM, GST, antioxidant activity
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al. 2015). Untreated wastewater spilled into the
river, waste from industrial activities, excessive use
of pesticides and plant fertilizers in agriculture, the
historical inadequacy of wastewater treatment, the
historical lacking of law observance are factors
determining the severe pollution of the river (De
Pippo et al., 2006; Albanese et al., 2013a; Lofrano
et al., 2015). The severe pollution and the high
urbanization/industrialization in this area has been
causing, since several years ago, harmful outcomes
for the health of the population, with significant
increase in tumor frequency (+53% in Hodgkin
lymphoma; +20-40% in lung, stomach, bladder and
brain cancer) (Lauria, 1998, Mazza et al., 2015). An
epidemiological study on the Sarno River flatland
recorded that lung, liver and prostate cancers
always show incidence values higher than those
from the most of the surrounding territory
(Albanese et al., 2013b). The catchment area of the
Sarno River ZDV GHFODUHG ³DUHD ZLWK KLJK ULVN RI
HQYLURQPHQWDOFULVLV´E\WKH(QYLURQPHQW0LQLVWU\
0LQLVWU\&RXQFLO¶V'HFUHH1995). Furthermore, L.
minor samples were also in vitro exposed to the
heavy metal concentrations measured in the 3
exposure sites of the river, to study the effects of
the heavy metal pollution. Both the field exposure
and the in vitro test showed morphological and
ultrastructural damages and changes in the amount
of Heat Shock Proteins 70s, fundamental chaperone
involved in protein folding, cell homeostasis, and
stress response (Basile et al., 2015). Plants like
animals respond to pollutants in a very complex
way, activating molecular, physiological and
morphological adaptive responses. Cell components
can be damaged by free radicals formed under
biotic and abiotic stresses such as heavy metal
pollution, salinity, pathogenic infections, heat shock
(Guerriero et al., 2002). Plants have evolved
mechanisms to remove these free radicals (e.g., via
enzymatic and non-enzymatic antioxidant systems
such as glutathione, vitamins C and E, and
hydroquinone) and it is known that total
glutathione, glutathione reductase and glutathione
transferase activities change with increasing metal
uptake or other environmental stresses (Simon et
al., 2004).
Encouraged by the previous exiting results,
during the spring in 2015 we repeated the 2013
exposition;
representative
heavy
metal
concentrations were measured again. The present
study aimed at evaluating the Lemna minor
antioxidant response to freshwater pollution in the
Sarno River. To this scope we used bags containing
the aquatic duckweed and we examined the
antioxidant activity of the exposed plants by three
different method: trolox equivalent antioxidant
capacity, chemiluminescence, and GST. To confirm
adverse conditions in the exposure sites, we
observed the ultrastructure in the exposed samples.
In addition, the effects of single heavy metals on

to study plant processes, e.g. growth and
development, and responses to environmental
changes, e.g. elevated temperatures and soil
salinity. Genechips and gene expression studies
derived from them will contribute to clarify
regulatory mechanisms that appear as a response to
viral or pathogen attack, hormone treatment or
pesticide exposure, constituting a powerful tool for
plant functional genomics (Ideker et al., 2001).
During the last two decades a great effort has been
devoted to the biomonitoring of various pollulants
in environment mainly based on physicochemical
and physiological parameters using various
bioindicators. Different organisms, both animal
and vegetal species, have been proposed as
bioindicators. Mussels and in particular Mytilus
galloprovincialis (Vassalli et al., 2015; Fasulo et
al., 2015) are the better biological indicators of
heavy metal pollution in sediments and sea water
while only certain plants with rapid and highly
noticeable responses for environmental stresses
(Lemon et al., 2001) and for the remediation studies
(Ares et al., 2014) have received much attention
from plant scientists. Photosynthetic biosensors
provide excellent tools for fast screening of
environmental samples (Loranger and Carpentier,
1994; Koblizek et al., 1998; Laberge et al., 1999;
Piletskaya et al., 1999, Campas et al., 2008). Metals
(Pb, Cd, Cr, Cu, Ni, Hg, Zn) are examples of
industrial pollutants detectable by plant material.
Although toxic metals may affect several plant
functions, photosystem-based biosensors are
especially sensitive to their toxicity (Carpentier,
2002). Most of the species belonging to the
Lemnaceae (duckweeds) family are widely used as
model hydrophytes in ecotoxicology due to their
wide distribution, fast growth, short life span, and
sensitivity to environmental changes (Lemon and
Posluszny, 2000; Lemon et al., 2001). In a previous
study on Lemna minor L., (monocotyledonous
angiosperm ± Arales) we assess its capability to
uptake heavy metals from water in vitro, tissue
accumulation, intracellular localization, and
ultrastructure damage from cadmium (Cd), lead
(Pb), zinc (Zn), and copper (Cu) treatments (Basile
et al., 2012). During the spring in 2013, we exposed
bags containing L. minor in 3 representative sites of
Sarno River, to study ultrastructural alterations and
HSPs induction in response to pollution. The Sarno
River (Campania, Southern Italy) is about 24 Km
long and flows through a large flatland, hosting
several highly populated towns and characterized
by intense agriculture and several types of industrial
activities, and finally flows into the Gulf of Naples.
This river represents one the most disturbed water
ecosystems in Europe: data about water, sediment,
soil, biota and air pollution were collected from
scientific papers, monitoring surveys, and technical
reports depicting a sick river (De Maio et al., 2014,
Lofrano et al., 2015, Trocchia et al., 2015, Papa et
226
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antioxidants response of the plant to pollution.
Field grown L. minor L. plants were collected
from the Botanical Gardens of the University of
Naples; only deep green and healthy specimens
were used. The collected plant material was
prepared for the bag experiment as reported
elsewhere (Basile et al., 2015). Briefly, for bag
preparation acclimatized L. minor specimens were
placed in 1 mm2 meshed nylon bags; six bags for
each river site underwent a 7-day exposition during
the last week of July. For the bag exposition, the
same three sites on the Sarno River chosen for the
previous experiment (Basile et al., 2015) were used:
1. Rio Foce (site A) ¶¶¶ 1
¶¶¶(  near a spring, representing a highly
preserved area;
2. San Marzano sul Sarno (site B) ¶52¶¶
N; 14°37¶04¶¶(  , just before the collection of the
Alveo Comune Nocerino;
3. Scafati (site C) (40°46¶3¶¶ N; 14°28¶22¶¶( 
, the site after collecting the Alveo Comune
Nocerino, with increased pollution for the
contribution from Cavaiola e Solofrana.

the antioxidant activity were tested in vitro using
the same concentrations measured in the 3 sites.
The data are discussed in relation to the potential
use of L. minor and these methods in pollution
evaluation and to confirm this plant species as a
model
organism
in
bioindication
and
phytoremediation studies.

MATERIALS AND METHODS
The Sarno River. The catchment area of
Sarno. River covers approximately 483 km2,
including 3 provinces (Avellino, Naples and
Salerno) and 38 municipalities, with a population of
about 700,000 inhabitants living along the river
basin. Sarno river originates from the slopes of
Mount Saro, is approximately 24 km long, and
flows into the Gulf of Naples.
The Sarno river is fed by three springs: Foce,
Palazzo and Santa Marina, giving rise to three
separate torrents joining into a single river stream,
the Sarno. Southwards, at San Marzano - Scafati
the Sarno River collects the Alveo Comune
Nocerino, the main Sarno tributary, rising by the
confluence of Solofrana and Cavaiola streams
(Arienzo et al., 2001; De Pippo et al., 2006). The
Solofrana stream, born in the municipality of
Sant'Agata Irpina, flows for 25 km and has a
catchment area 135 km2 extended. The Cavaiola
stream rises in the town of Cava de' Tirreni, flows
for 8 km in a catchment of approximately 87 km2
(ARPAC, 2011).
From the last Italian census (ISTAT, 2011),
the number of inhabitants per house was 2.89, 3.03
and 3.01 in Upper, Middle and Lower Sarno
districts. Furthermore this area is characterized by
444 houses km2, which is approximately three and
five times higher than the regional and national
averages, respectively (Lofrano et al., 2015).
Agriculture is one of the main activities of
flatland, mainly consisting of open field and
greenhouse horticulture, orchards and floriculture
(Lofrano et al., 2015). The Sarno area is
characterized by the presence of several industrial
activities. The most important industries operate
within agri-food and metal, clothing and leather
manufacturing. The leather tannery industry
increased between 1971 and 2001, mainly in the
Solfrana catchment area (Upper Sarno district),
decreasing in the last decade (Lofrano et al., 2015).
The pharmaceutical industry consists of 9 industrial
plants. Nowadays, approximately as many as 400
industrial activities are active in the Sarno area.

Determination of heavy metals levels in the
river. Levels of Cd, Cu, Pb, Cr and Zn were
determined for the sites A ,B and C by ICP-MS
(Perkin-Elmer Sciex6100); analytical quality was
checked following the Certified Reference Material
%&5 µDTXDWLF PRVV¶ SUHFLVLRQ RI analysis was
estimated by the coefficient of variation of 3
replicates.
In vitro heavy metal treatments. L. minor
samples (20mg) were inoculated after acclimation
in Petri dishes (10 cm diameter) containing 10 ml of
modified sterile Mohr medium. Treatments
consisted in the addition to the medium of the HM
as salts: CdCl2, Pb(CH3COO)2, ZnCl2, CuSO4,
Cr(Cl)3. The heavy metals were tested at the same
concentrations measured at the sites A, B and C.
Furthermore, samples were also cultured in a metalfree medium. The culturing solutions were replaced
every day; cultures were incubated in a climatic
room with a temperature 20°/13° C (day/night),
 UHODWLYH KXPLGLW\ DQG  ȝ( P2 s-1) with a
photoperiod of 16 h/ 8 h light/dark. Experiments
were conducted in triplicate and repeated three
times.
Preparation of the extracts. Exposed
samples were treated with 0.8% Triton X-100 in
water solution to remove epiphytic hosts normally
found on the surface, extensively washed in tap and
distilled water, and dried on filter paper. Then the
samples were extracted with acetone for 15 min in a
liquefier blender until homogenized 4. The acetone
extract was centrifuged and supernatant was ovendried at 45° C. The samples were prepared by
dissolving 100 mg of the dry residue in 10 ml of

L. minor plant, bag preparation and
exposition. The bag experiment was carried out on
Sarno River following the same protocol and at the
same exposition sites as the previous year study
(Basile et al., 2015), in order to examine
227
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order to estimate the activity of GST in according to
Habig et al.(1974), 250 mg of sample was
homogenized under liquid nitrogen with mortar and
pestle to a fine powder. The dust was suspended in
1.5 mL cold potassium phosphate buffer 0.1 M pH
6,5, EDTA 1mM. The homogenate was centrifuged
at 4° C at 7000 g for 30 min and the supernatant
was used for the assay. The GST was evaluated
spectrophotometrically by following the increase of
the absorbance (340 nm) for 5 min at 25°C due to
the conjugation of reduced glutathione with 1chloro-2,4-dinitrobenzene
(CDNB)
at
final
concentration of 1mM reduced glutathione, 1mM 1chloro-2,4-dinitrobenzene, and 100 mM potassium
phosphate buffer ( pH 6.5) and substracting the
blank values. Protein concentration was determined
by Bradford (1976) protein assay, using bovine
serum albumin (Sigma) as standard. GST activity
was expressed as μM/min/μg protein.

sterile Tris buffer (pH 7.4), 0.05 M.
Determination of total antioxidant activity.
Total antioxidant activity of L. minor extracts was
determined according to Re et al. (1999). The
percentage inhibition of absorbance at 734 nm was
calculated and plotted as a function of extracts or
standard. The results were expressed as Trolox
equivalent antioxidant capacity in millimolar
equivalent of Trolox per gram dry weight of L.
minor by means of a dose response curve.
Results are expressed as means of the three
times-repeated measurements.
Luminol-dependent
chemiluminescence
assay. Modified Krebs-Ringer phosphate medium
(KRP*), luminol (Sigma, Chemical Co., St. Louis,
MO, USA), opsonized zymosan (OZ) and phorbol
myristate acetate (PMA, Sigma) were prepared
according to the method of De Sole et al. (1993).
The dry residue from L. minor extracts were
suspended at 1 mg/mL in KRP* and diluted in the
same medium for CL assays. These were performed
using an automatic luminometer (Autolumat
LB953, Berthold, Wildbad, Germany).
Heparinized peripheral blood was collected
from three healthy human donors. An aliquot was
drawn for serum zymosan opsonizing. Blood was
taken from all donors between 8.00 and 9.00 a.m. to
minimize day-time variance of blood cell
respiratory burst. Hemoglobin concentration and
total and differential white blood cell counts were
also determined by an automatic Technicon H2
system (Bayer Corporation, Tarrytown, NY, USA).
As for samples exposed in bags in the Sarno
river, CL (chemiluminescence) activity of WB
(whole blood) phagocytes (1.0 microL of whole
blood equivalent) was measured, over 90 minutes,
in absence or in presence of the extracts, without
(basal CL) or with 0.5 mg of OZ or 150 nmoles of
PMA, in 1.0 mL final volume. As for samples
treated in vitro with single HM tested at
concentrations measured in the 3 sites, only the CL
activity of WB with 0.5 mg of OZ was tested since
in previous tests it proved to be the most sensitive
to the extract treatment. To verify interference
between L. minor extracts and CL backgrounds,
control samples containing only luminol and L.
minor dilutions were prepared. To exclude any
toxic plant effect on cellular performance, we
determined the phagocyte viability by the trypan
blue exclusion test before and after CL evaluation.
The CL responses were reported as additional
percent inhibition in presence of L. minor extracts
compared to that with unexposed L. minor extract
(baseline).

Transmission electron microscopy (TEM).
For conventional transmission electron microscopy
(TEM), L. minor fronds were fixed in 3%
glutaraldehyde in phosphate buffer (pH 7.2±7.4) for
1.5 h at room temperature and postfixed with
buffered 1% OsO4 for 1.5 h at room temperature,
dehydrated with ethanol and propylene oxide and
embedded in Spurr's epoxy medium (Basile et al.,
2011). Ultrathin (50 nm thick) sections from the
mesophyll of the fronds were mounted on copper
grids, then stained with uranyl acetate and lead
citrate, and observed with a Philips EM 208S TEM
(Basile et al., 2011).
Statistical analysis. Differences in the
percentages of CL activity were assessed by
ANOVA one way test.
3HDUVRQ¶V VLPSOH
correlation coefficient was used to determine
relationships between chemical and biological data.
TABLE 1
Concentrations of metals as mg l-1 in waters of
Sarno River, measured in the three
different exposure sites. Other details are in the
text.
Cr
Site A
1.55+0.2
(Rio foce)
Site B
18.2+0.45
(San Marzano)
Site C
10.3+0.5
(Scafati)

Cu

Zn

Cd

Pb

1.2+0.6

<0.01

0.2+0.01

0.5+0.1

10.3+1.2

30.3+1.8

<0.01

<0.01

3.1+1

44.2+2.1

1.1+0.8

1.3+0.5

RESULTS
Heavy metals in different river sites. The
chemical analysis on river water showed no

Glutathione S-transferase (GST) assay. In
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FIGURE 1
Differences in GST activity of L. minor exposed at Rio Foce, site A, San Marzano sul Sarno, site B and
Scafati, site C of the Sarno River. The Lemna minor were homogenized, proteins were determined and
aliquots of homogenates were used for GST activity detection. Data of the coniugation of reduced
glutathione with xenobiotics present in the polluted water are expressed as media + d.s. (p<0.05) .
TABLE 2
Determination of total antioxidant activity

Site A
Site B
Site C

Bag samples
122.34+ 3.5
235, 95+6.4
412.68+11.2

Cr
110.4+6.2
212.34+5.3
202+2.1

Cu
94.3+4.8
193.45+3.5
1152+32

Zn
102.3+2.4
188.3+44
231+87

Cd
92.3+3.3
1111.3+23
143.6+7.2

Pb
122+3.2
112+6.2
143.2+3.2

Table 2 shows millimolar Trolox equivalents per g dry weight in samples exposed in the 3 sites
and in samples cultured in vitro in Mohr medium added with heavy metals at the concentrations
measured in the 3 sites. The percentage inhibition of absorbance at 734 nm is plotted as a function
of extracts or standard. The results were expressed as Trolox equivalent antioxidant capacity in
millimolar equivalent of Trolox per gram dry weight of L. minor by means of a dose response
curve. Results are expressed as means of the three times-repeated measurements.

significant differences in the heavy metal
concentrations in comparison with the 2013
analysis performed by the same method and in the
same sites (Basile et al., 2015) (Table 1). The worst
heavy metal concentrations were measured at San
Marzano, before the confluence of the two main
branches of the river (Sarno main course and
Solofrana). After this point, possibly for effect of
remix and dilution of waters, there is a decrease in
the levels of chromium and copper, which anyhow
remained considerably higher than in the spring
water (Table 1).

Antioxidant activity measured by GST
activity. The result of GST activities in Lemna
minor exposed to the three different sites are
illustrated in Fig 3. The lowest enzymatic activity
was identified at Rio Foce (site A), followed by San
Marzano sul Sarno (site B) while the highest were
recorded at Scafati (site C) . Comparative analysis
of GST activity in Lemna minor showed a
significant difference between the locations
(P<0,05) (Fig. 1). The in vitro test showed that GST
activity increased in relation to heavy metal
concentration used (Fig. 2).

Antioxidant activity measured by Trolox
equivalents. Antioxidant activity increased from
site A to B and reached dramatically high values in
samples from site C (122.34 site A; 235. 95 site B
and 412.68 millimolar Trolox equivalents per g dry
weight). Also heavy metals tested at the same
concentrations measured at the 3 sites induced an
increasing of antioxidant activity. This increment is
correlate to concentrations of heavy metal in the
different sites (see Table 2).

Antioxidant activity measured by CL test.
Chemiluminescence data analysis show that L.
minor extracts had strong antioxidant activity. The
analysis show that CL inhibition capability
(p<0.05) increased, from the site A- up to the site
C-exposed samples (Fig. 3). CL emission was
inhibited in both resting and PMA- and OZstimulated leucocytes. The highest CL inhibitory
effect occurred after OZ stimulation. We
determined the phagocyte viability, evaluated by
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FIGURE 2
Effects of heavy metals (Cd, Cr, Pb, Cu and Zn), tested on Lemna minor cultured in vitro at same
concentration measured in Sarno river water at the 3 sites: Rio Foce, siteA, San Marzano sul Sarno, site B
and Scafati, site C, on GST activity. Data are expressed as media + d.s. and they are referred to GST
activity of exposed L. minor extracts compared to unexposed plant extract (p<0.05).

FIGURE 3
Effects of L. minor extracts (exposed in the 3 sites) on CL emission from WB, resting or activated with
PMA or OZH. Data represent the additional CL percent inhibition in presence of exposed L. minor
extracts compared to unexposed plant extract (p<0.05). Data are expressed as percentage of inhibition
(media + d.s.) and they DUHUHIHUUHGWRPD[LPXPRISKRWRQLFHPLVVLRQ301IRU¶RILQFXEDWLRQ

showed, beneath the cell wall, lenticular
chloroplasts with well-developed thylakoid system,
nucleus with nucleolus and other regular organelles.
Inside the chloroplasts thylakoids, arranged as
grana and intergrana, were extended along the main
axis of the organelle (Fig. 5a).
TEM observations of L. minor sample exposed
at site B, before the confluence with the Alveo
Comune Nocerino, showed changed ultrastructure.
Chloroplasts were misshaped and contained large
lipid droplets and poor developed thylakoid
systems, still arranged as grana and intergrana. Cell
plasmolysis occurred and electron clear small
vacuoles were visible in the cytoplasm (Fig. 5b).
L. minor sample exposed at site C, after the

the trypan blue exclusion test before and after CL
evaluation, in order to exclude any toxic plant effect
on cellular performance.
As for the effects of single heavy metal in
vitro tested, data showed that CL inhibitory effect
was correlated to HM concentration (Fig. 4).
TEM observations . TEM observations were
reported only for the exposed samples. As for the in
vitro treatments, performed with the same heavy
metals at the same concentrations used in the 2013
study, TEM observations were comparable to those
reported in Basile et al. (2015).
L. minor sample exposed at site A showed a
well preserved ultrastructure. TEM micrographs
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FIGURE 4
Effects of L. minor extracts (exposed in vitro at concentration of different heavy metals measured in
the 3 sites) on CL emission from WB activated with OZH. Data represent the additional CL percent
inhibition in presence of exposed L. minor extracts compared to unexposed plant extract (p<0.05). Data
are expressed as percentage of inhibition (media + d.s.) and they are referred to maximum of photonic
HPLVVLRQ301IRU¶RILQFXEDWLRQ

FIGURE 5
The table shows TEM micrographs of L. minor samples after exposition at sites A, B and C on the
Sarno River. 5a. L. minor sample exposed at site A near the springs. The micrograph shows, beneath the
cell wall, lenticular chloroplasts with evident grana and a nucleus with a nucleolus. Inside the chloroplasts
thylakoids, organized as grana and intergrana, are extended along the main axis of the organelle. 5b. L.
minor sample exposed at site B, before the confluence with the Alveo Comune Nocerino. The micrograph
shows misshaped chloroplasts with large lipid droplets and poor developed thylakoid systems, still
arranged as grana and intergrana. Plasmolysis of the cell occurred and electron clear small vacuoles in the
cytoplasm are visible. 5c. L. minor sample exposed at site C, after the confluence with the Alveo Comune
Nocerino. The micrograph shows a misshaped chloroplast with barely recognizable thylakoids with no
grana and intergrana arrangement. Inside the chloroplast only a few plastoglobules are well visible. Scale
bars: 2 μ (a), 1 μ (b, c).
confluence with the Alveo Comune Nocerino,
appeared severely damaged. The chloroplasts
appeared misshaped, with barely recognizable
thylakoids, no grana and intergrana arrangement,
and contained plastoglobules (Fig 5c).

active or abandoned mines exist, but can also be
caused by motorways as well as by industrial and
agricultural activities (Hogsden and Harding, 2012;
Woodcock and Huryn, 2005). Heavy metal
contamination has been shown to negatively affect
aquatic communities and litter decomposition in
small forest streams (Niyogi et al., 2002, Hogsden
and Harding, 2013), but the magnitude of the
effects may vary depending on the communities
involved in litter decomposition, litter quality,
origin of metal contamination, metal identity,
and/or type of study. Additionally, changes in metal
concentrations may interact with changes in other
environmental
conditions
(e.g.
nutrient

DISCUSSION
Streams worldwide are exposed to a multitude
of stressors, which may negatively affect aquatic
communities and ecosystem processes (Young et
al., 2008). One of these stressors is heavy metal
contamination, which is prevalent in areas where
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© by PSP

Volume 26 ± No. 1/2017, pages 225-236

Fresenius Environmental Bulletin

regards, indeed, we have shown that metal in vitro
treatment significantly increased this GST activity,
able to work as an index of pollution: this finding
might be especially useful in site quality detection
designed to improve the risk management system.
All the three methods for the antioxidant activity
showed a linear and progressive increasing of that
activity along the river in the exposed samples.
Meanwhile, the antioxidant activity measured in the
in vitro treated samples is related only to the heavy
metal concentrations used. The antioxidant activity
in the field exposed samples is inducted, in addition
to the heavy metal concentrations measured, also by
other not yet measured pollutants. That is also
according to the trend of the ultrastructure damage
revealed by our TEM observations, which increased
along the river just like the antioxidant activity.
The Lemna minor GST activity trend along the
river suggests that the localities across Sarno River
are exposed to quantities of many pollutants able to
induce this biomarker (Arienzo et al., 2001,
Trocchia et al., 2015). The fact that Lemna minor
showed different ultrastructural features when
exposed in the three sites characterised by different
environmental pollution revealed L. minor as a very
sensitive species to environmental disturbance.
Chloroplasts were the most damaged organelles and
developed ultrastructure changes related to pollution
severity. In fact, moving from the site A up to C
passing through B, the chloroplast ultrastructure
impaired progressively. At the site A, characterised
by low human impact, the chloroplast appeared with
no changes. At the site B, the chloroplast were
misshaped and developed large lipid droplets.
Furthermore the cytoplasm developed vacuoles and
plasmolysis occurred. However the most modified
resulted chloroplasts from the site C-exposed sample,
after the confluence of the Alveo Comune Nocerino,
collecting large amounts of pollutant from Cavaiola
and Solofrana. So, on the basis of the severe changes
of the ultrastructure showed by our TEM
observations, we can suggest the maintenance of
very adverse conditions in the river also in this
experiment. In fact the found ultrastructural damage
was comparable to the finding in the previous
exposure experiment (Basile et al., 2015). Changes
of ultrastructure induced by environmental
pollution were already showed in plants both wild
grown and after transplantation tests, in urban and
country sites in Italy (Basile et al., 2009, 2012,
2013).
It was proposed a phytoassay for the heavy
metal toxicity in ecotoxicological study using
Lemna minor. A lot of parameters were proposeted
and accepted to be used: catalase, peroxidase and
protease activities, protein carbohydrate and
chlorophyll content (Mohan and Hosetti, 1998) and
recently HSPs (Basile et al., 2015). In conclusion
we also suggest the antioxidant activity evaluation
by the three methods employed in this study,

concentration; Arce Funck et al., 2013; Clivot et
al., 2014; Fernandes et al., 2009; Pu et al., 2014),
making the effects of heavy metal contamination on
communities and processes highly unpredictable.
Plant response to mechanical stimulation has long
been known (Darwin 1880). Plants are continuously
exposed to a wide variety of perturbations including
variation of temperature and/or light, mechanical
forces, gravity, air and soil pollution, drought,
deficiency or surplus of nutrients, attacks by insects
and pathogens, etc., and hence, it is essential for all
plants to have survival sensory mechanisms against
such perturbations. Consequently, plants generate
various types of intracellular and intercellular
electrical signals mostly in the form of action and
variation potentials in response to these
environmental changes. However, over a long
period, only certain plants with rapid and highly
noticeable responses for environmental stresses
have received much attention from plant scientists
for example, the trap closure RI 9HQXV¶ IO\WUDS
Dionaea muscipula (Fagerberg et al., 1991; Braam
2005; Forterre et al., 2005). The biological
activities and properties of L. minor were already
used in biomonitoring and phytoremediation studies
(Razinger et al., 2008; Basile et al., 2015). It is
well know that heavy metals, characterizing the
severe pollution of the Sarno River (Basile et al.,
2015, Papa et al. 2015), can cause strong oxidative
stress. So, the found antioxidant activity could also
be regarded as an adaptive response of this plant to
the environmental stress. All the exposed samples,
examined by all the three different methods,
showed strong antioxidant activity, with
progressive increasing from the site A up to the site
C. This increasing antioxidant activity has an
obvious meaning of increasing antioxidant
substances, able to work as ROS scavengers and
acting as protective against oxidative damage
inducted either by environmental pollution (see bag
experiment) or heavy metals (see in vitro
experiment). Furthermore, the chemiluminescence
method also revealed that the plant extracts work as
antinflammatory
agents,
inhibiting
cellular
oxidative species production. The stronger
antioxidant activity against OZ- and PMAstimulated leucocytes suggests that bioactive
molecules in the extracts work both like ROS
scavengers, but they can also interfere with
leucocyte activation phenomena, as already
demonstrated for the moss Leptodyctium riparium
under stress conditions (Basile et al., 2011) and for
flavonoids (Middleton et al., 2000). The resting
cells were less sensitive to this inhibition than
stimulated ones. Therefore, we may suggest that the
plant adaptive response to the pollution-inducted
oxidative stress involves antioxidant like GST,
shown to increase along the river progressively
from the site A, near the springs, up to C, after the
collection of Alveo Comune Nocerino. In this
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and Heat Shock Proteins 70 induced by
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Conocephalum conicum (Marchantiales e
Bryophyta) Environmental Pollution 182: 209216.
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Phytoremediation 14: 374±387.
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shock, and salinity. Plant Biosystems 1: 77±80.
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in the moss Scorpiurum circinatum (Brid.)
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166: 208-211.
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[17] Brown, D.H. and Buck, G.W. (1985) The
cellular location of metals in two bryophytes
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279-286.
[18] Brown, D.H. and Sidhu, M. (1992) Heavy
metal uptake, cellular location, and inhibition
of moss growth. Cryptogamic Botany 3: 82-85.
[19] Buck, G.W. and Brown, D.H. (1978) Cation

because those antioxidant assays proved to be
sensitive to pollution. Finally, the finding that
Lemna minor responds to environmental pollution
modifying biological parameters, such as the Heat
Shock Proteins, ultrastructural organization,
enzyme and antioxidants activity, suggests that this
aquatic plant may be regarded and used as an
effective in field-biosensor of water pollution.
Biosensors, the technology of the future, may
increasingly rely on the structure and functionspecificity of the biological component. The future
research for application of biosensors in
bioremediation should be focused upon different
levels of development. Molecular biosensors
provide the specificity and sensitivity, which are
essential features that a monitoring tool demands.
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management system has shifted from crisis
management through risk management in the last
two decades, the significance of crisis management
has been still under the agenda of related institutions
to improve the capacity of local regional and
international community. According widely accepted
cyclic disaster management system, four phases are
described as mitigation, preparedness, response and
recovery [1-2]. The phases of mitigation and
preparedness reflects ³EHIRUH´ phases of disasters
and which are mainly related to risk management
(analysis, decision making and early warning
systems). On the other hand, ³DIWHU´ phases of
disasters are mainly related to crisis management
through response and recovery tasks of disaster
management process (public health and security,
resource management, damage
assessment,
evacuation and sheltering tasks, logistics etc.)
where time, resource and personnel sufficiency
together with fast, true and extensive data
collection
matter
significantly
on
local
VWDNHKROGHUV¶ capacity to overcome the obstacles of
disaster impacts. At the crisis management phases
(response and recovery), information about disaster
area like ³ZKDW is waiting for response teams, which
areas need to aid first with exact requirements, what
kind of needs should be supplied and how many or
how much resource are QHHGHG´ are the most
straightforward questions and urgent things to local
officials. However, the answers of these questions
and needs are not easy to be replied and supplied.
GIS, at this stage, provides a remarkable
contribution to characterize the spatial information
of disaster risk and crisis management [3-4].
According to Altan et al., GIS is an efficient
integration tool especially for earthquake damages
documentation at combining diverse type of data. It
is an interface of being able to store diverse data
having both geometric and thematic features and
providing analytical and decision making functions
of information [5].
To respond these tasks, the uninterrupted and
well organized communication networks should be
established. Otherwise, current communication
disabilities will continue and lead to destructive
crisis times in disasters and cause response services
to delay and unintentionally to loss of lives and
desperation of disaster victims. HAZUS developed

ABSTRACT
Disaster & emergency management task
especially in the scope of crisis management period
is critical to save lives. Two major obstacles of crisis
management period are related to time and equipped
personnel which are directly enabling the capacity to
overcome the consequences of disasters and
emergencies. Hence, in this study, to avoid the
insufficient time and personnel of the crisis
management capacity has been focused and a GIS
tool of public participation with the Life Saving
Kiosk (LSK) Model has been proposed to improve a
kind of communication network. A GIS tool has
been proposed in this model to improve the capacity
at local level where time and spatial data integration
for crisis management will be major concerns. LSK
serves at this stage, to collect locational situation
information for emergency and logistic demands
through public-participatory maps. The potential of
Volunteered Geographic Information (VGI) and
Public Participatory Geographic Information System
(PPGIS) will be evaluated and tested in a
neighbourhood of Istanbul, Turkey to enhance
public solidarity and capacity of crisis management
at local level.

KEYWORDS:
Disaster Crisis Management, Public Participation, GIS, Life
Saving Kiosk.

INTRODUCTION
Major developments in the information
technologies since ¶V and the emergence and
expanding use of internet by ¶V have
contributed to the evaluation, implementation and
management stages of planning and survey
disciplines. At the spatial dimension, multi stage,
multi component and multi actor decision making
processes have been emerged through the
widespread use of Geographic Information Systems
(GIS). Among the disciplines where GIS is used,
the most critical one is disaster management
especially taking place in urban areas with dense
construction and population. Although, the disaster
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Participatory Geographic Information System
(PPGIS) has been put forward by National Center for
Geographic Information and Analysis in USA [10].
PPGIS firstly designed to analyse the spatial
differences in access to social services by producing
individual maps with different social and economic
factors. After its aim has been improved to work with
public to let them learn the technologies where they
could produce their own GIS based information
interfaces for different purposes [11]. In time, PPGIS
has been considered as powerful tool with three
aspects; enhancement capacity in generating,
monitoring, communicating spatial information;
innovation stimulation and encouragement of
positive social change [12].
In the period of crisis management stage of
disaster management process, FLWL]HQ¶V contributions
have to be prioritized to save lives and time
management in crisis time. Although, there are
some speculative subjects on public participation for
the management of disaster response, by contrast
with the findings of some case studies in large scale
disasters where human behavioural disorders are
not observed mainly in society. This outcome
supports the idea of the contribution of disaster
victims can be seen as an important input. Even, the
survivors of disasters share their equipment, tools,
foods and most importantly their time to search and
rescue others. Misconception as disasters have
making stress on societies life and ruin it, on the
other hand there is no doubt that disasters have not
only negative effects but also have some potentials
like increasing cooperation and collaboration in
societies [13-14]. Also, disaster victims should be
seen as an entity to resist the calamity instead of
like waiting powerlessly to be helped with doing
nothing which makes society to believe themselves
as powerful [15,16,17].
Over the last years, geospatial web platforms,
social media and volunteered geographic
information (VGI) have opened a window of
opportunity for traditional Public Participatory GIS
(PPGIS) to foster in a new era [18].
In the light of the advantage of these
technological movement, disaster crisis management
has started to sustain a citizen-orientated framework
of spatial emergency plan for decision making
during disaster crisis time which should be assessed
in three aspects ³WLPH source and SHUVRQQHO´
management. This voluntary citizen-oriented
contribution necessitated some GIS based products
which have emerged in different accuracy level.
Additionally, these products overcome the problem
of need to equipped personal or operator who will
input additional information to combine geographic
and attribute data. Because remote sensing and
photogrammetry disciplines provide geographic
data, however they need additional process for
extracting attribute data [19-21].

in the US through USGS database and Turkish
version HAZTURK used local equivalent data set
both aimed to develop damage maps and seismic loss
analysis [6-7]. However, these softwares are only
valid when they are processed through professional
personnel and they are not designed to respond for
leading crisis management orientation in limited
emergency response periods. Although Unmanned
Air Vehicles (UAV) and satellite images may be
envisaged widely to rapid assessment of collapsed
buildings, there still can be limitations of these tools
such as acquisition and analysing speed of data in
crisis periods. For instance, orthophoto acquisition
and delivery to AFAD took 1.5 days after Van-Ercis
and Mus earthquakes in Turkey [8]. In addition to
these implementations, smart phones provide some
web-based macro-seismic questionnaire applications
such as ³Did you feel it´ to generate estimateddamage maps for emergency response actions [9].
On one hand, these types of applications may have
the risk of system collapsing under sudden increase
in the number of users and on the other they provide
estimated data as the same kind of HAZUS and
HAZTURK. Unfortunately, these types of data may
have the bottleneck under crisis-time periods.

FIGURE 1
Disaster Management Cycle and
LSK Contribution [1-2]
Additionally, citizen power has not been
functionalized efficiently in the emergency/crisis
management process and restrictively citizens are
accepted as taking roles in relief efforts and
donations [2]. In crisis times, while every action to
collect fast and reliable information from disaster
areas needs quite a lot of time and qualified
personnel, citizen based innovative applications and
involvements are getting more attention as potential
tools to tackle with above mentioned restrictions of
crisis management efforts.
In 1996, human act has started to become
more powerful as a new concept and practice. This
usage area of technology which is called as Public
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FIGURE 2
Flowchart of Life Saving Kiosk Model [1]

4. Valuation of the model will be interrogated
from aspects of accessibility, demography, security
and cost.
In the conclusion part, the idea of LSK and its
current alternatives will be compared to obtain final
evaluation.

In the concept of PPGIS, there are four themes
to be considered that play important role. These are;
-place & people,
-technology & data,
-process and
-outcome & evaluation.
Therefore, the aim of this study is to manage
sustainable information flow during disaster crises
time by the involvement of public participation
through VGI and PPGIS which will be discussed for
disaster crisis management as a new tool of ³/LIH
Saving Smart Kiosk 0RGHO´ (LSK) [1].

LSK Model Process Flowchart. The
flowchart of LSK Model is shown in Figure 2. The
flowchart is coordinated to propose collecting fast
and accurate information directly from disaster area
with PPGIS and VGI. Flow of information has
designed by means of collaboration of citizens which
might be called as PPGIS and VGI as they are widely
used in the literature. However, majority of these
cases are not related with disaster management
process and there are few examples of disaster
management related implementations [22].
The model discussed in this paper has three
components which are public, institutions and kiosk
network. As shown in the flowchart, the model
approach has composed the two main disconnected
actors which are public and institutions, are
interrelated through negotiator system, the kiosk
network (LSK Communication Device). This
interrelated process will manage the shortcomings of
fast, accurate and actual geographic information
from disaster areas. The next sub-section will focus
on detailed evaluation of flowchart processing.

METHODOLOGY
At the beginning of crisis period, there might
be no information, in all probability except base map
of the disaster area. Actually, there are many studies
like risky areas detection by using city building stock
and geo-morphological data, loss estimation by
using measured earthquake parameters after
disaster and earthquake intense perception by
mobile applications to estimate loss. However, these
applications and implementations may not work
during crisis period because of infrastructural
damages. Moreover, disaster crisis period would not
be organized through estimation results especially in
high risk areas [1].
In this study LSK Model will be discussed
under four sub-titles:
1. Model process flowchart will be presented
2. Communication tool as the technology will
be envisaged in the studies which is examined by
interface design & aims, and infrastructure
3. Participation will be questioned such as who
to participate, how to participate etc.



LSK Communication Device. During crisis
management periods, the most important
phenomena is the communication between response
teams and disaster victims who need help. There are
many efforts for different purposes.
For
instance,
Disaster
Management
Information System of Red Cross was developed to
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avoid gaps and overlaps in the concerted response
between
different organization and NonGovernmental
Organizations (NGOs) [23];
Ushahidi project was envisaged for collecting
sharing and visualizing information on maps via emails, sms and cell phones [24]; and Twimight
opportunistic network was used to store, carry and
forward emergency calls or status report via twitter
[25]. However, all these implementations have lack
of organized and balanced distribution of public
participation.
The device used in LSK model is the kiosk
automata. Kiosk automata has similar device
characteristics of ATM (Automated Teller Machine)
[26]. As widely used, $70¶V are taking place in
banking, transportation, entertainment, etc. As a new
use area, the LSK model proposed in this paper offer
a smart kiosk communication device which should
be located corresponding impact area within
neighbourhood. Also, LSK offers an organized
infrastructure for both public and disaster response
institutions through communication network.
Directly public has been supposed to generate µWUXH¶
data through communication network composed of
kiosks. For the determination of emergency
intervention areas, the model has conceived to
provide sufficient data, collected through geographic
based software in LSK. Service area of LSK
locations are identified with population density,
population access analysis, cost and safety analysis
for optimum operating conditions.

teams by this dynamic interface during emergency
periods.
(2) LSK Communication tool. LSK model is
considered to be established on the continuous
communication and infrastructure. According to
that data connection between communication tool
and institutions it is designed in redundant system
using three different structures. Central data
connection carried out using fiber optic cables over
landlines; radio link and 3G cellular connections
are assumed to be used as backup line technologies.
To ensure the system's continuous radio link,
positioning of a central point will provide links to
managing institutions from this point. Radio link
lines in the range of frequency can be used as an
unlicensed frequency range determined to provide
public safety. For instance, information technology
and communications authorities can book a
bandwidth for public safety. System with
uninterrupted
three
alternatives
internet
infrastructure, determined amount of memory and
battery power are assumed to have a backup power
source for at least 72 hours which is a critical period
for crisis period [27].
Participants and Volunteers. LSK model can
be used by public who are exposed to disasters and
have
willingness
significantly
for
being
participants of disaster management process. In the
organization of public participation, two ways of
data input are assumed. The first individual
contribution can be defined as ³WKH highest level
authorized SHUVRQ´ who can be composed of
household leader, building block manager, mukhtar
(neighborhood authorized leader) and disaster
volunteers. The second way of individual
contribution is defined as ³DQWHFHGHQW KLHUDUFK\´
which will function as ³ILUVW come first FRQWULEXWH´
This means that, the first comer to kiosk location
would be the first participant within disaster area.
Moreover, participation limitations for each
independent section, building, each road and street
indicate a subset. Living in the unit subsets, may be
disaster victims, or those who wish to provide
information and /or those who need to call
emergency. Emergency Calls are used as
communication tools for each person. The same
requests are matched by means of their locations to
avoid duplications.

(1) LSK interface design. LSK Model has
composed of two interfaces, first one is public, and
the second is institution. Public interface has been
composed of four major parts and six functions. Four
major parts are announcement, date and time, timer,
find and confirm location and finally map part. The
six functions are emergency call, damage report,
help the others, status report, and search for
relatives, announcements / warnings.
Institution interface has been composed of
emergency call, damage report, announcement panel
and control panel. This interface displays the
information entered by public under certain
standards and can be grouped and provided as
independent
units
of
buildings,
streets,
neighbourhoods and district basis. Data updates are
divided into temporal zones with forward-back
functions so that it provides monitoring the change
that can be made within the baseline period. Spatial
and temporal data collected by LSK will be
presented as thematic mapping to authorized
institutions of disaster management. These themed
dynamic maps will be efficiently used by related
institutions for distribution of response teams to
overcome shaded information from crisis areas. In
the advanced version of the application with an
integrated system of vehicle tracking system,
institutions can manage task duties for emergency



Valuation. Implementation of the project
successfully necessitate valuation components of
accessibility, demography, security and cost
evaluation. These criteria are in line with the ones
defined in 6LHEHU¶V criteria for PPGIS concept [11].
Therefore, implementation criteria response
structure has not technically employed for all areas
in the same way. The criteria defined here have to
be analysed by taking into account regional
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public security and data reliability. Kiosk locations
should not be in risky areas or buildings. Safe
locations and strengthened public/private buildings
can be used.
Cost of the LSK network is attempted to be
reduced with the shortest path and the minimum
number of location points.

differences.
Accessibility is defined in the model with
pedestrian speed, transit time and walking distance.
Walking speed of a person varies depending
on changing factors such as age, weight and health
status and average speed has been recognized as 4
km per hour. The maximum distance for an adult is
assumed as 1000 meter. Accordingly, while serving
kiosks with 1000m walking distance isochrones, the
transit time from the furthest point in the service area
is calculated as the maximum 15minutes.
In addition to the above mentioned criteria for
accessibility, the location of the kiosk also plays an
important role. Spatial centerness is defined to
minimize the total number of LSK. In other words,
kiosk location should be identified carefully enough
to improve meeting capacity and functionality (areas
like schools, mosques, historical places, commercial
areas and etc.).
Demography is examined for kiosk location
determination because population distribution may
not be homogenous. LSK location should be more
approximate to densely populated areas. In the
residential use dominance area, total household
number can be taken into account to define the
number of LSK. Besides to residential areas,
commercial, industrial and tourism land uses
necessitate LSK location decision too as these areas
are accommodating significant amount of
population. However, population estimations need to
foresee seasonal, day and night and weekdayweekend population differences.
Security of LSK is evaluated by device and

CASE OF IMPLEMENTATION & RESULTS
Spatial experiment of the LSK network is
analysed in a residential neighbourhood of Istanbul
(Bakirkoy). According to before mentioned criteria,
three LSK locations are proposed in the case study
area (Figure 3). Two of them are proposed on
neighbourhood parks which are called as Park 1 and
Park 2; and the third one is proposed at the Mukhtar
Building. Accessibility analyses have been realized
through road data of an open source database
software of PostGIS with pgRouting plugin [28].
The closest way from three different proposed
locations to all residents have been defined with
Dijkstra Algorithm and total distance between them
have been calculated and isochrone maps are
generated.
According to the results of accessibility
analyses; three accessibility levels are identified
(Figure 3). The results show that, the location of
Park1 may have 1802 FLWL]HQV¶ access within 0500m interval, 2860 citizens within 500-1000m
interval and 2694 citizen more than 1000m. The

FIGURE 3
LSK Location Analyses for the proposed three areas within the neighbourhood of %DNÕUNR\
(a) Park 1, (b) Park 2, (c) Mukhtar Building
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location of Park 2 may have 4068 FLWL]HQV¶ access
within 0-500m interval, 2098 citizens within 5001000m interval and 1190 citizens within more than
1000m. The Mukhtar Building location may have
2430 FLWL]HQV¶ access within 0-500m interval, 4750
citizens within 500- 1000m interval and 176
citizens within more than 1000m. As a conclusion,
Mukhtar Building location can be preferred due to
its higher level of accessibility potential, cost and
security criteria. Additionally, this location is
preferred for being a demographically stable area.
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ABSTRACT

INTRODUCTION

More than 60% of the territory of Bulgaria is
characterized by mountainous, semi-mountainous
and hilly relief. Various geological formations of
different age with highly variable physical and
mechanical properties are revealed on the terrain
surface. The initial morphology of the slopes have
been changed by deep excavations and high
embankments made in road construction.
Occurrence of landslides and rock falls in many
cases were triggered in such conditions.
The main results from the implementation of
project RISKLIDES on Bulgarian territory are
presented in this paper. The study includes survey of
the regional geological, geomorphological and
hydrogeological conditions, as well investigation of
particular landslide, developed in Miocene-Pliocene
sediments. Fieldwork included geological mapping,
core boring and sample collection. Laboratory
analyses were performed on the collected samples
for determination of rock and soil strength. A
detailed characterisation of the destabilizing factors
for slope stability, including seismicity, water table
fluctuation, and precipitation in the area was
performed. A map of landslides distribution and
maps of key factors influencing landslide stability
was composed. Analyses of slope stability and their
changes under the effect of destabilizing factors were
performed.
Slope susceptibility to different types of
landslides and landslide hazard map are compiled on
the basis of data performance. All available data
have been included into GIS layers for visualization
and modeling. The landslide risks to the people and
infrastructure are assessed and compared with
tolerable acceptable risk criteria. A strategy for the
reduction and management of landslide risk is
proposed.

The investigated area is affected by several
interrelated phenomena that pose a threat to
structures and population. The published map of
Geological Hazards in Bulgaria [1] gives an idea of
the main geodynamic processes in the region. It
includes earthquakes, modern tectonic movements,
weathering, river erosion and landslides. Numerous
other studies have examined the different aspects of
landslides like the main dependences in their
distribution, dynamics, mechanisms, conditions and
factors for their occurrence and activation etc.
Despite the positive results in the studies of
landslides, assessment of the landslide hazard and
risk and strategy for its management has not been yet
proposed in accordance with internationally
accepted practice.
In recent decades, GIS methods and remote
sensing techniques have found wide application in
the mapping of landslides and assessment of
geological hazards and risk. A great number of
papers about the subject are published and there are
good examples of natural hazard assessment and risk
management [2, 3]. Particular attention was paid to
inventories of different types landslides occurred in
the region and their size, velocity, degree of
development and activity for the proper assessment
of the associated hazard and risk. The basic
principles proposed by Varnes and added by Chacon,
et al.[2, 3] based on experience and knowledge are:
the past and present are keys to the future; the main
conditions that cause landsliding can be identified;
degrees of hazard can be estimated; the risk derived
from landslides may also be assessed and quantified.
Landslides occur in different forms, from
individual rock falls to large creep failures
depending on site conditions and the type of the
triggering event (earthquake, precipitation, erosion,
excavation etc.). Based on their characteristics,
landslides can have significant consequences such as
casualties, property damage or socio-economic
LPSDFWV ZKLFK FRQVWLWXWH WKH ³KD]DUG´ DQG WKH
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³YXOQHUDELOLW\´ RI SHRSOH VWUXFWXUHV DQG
infrastructure that live or exist in the potentially
affected area.
The project RISKLIDES deals with the
assessment and management of landslide risk,
caused by natural or anthropogenic factors in the area
adjacent to the road line Lailias-Serres-Kato
Nevrokopi-Koprivlen-Gotse
Delchev-Bansko,
covering a total road length of 160 km, from which
92 km is on Greek and 68 km on Bulgarian territory
(Fig. 1). Landslides are a major geohazard, as they
are closely related to human and property losses and
have an important impact on regional economy [4,
5]. Main factors for landslide occurrence and
activation can be intensive rainfall, quick snow melt,
increased ground and surface water levels, river
erosion, earthquakes, human activity etc. The
stability of landslides depends on natural conditions,
such as: rock lithology, shape and inclination of
slopes, composition and properties of rocks and
soils. Changes in ground water tables, cutting and
overloading the slopes and deforestation are some of
the anthropogenic factors triggering landslides.
Active large landslides can interrupt main
infrastructure and it is important to prevent blocking
of roads that would supply water, food and
provisions from adjacent municipalities.
The following objectives were established for
the study area: generation of spatial GIS (Geographic
Information System) layers for areas of landslides

hazard and risk; separation of GIS layers in modules
corresponding to specific tasks of the experts;
information of each element of the in independent
layers with a table of attributes; visualization of
map¶s data, containing location and type of hazard
and risk area in scale 1:50 000, as well detailed data
of investigated sites in scale 1:500; presentation of
all data from field survey and laboratory tests in a
WGS84 coordinate system in a UTM34N projection.
The use of earth observation products and GIS has
become an integrated, well developed and successful
tool in disaster risk management.
The major purpose of the generated GIS layers
of areas with increased risk of landslides in the
RISKLIDES project is to mark, characterize and
monitor the landslides that represent a hazard to the
environment, infrastructure and population. It is
aimed to optimize the information on landslides in
the study area by using GIS which has the advantage
of being easier to process than analytical
information. For the layer generation, information
was used from reports on field study expertise,
reports from previous research, plans for preventive
measures, engineering-construction plans.
Public information is available for each studied
landslide, containing its type, analyses performed,
activity for governmental and non-governmental
organizations, construction companies, tourist and
transport companies, etc.

FIGURE 1
Map of the area, concerning Bulgarian part of RISKLIDES project.
Points mark main gravitational phenomena along the road.
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crystalline silicate rocks from west and north.
In general, the whole area is characterizes by a
complex tectonic structure, result of intensive
tectonic evolution.

General characteristics of the region.
Geomorphology. Mesta river originates from
Eastern Rila and drains water from 25 large
tributaries of the highest mountains in Bulgaria - the
Rila, Pirin and Western Rhodopes. In the upper flow
of the rivers White and Black Mesta the stream
gradients are steep and gradually decrease to Åat
Yakorouda. The slopes of the valley are rocky and
steep with a slope 30° - 40°. Bottom of the valley is
narrow but in places extends to 60-80 m. The river
bed is rocky and the bottom is gravelly - stony.
In the town of Dobrinishte and village
Eleshnica the river is strongly meandering. After the
inflow of right tributary - river Bezbojka, Mesta
enters Momina gorge. Cross-section of the river is
narrow and deep with gradients 45°. The width of the
bottom varies from 100 to 300 m. Slopes are covered
with low-growing forests, interspersed with conifers.
The longitudinal slope of the river is 3-ÅZKLch
decreases after river Kostena to Å and remained
such until the Bulgaria-Greece border. Watercourse
reaches 45-50 m width. Depth of the river is 0.8 -1.0
m and the bottom of the river retains the same
composition - sandy gravel.
After Momina gorge the river reaches Gotse
Delchev area. This cross-section of the valley is
trapezoidal, and slopes are dipping at 10° - 15°. The
valley is 3-4 km wide. The river runs along the left
flank, and the field remains almost right. The river is
flooding wide plains. The bottom is sandy loam and
remains in composition to the Greek border.

Tectonics. Appearance of Mesta fault zone is
determined by the intrusion of the oldest
Precambrian-Paleozoic granite when formation of
Mestenski graben began along a complex of subparallel faults. Precambrian rock complex is
preserved in small tectonic blocks with monoclinic
tilt of 40-60° to the north. Higher order narrow folds
of varying morphology dipping to the northwest
(310-330°) with an inclination of 30 to 50° and subparallel to shistozity are often observed.
Paleozoic and Cretaceous deformations are
associated with the intrusion of granitoids which had
followed deep faulting and disintegration of
Precambrian rock basement. Huge blocky fault
structures had appeared and developed later. Mesta
and Struma fault zones had played an important role
for a long period in the development of the
Precambrian foundation, as well as in the formation
of Pirin and West Rhodopes current morphology and
divided them by Mesta graben.
Mesta fault zone belongs to basic system of
faulting: 280-290° to 300-330° and it has width of
12-15 km. In the Upper Eocene movements along the
faults formed Mesta asymmetric graben filled with
Paleogene and Neogene sediments.
Tectonic evolution of the area has had a
significant influence on recent condition of rock
formations and their geo-mechanical properties. The
subsurface zone is affected by numerous intersecting
joints which disintegrate the rock mass into blocks
with different dimensions. Some of the joints are
filled with weathered material which decreases the
angle of internal friction. Others are wide open and
rain water saturate them. Hydrostatic pressure on the
walls of rock blocks rise and this prerequisite their
separation from the massif.

Geology. The basin of the river Mesta is
composed of Precambrian metamorphic rocks,
differently aged granitoid rocks, Paleogene
sediments, Neogene effusive rocks, and Quaternary
sediments. In the valley of the Mesta River PriabonOligocene complex fills bilateral Mestenski graben.
Gotse Delchev and Razlog valleys imposed graben
structures filled by thick Neogene lake sediments
and Quaternary deposits.
The massif of Pirin horst represents anticline
with a core of Paleozoic granitoids and Proterozoic
mantle. Marbles built the mantle that make up the
northern wing of the Pirin horst - anticline. Marbles
begin from Damianica River and reach Gradevska
graben to the NW. The strip is blocky disintegrated
by several parallel faults, which fail stepwise to
Razlog Valley and they are covered by thick alluvial
fan and Pliocene sediments. Marbles are fractured
and deeply karsted. The southern region includes the
area of the lower units of the Pirin mountains and
Slavianka and Stargach. Marbles that surround
Teshovsky granite pluton are fractured in places by
tectonic faults and highly karsted. Among them
alternations of gneiss and schists are found. In plan
the karst basin has a ring shape, and in cross-section
- a truncated cone. On the eastern side it is shielded
by Pliocene of Gotse Delchev kettle, a narrow graben
is on its SE boundary, and it is surrounded by

Types of landslides. Recent morphology of the
study area is a result of vertical tectonic movements
and related gravitational processes and erosion.
Geotechnical conditions determine occurrences of
landslides and rock falls.
A landslide south of the junction of Eleshnitsa
and rock falls occupy right valley slope of the Mesta
River. To the south of Razlog Cattle the river cuts
the western slope of the hill Dabrash, where it forms
a 30 km long narrow gorge, named Momina gorge.
The slopes are steep and the river cuts the
metamorphic crystalline rocks and Paleogene
sedimentary rocks. The gorge has an erosional
origin. Raise during quaternary defined the gorge
cutting to a depth of 400 m below the Paleogene
cover. The terrain is deeply dissected by river valley
and ravine system.
The landslide is ancient and it is manifested in
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the boulders are stripped and removed from the rock
by rolling and bouncing from the slope. Some of
them go over the wall and reach the road.

the Pleistocene as a result of movement along a fault
with strike of 140°, separates Paleogene sediments
from metamorphic rocks. Then the main landslide
displacements have taken place, which produced the
recent morphology of the slope. Landslides have
formed along deep slip surface determined by the
local erosion basis. Numerous shallow slip surfaces
in the body of the landslide have also appeared. Most
of the soil structure in the landslide body has been
destroyed. The deep landslide has largely exhausted
its capacity. New total activation of ancient landslide
can be caused by sudden acceleration of fault
movements. This scenario is not excluded, but is
unlikely. Local activation of landslides can be
expected along secondary slip surfaces within the
ancient landslide.
Particular attention during this survey was paid
to shallow landslides that may occur in the
foreseeable future and could have a real impact on
the road.
In structural terms, the regional findings from
Koprivlen are parts of southern outskirts of Mesta
depression and Gotse Delchev graben. They are
separated from the Pirin Lithotectonic marble
metamorphic unit with a fault with direction 140º 150º with the collapse of the north block. The
appearance of the fault is post-neogene. Several
satellite faults form morphologically well-defined
steps, one of which separates the two landslides.
Landslides south of the village Koprivlen (P.
48) were developed in conglomerates and sandstones
with age later Miocene - Pliocene [17]. At the local
scale, sandstones, sandy clays and silty clays are
presented. The sandstones are poorly cemented and
occasionally change into fine to medium sands. The
thickness of clays varies from a few centimetres to
several meters and colour ranges from light grey,
brown to greyish green. Layers are sub-horizontal or
with a slight inclination to the south.
Rock falls occur on steep slopes, consist of
various strata. Rock fall (p. 16) is developed in
weathered Paleogene rhyolite - rhyodacites. The
main crack systems are 190/80, 115/70, 140/45.
Cracks are 10-15 cm wide, filled with sandy-clay
material. The height of the slope is about 21 m, the
inclination is variable and up to 50q.
Rock fall (p. 29) is located on the right hand
bend in the road. Road route is fulfilled in a trench
with a steep to vertical slope. Rock fall is developed
in Neogene dacites - rhyodacites. The main joint
systems are characterized with the following values
of direction and dip: 60/80, 90/20, 150/45. Fractures
are rough, open from 5 to 10 cm.
Rock fall (p. 38) affects Paleogene brecciaconglomerate with sandy-clay infill and Neogene
boulders and gravel with sandy filling. The road
slope is shaped with an average gradient 52q. The
outcropped rocks are subjected to physical
weathering. Sand and clay filling is softened and
removed under the action of surface water. Some of

Main destabilizing factors. Landslides occur
in the area under the effect of natural and
anthropogenic factors - earthquakes, precipitation,
weathering, erosion, cut and fill, dynamic effects of
vehicles, deforestation and more.
Earthquakes. The route of the road falls under
the influence of three seismic zones, which have
generated strong earthquakes - Kresna seismic zone,
Mariska seismic zone and North Greece earthquake
zone (Fig. 2).

FIGURE 2
Map of epicenters of earthquakes with M> 3.7
for the period 1700-2003 according to [12].
Seismic zone Kresna. The basic structure is the
Struma fault extending in the direction NW-SE,
which is crossed by numerous neotectonic faults.
Two of the most catastrophic earthquakes in Europe
in the 20th century have been generated in the
Kresna seismic zone. These are the earthquakes on
April 4th, 1904 (MS = 7.1 and MS = 7.8).
Earthquakes were in the region of Kresna-Simitly
crossing of Neogene-Quaternary Krupnik and
Struma active faults. Hypocenters of realized
earthquakes are distributed mainly in the upper 30
km of the crust, with a maximum concentration
between 5 and 20 km. The maximum focal depth of
seismic events in the area is 50 km [13].
Mariska seismic zone. Seismicity in the area is
closely connected with well-known Mariska fault
system. The strongest earthquakes occurring in the
region are from 1928 (Chirpan earthquake of April
14th, 1928 with MS = 6.8 and Plovdiv earthquake on
April 18th, 1928 with MS = 7.0). The seismic zone is
developed in the upper 20 km of the crust and
separate events have been recorded at a depth of 45
km. The highest density of hypocenters is observed
at a depth of 5-10 km.
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most watered, and drainage module reaches and
exceeds 35-40 l/s/km2 due to high rainfall ± 1 200
mm annually (fig. 3). The average longitudinal slope
of the river is 14.72Å, but reaches 128Å. The
average river gradient of more than 80% of the rivers
in the region is steeper than 40Å.
Fluctuations of the annual flow of rivers depend
on the combinations and distributions of
precipitation, snow cover and air temperature. For
the period 1961-1998, the average annual discharge
flow of the Mesta River along its length increases
from 1.462 m3/s at the beginning of Black River to
29.85 m3/s at Hadjidimovo Municipality.
The minimum average monthly flow occurs in
August and September. Minimum average monthly
discharges with probability 95% change between
0.39 m3/s at Yakorouda and 1.60 m3/s at Momina
Kula and 1.75 m3/s at Hadjidimovo Municipality.
The formation of the flow of the river Mesta is
mainly by rains and/or rain-snow precipitation.

North Greece earthquake zone. The main
tectonic structure in this area is Xanthi fault system
with ENE-WSW direction. Historically earthquakes
have been recorded, but no significant events were
recorded in the 20th century. The strongest known
earthquake in the Northern Greece Zone is the event
in 1829 with MS=7.3 and I0 = X, located near the city
of Kavala. Activity in the Aegean seismic zone is
related to the extension of the North Anatolian
Transform Fault. The most severe earthquake that
occurred in the northern part of the Aegean Sea in
1905 is an earthquake of 7.5 M and I0 = X [14].
According to prognostic seismic zoning of
Bulgaria for 1000 year period [15], in the northern
part the route of the road lies withing IX degree
according to intensity scale MSK-64 and VIII degree
in the southern part.
Precipitation. Annual rainfall over the
catchment area of the Mesta river varies from 150175 mm in the downstream region near the town of
Gotse Delchev, at the town of Razlog it reaches 600650 mm and above 1200 mm in the high parts of the
Rila and Pirin Mountains. The average annual
rainfall for the valley areas is around 534 mm. The
largest seasonal rainfalls are in the winter, which for
the high mountains of Rila and Pirin exceeded 350
mm. The increase in rainfall goes from north to south
and from the valleys to the peaks. In the spring in the
valley of Mesta River the lowest rainfalls are about
150 mm. In summer rainfalls in the valley of the river
are 100-125 mm, in Pirin - 250 mm, in Rila more
than 300 mm. Autumn rainfall in the lower areas
slightly increases to 175 mm in the Mesta valley
south of Razlog and exceeds 250 mm in Rila and
Pirin.
The monthly rainfalls in winter are highest in
February - more than 110 mm in some higher parts
of the Pirin Mountain, and the spring peaks are in
May and June - about more than 130 mm in the
higher parts of the Rila Mountain. The lowest
rainfalls are in August and September - in the lowest
parts of the valley - 20 mm and in Rila - 70 mm. At
the peak of Vihren the average annual precipitation
amount is 1386 mm with a maximum in winter, at
the meteorological station in Bansko - 797 mm with
a maximum in winter and autumn, and at the
meteorological station in Gotse Delchev - 669 mm
also with a maximum in winter and autumn. Snow in
the alpine belt lasts about 180 days.
Absolute maximum daily rainfalls at the
meteorological station Dikchan are within 70
mm/day, while at the meteorological station
Satovcha - up to 187 mm/day. Average multi-year
maximum daily precipitation varies from 37 to 61
mm/day.

FIGURE 3
Map of the river basin of Mesta River
Internal annual distribution of runoff in river
areas is determined by seasonal changes of runoff
factors specific for diverse climates. In its annual
progress two maxima and two minima are
established, i.e. two precipitation waves. For the
most part of the valley, where the transitional
Mediterranean climatic influence is predominant,
regardless of his grade primary precipitation wave is
driven by winter maximum and autumn minimum,
and secondary precipitation wave - with its summer
peak and winter minimum is less pronounced.
Typical for the right tributaries and the entire
valley of the Mesta River is that due to the prevailing

Hydrological characteristics. The Mesta
River is flowing down the slopes of the highest
mountain ranges of Rila and Pirin, which are the
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the large-scale maps landslide features like area,
depth, geological conditions, ground water levels,
slope stability and other data are presented.
Landslide inventory is an initial and very important
stage of landslide risk assessment. In some cases
when the inventory is based solely on the
interpretation of geomorphology. In such cases,
nonexistent or potential events could be included in
the list. This issue could be avoided if field mapping
is performed.

continental climate character and dominant features
of the mountain ranges of Rila and Pirin Mountains,
about half of the annual runoff occurs in spring.
Spring and winter high water in river basins are the
result of combined effects of rainfall and snowmelt.
Natural surface water runoff at moderate runoff year
is 950.53 million m3/y.
Hydrogeological characteristics.Mesta River
is among the most water-bearing river basins in the
country with the largest annual volume of effluent
discharges. These are result of the hydrogeological
and hydrological structures recharged by mountain
ranges of Rila, Pirin and Western Rhodopes, ground
waters in karst basins and water collectors in
crystalline aquifers and fractured rocks, large
amounts of rainfall in alpine zones. North Pirin
marbles are fractured and deeply karst with
characteristic shapes. They form unconfined karst
stream.
Due to drainage in the high mountain springs
are almost absent. Major karst springs are located in
Razlog Valley, where the karst water flows out of the
rift that separates the Pliocene from marbles.
Average flow rate of all sources is 1850 l/s. Karst
flow is recharged by infiltration of rainfalls and river
waters within the Pirin Mountains. In South Pirin
ring karst basin there are a number of sources. The
total flow of karst springs in Gotse Delchev is about
2000 l/sec.
The fractured and shattered gneisses and
migmatites of the Precambrian metamorphic
complexes are relatively abundant aquifers. From the
near-surface zone of deeply eroded and fractured
gneiss numerous springs with flow varying from 120 l/s in tectonic zones are drained.
The massive of Pirin built of granite and
granitoid intrusions (Plutons) embedded in
metamorphic complexes is defined with higher water
abundance. It is drained by the largest fissure springs
in Northern Pirin reaching capacity - up to 100 l/s.
Quaternary alluvial sediments and proluvial fans
represented mainly by gravels and sands in the
floodplain and low terraces, and torrential alluvial
cones are the best collectors of fresh unconfined
waters.

Landslide susceptibility map. The spatial
distribution of geological, geomorphological
conditions and other factors that caused slope
instability were used as input to determine zones of
landslide-prone areas. A landslide susceptibility map
ranks the slopes in categories ranging from stable to
unstable. This is dependent on the topography,
geology, geotechnical properties, climate, vegetation
and anthropogenic factors. All landslides which can
affect the study area have been taken into account.
Spatial probability is determined from historical
data, relative stability indices or analysis taking into
consideration the uncertainty in travel distance.
Moderate Susceptibility (>0.25 to 0.5) and Low
Susceptibility (>0.01 to 0.25) areas were
distinguished following the presented examples of
landslide susceptibility mapping descriptors for
some more common scenarios [6]. Probability for
rock falls relates the area in which they will reach
and influence. For large landslides, proportions of
the area in which they may occur have been taken
into account.
Landslide hazard map.µµ/andslide hazaUG¶¶LV
defined aV µµWKH SUobability of occurrence within a
specified period of time and within a given area of a
potentially damaging phenomenoQ¶¶by Varnes [3].
The definition of a µµOandslide hazard maS¶¶LQcludes
µµzonation showing annual probability (likelihood)
of landslide occurring throughout an area¶¶. Hazard
zoning may be quantitative or qualitative.
Determination of the frequency of landsliding in
quantitative terms gives the possibilities to make the
quantitative risk estimation. However, in some cases,
it is very difficult to assess frequencies accurately
and then a qualitative approach of landslide hazard
may be accepted instead. Landslide hazard map is
compiled based on available information about
landslides along the road from field observation and
investigation, as well from local authorities, traffic
agency and oral data from local residents (fig.4). The
following areas of rock falls have been subdivided
according to recommended descriptors for hazard
zoning [6]:
Moderate
Hazard
[(0.1
to
1)
Number/annum/km];
Low
Hazard
[(0.01
to
0.1)
Number/annum/km];
Very Low Hazard [<0.01 Number/annum/km].

Assessment of landslide hazard and
landslide risk. Main stages of landslide risk
analysis, risk assessment and risk management were
formulated by Fell [16]. Following this general
procedure, several maps were drawn during the
project.
Landslide Inventory Map. This map was
compiled on the basis of field inspections and
documentation of activated landslides. On the smallscale map are shown only the locations and the types
of sliding. On a few locations detailed field and
laboratory
geotechnical
investigation
and
deterministic analyses have been carried out and on
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Annual probability of active sliding of a single
landslide on natural slopes on the base of available
data from deterministic analyses of surveyed
landslides has been distinguished:
Moderate Hazard (10-3 to 10-4);
Low Hazard (10-5).

Monitoring. Main tasks of monitoring are the
evaluation of the current state of the slope stability,
speed and trends in the development of the process.
When sliding movements increase and reach critical
values it is necessary to take measures to reduce the
effect of destabilizing factors and prevent landslide
activation as well to restrict passage of people and
vehicles in hazardous area. Another important task
of monitoring is determining the state and
effectiveness of the constructed retaining structures
after their completion. Where large and unacceptable
deformations are found of the facilities during the
operational period additional actions to improve
their stability must be implemented.

Landslide risk assessment. The elements at
risk include the people and property potentially
affected by landsliding on, below and up-slope of the
potential landslides. They may include indirect
impacts such as reduced economic activity resulting
from the landslide, e.g. due to loss of a road, and
environmental impacts.
Vulnerability (V) is the degree of loss of a given
element or set of elements within the area affected
by the landslide(s), expressed on a scale of 0 (no
damage) to 1 (total loss). For loss of life, vulnerability is the probability that a particular life (the
element at risk) will be lost given that the landslide
occurs.
Fell [16] introduced the vulnerability equation
V = V(S) + V(T) + V(L),
V(s) is the spatial vulnerability;
V(T) is the temporal vulnerability;
V(L) is the life vulnerability.
Based on published data [6] recommended
values of the vulnerability for landsliding in similar
situations is for loss of life for person if the vehicle
is only damaged V = 0,3.
)ROORZLQJ WKH SURSRVHG PHWKRGRORJ\ [6] DQ
DQDO\VLV RI WKH ULVN ZDV FDUULHG RXW )URP WKH
LQIRUPDWLRQDYDLODEOHLWLVNQRZQWKDWLQWKLVSDUWRI
WKH URDG  URFN IDOOV KDYH GHYHORSHG ZKLFK DUH
DFWLYDWHGRQFHD\HDU7KHERXOGHUVUHDFKLQGLDPHWHU
IURPWRP&OLIIVDUHFKDUDFWHUL]HGE\VLPLODU
WRSRJUDSKLFJHRORJLFDODQGFOLPDWLFFRQGLWLRQV
7KHWROHUDEOHLQGLYLGXDOULVNIRUH[LVWLQJVORSHV
DFFRUGLQJ WR [6] LV  [  DQQXP 6R IRU WKH
LQGLYLGXDOYDOXHLVHTXDOWR[DQQXPDQGWKH
ULVNVDUHZLWKLQWKHWROHUDEOHOLPLW)RUWKHLQGLYLGXDO
ZKRGULYHVRQO\RQFHD\HDUWKHULVNLVDQQXP
ZKLFKZRXOGEHDFFHSWDEOH
7KHVRFLHWDOULVNOLPLWRIWROHUDELOLW\IRURQHOLIH
ORVW LV DQQXP DFFRUGLQJ WR [6] 7KH HVWLPDWHG
SUREDELOLW\RIRQHRUPRUHOLYHVORVWLV[
QHDUWKHWROHUDEOHOLPLW

Prevention activities. Preventive works are
important for slope stability and to reduce the
landslide hazard and risk. Very positive results can
be achieved with little resources. These activities
comprise of maintenance of drainage ditches and
drainage facilities, periodic cleaning of boulders that
fill the space behind the constructed retaining walls,
prevention of the removal of vegetation on the slope,
restoration of safety nets on the slopes. All these
activities contribute to mitigating the impact of
landslide and rock fall processes.
Retaining structures. In cases where it is
found as a result of geotechnical studies and analysis,
risk assessment, that certain slopes are sources of
increased hazard it is necessary to take action to
improve slope stability by implementing the
following measures and facilities. For the control
and prevention of the hazard several measures
arranged in the four practical groups can be
considered [18]
x modification of slope geometry (removing
material from the area driving the landslide, adding
material to the area maintaining stability and
reducing general slope angle),
x drainage (surface drains, trench drains,
vertical wells with pumping or self-draining,
subhorizontal or subvertical boreholes, drainage
tunnels, galleries or adits),
x retaining structures (retaining walls, passive
piles, reinforced earth retaining structures, retention
nets for rock slope faces, rocktrap ditches, benches,
fences)
x internal slope reinforcement (rock bolts,
micropiles, soil nailing, anchors, grouting, stone or
lime/cement columns).

Mitigation strategy. The strategy includes
optimal measures for monitoring, control and
preventive activity against the main factors
determining landslide activity and in the cases of
approved necessity ± implementing mitigation
measures and earth retaining structures.
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are within the tolerable limit. For the individual who
drives only once a year the risk is 10-10/annum, which
would be acceptable. The societal risk limit of
tolerability for one life lost is 10-3/annum The
estimated probability of one or more lives lost is 0,66
x 10-4, near the tolerable limit.
5. The landslide mitigation strategy includes
optimal measures for monitoring, control and
preventive activities against the main factors
determining landslide activity and implementing
stabilization measures and earth retaining structures.
The maintenance of the road is responsibility of one
traffic agency and it is reasonable to sum the risks for
all road cuttings. At this time risk mitigation options
would be considered. These could include
engineering measures to reduce the frequency of
rock falls. Risk mitigation is difficult and expensive,
and is not always successful, depending on the main
factors,
controlling
landslide
occurrence.
Effectiveness of landslide mitigation is dependent on
the degree of neutralization of the controlling
factors.

CONCLUSION
The completed survey of landslide hazard and
risk along the road Bansko - G. Delchev - Ilinden
gives ground to the following conclusions:
1. In this part of the road field, geological,
geomorphological and geotechnical investigations of
landslides have been conducted. A set of maps were
drawn and the conditions for the occurrence of
gravitational processes and factors for their
occurrence and activation have been assessed. The
northern part of the road follows along the Mesta
River in deep gorge that cuts into the rocks. Steep
rocky slopes composed of heavily fractured and
weathered igneous, metamorphic and sedimentary
rocks are formed. Physical and mechanical
properties of the rocks are reduced as a result of
tectonic processes and weathering. In this section
rock fall processes are developed. In southern part of
the road, the relief is flatter and the ground is made
up of younger sediments. These geomorphological
conditions are more prone for developing of
rotational landslides. Such landslides are manifested
in the vicinity of the villages Eleshnitsa and
Koprivlen. Their occurrence is due to the tectonic
development of the region and the erosion of Mesta
River. Slope stability analyses show that reactivation
of the landslides is possible due to the combine effect
of elevated groundwater levels and strong
earthquakes.
2. Slopes above and below the road are
evaluated and susceptibility zoning to landslides was
done. Spatial probability is determined from
historical data, relative stability indexes, and slope
stability analysis. For rocky slopes, Moderate
Susceptibility (> 0.25 to 0.5) and Low Susceptibility
(> 0.01 to 0.25) areas were differentiated. Probability
for rock falls relates the area, which they will reach,
and influence. For large landslides, proportions of
the area in which they may occur has been taken into
account.
3. Landslide hazard map was compiled based
on available information about landslides along the
road from field observation and investigation, as
well from local authorities, traffic agency and oral
data from residents. The rock falls areas have been
subdivided into Moderate Hazard [(0.1 to 1) Number
/ annum / km], Low Hazard [(0.01 to 0.1) Number /
annum / km] and Very Low Hazard [<0.01 Number
/ annum / km]. Annual probability of active sliding
of a single landslide on natural slopes on the base of
available data from deterministic analyses of
surveyed landslides have been divided into Moderate
Hazard (10-3 to 10-4) and Low Hazard (10-5).
4. An evaluation of vulnerability of the
element at risk that will occur in landslide activation
was performed. The annual probability of the person
most at risk losing his/her life by driving along the
road is calculated to be 3,7 x 10-8/annum. The risks
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documented that the indoor air quality is affected by
the presence of numerous pollutants, including
chemical and biological contaminants. The most
studied chemical categories that occur in the indoor
air are volatile organic compounds (VOCs) and
carbonyl compounds. Their main sources are
combustion products and compounds released from
indoor materials (building materials and consumer
products, off-gassing emission) [2]. Their outdoor
concentrations constitute a considerable source for
indoor air via the ventilation process, with a number
of studies evaluating the correlation between indoor
and outdoor air pollution [3].
Thus, the indoor concentrations are affected by
the outdoor levels, due to the indoor and outdoor air
exchange, and by the several sources present and
activities occurring indoors, such as building
materials, cleaning products, deodorants, fragrances,
cooking, smoking etc. On the other hand, the outdoor
VOC concentrations are affected by the proximity to
the emission sources such as traffic and industry, by
season and temperature and meteorology [4].
Consequently, the house location in a metropolitan
area might play an important role to the indoor VOC
concentrations.
Some of the above mentioned compounds are
known for their hazardousness to health. There are
published indoor air quality guidelines values for
some EU member states [5]. In addition the World
Health Organization (WHO) has recently (2010)
published indoor air quality guidelines for selected
pollutants such as benzene, formaldehyde,
naphthalene,
trichloroethylene
and
tetrachloroethylene, i.e VOCs and the inorganic
compounds NO2 and CO [6].
According to WHO and to the INDEX project
[7], NO2 is suggested to be a priority compound for
further regulation, with higher indoor than outdoor
levels, mainly due to tobacco smoke and several
kinds of burning appliances and fire places.
Additionally, the distance between buildings and
roadways, as well as attached garages, seem to have
a great impact on indoor NO2 levels [8, 9].
In the present study, the indoor and outdoor
concentrations of NO2 and several VOC and
carbonyl compounds were measured for three

ABSTRACT
Indoor air quality investigations were
conducted in three residences at the city of Kozani,
during winter 2011. The location of the three
dwellings was different. The first residence was
located near the city center, the second was located
at the city center, and the last residence was located
at the city suburbs. The weekly experimental
campaign concerned the following pollutants: VOCs
(BTEX, terpenes etc), carbonyl compounds
(formaldehyde, acetaldehyde etc.) and NO2 using the
passive sampling methodology with Radiello®
passive samplers. Samples were placed at each
residence at two indoor sites (bedroom and living
room) and one outdoors. The results showed that
carbonyl compounds have higher concentrations
indoors with acetone and formaldehyde reaching the
peak values. On the contrary, outdoor air
hydrocarbons were at higher levels compared to
carbonyls. The indoor/outdoor (I/O) ratios
demonstrated that in some cases there were strong
indoor sources especially for a-pinene, d-limonene
formaldehyde and acetone. However the results for
the house located at the city center demonstrate that
outdoor air is mainly influencing the indoor air
quality. Concerning NO2, which is mainly emitted
by combustion sources and vehicle exhausts, the
indoor and outdoor concentrations show the same
variation trend and in one case the I/O ratio revealed
significant indoor sources probably due to occupants
cooking behaviors. Conclusively, the indoor air
quality of a residence is highly affected by the
location of the house.

KEYWORDS:
VOCs, carbonyl compounds, NO2, indoor air, Kozani

INTRODUCTION
Indoor air is considered as an important factor
for human health due to the fact that people spend
more than 90% of their time inside buildings and
vehicles (87% and 6% respectively) [1]. It is well
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http://www.radiello.com/english/ald_en.htm
and
http://www.radiello.com/english/no2_en.htm) were
used for seven days as described above. Outdoor air
measurements were also conducted simultaneously
using the same method for the same compounds.
Samplers were placed at each residence at two
indoor sites (bedroom and living room) for
residences B and C and only in the living room for
residence A, and one outdoors. Temperature and
relative humidity were continuously monitored with
HOBO data loggers, which were programmed with
a 1 min data logging interval. The sampling sites
were chosen by taking into account ISO 16000-1,
while avoiding disturbing the normal activity of the
occupants. The outdoor site was selected in a way
that the samplers and monitors would be as much
protected as possible from the human interaction,
direct sunlight and precipitation.
VOC were chemically desorbed by the passive
samplers with 2 ml of CS2 after 20 min shaking by
vortex (Heidolph REAX top D-91126). Analysis
was performed at GC-FID Agilent Technology
6890N using 2-fluorotoluene as internal standard.
Carbonyl compounds were desorbed with HPLC
grade acetonitrile (2ml) by the passive samplers and
analysis was performed at Agilent HLPC (DAD)
1100 Series. The aqueous extracts of NO2 from the
passive samplers were analyzed with UV-VIS
spectrophotometry, using a RAYLEIGH UV-1601
spectrophotometer. Sulphanilamide and N-(1naphthyl) ethylendiamine dihydrochloride (NEDA)
were used for the colorimetric determination of the
nitrite ion, which were prepared according to the
Radiello method. All the chemicals used were
spectroscopic grade.

residences with different locations at the city of
Kozani, Greece. Within this work, the influence of
the house location to the indoor air quality is
investigated in combination with the potential indoor
sources.

MATERIALS AND METHODS
Location and description of houses. For the
purposes of this study three occupied residences
were selected, which were located near the city
center (residence A), at Agios Athanasios
neighborhood far from the city center (residence B),
and at the city center (residence C) of Kozani,
Greece (Figure 1). Kozani is located in northern
Greece, in the western part of the geographical
region of Macedonia, at 710 m above the sea level.
It is a typical Greek medium size city with 48,000
habitats. Its special feature is comprised by the two
lignite-fired power plants and the respective mine
activities that occur in the area (around 6 km far from
the city). Residence A, located near the city center,
is a first floor apartment characterized by an open
area view, without any surroundings; adjacent to a
medium to low traffic road. Residence B, located far
from the city center, is a floor apartment at the first
floor of the building, near a park with pine trees and
very low traffic. Residence C is a second floor
apartment at the city center in a district with highrise buildings surrounding narrow traffic roads with
heavy traffic conditions. Residences A and C
contained newly purchased furniture, while
residence B contained newly purchased furniture
only in the baby room where no air sampling took
place. During the sampling period, all monitored
homes were occupied. The number of occupants is
two adults for residences A and C and 2 adults and
one infant for residence B. All homes were naturally
ventilated through open windows while for the
kitchen room the ventilation was provided by the
operation of exhaust hood during cooking.

RESULTS AND DISCUSSION
Comfort parameters. The comfort parameters
were continuously monitored during the weekly
campaign, for the three residences simultaneously
with the indoor/outdoor conditions. Homogeneous
average indoor temperatures and relative humidity
ranged from 21 to 22 oC and from 50 to 56%
respectively, measured at each house (Table 1). As
expected, the outdoor temperature at the suburban
area, was lower (1oC) than that of the city center. The
similar trend was observed for the relative humidity
parameter. The interior temperatures were less
different between residences, while the relative
humidity difference was more pronounced.
According to ANSI/ASHRAE Standard 55-2004
[10] the recommended indoor comfort temperatures
are 20-23oC for the winter with an indoor RH of 3060%. The cold period indoor temperature values
were in general within the recommended ranges for
the three residences (Table 1).

Sampling and analysis. The one week
sampling took place during the cold period of 20/1027/10/2011 for residence A and C and 21/1028/10/2011 for residence B. The weekly
experimental campaign concerned the following
pollutants: VOCs (BTEX, Į-pinene, 1,2,4trimethylbenzene, d-limonene, n-octane and
naphthalene), carbonyl compounds (formaldehyde,
acetaldehyde, acetone, propionaldehyde, 2butanone, butyraldehyde and hexanal) and NO2
using the passive sampling methodology. Radiello
passive samplers for VOC and BTEX (CS2
Desorption-code
130,
http://www.radiello.com/english/cov_chim_en.htm)
, for carbonyl compounds and NO2 (codes 165, and
166
respectively,
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FIGURE 1.
Map of the city of Kozani - Location of the three residences.
TABLE 1
Average temperature (oC) and relative humidity (%) levels for the three residences
Indoor

Residence A
Residence B
Residence C

Outdoor

T (oC)

RH (%)

T (oC)

RH (%)

21
22
21

53
50
56

12
11
12

69
71
67

this assessment, the ratio of outdoor benzene/toluene
concentration was taken into account. According to
other studies a value near 0.5 indicates vehicular
exhaust as the dominant source [11 and references
therein]. This is the case for residence C with a
benzene/toluene ratio of 0.50, while residence B
ratio was close (0.68) and residence A totally
differentiated (0.3).
Residence A showed the lowest ȈVOCmeas
concentration indoors (51.40 ȝg/m3) while residence
C showed slightly higher concentration levels for the
two rooms (216.16 ȝg/m3average value) than
residence B (171.35 ȝg/m3). It should be mentioned
here that residence C, located at the city centre, is the
only residence with lower indoor ȈVOCmeas
concentration than the outdoor one (Table 2) while
residences A and B showed much higher indoor than
outdoor values. The higher concentrations of 1,2,4TMB, octane and naphthalene for residence B
compared to the other two houses (especially to
residence C with the higher ȈVOCmeas) might be
indicative of a recent painting inside the house.
According to the owners of residence B, the baby
room was painted a month before the sampling took
place, while the living room and bedroom a year
before.

VOCs concentration. Indoor and outdoor
concentrations of VOC for the three residences are
presented in Table 2. Three different compounds
were found to be the most abundant for the three
indoor environments. A-pinene, 1,2,4-TMB and dlimonene were the compounds with the highest
concentration for residences A, B and C respectively
for all rooms, while d-limonene was the second
abundant compound for residence A and for the
living room of residence B and a-pinene was the
second abundant compound for residence C and for
the bedroom of residence B. This indicates the
different sources and strengths existing at the three
residences. The outdoor concentrations of the
residence located at the city center (sum of the
measured VOC, ȈVOCmeas=249.60 ȝg/m3), were
much higher than that of the residence near the city
center (ȈVOCmeas=8.47 ȝg/m3) and the residence far
from the city center (ȈVOCmeas=11.35 ȝg/m3). The
slightly higher levels of the residence located far
from the city center from those obtained for the
residence near the city center can be attributed to the
open surrounding area of residence A, aiding the
pollutants to disperse easily, compared to the
complicated area of the residence B (houses all
around and attached garages). In order to enhance
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TABLE 2
VOC and carbonyl compound concentrations (ȝg/m3) for the three residences
5HVLGHQFHǹ
(near city centre)
Living room Outdoor
1.61
0.56
8.14
1.90
ND
0.80
4.25
1.59
1.95
0.69

5HVLGHQFHǺ (far from city centre )

Residence C (at city centre )

Living room
1.31
4.55
6.96
28.53
13.81

Bedroom
1.61
6.08
6.18
25.02
13.32

Outdoor
1.60
2.35
0.58
1.36
0.86

Living room
17.31
27.23
7.72
29.57
15.30

Bedroom
12.81
22.54
6.77
25.03
12.38

Outdoor
14.96
30.29
9.48
38.10
19.99

Į-pinene
1,2,4 TMB
d-limonene
Octane
Naphthalene
ȈVOCmeas

15.22
2.86
11.58
ND
5.78

0.40
0.93
0.63
ND
0.97

24.85
38.60
29.59
10.39
15.48

30.54
34.28
27.94
9.52
14.12

0.67
1.30
0.83
0.42
1.38

30.57
3.82
71.82
2.39
4.98

38.16
5.00
88.50
1.98
8.45

38.89
4.74
88.66
2.46
2.03

51.40

8.47

174.08

168.61

11.35

210.71

221.61

249.60

Formaldehyde
Acetaldehyde
Acetone
Propionaldehyde
2-Butanone
Butyraldehyde
Hexanal

80.4
8.7
27.3
4.1
3.5
8.5
36.0

3.0
1.8
2.9
1.0
0.7
2.5
105.6

21.5
10.4
70.4
3.3
1.9
7.1
15.1

26.7
13.3
89.8
4.3
2.3
9.6
25.3

2.2
1.4
2.3
0.9
0.6
2.3
ND

49.6
51.1
307.0
6.7
7.7
17
64.7

53.3
51.4
294.7
6.7
7.7
19
66.3

3.4
2.3
4.5
1.0
0.7
ND
ND

Compound
Benzene
Toluene
Ethylbenzene
p,m-xylene
Ƞ-xylene

TABLE 3
Indoor/Outdoor ratios for the three residences
Compound
Benzene
Toluene
Ethylbenzene
p,m-xylene
Ƞ-xylene
Į-pinene
1,2,4 TMB
d-limonene
Octane
Naphthalene
Formaldehyde
Acetaldehyde
Acetone
Propionaldehyde
2-Butanone
Butyraldehyde
Hexanal
NO2



Residence A
2.9
4.3
<<1
2.7
2.8
38.0
3.1
18.5
ND
6.0
26.8
4.8
9.4
4.1
5.0
3.4
0.3
1.6
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Residence B
0.9
2.3
11.3
19.6
15.8
41.3
28.1
34.7
23.7
10.7
11.0
8.5
34.8
4.2
3.5
3.6
>>1
4.5

Residence C
1.0
0.8
0.8
0.7
0.7
0.9
0.9
0.9
0.9
3.3
15.1
22.3
66.9
6.7
11.0
>>1
>>1
0.6
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The indoor/outdoor (I/O) ratio of the measured
VOC concentrations, used to distinguish the indoor
from the outdoor sources [12,13,14] is presented in
Table 3. Geiss et al. define that compounds with I/O
ratio > 6 are predominantly indoor sources while
compounds with I/O ratio approaching 1 are not
deriving from indoor sources [13]. On the other hand
Jia et al. suggest that I/O ratio between 1.5 and 10
indicate both indoor and outdoor sources and ratios
exceeding 10 reveal primarily or exclusively indoor
sources [14]. Taking into account the above
mentioned values for residence C with the highest
value of ȈVOCmeas, only naphthalene seems to have
an indoor source with the other measured VOCs
giving a value around 1, indicating that the outdoor
sources play an important role to the indoor
concentration. On the other hand residence B
showed for all measured VOC I/O ratios above 2
except for benzene with an I/O ratio around 1. Apart
from toluene (I/O=2.3), all the other compounds
showed I/O ratio above 10 indicating strong indoor
sources. As it was mentioned before, the recent
painting of one of the rooms can be assumed as a
possible source, while the cleaning procedures might
be the other source for d-limonene and a-pinene. The
latter may also explain the higher I/O ratio (>10)
values for these two compounds at residence A
compared to the rest of compounds (values around 3,
expect for naphthalene). Additionally in residence A,
naphthalene with I/O ratio equal to 6 seems to have
indoor sources rather than outdoor contribution. This
is the case for all three residences concerning
naphthalene with I/O ratio between 3.3 and 10.7 in
line with the values reported across Europe [6].
Furthermore, naphthalene showed the lowest
variance for outdoor concentrations among the other
measured VOC (values ranged between 0.97-2.03
ȝg/m3) in line with concentrations reported across
Europe (ranging typically 1-4 ȝg/m3) while the
majority of studies reported indoor concentration
below 10 ȝg/m3 [6]. The relatively higher value of
indoor naphthalene for residence B (~15 ȝg/m3)
might be due to the operation of a fire place a week
before the beginning of the sampling.

B and C and formaldehyde for house A. As for the
hydrocarbons the carbonyl concentration values
show a significant diversity indicating the different
sources and strengths of these compounds inside the
residences. The distribution of the main organic
compound groups measured within the present study
is showed in Figure 2, with carbonyls being the most
predominant group. The latter is in agreement with a
recent published study performed in Puertollano,
Spain [11]. The only location where the carbonyls
were slightly higher than the aromatics is the living
room of residence B where a recent painting took
place. The total concentrations of the measured
carbonyl compounds indoors ranged from 129.7 to
503.8 ȝg/m3, considerably higher than the outdoor
ones, indicating the presence of carbonyl sources
inside the residences. Table 3 presents the I/O ratios
calculated for these compounds where all values are
greater than 1 except from only one case. All the
carbonyls measured in residence C exhibit ratios
greater than 6 which suggest strong indoor sources.
This is also the case for residence B regarding
formaldehyde, acetaldehyde, acetone and hexanal,
while for residence A only formaldehyde and
acetone present such values. These findings are in
accordance with similar studies across Europe [2],
confirm the existence of aldehyde sources in
residential homes and identify formaldehyde and
hexanal among the main aldehydes detected in
indoor air [13]. The presence of formaldehyde as an
adhesive resin in pressed wood products and
consequently in wood-based furniture, together with
water-based paints, fabrics, household cleaning
agents, etc [2, 15] makes this compound a significant
indoor source, especially for residence A which was
equipped with new wood-based furniture a month
before the sampling. This is supported by the fact
that residence A had the highest formaldehyde
concentration between the three residences (Table
2). Furthermore, formaldehyde and hexaldehyde
constitute the result of the indoor chemistry between
oxidants and unsaturated organic compounds such as
terpenes, which were found in significant amounts in
residence A (see Table 2) [16].
As mentioned before, only hexaldehyde
measured at residence A, had an outdoor
concentration higher than the indoor one. This big
outlier for hexaldehyde (105.6 ȝg/m3 and not
detected at the other two outdoor sampling points)
seems to correspond to some local point source.
Regarding the carbonyl concentrations between the
rooms of a dwelling, it can be concluded that quite
homogeneous values were found, as observed by
other studies [17,18].

Carbonyl
compounds
and
NO2
concentration. The concentrations of the carbonyl
compounds measured indoor and outdoor the
residences are presented at Table 2. As it can be seen
the most abundant carbonyls inside the residences
were formaldehyde, acetone and hexanal with
concentrations ranging from 21.5-80.4 ȝg/m3, 27.3307.0 ȝg/m3 and 15.1-66.3 ȝg/m3 respectively.
Concerning the inter-comparison between houses,
acetone is the most abundant compound for houses
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FIGURE 2
Distribution of the measured organic compounds in each room of the three studied houses
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FIGURE 3
Indoor and outdoor NO2 concentrations of for the three studied residences.

The
outdoor
carbonyl
compound
concentrations also exhibit such a behavior for the
three different sampling points except for
hexaldehyde, in contrast with the hydrocarbon
VOCs concentration which presented variations
through the different locations. According to the
literature [19, 20] the ratio between formaldehyde
and acetaldehyde can be used to indicate the impact
of biogenic hydrocarbons in local photochemistry,
because biogenic hydrocarbons are mainly



precursors of formaldehyde while anthropogenic
hydrocarbons are mainly precursors of acetaldehyde.
Ratios varying between 1 and 2 have been reported
for many urban areas [21] and recently Villanueva et
al. [11] reported a value of 1.3 for the city of
Puertollano,
Spain
suggesting
that
local
anthropogenic hydrocarbons are essential for
aldehyde formation. This is also the case in our study
with formaldehyde/acetaldehyde ratios of 1.66, 1.57
and 1.48 respectively for the locations A, B and C.
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investigated houses were located at different sites
with different characteristics: at the city center, near
the city center and far from the city center. The
results showed considerable sources of organic
compounds inside the residences and in some cases
the outdoor concentrations were the main sources of
the indoor air pollution. From the measured
compounds indoors, carbonyls show the maximum
concentration with acetone being the compound with
the highest concentration for the two of the three
investigated houses and formaldehyde for one of the
three investigated houses.
The residence located at the city center (C)
presented higher outdoor concentrations than the
residences located near city center (A) and uptown
(B). The indoor excess concentrations of
naphthalene, a-pinene, and d- limonene, indicate
relatively significant indoor emission sources of
these substances in all residences. The
indoor/outdoor (I/O) ratios illustrate that sources in
the indoor environment are prevailing for the most
of the hydrocarbons for the residence B and for the
above mentioned compounds for residence A and
this is due to the recent painting and the new
furniture and cleaning activities respectively. For
residence C the outdoor concentration seems to
affect the indoor air quality considerably.
All average indoor carbonyl concentrations
were higher than the respective outdoor ones except
from hexanal for residence A. The total outdoor
concentration of measured carbonyls was similar for
the different locations of the houses during the
studied period. All the carbonyls measured in
residence C exhibit I/O ratios greater than 6 which
suggest strong indoor sources, as for residence B
regarding formaldehyde, acetaldehyde, acetone and
hexanal, while for residence A only formaldehyde
and acetone present such values. The residence
located at the city center (C) showed, as expected,
higher indoor and outdoor NO2 concentrations
compared to the other two residences.

Although this ratio should be used with caution it
might be expected that biogenic hydrocarbons are
contributing less than the anthropogenic ones.
Additionally,
the
variation
of
the
formaldehyde/benzene ratio can be used to assess the
photochemical formation of carbonyls in the
atmosphere [21]. Benzene, which is quite stable in
the atmosphere, is emitted from the same primary
sources as formaldehyde, it is a good vehicle exhaust
marker and in the absence of the photochemical
formation of HCHO, the formaldehyde/benzene
ratio is expected to remain stable. In the present
study this ratio changed from 0.2 at the most traffic
affected site (location C) to 1.3 at location B and 5.3
at location A, suggesting that at location A
formaldehyde
was
mostly
produced
by
photochemical reactions during the sampling period
Figure 3 illustrates the indoor levels of NO 2
obtained in the living rooms and bedrooms of the
residences along with the corresponding outdoor
levels. Residence C located at the city center clearly
revealed by far the higher NO2 concentration (65.3
ȝg/m3) followed by residence A, near the city center
(22.6 ȝg/m3) while residence B far from the city
center, revealed the lowest level (1.0 ȝg/m3). This
trend can be attributed to the density of traffic
observed at the three locations (heavy, middle and
low respectively) due to the fact that road traffic and
combustion sources are the principal outdoor source
of nitrogen dioxide [6]. The outdoor variation of the
NO2 concentrations is reflected to the indoor
concentration with residence B exhibiting the lowest
NO2 level (~4.5 ȝg/m3) and residence C the
maximum observed one (56.6 ȝg/m3). The wide
difference between the bedroom and living room
NO2 concentration for residence C (Figure 3) can be
attributed to the fact that the bedroom is directly
facing an open 24hour parking site with high car
mobility while the living room is at the opposite
direction surrounded by other block of flats. The I/O
NO2 ratios (Table 3) suggest that the indoor air of
residence C is significantly affected by outdoor
sources while for residence B the indoor sources
seem to have the main influence. The latter can be
attributed to the use of the fireplace before sampling
and to the use of a small gas blowtorch for coffee
preparation during the sampling. Regarding
residence A, external and internal sources seem to
equally influence the indoor air quality.
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diameter < 2.5 Pm. PM2.5 is of particular interest
since it focuses on fine particle fraction (0.1 ± 2.5
ȝP ZKLFKcan to travel deeper into the human lung
[1, 2]. Although composition of particulate matter
changes from one place to another, it generally
consists of inorganic ions such as nitrate, sulfate and
ammonium, major ion and trace elements, a wide
array of organic compounds and elemental carbon.
This diversity directly comes from the numerous
sources and photochemical processes leading to PM
observed in the atmosphere [3, 4].
Source apportionment studies in urban
atmosphere are essential for designing cost-effective
regulatory actions to improve air quality, because
regulatory actions taken without such scientific
feedback can be very costly and sometimes
ineffective. Receptor modeling is a receptor oriented
source apportionment tool, which was developed as
a more accurate alternative to source oriented
numerical modeling. It involves measurement of
natural tracers of a number of sources and
subsequent resolution of sources using statistical
tools [5-7]. Trace elements and major ions have been
successfully used as natural tracers for sources since
1970s. However, source types that can be identified
using trace elements and ions as natural tracers of
sources are limited. Using volatile organic
compounds (VOC) as a supplementary natural
tracers were attractive because of the availability of
large number of VOCs. However, attempts to use
trace elements and VOCs in receptor modeling was
not very successful because of different dynamics of
VOCs, which are in the gas phase and elements,
which are particle bound [8, 9]. The use of particle
bound organic compounds together with elements
and inorganic ions in receptor modeling studies can
be more promising as all of them are particle-bound,
thus have similar dynamics in atmosphere [10, 11].
In this study fine fraction particle samples were
collected at two locations at Ankara, which is the
capital of Turkey and have population of
approximately 5 million. One of the stations is an
urban station situated in the residential area very
close to the city center. The other station is suburban
station located in the Middle East Technical
University campus. Distance between the two
stations is 15 km. Collected samples were analyzed

ABSTRACT
In this study PM2.5 samples, for organic
speciation, were collected at two location in the city
of Ankara. One of these stations is a typical urban
station close to the city center and the other one is a
suburban station located in the Middle East
Technical University campus. The two stations were
approximately 15 km apart. Samples were collected
onto prebaked quartz filters using a Hi-Vol sampler
with a typical flow rate of 1.06-1.18 m3 min-1. Mass
concentration was determined gravimetrically by
weighting filters before and after sampling. Average
PM2.5 mass concentrations were 38 Pg m-3 and 54 Pg
m-3 at the urban and suburban stations, respectively.
15 Alkanes, 18 PAH, 9 fatty acids and levoglucosan
were determined using a GC-MS after fairly
exhaustive
sample
processing.
Typical
concentrations ranged between 0.9 ng m-3 and 8.1 ng
m-3 for alkanes, 0.2 ng m-3 and 0.9 ng m-3 for PAHs,
0.4 ng m-3 and 15.1 ng m-3 for fatty acids.
Concentrations of most of the measured organic
markers were higher at the urban station compared
to suburban one. Typical urban-to-suburban ratio
were 1.8 for alkanes, 1.9 for PAHs and 2.0 for fatty
acids. Winter time concentrations of measured
parameters were generally higher than their
concentrations in summer samples. However there
were also exceptions to this general trend. For
example summer and winter concentrations of fatty
acids were comparable in both seasons and summer
concentrations of hexadecanoic acid and
octadecanoic acids were higher than their
corresponding concentrations in winter.

KEYWORDS:
particulate matter, PM2.5, organic molecular marker, daily
measurements

INTRODUCTION
There are two separate standards exist for
particulate matter, namely PM10, which refers to
particles with aerodynamic diameter < 10 Pm, and
PM2.5, which refers to particles with aerodynamic
263
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2 km away from the station. However, the campus
houses a sizable population (15,000 during day-time
and 3000 at night) and hence itself can be a source.
The second station is located in Ankara University
Campus
(AU),
Faculty
of
Agriculture,
(39°57'47.4"N 32°51'42.6"E). The station is very
close to city center and surrounded by roads with
heavy traffic like Turgut Özal Avenue and this
station was chosen for the study to represent urban
atmospheric particle levels. It is located between the
most thoroughfare roadway, Turgut g]DODQGøUIDQ
%DúEX÷ Avenues.

for forty-four organic molecules, encompassing
Alkanes, PAHs and fatty acids. In addition to these
levoglucosan, which is a good marker of wood
burning, elemental and organic carbon was also
measured in all samples.
Sampling in both stations was started in July 1,
2014 and completed at September 30, 2015.
However, data from first six months of sampling is
now ready and will be discussed in this manuscript.
Although mass concentrations of particles [12], trace
elements [13, 14], major ions [15], inorganic gases
[16] and VOCs [17, 18] are frequently measured in
Ankara atmosphere and elsewhere, molecular
markers were not measured in Turkey before. Their
levels in an urban atmosphere, differences and
similarities in organic composition of fine particles
between urban and suburban regions of the city are
discussed in this manuscript.

Sampling. Sampling was started on July 1,
2014 and completed in September 30, 2015.
However, samples collected before February were
processed and analyzed and thus discussion in this
manuscript is confined to samples collected before
)HEUXDU\6DPSOHVZHUHFROOHFWHGRQ´[´
quartz filters (Pallflex, Tissuquartz 2500QAT-UP)
using high volume samplers (Thermo Scientific,
HVAIR100), equipped with a pre-impactor with 2.5
Pm cut point.
Sampling was daily and continuous. Samplers
were only stopped to change filters. Between July
2014 and February 2015, 146 samples were collected
at the METU station and 182 samples were collected
at the AU station. In addition to these regular
samples, 16 field and 16 laboratory blanks were also
collected. Field blanks consisted of filters prepared
like sample filters, but retained on the sampler
without sampling. After sampling field blanks were
processed and analyzed like regular sample filters.
Laboratory blanks, which included filter blanks,
which included filters taken from box,

EXPERIMENTAL METHODS
Sampling Sites. Samples were collected at two
locations in Ankara, which is the capital of the
country and has a population of approximately 5
million. Locations of these two stations are shown
in Figure 1. One of the stations is located in the
Middle East Technical University (METU) campus,
at the Environmental Engineering Department
(39°53'12.9"N 32°46'58.8"E). The university is
located in a suburban location. There is no
significant source in the immediate vicinity of the
station. The nearest road with significant traffic is
approximately 2.5 km away. The nearest residential
area is outside the campus and is also approximately

FIGURE 1
Location of sampling stations, METU and AU
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TABLE 1
Oven temperature program for underivatized and derivatized compounds

Inlet Temperature
Interface Temperature
MS Source
MS Quadrupole
GC Oven Temperature Program

Underivatized
250oC
280oC
230oC, max 250oC
150oC, max 200oC
Beginning temperature: 80°C,1
min
Ramp-1: 5°C/min, 180°C,3 min
Ramp-2: 8°C/ min, 240°C,5
min
Ramp-3: 2°C/ min, 300°C, 10
min
Total time: 81.5 min

capillary column (J&W Scientific HP-5ms) with a
0.25 mm diameter bore coated in 5% phenylmethylpolysiloxane (Agilent #19091S-433). 1Phenyldodecane 97% was used as an internal
standard for all sample extracts and standard runs.
The deuterated PAH, n-alkanes standards were used
to verify extraction recovery for the compounds
quantified in underivatized samples. The deuterated
fatty acids and levoglucosan were used to determine
the recovery of the compounds quantified in the
derivatized fraction.
Two different oven
temperature program were developed for
underivatized and derivatized fraction. Table 1
shows details of the oven temperature programs.

processed and analyzed without being sent to field;
process blanks, which included carrying out
extraction procedure without filter were also
occasionally analyzed.
Quartz fiber filters were pre-cleaned by heating
in an oven at 500oC for 5 hr. After sampling filters
were wrapped in an aluminum foil and stored at
í20oC, until they were extracted.
Extraction of organic compounds. Optimized
method for organic solvent extraction were used to
extract the compounds from the quartz fiber filters
for the following analysis. Prior to extraction, each
filter was cut in 2×47 mm diameter and was spiked
with a surrogate standard mixture containing known
concentrations of isotopically labeled compounds
not present in the atmosphere. Surrogate standards
were used to control extraction efficiency and loss of
compound during extraction period. Then samples
were extracted with 40 ml reagent grade methylene
chloride under ultrasonic rinse for a period of 30
min. The extracts then were concentrated using a
vacuum rotary evaporator to approximately 8-10 ml
and passed through a pre-baked glass fiber and
Na2SO4 column to remove any moisture and filter
particles. Further concentration was performed by
passing a gentle stream of high purity nitrogen over
the extract to a final volume of 200 μl. This part was
divided into two aliquots for derivatized and
underivatized parts. The first aliquot was derivatized
with BSTFA/TMCS (%1) for 2 hr at 70oC. Then both
aliquots were spiked with an internal standard (1Phenyldodecane 97%) before analysis by gas
chromatography-mass spectrometry (GC-MS).

Compound Quantification. 43 organic
molecular marker compounds were quantified in
each of the 146 samples from METU station and 182
samples from AU station. These 43 organic
compounds were belong to one of the three groups,
namely
n-alkanes,
polycyclic
aromatic
hydrocarbons (PAHs) and fatty acids. Although its
analysis is time consuming, concentrations of
levoglucosan was also measured, because it was a
unique marker for wood combustion [19, 20].
Sixteen field blanks and sixteen laboratory blanks
were collected and processed along with the samples
over the entire sampling period. MSD ChemStation
software, which was developed by the Agilent
7HFKQRORJ\¶Vwas used to quantify the peak areas of
the molecular marker compounds and deuterated
standard compounds in both the samples and the
quantification standards. Variable recovery in the
extraction process and variable efficiency in the GCMS analysis were accounted for by pairing the
molecular marker compounds with internal standard
compounds of similar structure and working with the
ratio of their peak areas. Compounds measured in
this study and organic groups they are associated
with are given in Table 2.

GC-MS Analysis. Extracts were analyzed
using an Agilent Technologies 7890A gas
chromatograph (GC) coupled to an Agilent 5975
Mass Selective Detector (MS). The GC was
equipped with a 30 meter-long, low-bleed, non-polar
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Derivatized
250oC
280oC
230oC, max 250oC
150oC, max 200oC
Beginning temperature: 50°C,1
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Ramp-2: 10°C/ min, 320°C,20 min
Total time: 73min
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TABLE 2
Compounds to be analyzed in the study
Alkanes
heneicosane
docosane
tricosane
tetracosane
pentacosane
hexacosane
heptacosane
octacosane
nonacosane
triacontane
tritriacontane
hentriacontane
dotriacontane
tetratriacontane
pentatriacontane

PAHs
fluorene (fl)
phenanthrene (phe)
anthracene (an)
fluoranthene (flut)
pyrene (pyr)
benzo[a]anthracene (baa9)
chrysene (chr)
benzo[b]fluoranthene (bbf)
benzo[k]fluoranthene(bkf)
benzo(e)pyrene
benzo[a]pyrene (bap)
perylene
dibenzo[a,h]anthracene(dba)
indeno[1,2,3,-cd]pyrene (ip)
benzo[ghi]perylene (bghip)
retene
picene
coronene

Levoglucosan

concentrations of pollutants originated from coal
combustion, such as PAHs [28]. In Ankara, 70% of
residences are heated by natural gas, remaining 30%
of residences, particularly the ones at the borders of
the city, are heated by coal combustion in stoves.
Earlier studies clearly demonstrated significantly
higher PAH concentrations at the peripherals of
Ankara compared to PAH levels in the inner parts of
the city [30]. Obviously, temporal variations in
PAH concentrations in Ankara is determined by both
seasonal variations in meteorology and seasonal
variations in source strength.

RESULTS AND DISCUSSION
PAHs. Temporal variation in PAH
concentrations at METU and AU stations are given
in Figure 2. The average concentration of PAHs
between July 2014 and February 2015 were 1.21 ±
0.69 ng m-3 and 3.34± 2.59 ng m-3 at the METU and
AU stations respectively.
Dominant PAH
compounds for both Stations are Chr, BbF, BkF, BeP
and BaP and their average concentrations were 1.51,
1.31, 1.43, 1.52 and 1.16 ng m-3, respectively at
METU station and 4.54, 6.87, 4.04 and 4.67 ng m-3,
respectively at AU Station. Approximately a factor
of four higher concentrations of PAHs at the AU
station was due to closer proximity of sources to
urban station. Main PAH sources at an urban airshed is traffic and incomplete combustion of fossil
fuels for space heating. Both of these sources are
closer to urban station, resulting in rather dramatic
urban ± suburban differences in measured PAH
concentrations.
Although the sampling period did not
encompass entire year, gradual increase in PAH
concentration from July to December and then
gradual decrease from December to February is
fairly obvious in the figure. This implies higher
PAH concentrations in winter and lower
concentrations in summer. Higher concentrations of
not only PAH concentrations, but concentration of
all organic [21, 22] and inorganic [23, 24] pollutants
are reported in literature. Higher winter
concentrations of pollutants are generally attributed
to more effective ventilation conditions (higher
mixing height, faster winds) during summer months
[25-27]. However, seasonal variation in source
strength also contribute to higher winter

Alkanes. Temporal variations of n-alkane
concentrations at METU and AU stations are given
in Figure 3. Alkanes were the most abundant among
the three organic groups measured in this study.
Concentrations of individual compounds varied
between 0.13 ng m-3 and 9.69 ng m-3 at METU
station and 1.39 ng m-3 and 14.48 at the AU station.
Average of Alkane concentrations were 64.38 ±
2.35 ng m-3 and 120 ± 3.55 ng m-3 at the Urban and
suburban stations, respectively.
Molecular marker compounds in n-alkane
group can be emitted from both biogenic and
anthropogenic sources. Generally Cmax at C27 or
heavier alkanes indicates a biogenic sources and
Cmax at C23 or lighter hydrocarbons indicates a
petrogenic sources. The Cmax between C23 and C27
indicates presence of both biogenic and petrogenic
sources [26]. In this study C max was at C27 at urban
station and it was at C23 at the suburban station. This
pattern indicates that alkanes measured at urban
station originate from both biogenic and petrogenic
sources, whereas alkanes measured at the suburban
station originates predominantly from biogenic
sources. Temporal pattern depicted by alkane
266
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linoleic acid
oleic acid
octadecanoic acid

Volume 26 ± No. 1/2017, pages 263-272

© by PSP

Fresenius Environmental Bulletin





AU-PAH
Concentration
(ng/m3)

20
15
10
5
0

Concentration
(ng/m3)

METU-PAH
3,5
3
2,5
2
1,5
1
0,5
0
10.06.2014

30.07.2014

18.09.2014

07.11.2014

27.12.2014

15.02.2015

06.04.2015

Dates
FIGURE 2
Temporal variation of PAH concentrations at METU and AU stations
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FIGURE 3
Temporal variation of alkane concentrations at METU and AU stations
strength in summer and winter is fairly common and
occurs due to lower mixing height [25, 26] and
slower winds [27] in winter. However, meteorology
is not necessarily the only reason for lower
concentrations of pollutants in summer season.
More vigorous photochemistry, which results in
faster degradation of reactive compounds, or higher

concentration was very similar that observed in PAH
concentrations. Total alkane concentration were
very low in the summer months, then gradually
increased to a maximum in November and remained
the same between November and February. As
pointed previously in the manuscript, high winter
concentrations of pollutants that has similar source
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urban station. Fatty acids can originate from both
biogenic [31] and anthropogenic sources, such as tire
wear and vehicle exhaust. Biomass burning is an
important source of fatty acids, because they are the
major components of plant tissues and surface waxes
[32]. The most important source in an urban
atmosphere is particles generated by cooking meat
[33]. With strong anthropogenic sources, temporal
variation of fatty acids induced by seasonal variation
in meteorology is modified by local anthropogenic
emissions around the urban station.

source strength in winter season, as in the case of
pollutants emitted from space heating, can also
results in higher concentrations of pollutants in
winter season. Very similar temporal pattern
observed in both PAHs and alkanes is probably due
to their common sources in Ankara atmosphere.
Fatty acids sterols. Fatty acids between C12
and C18 were measured in this study. This group
included dodecanoic acid, tridecanoic acid,
tetradecanoic
acid,
pentadecanoic
acid,
hexadecanoic acid, heptadecanoic acid, linoleic acid,
oleic acid and octadecanoic acid. Sterols which has
similar sources with fatty acids were not detected in
any of the samples. Since their sources are similar
with fatty acids, lack of sterols in the data set will not
be a drawback in receptor modeling studies, which
will be performed later.
Hexadecanoic acid is the most abundant fatty
acid measured in this study. Average concentration
of hexadecanoic acid in urban and suburban stations
were 20 ng m-3 and 13 ng m-3, respectively.
Temporal variation of Fatty acid concentration
is given in Figure 4. Temporal behavior of fatty acid
concentration at the METU station resembles
temporal variations of PAHs and n-alkanes, with
gradual increase in fatty acid concentrations between
July and November and a steady period after
November. However, at the fatty acid concentration
did not show any seasonal variation at the urban
station. Temporal behavior of fatty acids at METU
station can be explained, as in the case of PAHs and
alkanes, by seasonal variations in meteorology, as
discussed previously in the manuscript. However,
this pattern is modified by local emissions at the

Levoglucosan. Levoglucosan is a cellulose
combustion product and is used as a significant
tracer for biomass burning [34, 35]. Average
levoglucosan concentrations are 0.3 and 2.5 ng m-3
at suburban and urban stations, respectively. Higher
levoglucosan concentrations measured at the urban
station indicate that although natural gas is used for
space heating in most of the city, wood combustion
is still an important mode of residential heating, at
least in certain parts of the city.
Temporal variation in levoglucosan concentration is
shown in Figure 5. At METU station levoglucosan
concentrations did not show a well-defined trend.
Concentrations remained relatively low throughout
the study period, indicating that METU station is not
under direct influence of wood burning emissions.
At the urban station, levoglucosan concentrations
increased from summer to November and remained
high until February. Although this pattern is similar
to temporal patterns observed in PAH and Alkane
concentrations,
very
high
levoglucosan
concentrations, reaching to 10 ng m-3 in December
and January indicate that anthropogenic wood
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FIGURE 4
Temporal variation of fatty acid concentrations at METU and AU stations
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FIGURE 5
Temporal variation of levaglucosan concentrations at METU and AU stations
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area,
Catalonia,
Spain.
Atmospheric
Environment, 35(36), 6407-6419.
[2] $ULROD 9 '¶$OHVVDQGUR $ /XFDUHOOL )
Marcazzan, G., Mazzei, F., Nava, S., GarciaOrellana, I., Prati, P., Valli, G., Vecchi, R.,
Zucchiatti,
A.
(2006)
Elemental
characterization of PM10, PM2.5 and PM1 in
the town of Genoa (Italy). Chemosphere 62 (2),
226±232.
[3] Moon, K.J., Han, J.S., Ghim, Y.S. and Kim, Y.J.
(2008) Source Apportionment of Fine
Carbonaceous Particles by Positive Matrix
Factorization at Gosan Background Site in East
Asia. Environ. Int. 34: 654±664.
[4] Teixeira, E. C., Agudelo-Castañeda, D. M.,
Fachel, J. M. G., Leal, K. A., de Oliveira Garcia,
K., & Wiegand, F. (2012) Source identification
and seasonal variation of polycyclic aromatic
hydrocarbons associated with atmospheric fine
and coarse particles in the Metropolitan Area of
Porto Alegre, RS, Brazil. Atmospheric
Research, 118, 390-403.
[5] .XOR÷OX(7XQFHO* 2005) Size distribution
of trace elements and major ions in the eastern
Mediterranean atmosphere. Water Air Soil Poll
167, 221-241.
[6] Schauer, J. J., and Cass, G. R. (2000) Source
apportionment of wintertime gas-phase and
particle-phase air pollutants using organic
compounds as tracers. Environmental Science
and Technology, 34(9), 1821-1832
[7] Cass, G. R. (1998) Organic molecular tracers for
particulate air pollution sources. TrAC Trends
in Analytical Chemistry, 17(6), 356-366.
[8] Daisey, J. M., Cheney, J. L., and Lioy, P. J.
(1986) Profiles of organic particulate emissions
from air pollution sources: status and needs for
receptor source apportionment modeling.
Journal of the Air Pollution Control
Association, 36(1), 17-33.
[9] Fraser, M. P., Kleeman, M. J., Schauer, J. J., and
Cass, G. R. (2000) Modeling the atmospheric
concentrations of individual gas-phase and
particle-phase
organic
compounds.
Environmental Science and Technology, 34(7),
1302-1312.
[10] Liu, W., Hopke, P. K., Han, Y. J., Yi, S. M.,
Holsen, T. M., Cybart, S., Kozlowski K., and
Milligan, M. (2003) Application of receptor
modeling to atmospheric constituents at
Potsdam and Stockton, NY. Atmospheric
Environment, 37(36), 4997-5007.
[11] Dutton, S. J., Vedal, S., Piedrahita, R., Milford,
J. B., Miller, S. L., and Hannigan, M. P. (2010)
Source apportionment using positive matrix
factorization on daily measurements of
inorganic and organic speciated PM 2.5.
Atmospheric Environment, 44(23), 2731-2741.
[12] Bayraktar, H., Turalio÷OX ) 6  7XQFHO *
(2010) Average mass concentrations of TSP,

combustion has a significant contribution to
levoglucosan concentrations measured in winter
season.

CONCLUSION
15 alkanes, 18 PAHs, 9 fatty acids and
levoglucosan were measured at two locations in
Ankara atmosphere. Sampling was daily and
continued between July 2014 and February 2015.
Samples were collected on prebaked quartz flirters
and analyzed by GC-MS after an extensive
extraction procedure.
Concentrations of most of the measured
compounds were significantly higher at urban
satiation than corresponding concentrations
measured at suburban station, due to closer
proximity of sources to urban sampling point (Figure
6).
Although the sampling period was not long
enough to assess seasonal behavior of measured
molecular markers, PAH and Alkane concentrations
showed clear signs of higher winter concentration
and relatively low levels in summer. This pattern
was attributed to better ventilation conditions in
summer season. However, for compounds that are
at least partly emitted from fossil fuel combustion,
residential heating in winter season also contributes
to higher PAH and alkane concentrations in winter.
Fatty acids did not show as clear seasonal signal as
observed for PAHs and alkanes, indicating that these
acids have a source in summer as well.
Levoglucosan is well known marker for wood
combustion. Higher levoglucosan levels at urban
station showed that AU station is under stronger
station is under stronger influence of emissions from
wood combustion.
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DEVELOPMENT OF STANDARDIZED METHOD ON
AUTOMATED MEASURING SYSTEMS FOR PARTICULATE
MATTER PM10, PM2.5: FIELD VALIDATION TESTS
Thomas Maggos1,*, Stella Pateraki1, Ȃarisa Bessa1, Christos Gikoudis1, Pavlos Panteliadis2, Jaap Visser2,
Christos Vasilakos1, Theo Hafkenscheid3
1
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2
Municipal Health Service (GGD) Amsterdam, Department of Air Quality, Amsterdam, The Netherlands
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National Institute for Public Health and the Environment, Bilthoven, The Netherlands

standard EN 12341:2014 [1] is to collect PM on
filters during 24-hour sampling and then to
determine gravimetrically their mass [3, 4, 5, 6, 7].
The main advantage of this method is the ability to
perform the chemical characterization (ions, heavy
metals, OC/EC, PAHs) of PM [8, 9, 10, 11, 12, 13,
14, 15]. However, a disadvantage of this method is
that it can provide only one PM value/day and
therefore the PM variations during the day are
missed. For that purpose, automated continuous
measurement systems were designed and have been
mainly used for operation in routine monitoring
networks [16, 17, 18, 19, 20]. Such AMS are
typically capable of producing 1-hour average
measurement values which could be used for direct
information of the public as well as aggregation to
produce daily or yearly average concentration values
for regulatory reporting purposes. Nevertheless, it
was obvious the need for a Technical Specification
to describe minimum requirements for ongoing
quality assurance ± quality control (QA/QC) of AMS
deployed in the field.
For that purpose, on April 2012, the European
Commission (EC) charged the European Committee
for Standardization (CEN/TC264/WG15) to
elaborate new standard for the automated
measurement of Particulate Matter (PM). The draft
Technical Specification (CEN/TS 16450:2013) for
Automated Measuring Systems (AMS) for
particulate matter (PM10 and PM2.5) combines
principles from existing standards for gases and the
guidance to demonstration of equivalence of ambient
air monitoring methods.
The current study has addressed two different
tasks: i) to investigate the practicality of the QC
checks proposed in the standard and ii) to study the
feasibility of meeting the performance requirements.
Taking into consideration the importance of the
effects which will be of possible variations in the
implementation of the reference method, parallel
measurements according to EN 12341 were
performed during the testing period.

ABSTRACT
Directive 2008/50/EC on ambient air quality
and cleaner air for Europe sets limit values for
particulate matter PM10 and PM2.5. The reference
measurement methods have already been
standardized (EN12341:2014), but they are
manual/semi-automated methods. A standard for
automated PM measurements (Article 32.3) is still
missing. For that purpose, the European Commission
(EC) charged the European Committee for
Standardization (CEN/TC264/WG15) to elaborate a
new standard for the automated measurement of
Particulate Matter (PM). In the current study two
different research groups tested PM automated
instruments in order to check if the test criteria, listed
in the draft Technical Specification CEN/TS
16450:2013, were suitable for incorporation into the
draft standard. As the new standard would rely on a
comparison to the reference method (RM), parallel
measurements, according to EN 12341:2014, were
performed during the testing period (warm and cold)
using three different filter types. The results show
that TEOM-FDMS overestimated PM10 at both
types of environment while it passed the equivalence
test when it compared to RM, for both the warm and
cold period. The BAM 1020 generally agrees with
the reference method that is operated with
EN12341:2014 style heads and with Emfab filters.
There is one data point for which the BAM
significantly underestimates the reference method.
The type of filters that were used (Emfab, PTFE)
filters and preconditioned Whatman QMA, appeared
to be very well correlated between each other for
both warm and cold periods.

KEYWORDS:
PMx, automated measuring method, field test, QA/QC

INTRODUCTION
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site at Reyndersweg (coordinates: X: 4,58 Y:
52,48) which is next to a small town, Wijk aan Zee,
about 30 km west from Amsterdam. The cabin is
located in the direct vicinity of a steel factory, Tata
Steel. The site was founded in 2009 and is located
only a few hundred meters on the west of a large area
of coal storage. The cabin is situated on top of a
dune, 3.5 m above sea level. On the east side of the
monitoring station there is a small road, next to the
dunes. The coastline of North Sea is behind the
dunes, at about 350 meters. The monitoring site and
the Tata Steel factory are shown in Fig. 2.

MATERIALS AND METHODS
Sampling location. The fieldwork took place
in four European monitoring sites using different
AMS systems. However, in this study the results of
two of them are discussed, representing suburban
background (Ag. Paraskevi in Athens, Greece) and
industrial
(Reyndersweg,
Noord
Holland,
Netherlands) locations.
In the case of Athens (NCSRD), the fieldwork
was conducted at Aghia Paraskevi (23۬
¶¶¶JHRJUDSKLFDO
ORQJLWXGH
۬¶¶¶
geographical landitude, 280m above the sea level),
which is located northeasterly of the Athens Basin in
the National Scientific Research Center (NSRC)
³Demokritos´ (Fig. 1). The sampling site is a
suburban background area since it is situated about
9.82 km away from the center of Athens, at the
outskirts of a highly populated area, on the foot of
Hymettos mountain and it covers an area of 600
acres in a forest of pine and evergreen trees.
The nearest road with regular traffic is about
200m away on the southwestern direction.
Additionally, the newly constructed Hymettos
Peripheral Road, a part of the Attica Road, is located
200m on the north-eastern direction and is
characterized as high way with quite frequent traffic.
In the case of The Netherlands (GGD), the
fieldwork was conducted at the industrial monitoring


Methods description. Aiming to gain
information on the differentiation of the behaviour of
the types of filter which were used, both NCSRD and
GGD campaign were carried out covering both the
cold and hot period in 2014. In this way, it would be
able to capture different meteorological conditions,
emissions and air pollution levels cases. In the case
of NCSRD, a 55 days warm campaign was
performed from 30/05/2014 to 30/08/2014 while 49
daily cold measurements took place during the
period of 30/10/14 to 10/1/15. Two low-volume,
identical controlled flow rate (2.3 m3/h) samplers
(DERENDA LVS 3.1) and one AMS (TEOM1400FDMS8500c) were deployed simultaneously for the
collection of the PM10 data. On the other hand, GGD



FIGURE 1
Overview of measurement urban bakground site.

FIGURE 2
Overview of measurement industrial site and steel factory.
rate (2.3 m3/h) samplers (DERENDA HVS 3.1) and
campaign started 1st of June 2014 and finished 30 th
November 2014. In total GGD collected 98 valid
two PM10 AMS (TEOM1400-FDMS8500c,
data. Two high-volume, identical controlled flow
Thermo Scientific and BAM 1020, Met One
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prCEN/TS 16450. More specifically the
action criteria on Table 1 were checked every three
months. TEOM-FDMS used in these campaigns
passed all the checks although it was not valid for the
calibration of T, P, RG sensors due to the character
of the specific AMS. The same applies for BAM
1020, where the filter tape sensors for temperature
and relative humidity were not possible to be
checked during the field campaign due to practical
limitations. These sensors were checked at the
laboratory during yearly maintenance and also met
the suggested criteria.

Instrument Inc.) were deployed simultaneously. For
each reference sampler 2 types of filter material were
used in order to identify and evaluate information on
differences in filter behaviour. Emfab and PTFE
filters with a diameter of 47 mm were used in the
case of NCSRD while EmFAB and preconditioned
QMA filters were used from GGD. Sampling periods
lasted for 24 h covering both the weekdays and the
weekends. The filters were conditioned in a
weighing room under controlled temperature and
relative humidity (T = 20±1°C and RH =50±5%)
conditions. The determination of the particle mass
concentration was conducted gravimetrically,
according to EN 12341, using an electronic
PLFUREDODQFHZLWKDUHVROXWLRQRIȝJ
TEOM-FDMS8500c was used in both sites. It
has been designated by US Environmental
Protection Agency (USEPA) as an equivalent
method for monitoring compliance with the National
Ambient Air Quality Standard for Particulate Matter.
The TEOM-FDMS has the advantage over
conventional gravimetric methods of particle mass
monitoring to provide data on an almost real time
basis for long term periods and to be a cost and
labour effective method. TEOM is based on an
oscillating filter. The whole system is heated to 50 ۬
C. The specific model used in the present campaign
is TEOM 1400a which is equipped with a Filter
Dynamics Measurement System (FDMS). The
FDMS, has a Sample Equilibration System (SES)
dryer to remove relative humidity on the ambient air.
The PM10 data were initially made available on the
1-h averages basis. Main reasons for missing data
were power failures. The daily means were produced
using a minimum of nineteen 1-h averages;
otherwise the daily value is considered as missing.
The BAM-1020 PM10-2.5 (PM-Coarse) was
used at the industrial site. It is an automated
measurement system which provides continuous
PM2.5, PM10 and PM10-2.5 particulate concentration
measurements from a single fully integrated system.
Two full-function BAM-1020 beta attenuation
particulate monitors are networked together in a
master/slave configuration using special back panel
connections and a serial network cable. Each hour,
the master unit measures the PM10 concentration,
collects the PM2.5 concentration from the other unit,
and calculates the PM10-2.5 concentration. The master
unit stores and displays all three concentrations in
actual conditions, in addition to the PM10 value in
standard conditions
After the beginning of the field campaign
technicians were visiting regularly the monitoring
sites and performed checks and maintenance based
on the performance requirements and criteria of

TABLE 1
AMS checklist
Checks
Action criteria
Checks of sensors for T, P r 2 qC, r 1 kPa, r 5
and/or RH
% RH
Check of the AMS flow r 5 %
rate(s)
Leak check of the r 2,0 %, < 0,15 l/min
sampling system
Zero check of the AMS r 3 Pg/m3
reading
Calibration of the AMS r 1 %
flow rate(s)
Calibration of sensors for r 1,5 qC, r 0,5 kPa,
temperatures,
pressure r 3 % RH
and/or humidity
Check of the AMS mass r 3 %
measuring system

RESULTS AND DISCUSSION
NCSRD campaign. A 104-days campaign
took place at NCSRD site during the period of
30/05/2014 to 10/01/2015. Within the collected
samples, the valid data were 96 (92%). The µZDUP¶
fieldwork was performed from 30/05/2014 to
30/08/2014 with the 95% of the collected data being
YDOLG  GD\V  7KH µFROG¶ ILHOGZRUN WRRN SODFH
within the period of 30/10/2014 to 10/01/2015 with
the 90% of the collected data being valid (44 days).
Fig.3 shows the daily variation of TEOM-FDMS and
gravimetric (Emfab, Whatman Teflon) PM10. It is
obvious that both filter types as well as AMS results
are very well correlated. Furthermore, an
overestimation of PM10 is observed for TEOMFDMS during all the campaign. The between RM
uncertainty (U2bs,RM) was < 1.5 (limit set by the
standard). Table 2 presents a summary statistics of
the NCSRD field campaign for PM10 concentrations
by all means of measurements.
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FIGURE 3
Daily variation of PM10 during the NCSRD sampling campaign

TABLE 2
Summary statistics of the PM 10 concentrations (ȝg/m^3) of the AMS and the two Reference
Samplers at Athens site
Period
Total
Warm
Cold
TEOM EmFAB PTFE TEOM EmFAB PTFE TEOM EmFAB PTFE
22.9
18.1
17.8
24.3
19.0
18.3
21.2
17.0
17.2
Average
48.4
52.9
50.1
37.0
36.1
30.5
48.4
52.9
50.1
Max
11.4
6.55
6.44
13.8
9.80
7.90
11.4
6.55
6.44
Min
6.61
6.84
6.66
5.52
5.08
5.17
7.43
8.40
8.09
St. Dev
Between RM
uncertainty
0.86
1.05
0.89
(U2bs,RM)

FIGURE 4A, B
PM10 Emfab versus PM10 Whatman Teflon (a) summer & (b) winter

warm and cold period, respectively)(Fig. 5 a,b & 6
a,b).

Without any dependence on the season, the two
different types of filters proved to be very well
correlated between each other (R2: 0.94 and 0.98 for
the warm and cold period, respectively) (Fig 4a,b).
Similarly, the correlation between the TEOMFDMS and the EmFAB filters as well as the
Whatman Teflon filters was significant in both case
(R2: 0.90 and 0.91 as well as 0.93 and 0.92, for the

GGD campaign. The sampling campaign at
GGD site took place during the period of 01/06/2014
to 30/11/2014. Within the collected samples, the
valid data were 98. As already mentioned during the
field validation tests two
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FIGURE 5A, B
PM10 Emfab versus TEOM- FDMS (a) summer & (b) winter

FIGURE 6A, B
PM10 Whatman Teflon versus FDMS (a) summer & (b) winter

FIGURE 7
Daily variation of AMS and reference PM10 concentartions
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types of filter media were sampled in parallel with
the use of the two Derenda LVS 3.1 reference
samplers: Whatman QMA preconditioned and
Pallflex Emfab. Fig.7 shows the daily variation of
AMS (TEOM-FDMS and BAM1020) and
gravimetric (Emfab, Whatman QMA) PM10.It is
obvious that both filter types as well as AMS results
are very well correlated (Fig.8, fig.9a,b, fig10a,b).
Furthermore, an overestimation of PM10 is observed
for TEOM-FDMS during all the campaign. On the
other hand, the BAM 1020 generally agrees the
reference method that is operated with
EN12341:2014 style heads and with Emfab filters.
There is one data point for which the BAM
significantly underestimates the reference method.


FIGURE 8
PM10 QMA versus Emfab


FIGURE 9 A,B
PM10 FDMS versus (a) QMA & (b) Emfab


FIGURE 10 A,B
PM10 BAM1020 versus (a) QMA & (b) Emfab
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Equivalence tests. Both organizations
followed the equivalence calculations set out in
CEN/TS 16450:2013. The official spreadsheet was
used, as posted on the Europa website in order to
make these calculations. The equations were shown
to be very effective in indicating the equivalence of
candidate methods with respect to the reference
method. Fig.11 and Fig.12 shows the TEOM-FDMS
equivalence calculations and results from NCSRD
and GGD measurements respectively. It is observed

that NCSRD passed the test with an expanded
uncertainty 19.3% (limit value 25%) while GGD
passed it only after calibration (16.2%). : It is worthy
to note that when the equivalence test for NCSRD
was applied only for the summer period (Fig.13), it
failed while when applied only for the winter values,
it passed (fig. 14). In any case all AMS passed the
test after calibration. As far as BAM 1020 is
concerned, it passed the test with an expanded
uncertainty 11% (Fig.15)

FIGURE 11
Equivalency test TEOM-FDMS (NCSRD)
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Equivalency test TEOM-FDMS (GGD)
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FIGURE 13
Equivalency test TEOM-FDMS (NCSRD-summer)

FIGURE 14
Equivalency test TEOM-FDMS (NCSRD-winter)
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FIGURE 15????
Equivalency test BAM (GGD)
x The between Reference Method (RM)
uncertainty was 1.05 & 098 ȝg/m3 during warm and
cold period respectively (<1.5 ȝg/m3 limitation set
by the standard)
x **'¶V%$0DQG1&65'¶V7(20FDMS passed the equivalence test when compared
to RM. On the other hand, **'¶V 7(20-FDMS
passed the test only after calibration. The latter was
DOVRWKHFDVHIRU1&65'¶V7(20-FDMS during the
warm period.
x Overall, the TEOM-FDMS was found to
overestimate PM10 concentrations at both types of
environment while BAM 1020 was found to be on
the lower end of results.

CONCLUSIONS
NCSRD Athens and GGD Amsterdam have
carried out a field validation test for the draft
Technical Specification CEN/TS 16450:2013 at a
suburban site of Ag. Paraskevi, Greece and at the
industrial site of Reyndersweg, the Netherlands
respectively, in the period 01/05/14 ± 15/01/15, with
the following main conclusions:
x Both AMS (TEOM 1400A-FDMS and
BAM 1020) met the performance requirements,
performance criteria and checks for instruments
under practical field conditions as described in
prCEN/TS 16450 (Tables 1). However, for BAM
1020 the filter tape sensors for temperature and
relative humidity were not possible to be checked
during the field campaign due to practical
limitations. These sensors were checked at the
laboratory during yearly maintenance and also met
the suggested criteria. The same applies for TEOMFDMS where the calibration of temperature,
pressure and RH sensors were not applicable because
of the positioning of the sensors within the AMS.
x The 98 pairs of valid data of parallel
reference PM10 measurements at the industrial site
show that the filter media tested, Whatman QMA
preconditioned and Pallflex Emfab, are well
correlated (R2=0.99). In addition, the 96 pairs of
valid data at the suburban site show that Emfab and
PTFE filters were very well correlated between each
other (R2: 0.94 and 0.98 for the warm and cold
period, respectively).

ACKNOWLEDGEMENTS
The study was financially supported by the
European Commission (EC) and EFTA on the basis
of Framework Partnership Agreement (FPA) 2009

REFERENCES
[1] BS EN 12341:2014. Ambient air. Standard
gravimetric measurement method for the
determination of the PM10 or PM2,5 mass
concentration of suspended particulate matter
[2] CEN/TS 16450:2013 Ambient air. Automated
measuring systems for the measurement of the
281



© by PSP

Volume 26 ± No. 1/2017, pages 273-282

Fresenius Environmental Bulletin


carbon in size segregated aerosols, in the
marine boundary layer of the Eastern
Mediterranean. Atmos Environ 64, 251±62.
[14] Caggiano R, Macchiato M, Trippetta S. (2010)
Levels, chemical composition and sources of
fine aerosol particles (PM1) in an area of the
Mediterranean basin. Sci Total Environ 408,
884±95
[15] Kassomenos P, Vardoulakis S, Chaloulakou A,
Grivas G, Borge R, Lumbreras J. (2012) Levels,
sources and seasonality of coarse particles
(PM10±PM2.5) in three European capitals ²
implications for particulate pollution control.
Atmos Environ 54, 337±47
[16] Saliba NA, El Jam F, El Tayar G, Obeid W,
Roumie M. (2010) Origin and variability of
particulate matter (PM10 and PM2.5) mass
concentrations over an Eastern Mediterranean
city. Atmos Res 97, 106±14.
[17] Pateraki St., Asimakopoulos D.N., Flocas H.A.,
Maggos Th., Vasilakos Ch. (2012) The role of
meteorology on different sized aerosol fractions
(PM10, PM2.5, PM2.5-10) Sci Total Environ
419, 124-135
[18] Grivas G., A. Chaloulakou A., Kassomenos P.
(2008) An overview of the PM10 pollution
problem, in the Metropolitan Area of Athens,
Greece. Assessment of controlling factors and
potential impact of long range transport, Sci.
Total Environ. 389, 165±177.
[19] Kalabokas PD, Adamopoulos AD, Viras LG.
(2010)
Atmospheric
PM10
particle
concentration measurements at central and
peripheral urban sites in Athens and
Thessaloniki, Greece. G Nest 12, 71±83
[20] Pateraki St., Asimakopoulos D., Maggos Th.,
Flocas H., Vasilakos Ch. (2010) The role of
wind, temperature and relative humidity on PM
fractions in a suburban Mediterranean region
Fresen. Environ. Bull. 19, 2013

concentration of particulate matter (PM10;
PM2,5)
[3] Remoundaki E, Papayannis A, Kassomenos P,
Mantas E, Kokkalis P, Tsezos M. (2013)
Influence of Saharan dust transport events on
PM2.5 concentrations and composition over
Athens. Water Air Soil Pollut. 224, 1373.
[4] Theodosi C, Grivas G, Zarmpas P, Chaloulakou
A, Mihalopoulos N. (2011) Mass and chemical
composition of size-segregated aerosols (PM1,
PM2.5, PM10) over Athens, Greece: local
versus regional sources. Atmos Chem Phys 11,
11895±911.
[5] X. Zhao, X. Zhang, X. Xu, J. Xu, W. Meng, W.
Pu. (2009) Seasonal and diurnal variations of
ambient PM2.5 concentration in urban and rural
environments in Beijing, Atmos. Environ. 43,
2893±2900.
[6] G. Buonanno, A.A. Lall, L. Stabile (2009)
Temporal size distribution and concentration of
particles near a major highway, Atmos. Environ.
43, 1100±1105.
[7] Vasilakos Ch., Saraga D., Maggos Th.,
Michopoulos J., Pateraki S., Helmis C.H. (2005)
Temporal variations of P.M2.5 in the ambient
air of a suburban site in Athens, Greece Sci
Total Environ 349, 223-231
[8] Pateraki St., Maggos Th., Michopoulos J.,
Flocas H.A., Asimakopoulos D.N., Vasilakos
Ch. (2008) Ions species size distribution in
particulate matter associated with VOCs and
meteorological conditions over an urban region
Chemosphere 72, 496-503
[9] Pateraki St., Asimakopoulos D.N., Bougiatioti
A., Maggos Th., Vasilakos Ch., Mihalopoulos
N. (2014) Assessment of PM2.5 and PM1.0
chemical profile in a multiple-impacted
Mediterranean urban area: Origin, sources and
meteorological dependence Sci Total Environ
479-480, 210-220
[10] Theodosi C., Im U., Bougiatioti A., Zarmpas P.,
Yenigun O., Mihalopoulos N. (2010) Aerosol
chemical composition over Instabul Sci Total
Environ 408, 2482-2491
[11] Terzi E., Argyropoulos G., bougatioti A.,
Mihalopoulos N., Nikolaou k., samara C. (2010)
chemical composition and mass closure of
ambient PM10 at urban sites Atmos. Environ.
44, 2231-2239
[12] Beuck H, Quass U, Klemm O, Kuhlbusch Th.
(2011) Assessment of sea salt and mineral dust
contributions to PM10 in NW Germany using
tracer models and positive matrix factorization
Atmos Environ 45 5813±21
[13] Bougiatioti A, Zarmpas P, Koulouri E,
Antoniou M, Theodosi C, Kouvarakis G. (2013)
Organic, elemental and water-soluble organic

Received:
Accepted:

CORRESPONDING AUTHOR
Dr. Thomas Maggos
Environmental
Research
Laboratory,
I.N.RA.S.T.E.S., NCSR "DEMOKRITOS", Ag
Paraskevi, Athens,Greece
e-mail: tmaggos@ipta.demokriots.gr

282



29.06.2016
26.09.2016

© by PSP

Volume 26 ± No. 1/2017, pages 283-291

Fresenius Environmental Bulletin

VERTICAL CHARACTERISTICS OF THE PM10 AND PM2.5
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ABSTRACT

INTRODUCTION

A field work investigating the vertical
differentiation of the PM10 and PM2.5 profile, took
place within a street canyon, in a heavily traffic
impacted environment. The measurements were
conducted simultaneously on different heights (1 st,
5th floor) of a 19m height building, covering both the
winter and summer period. The carbonaceous and
ionic content as well as up to 20 PAHs were
quantified in order to characterize chemically the
collected samples. With its average peaks (51.2
ȝg.m-3) being recorded near the surface, the only
significant vertical differentiation was obtained for
PM10. In the case of PM2.5, its average values were
almost equal at the two heights (33.8 and 34.0 ȝg.m3
on the 1st and 5th floor, respectively). For both
fractions, the most significant daily PM difference,
on the vertical axis, occurred during the summertime
(39%). OC was constantly, the main aerosols¶
component with increased PM10 constitutional rates
during wintertime and for PM2.5 during summer
(winter: +14%, +31%, summer: +8%, +4% for the 1st
and 5th floor, respectively). The average ȈPAHs
value was 12.8 and 11.6 ng.m-3, on the 1st and 5th
floor, respectively while the LMW congeners were
the main feature of both heights (49% and 56%).
With the increased carcinogenic/mutagenic activity
being attributed to the minimum height (1.39 and
1.72 ȝg.m-3, respectively), the health risk analysis
verified the importance of the level of exposure for
the local input. Moreover, the significance of BaP
alone as a surrogate compound for the PAHs mixture
in connection with its carcinogenic/mutagenic
potency was clearly underlined (49% - 61%).

Traffic on road is considered to be the main
source of street-level pollution in urban areas [1],
since the combustion of hydrocarbon fuels in
vehicles produces several pollutants such as
particulate matter (PM), nitrogen oxides (NOx),
uncombusted hydrocarbons (HC) and carbon
monoxide (CO) [2]. Among the traffic originated
pollutants, due to its multiple impact in atmospheric
processes, adverse health effects and global climate,
PM has attracted more attention [3]. Besides exhaust
sources, particles are also produced by the attrition
of tyres, brakes and other components (e.g. clutch)
as well as road wear ([2], [4]).
In recent years, despite the increased number of
studies that have been performed for the flow and
transport of pollutants released about a single
building and a cluster of buildings, street canyon
remains the most widely examined configuration in
urban air quality problems. Street sections flanked
with buildings and promote the accumulation of
traffic-induced pollutants, since air exchange is
restricted as a result of the isolation effect of
buildings to the air flow [5]. This is why street
canyons are considered as hot spots where exposure
levels can be very high.
With the picture of the vertical distribution of
particles in canyons being still under debate ([6],
[7]), the specific work was addressed the following
different tasks: 1. to study the variation of the PM10
and PM2.5 levels on the vertical axis, 2. to chemically
analyze the collected samples in connection with
their ionic, carbonaceous and polyaromatic
hydrocarbon content 3. to evaluate the vertical
carcinogenic and mutagenic potential of PM2.5bound PAHs, within the street canyon and 4. to
investigate the differentiation of the PM10 and PM2.5
profile during different pollution cases.

KEYWORDS:
Particulate Matter; Vertical Characteristics; Ionic
Species; Carbon Elements; PAHs; Health
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 WR  ZHUH TXDQWL¿HG LQ the collected PM2.5
aerosols: acenaphthene (Ace), fluorene (Fl),
phenanthrene (Phe), anthracene (Ant), fluoranthene
(Fla), pyrene (Pyr), benzo[a]anthracene (BaA),
chrysene (Chry), benzo[b]fluoranthene (BbF),
benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP),
dibenzo(a,h)anthracene
(dBaAnt),
benzo[g,h,i]perylene (BghiPer), acenaphthylene
(Acy), 2-methylphenanthrene (2-MePhe), 1methylphenanthrene
(1-MePhe),
3,6±
dimethylphenanthrene
(3,6
dMePhe),
benzo[e]pyrene (BeP), perylene (Per) and
indeno(1,2,3-c,d)pyrene (IndP). The sampling and
the analysis of the polyaromatic hydrocarbons was
performed according to ISO 12884.

MATERIALS AND METHODS
Study Area characteristics. With the principal
aim to investigate the fundamental factors regulating
the behaviour of the traffic related airborne particles,
PM10 and PM2.5 samples were collected within a
roadside environment. The simultaneous placement
of the experimental equipment on different heights
of a 19m high building (1st and 5th floor, H/W
ratio~1.5) within a street canyon, next to the busiest
roads of the urban atmosphere of Athens (Mesogion
and Kifissias), allocates the analysis of the
configured vertical PM profile (Fig.1).

Statistical Analysis. Additional statistical
analysis by means of T-test, calculation of the
Pearson coefficients was utilized to verify the
statistical significance of the observed differences
between the investigated groups. They were
performed with the use of the statistical package
SPSS 20, at 95% confidence level.
Risk health assessment approach. BaP has
been recognized as the most carcinogenic
polyaromatic hydrocarbon and is often used as an
indicator of human exposure to PAHs. However,
virtually all congeners are recognized having
potential carcinogenic effect and the toxic
equivalency factor (TEF) method has been largely
used to assess the carcinogenic potential of PAHs
mixtures. The toxic equivalency is computed
applying
the
formula

FIGURE 1
Monitoring Site
Experimental,
Instrumentation
and
Analytical techniques. During the 20-days
fieldwork (winter: 17/12/13-3/1/1/14, summer: 22/91/10/14), a total of 80 samples were collected.
Four low-volume, controlled flow rate (2.3
m3.h-1) samplers were used simultaneously collecting
PM on Quartz filters with diameter 47 mm.
Sampling periods lasted 24h covering different
meteorological and emission scenarios. The filters
were pre-baked before the use at 5500C in order to
reduce residual carbon levels associated with them
while they were conditioned, in a weighing room
under controlled temperature and relative humidity
(T=20±10C and RH=50±5%) conditions. The
particle mass concentration determination was
conducted gravimetrically using an electronic
microbalance with a resolution of 1 ȝg according to
EN 12341:2014.
2





¦ 

u   where

Ci is the concentration and TEFi is the TEF value of
the ith indentified hydrocarbon. Of the various
established TEFs, those by Nisbet and LaGoy [10]
seem to accurately reflect the current knowledge on
the relative potency of individual PAHs ([11], [12],
[13], [14]). In the case of B(e)P and dBaAnt, the
corresponding TEFs were adopted from Malcolm
and Dobson [15]. Similarly, just with the
replacement of TEF with MEF (Mutagenic
Equivalency Factors) proposed by Durant [16], the
mutagenicity related to BaP ([BaP]MEQ) was also
calculated [13].



Water-soluble ions (Cl-, 12 , SO 4 , 1+  ,


¦  

RESULTS AND DISCUSSION

K+, Mg2+, Ca2+) were detected using suppressed ion
chromatography (IC) while the carbon elements (OC
(organic carbon), EC (elemental carbon)) were
determined with the use of a carbon (Sunset Lab,
USA) analyser ([8], [9]). It should be mentioned that
the Na+ cations were calculated following the
method of Pateraki [8]. Finally, twenty Polyaromatic
Hydrocarbons (PAHs) with a molecular mass from

General Characteristics. PM Mass. In
general, the daily PM10 and PM2.5 values did not
exceed 114 and 102 ȝg.m-3, respectively. Clearly
associated with the distance from the level of the
exposure, the average PM10 peak was obtained on the
1st floor. Similarly, analysing the daily variation
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TABLE 1
Average variation of the PM10 and PM2.5 mass (in ȝg.m-3)
5th floor
1st floor
PM10
PM2.5
PM2.5/PM10
PM10
PM2.5
51.2
33.8
0.62
48.9
34.0
68.1
52.1
0.73
66.9
54.8
34.3
15.4
0.51
30.9
13.2
77.6
53.8
0.72
75.6
55.3
24.8
13.8
0.56
22.2
12.7

Total Period
Winter
Summer
Exceedances
Non-exceedances

 

 

 



 

PM2.5/PM10
0.65
0.79
0.52
0.76
0.59
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Figure 2d
FIGURE 2
Average compositional rates of a) PM 10 on the 1st floor, b) PM10 on the 5th floor,
c) PM2.5 on the 1st floor and d) PM2.5 on the 5th floor.
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FIGURE 3
Average compositional rates of the winter a) PM 10 on the 1st floor, b) PM10 on the 5th floor,
c) PM2.5 on the 1st floor and d) PM2.5 on the 5th floor
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of the specific fraction on the vertical axis, it came
obvious that in 80% of the experimental days, the
recorded concentrations near the surface were higher
than the corresponding one which were obtained on
the 5th floor. On the contrary, the average PM2.5
maxima occurred on the maximum height (Table 1)
with the 50% of the experimental period being
characterized by the occurrence of the concentration
peaks on the specific level. Interestingly enough, the
YHUWLFDO GLIIHUHQWLDWLRQ RI WKH SDUWLFOHV¶ PDVV ZDV
statistically significant (p<0.05) only in the case of
PM10. As far as the PM2.5/PM10 ratio is concerned, it
was statistically differentiated (p<0.05) between the
two heights with PM10 being mainly composed of
PM2.5 (up to 89% and 91%, on the 1st and 5th floor,
respectively).

TABLE 2
Average characteristics of the detected PM2.5bound PAHs (ng.m-3) on the different sampling
heights during the total sampling period
1st Floor
5th Floor
ȈPAHs
12.8
11.6
LMW
4.79
5.12
MMW
2.45
1.96
HMW
5.53
4.49
6.11
5.06
CANPAHs
Pollution Cases. In an attempt to investigate
further the particles profile on the vertical axis, the
collected data were categorized according four
different scenarios the i) winter, ii) summer iii)
exceedances and iv) non exceedances days. The soFDOOHG µexceedances¶ GD\V UHIHU WR WKRVH ZKLFK
coincide with higher PM10 and PM2.5 concentration
values being compared to the daily limit values set
by the European Union (50 and 25 ȝg.m-3,
respectively).
Seasonally, as it was expected, the
concentrations of both fractions (Table 1) as well as
the daily PM2.5 partitioning in the PM10 mass during
the winter period was higher (from 54% to 89% and
from 63% to 91% for the 1 st and 5th floor,
respectively) than the one of the summer (from 33%
to 74% and from 31% to 80% for the 1st and 5th floor,
respectively). The results are largely explained by
the fact that the primary emissions and the stable
prevailing atmospheric conditions during the
VSHFLILFSHULRGHQKDQFHWKHSDUWLFOHV¶FRQFHQWUDWLRQV
[18].
With the only exception being the Na+ and Clspecies at the PM10 fraction, the average budget of
the detected chemical components, including the
PAHs, was higher during the wintertime, due to the
increased emissions. It is worthy to note that the
maximum difference was registered at PM2.5 for K+,

PM Chemical Constituents. Compositionally,
despite the different distributions of the PM
components, a common characteristic became
obvious: organic carbon, being followed by sulfates,
was the main constituent (Fig. 2). It is worth
commenting on the increasing trend of the
compositional rates


2

(OC, EC, 1+  , Mg2+, Ca2+, SO 4 ) increasing
the height for the PM10 fraction and the exact
opposite behaviour in the case of PM2.5. The strong
correlation of the prevalent chemical species with
the particles mass (for OC: PM10: 0.80 and 0.81 for
the 1st and 5th floor, respectively, PM2.5: 0.91 and
0.95 for the 1st and 5th floor, respectively and for SO
2
4

: PM10: 0.73 and 0.75 for the 1st and 5th floor,
respectively, PM2.5: 0.81 and 0.80 for the 1 st and 5th
floor, respectively) strengthens the hypothesis for
their local and more specifically traffic identity.
Investigating the PAHs profile on the collected
PM2.5 samples, their strong association with the
traffic emissions came obvious. The maxima were
the main characteristic of the minimum height
(Table 2). The PM2.5-bound hydrocarbons did not
exhibit significant vertical differences (p-value
>0.05) while from all the analyzed congeners, the
peaks were attributed to Phe. A PAH classification
can be done based on the number of their aromatic
rings their molecular weight and those which have
carcinogenic properties (Table 2, [17]). Near the
surface, with their daily contribution reaching up to
82%, LMW- PAHs dominated (in 61% of the cases)
within the PM2.5 fraction. Similarly, on the maximum
height the daily prevalence of the specific
homologues appeared to be up to the 93% (in 67%
of the cases). Considering the congeners which are
classified as promoters of carcinogenic risk
(CANPAHs), they were more abundant, as it was
expected, on the minimum height representing on
average the 43% of the total PAHs. The daily
contribution of the specific class of the hydrocarbons
varied between 4% and 80% on the 1st floor as well
as between 3% and 81% on the 5th one.

12

and

Mg2+

(92%,

89%

and

80%,

respectively). Following the general trend, OC was
the main PM constituent (up to 37% for PM10 and
40% for PM2.5 as well as up to 40% for PM10 and
38% for PM2.5, for the 1st and 5th floor, respectively,
Fig. 3, 4). Without any seasonally dependence,
increasing the height, the OC contribution on the
PM10 fraction was increased. The exact opposite
picture was verified for PM2.5. It is worthy to note
the absence of a statistical vertical differentiation of
the PM10 mass in the winter case (p>0.05) as well as
on the EC component for both fractions.
As far as the polyaromatic hydrocarbons are
concerned, the average Phe abundance was
seasonally independent. The winter samples were
characterized by the highest partitioning of the high
molecular weight homologues while the LMWPAHs were the main feature of the summertime (Fig.
5a). The emissions increase (more traffic), the
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GHFUHDVHRIWKHSROOXWDQWV¶GLVSHUVLRQGXHWRDGYHUVH
meteorological conditions, the decrease of the
photochemical degradation of PAHs due to ozone
and
NOx
reactions
and
the
higher
condensation/adsorption of PAHs in suspended

particles in the air at lower temperature might be the
explanation for the obtained picture [18]. The same
picture was obtained for the seasonal variation of the
carcinogenic budget (Fig. 5b).
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FIGURE 4
Average compositional rates of the summer a) PM 10 on the 1st floor, b) PM10 on the 5th floor,
c) PM2.5 on the 1st floor and d) PM2.5 on the 5th floor
LMW
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Figure 5a
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Figure 5b
FIGURE 5
Vertical variation of the average concentration values of the detected
PM2.5-bound PAHs (ng.m-3) during the different investigated pollution cases according
a) the molecular weight and b) the carcinogenic components

287

© by PSP

Volume 26 ± No. 1/2017, pages 283-291
 

Fresenius Environmental Bulletin
 

 

 

 


 


 
 

 
 
 

 

  
 

 





 




Figure 6a




 

Figure 6b
 

 

 

 


 

 

 
 
 
 
 
 

 
 
 
 
   

 

Figure 6c

 

Figure 6d

FIGURE 6
Average compositional rates of the a) PM 10 on the 1st floor, b) PM10 on the 5th floor,
c) PM2.5 on the 1st floor and d) PM2.5 on the 5th floor during the exceedances days
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FIGURE 7
Average compositional rates of the a) PM 10 on the 1st floor, b) PM10 on the 5th floor,
c) PM2.5 on the 1st floor and d) PM2.5 on the 5th floor during the non-exceedances days
SDUWLFOHV¶ PDVV ZDV DQ LQFUHDVHG SURSRUWLRQ RI
organic carbon (up to 24% and 28% during the
exceedances and non exceedances, respectively, Fig.
6, 7). However, it should be underlined the high
degree of the OC differentiation. As far as the PM10
is concerned, its average contribution on the 1st floor
was constant (21%) whereas on the 5 th one, it was
higher during the exceedances (23% and 20% for the
exceedances and non exceedances, respectively). In
the case of PM2.5, the OC involvement was
constantly higher during the clean days (+20% and
8% for the exceedances and non exceedances,
respectively). Analyzing the

In 50% and 45% of the experimental days, the
recorded PM10 and PM2.5 concentrations,
respectively, exceeded the daily corresponding
European limit values, highlighting the pollution
problems of the selected environment. It is worthy to
note the equal vertical increase of the PM ratio
(+22%), during the exceedances as well as the
statistical vertical differentiation of only the PM10
fraction and only during the clean days. Most of the
exceedances (80%) were associated with the
increased traffic volume during the wintertime.
Following the general trend and without any
dependence on the intensity of the PM load, the
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FIGURE 8
Vertical variation of the a) total carcinogenic and mutagenic potency and b) average contribution
of the carcinogenic potency of BaP during the different investigated pollution cases.
as a surrogate compound for PAHs mixture [20]. In
particular, without any dependence, the contribution
of the carcinogenic potency of BaP was more
significant than all the other congeners (Fig. 8b).
However, with the only exception being the summer
period, it is worthy to emphasize the higher rates of
the BaP carcinogenic activity on the 5th floor being
compared with the one at 1st floor (Fig. 8b). As far as
the mutagenic activity of the PAHs mixture is
concerned, it follows the carcinogenic one (Fig. 8b).

individual behaviour of the other components, a

higher K+ and 12 contribution was observed
during the polluted days (up to +60% and +40%,
respectively) while in the case of the EC, Mg2+, Ca2+
2
and SO 4 involvement it was maximum during the
low PM burden days (+ up to 74%, +205%, +142%
and +88%, respectively).
In the case of the polyaromatic hydrocarbons,
during the exceedances HMW- PAHs dominated at
both heights (Fig. 5a) with their involvement
reaching the 72% and 68% on the 1st and 5th floor,
respectively. On the contrary, the absence of
exceedances was characterized by the increased
concentration values (Fig. 5a) of the lower molecular
weight homologues (up to 82% and 90% on the 1st
and 5th floor, respectively). Considering the
congeners which are classified as promoters of
health risk (CANPAHs), they were more abundant,
as it was expected, during the exceedances. The
same behaviour was obtained for both heights (Fig.
5b).

CONCLUSIONS
The traffic originated airborne particles and
more specifically the differentiation of their vertical
profile within a street canyon is the main objective
of the specific work. Owing to the complicity of the
its character, the particulate pollution was
investigated in terms of both PM10 and PM2.5. All the
collected samples have been analyzed for the
determination of their carbonaceous and ionic
content while up to 20 PM2.5-bound PAHs have been
detected.
Complying well with the literature, the analysis
of the results emphasizes the diversity of the
character of the different diameter particles. The
local input being combined with the distance from
the level of the exposure appeared to be determinant
for PM10 while in the case of PM2.5 the critical factor
was the atmospheric chemistry and the mechanisms¶
of the aerosols formation. In accordance with the
previous hypothesis, the maximum PM10 load was
recorded near the surface while the PM 2.5 peak
occurred of the maximum height. It is worthy to note
the absence of a statistical differentiation on the

Cancer and mutagenic risk estimation. As a
consequence of the importance of the local input
when asses exposure [19], the average peaks of the
corresponding [BaP]TEQ and [BaP]MEQ indexes were
obtained on the minimum height (Fig. 8a).
Investigating each pollution case separately, the
most significant vertical differences for the both the
total carcinogenic and mutagenic activity of the
PAHs was recorded during the summertime (Fig.
8a).
According to the BaP equivalency results, the
carcinogenic potency of BaP alone was determinant,
verifying the importance of the specific hydrocarbon
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characteristics and particle mass and number
concentration variability within a busy urban
street canyon. Atmos Environ 40, 7565±7578.
[7] Quang, T.N., He, C., Morawska, L., Knibbs,
L.D., Falk, M.
(2012) Vertical particle
concentration profiles around urban office
buildings. Atmos Chem Phys 12, 5017±5030.
[8] Pateraki, St., Assimakopoulos, V.D., Bougiatioti,
A., Kouvarakis, G., Mihalopoulos, N.,
Vasilakos, Ch. (2012) Carbonaceous and ionic
compositional patterns of fine particles over an
urban Mediterranean area. Sci. Total Environ
424, 251-263.
[9] Pateraki, St., Asimakopoulos, D.N., Bougiatioti,
A., Maggos, T., Vasilakos, Ch., Mihalopoulos,
N. (2014) Assessment of PM2.5 and
PM1 chemical profile in a multiple-impacted
Mediterranean urban area: Origin, sources and
meteorological dependence. Sci. Total Environ
479±480, 210±220.
[10] Nisbet, I.C.T. and Lagoy, PK. (1992) Toxic
Equivalency Factors (TEFs) for Polycyclic
Aromatic Hydrocarbons (PAHs). Regul Toxicol
Pharm 16, 290-300.
[11] Teixeira, E.C., Agudelo-Castañeda, D.M.,
Fachel, J.M.G., Leal, K.A., de Oliveira Garcia,
K., Wiegand, F. (2012) Source identification
and seasonal variation of polycyclic aromatic
hydrocarbons associated with atmospheric fine
and coarse particles in the Metropolitan Area of
Porto Alegre, RS, Brazil. Atmos Res 118, 390±
403.
[12] Amador-Muñoz, O., Bazán-Torija, S., VillaFerreira, S.A., Villalobos-Pietrini, R., BravoCabrera, J.L., Munive-Colín, Z., HernándezMena, L., Saldarriaga-Noreña, H., MurilloTovar, M.A. (2013) Opposing seasonal trends
for polycyclic aromatic hydrocarbons and
PM10: Health risk and sources in southwest
Mexico City. Atmos Res 122, 199±212.
[13] Masiol, M., Hofer, A., Squizzato, S., Piazza, R.,
Rampazzo, G., Pavoni, B. (2012) Carcinogenic
and mutagenic risk associated to airborne
particle-phase polycyclic aromatic hydrocarbons: A source apportionment. Atmos
Environ 60, 375-382.
[14] Hanedar, A., Alp, K., Kaynak, B. $YúDU, E.
(2014) Toxicity evaluation and source
apportionment of Polycyclic
Aromatic
Hydrocarbons (PAHs) at three stations in
Istanbul, Turkey Sci. Total Environ 488-489,
437±446.
[15] Malcolm, H.M., Dobson, S. (1994) The
Calculation of an Environmental Assessment
Level (EAL) for Atmospheric PAHs using
Relative Potencies. HMIP-Commissioned
Research, Department of the Environment,
London.
[16] Durant, J.L., Busby, Jr. W.F., Lafleur, A.L.,
Penman, B.W., Crespi, C.L. (1996) Human cell

vertical axis in the case of the PM2.5 mass. Analyzing
the seasonal behavior of the configured PM budget,
the intensity of the local emissions and more
specifically their prevalence over the atmospheric
chemistry is the explanation for the higher winter
values for both fractions. This might also be the
reason for the more often occurrence of the
exceedances of the E.U. PM limit values.
Compositionally, the constant prevalence, even
with different rates, of the organic carbon and the
sulfates as well as their verified local (statistically
significant correlation between the PM mass and the
specific constituents) origin, strengthens the
importance of the locally produced particles. As far
as the polyaromatic hydrocarbons are concerned,
being closely related with the traffic input, their
maxima occurred on the minimum height. As it was
expected, the most probable human carcinogens
were found to be mainly concentrated near the
surface being accompanied with the highest TEQ
and MEQ values. It is worth commenting on the
prevalence of the HMW and LMW homologues
during the winter/exceedances and summer/non
exceedances days, respectively.
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VOCS, PAHS AND IONS MEASUREMENTS IN AN OFFICE
ENVIRONMENT IN THE VICINITY OF A SMALL INDUSTRY
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RFFXSDQWV¶ health and wellbeing. People spend an
essential part of their day in their workplaces. The
investigation of pollutant concentrations in
microenvironments such as offices, becomes a
critical factor in order to identify and understand the
human exposure. The indoor air quality (IAQ) can be
determined by the air exchange rate between indoor
and outdoor environment, the outdoor air quality and
from any indoor sources of pollutants [1]. Building
construction materials, cleaning activities or
electronic equipment are determinants of the air
quality. The presence of volatile organic compounds
(VOCs) and Particulate Matter (PM) concentration
in the indoor air could contribute to adverse health
effects.
Moreover,
the
outdoor
environment
contribution becomes an essential parameter. Philips
et al. [1] studied the air quality in four offices in
central London where results showed that the indoor
pollution concentrations may be up to 80% from the
outdoor concentrations and they follow at a lower
level the outdoor trend. Pollution levels in the offices
could be determined by the ventilation rates, the air
mixing and the source location. An investigation of
a nonsmoking, naturally ventilated office in London
was carried out by Jamieson et al. [2]. Results
showed that office environment comprises various
microenvironments with different VOC levels. In
some cases the indoor sources could lead to higher
pollution levels than the outdoor. The air quality in
17 mechanically ventilated offices buildings in
Bangkok was examined by Ongwandee et al. [3].
VOCs concentrations varied through the monitored
buildings but the dominant pollutant were toluene
and limonene with average concentration of 110 and
ȝJP3 respectively. Also indoor concentration
of aromatic compounds and limonene were
significantly higher than the outdoor.
In another study by Chatoutsidou et al. [4], who
investigated particulate matter concentration PM10 in
a modern office building in Norway, it was found
that indoor particulate concentration was influenced
mainly from the presence of people, resuspension
activities and from the outdoor sources.
Concentration followed temporal fluctuations
similar to those from outdoors. Koponen et al. [5]

ABSTRACT
In the frame of the present study, air quality
measurements have been performed in two
buildings, an office building and a small plastic craft
industry, both located in a semi- industrial area of
Athens. The monitoring campaign lasted for three
days during September 2014 and included Volatile
Organic
Compounds
(VOC)
and
PM10
measurements. The chemical characterization of
PM10 fraction included analysis for Polycyclic
Aromatic Hydrocarbons (PAH) and ionic species
(major anions and cations).
In the case of the office building, benzene
indoor concentration ranged between 1.04 and 2.75
ȝJP3 GXULQJWKHILUVWGD\DQGDQGȝJP3
during the second day. Toluene and styrene indoor
DYHUDJHYDOXHVZHUHDQGȝJP3 for the first
day while in the second day were lower. PM10
DYHUDJHFRQFHQWUDWLRQZDVȝJP3 in the office
DQG  ȝJP3 outdoors. Regarding the plastic craft
industry building, benzene, toluene and styrene
average concentrations were 9.29, 109.44 and
ȝJP3 respectively. PM10 concentration was
 ȝJP3 in the industry DQG  ȝJP3 outdoors.
Measurements in the office building showed higher
PAH concentrations probably due to the heavy
electronic devices (PC, printers etc.) which is
equipped. SO42- and NH4+ concentrations recorded
higher values in the craft industry, 3.53 and 5.09
ȝJP3 respectively, due to different activity within
the indoor environment. In general, the measured
compounds levels were below the proposed limits;
recording the higher values in the plastic craft
industry building.

KEYWORDS:
VOCs, PAHs, Ions, particulate matter, offices

INTRODUCTION
Indoor air quality continues to be a significant
concern, especially in urban areas. The level of air
pollution inside the buildings can affect their
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selected for the measurements. The outdoor
site was at the ground floor at the same facade. For
the second sampling site, a location between the
production area and the warehouse was selected. The
outdoor location was at South-East façade on the
ground floor.

indicated, in a selected office building, that indoor
particles are mainly of outdoor origin and pointed out
that the ventilation has a significant influence on the
indoor particle concentrations. Regarding the factors
affecting the PM levels in office environments, a
significant influence of ventilation on particles
ȝPOHYHOVZDVREVHUYHGDOVRE\Saraga et al. [6].
The human activities in the offices and their relation
to the PM concentrations was also pointed out from
Luoma et al. [7] who indicated the influence of the
number of occupants in an office environment as I/O
ratio values (for TSP), decreased from 0.60 to 0.48
to 0.32 for offices with <10 m2, 10-20 m2 and >20 m2
per occupant, respectively. In the same study,
resuspension from the floor was indicated by the
higher impacts found at low (0.4m) heights for the
larger (5-ȝP SDUWLFOHVZKLFKDUHPRVWUHDGLO\UHsuspended.
The present study focused on the investigation
of indoor air quality of two different environments.
For that reason, measurements of VOCs and
particulate matter concentrations took place in a
modern working environment and a small plastic
craft industry for qualifying pollution levels and
determine indoor/outdoor relations. VOCs and PM10
mass
concentration
and
their
chemical
characterization
for
Polycyclic
Aromatic
Hydrocarbons (PAH) and ionic species (major
anions and cations) were studied. Indoor and outdoor
consecrations were measured to examine the
contribution from outdoors as well as the influence
of indoor sources in the indoor environment.

FIGURE 1
Location of the building in Athens
Sampling and Analytical methods. Volatile
Organic Compounds (VOCs) and PM10 samples
were collected during three days in September 2014
(two days in the building office and one day in the
small industry). VOCs samples were taken every
hour during working hours. VOC samples were
collected using low volume personal pumps (SKC)
and pre-conditioned glass tubes filled with Tenax TA
(Chrompack) at flow ratios of about 80 mL/min for
30 minutes. Moreover, duplicate samples were
taken, sampling for 60 minutes. Samples were
analyzed using a thermal desorption unit (Gerstel
TDSA) coupled to a gas chromatograph (Agilent
6890N), equipped with a mass spectroscopy detector
[8]. The expanded uncertainty of the method was
calculated to 13.3% (95%, k=2).
Daily samples of suspended particulate matter
were collected on 47 mm quartz fiber filters
(Whatman), mounted in Low Volume Air Sampling
System (Derenda LVS3.1/PMS3.1-15 with a PM10
inlet). The air flow rate was set to 2.3 m3/h for 24
hours of sampling beginning at approximately 09:00
pm and the total sampled volume per filter was
approximately 55.2 m3. Particle mass concentrations
were determined gravimetrically using an electronic
microbalance (Mettler Toledo MX-5) with a
resolution of 10-6 g, which was placed in a
sweighting rooms. In order to create the appropriate
conditions in the weighting room (T= 20 r 1qC, R=
50 r 5%), temperature and relative humidity were
automatically controlled with the use of an airconditioner operating on a continuous basis. Filters
were left to the weighting room for 48-hours before
and after sampling according to EN 12347 (CEN,
1998). After weighting, the samples were stored at 20oC prior to analysis and for no longer than two

MATERIALS AND METHODS
Sampling area. Field measurements were
made in two buildings, an office building and a small
plastic craft industry, both located in the area of
Athens (38.05oN 23.47o E at 214m above the sea).
The site is in a semi-industrial area, close to the
highway and approximately 20km from the coast
line as it shown in Figure 1. The distance between
the office building and the small industry is
approximately less than 100m. Both buildings are
100m away from the highZD\ ,W¶V a three-floor
building with brick and mainly glass frame. Offices
are connected with operable windows where
occupants could open them at any time and they were
equipped with office furniture and computers. The
building was mechanically ventilated and smoking
was prohibited. The small industry was a single floor
building. It was separated in two main sections, the
warehouse and the production area which were
internally connected while being mechanically
ventilated. In the production area, plastic material
was processed and in the warehouse the raw material
was stored and small vehicles were circulated.
For the first sampling site, an open plan office
on the second floor with a South-East orientation was
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were determined using a Metrosep A Supp 5
250/4.0mm column, with an eluent mixture of
3.2mM Na2CO3 and 1.0mM NaHCO3 and its flow
rate during the analysis was equal to 0.7 ml/min. The
Ion chromatography injection volume was 20 μl, the
run time was 30 min and the column temperature was
kept to 30oC. The detection limits for Cl-, NO3- and
SO42- ZHUH DQGȝJP3 respectively.
For cations, a Metrosep C4 250/4.0mm column, with
an eluent of 4.4mM HNO3 solution was used and its
flow rate during the analysis was equal to 0.9
ml/min. The ion chromatography injection volume
was 10 μl, the run time was 30 min. The detection
limits for Na+, NH4+, K+, Mg2+ and Ca2+ were 0.05,
   DQG ȝJP3 respectively. Field
and laboratory blank were routinely analyzed for
both PAHs and anionic species and the results were
subtracted from the sample values.

weeks prior to extraction.
Extraction and analysis of PAHs. After the
determination of particulate concentration the filters
were divided into two pieces. The methodology for
extraction of PAHs from filter samples is described
elsewhere [9]. Briefly, one quarter of the filters were
ultrasonic extracted twice with 40 ml of
dichloromethane. The extracts concentrated to 5 ml
and n-hexane (10ml) was added twice and rotary
evaporated until 2-3 ml of n-hexane remained. The
n-hexane extract was transferred quantitatively to a
pre-washed with dichloromethane column (25 cm x
0.9 cm i.d.) of silica gel topped with 0.5 g of
anhydrous sodium sulphate. The PAH fraction was
collected by eluting the column with 10 ml of a
mixture of n-hexane-ethylacetate 9:1. The eluate was
concentrated up to 2 ml and then was further
concentrated up to 100 μl by the gently steam of pure
nitrogen. All chemicals used were of analyticalreagent
grade
unless
stated
otherwise.
Dichloromethane, n-hexane, ethylacetate and
isooctane were purchased from Merck-Germany
(SupraSolv for gas chromatography).
Extracts were analysed for PAHs using a DB5MS capillary column (30m, 0.25mm I.D., 0.25μm
film thickness) by Agilent Technologies 6890N gas
chromatograph coupled to a 5973 mass selective
detector (GC-MSD) operated in the selected ionmonitoring mode (SIM). The final determination of
the 2- to 6-ring PAHs was carried out according to
the following parameters:
Carrier gas: Helium (1ml/min, constant flow)
Temperature programme: 60oC (1min), 60oC ±
o
290 C (15oC/min) 290oC (15min)
Injection Volume: 1μl (splitless)
Injector temperature: 285oC
The transfer line was held at 280oC and the
identification - quantitation were based on
calibration with standard PAHs solutions using the
mass spectrometric parameters and on the basis of
internal standard solution of deuterated PAHs (d8Nap, d10-A, d10-Phe, d10-Chr, d10-Pyr, d12B[ghi]P and d12-Perylene. The internal standard
PAHs solutions were purchased from Dr.
Ehrenstorfer (Augsburg, Germany) and added prior
to the analysis. The Limit of Detection (LOD) and
Limit of Quantitation (LOQ) of the method were
around 0.001 and 0.003 ng/m3, respectively, for each
PAH.

RESULTS AND DISCUSSION
Volatile organic compounds. Table 1
summarizes the concentrations measured during the
three days of the monitoring campaign. In general,
data have shown a variation between the two
different indoor environments. Most values were
below 50 ȝg/m3 expect for some cases in the plastic
craft industry where some compounds had the
maximum concentrations. In the case of the office
building, benzene indoor concentration ranged
EHWZHHQDQGȝJP3 during the first day and
DQGȝJP3 during the second day. Toluene
and styrene indoor average values were 5.69 and
ȝJP3 for the first day while in the second day
were lower. P,m-xylene values ranges from 2.62 to
ȝJP3. Concentrations under the detection limit
was found for 2-butoxyethanol, Linalool, a-pinene,
b-pinene, 3-carene, a-terpineol and geraniol. In
general, values were almost similar between the two
days expect for d-limonene which showed an
increased value 19.86ȝg/m3 during the second day.
Regarding the plastic craft industry building,
higher values were observed for benzene,
ethylbenzene, toluene and styrene while average
concentrations were 9.29, 55.01, 109.44 and 209.89
ȝJP3respectively. Values below the detection limit
were found for dihydromyrcenol, Linalool, b-pinene,
a-terpineol
and
geraniol.
2-butoxyethanol
concentration was found to be up to 28.05ȝg/m3,
while being absent in the office building. In general
BTX concentrations were higher in the plastic craft
industry.

Extraction and analysis of ionic species. The
second half of the filter was placed in an Erlenmeyer
flask with 10 ml of ultra-pure water (Millipore Direct
4 UHVLVWLYLW\ 0  DQG WKHQ WUHDWHG LQ DQ
ultrasonic bath for 30 min. The extract was then
filtrated through 0.45μm Nylon syringe filters and
injected to a Metrohom 850 Professional and a 882
Compact IC plus, chromatographic systems for
anion and cation analysis respectively. The anions
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TABLE 1
Indoor and outdoor VOCs concentrations

COMPOUND
n-Hexane
Benzene
Trichloroethylene
Tetrachloroethylene
Octane
Ethylbenzene
p,m-xylene
o-xylene
2-butoxyethanol
1,2,4trimethylbenzene
Dihydromyrcenol
Linalool
Toluene
Styrene
a-pinene
b-pinene
3-carene
d-limonene
Naphthalene
a-terpineol
Geraniol

COMPOUND
n-Hexane
Benzene
Trichloroethylene
Tetrachloroethylen
e
Octane
Ethylbenzene
p,m-xylene
o-xylene
2-butoxyethanol
1,2,4trimethylbenzene
Dihydromyrcenol
Linalool
Toluene

Office building - Day 1 Indoors
Ave
SD
Min
Max
1.29
0.39
0.94
1.94
1.59
0.48
1.04
2.75
1.50
1.46
0.25
3.88
0.26
0.10
N.D. 0.37
1.59
0.73
0.65
2.41
2.21
1.07
1.07
3.68
3.38
0.59
2.62
4.14
1.23
0.19
0.97
1.57
N.D. N.D. N.D. N.D.
1.06
0.34
0.64
1.57

Office building - Day 1 Outdoors
Ave
SD
Min
Max
1.51
0.97
0.80
3.60
2.00
1.13
1.20
4.48
1.31
1.75
N.D. 4.78
0.23
0.12
N.D. 0.36
1.32
0.83
0.42
2.46
2.05
1.24
0.83
4.30
3.44
1.22
2.33
5.91
1.22
0.36
0.89
1.92
N.D. N.D. N.D. N.D.
0.92
0.40
0.53
1.75

Office
Indoors
Ave
1.02
1.17
0.35
0.20
1.72
0.95
3.09
1.10
N.D.
1.00

building - Day 2 SD
0.24
0.28
0.90
0.21
0.78
0.35
1.12
0.32
N.D.
0.39

Min
0.43
0.88
N.D.
N.D.
0.80
0.50
1.71
0.76
N.D.
0.56

Max
1.19
1.96
3.05
0.49
2.75
1.73
5.63
1.83
N.D.
1.62

0.14
N.D.
5.69
3.13
0.87
N.D.
N.D.
0.38
0.12
N.D.
N.D.

N.D.
N.D.
6.69
2.56
1.25
N.D.
N.D.
0.32
0.08
N.D.
N.D.

0.24
N.D.
4.84
0.34
1.19
N.D.
N.D.
2.29
0.13
N.D.
N.D.

0.02
N.D.
2.03
0.09
0.16
N.D.
N.D.
5.83
0.03
N.D.
N.D.

0.21
N.D.
2.68
0.27
0.91
N.D.
N.D.
0.28
0.09
N.D.
N.D.

0.29
N.D.
10.64
0.54
1.38
N.D.
N.D.
19.86
0.15
N.D.
N.D.

0.03
N.D.
1.02
2.98
0.75
N.D.
N.D.
0.23
0.01
N.D.
N.D.

0.12
N.D.
4.41
0.13
0.00
N.D.
N.D.
0.18
0.09
N.D.
N.D.

a-pinene
b-pinene
3-carene
d-limonene
Naphthalene
a-terpineol
Geraniol

N.D.
N.D.
2.21
3.16
0.79
N.D.
N.D.
0.34
0.02
N.D.
N.D.

Industry - Day 3 - Indoors

N.D
.
N.D
.
4.94

0.00
0.00

0.19
1.18
N.D
.
N.D
.
0.22
0.09
N.D
.
N.D
.

0.09
0.38
N.D
.
N.D
.
0.23
0.03
N.D
.
N.D
.

N.D.
N.D.
10.71
8.94
2.94
N.D.
N.D.
1.04
0.11
N.D.
N.D.

Industry - Day 3 - Outdoors

Ave
2.60
9.29

SD
2.44
23.04

Min
0.55
1.28

Max
8.35
70.73

SD
2.64
28.0
6
3.10

Min
0.22
1.08

Max
7.13
70.08

0.31

Ave
1.79
12.8
0
1.32

0.13

0.13

N.D.

N.D.

7.65

0.63

0.54

N.D.

1.33

1.86

0.78

1.33

3.41

1.00
55.01
4.18

1.08
23.63
6.22

0.45
23.53
1.47

3.85
86.71
20.70

0.96
4.44
6.26

0.00
3.13
1.11

4.75
8.38
30.25

1.46
3.27

1.96
9.30

0.73
N.D.

6.68
28.05

2.95
4.43

0.35
N.D.

14.98
26.58

0.55

0.36

0.32

1.42

0.63

1.86
1.98
11.7
6
5.89
10.8
5
0.62

0.16

1.88

N.D
.
N.D
.
1.66

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

12.73

28.0
1
9.80

50.1
2
2.68

5.90

129.8
5
13.50

0.60
N.D
.
N.D
.
0.00
0.05
N.D
.
N.D
.

1.59
N.D.

1.03
N.D.

107.6
5
0.00
N.D.

520.9
9
323.6
5
3.76
N.D.

3.30

0.30

160.2
4
88.93

5.98

0.08

109.4
4
209.8
9
2.01
N.D.

0.98
N.D.

1.17
N.D.

0.11
N.D.

3.31
N.D.

N.D.

0.10

0.20

N.D.

0.45

0.22

0.24

N.D.

0.68

0.53
0.13
N.D.

0.31
0.09
N.D.

0.28
0.07
N.D.

0.14
0.04
N.D.

1.02
0.27
N.D.

0.23
0.08
N.D.

0.42
0.11
N.D.

N.D.
N.D.
N.D.

1.08
0.31
N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.
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N.D.
N.D.
3.51
0.16
0.48
N.D.
N.D.
0.00
0.05
N.D.
N.D.

Office building - Day 2 Outdoors
Ave
SD
Min Max
0.90 0.22 0.70 1.29
1.42
0.96 2.14
0.41
0.34
N.D
2.03
0.83 .
0.20
N.D
0.59
0.24 .
1.27 0.98 0.00 2.55
0.89 0.43 0.34 1.64
3.12
1.20 5.82
1.54
1.10 0.47 0.50 1.84
N.D
N.D
N.D.
0.00 .
.
1.06
0.49 0.36 1.57

3.93
Styrene

0.21
N.D.
7.25
7.50
2.70
N.D.
N.D.
0.93
0.13
N.D.
N.D.
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In Figures 2a-2d the hourly indoor
concentrations of toluene, benzene, styrene and p,mxylene during the morning of each day are presented.
It is remarkable that a variation has been observed
during the working hours in the plastic craft industry
recording their highest values. On the contrary, in the
office building, concentration levels appeared to be
lower, without significant variation. Table 1 and
Figures 2a-2d indicate the elevated concentrations in
the plastic craft industry probably due to the
procession line and the type of materials that were
used.
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FIGURE 2D
Hourly p,m-xylenes concentrations
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In Figure 3 the average indoor and outdoor
concentrations for styrene, toluene and benzene are
presented. The graphs represent the whole period
average values. All compounds concentrations in the
office building both indoors and outdoors were
significantly lower than WKHLQGXVWU\¶Vespecially for
styrene and toluene concentrations.
Saarela et al. [10], in the frame of Expolis study
have performed outdoor benzene and toluene
measurements in the area of Athens. Benzene and
toluene outdoor concentration in general were
around 5 ȝg/m3 and 20ȝg/m3 respectively. Having
these values as an outdoor reference in the area of
Athens, in our study office indoor concentrations
seemed not to be affected by the plastic craft industry
operation. However it can be remarked that the
LQGXVWU\¶VRXWGRRU values were higher than that the
offices¶
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FIGURE 2A
Hourly Toluene concentrations
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FIGURE 2B
Hourly Benzene concentrations
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FIGURE 3
Average indoor and outdoor concentrations in
ȝg/m3 for Styrene, Toluene and Benzene
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In Table 2 the proposed exposure limit values
and the FRPSRXQGV¶potential location source based
on the I/O ratio are presented. Lowest Concentration
of Interest (LCI) values from the Committee for
health related evaluation of building products
(AgBB) [11], Worlds Heath Organization (WHO)
and European Union (EU Air Quality directive)
exposure limit values were used. Results were below
the proposed values except for some values of
benzene in the plastic craft industry. This issue needs
further investigation.
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FIGURE 2C
Hourly Styrene concentrations
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(liquid crystal display) monitors and notebook
computers. Results from these experiments have
shown that emission rates are higher in the case of
desktop computers using CRT screens and lower in
the case of notebook computers. Lee et al. [17],
investigated the emission rates of chemicals from
office equipment (including fax machines, laser jet
printers, ink-jet printers, scanners, and photocopying
machines) in chambers. Highest emission rates were
recorded for toluene, ethylbenzene, m,p-xylene, and
styrene, as these compounds are normally used as
solvent in toner for printers.
In the case of industry, ethylbenzene, toluene
and styrene seemed to be strong indoor emission
sources probably due to the production line
procedure or raw materials emissions.

Also in Table 2 the calculated I/O ratios per day
are presented. Results showed strong emission
sources that affect the indoor air quality. In the case
of office building the sources originated mainly
from the outdoor environment except for
dihydromyrcenol. Daisey et al. [12], reported
measurement of VOCs in 12 north California office
buildings. They reported results from different
ventilating type areas, where total VOCs
FRQFHQWUDWLRQ UDQJHG IURP  WR  ȝJP3.
Analyses showed that motor vehicles emissions from
outdoor was a major source of pollution. This was
also verified by Baek et al. [13], who performed an
air quality monitoring in homes, offices and
restaurants in urban areas of Korea. The majority of
VOCs originated from outdoor sources probably
from motor vehicles. Besides the outdoor
environment, indoor VOCs emission from office
equipment seem to comprise a significant source in
office environments. Bako-Biro et al. [14],
Nakagawa et al. [15] and Hoshino et al. [16] have
evaluated the emission rates of diverse VOCs and
carbonyl compounds from desktop computers
equipped with CRT (cathode ray tube) and TFT

Particulate matter. It is known that indoor
activities affect the indoor particulate matter
concentrations depending on the type of source and
the duration. This study focuses on PM10
concentrations in two work environments. Figure 4
presents the daily variation of PM10 concentrations,
indoors and outdoors.

TABLE 2
I/O ratios and LCI(*), WHO (***) and EU (**) limit values in ȝg/m3

n-Hexane

72*

Office building -Day 1
0.9 (Outdoor)
Under

Benzene

5**

0.8 (Outdoor)

Under

Trichloroethylene

23***

1.1 (Outdoor)

Under

Tetrachloroethylene

250***

1.1 (Outdoor)

Under

Octane

15000*

Ethylbenzene

4400*

1.2
(Indoor
Outdoor)
1.1 (Outdoor)

p,m-xylene

2200*

1.0 (Outdoor)

Under

o-xylene

2200*

1.1 (Outdoor)

Under

2-butoxyethanol

490*

-

-

1,2,4trimethylbenzene
dihydromyrcenol

1000*
1500*

1.2
(Indoor
Outdoor)
>>2.0 (Indoor)

Toluene

1900*

0.8 (Outdoor)

Styrene

860*

a-pinene

1500*

1.2
(Indoor
Outdoor)
0.7 (Outdoor)

3-carene

1500*

-

d-limonene

1500*

naphthalene

5*

1.2
(Indoor
Outdoor)
1.5
(Indoor
Outdoor)

-

Under
Under

-

Under
Under
Under

-

Under
Under
-

-

Under

-

Under
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Office building -Day 2
1.1
Under
(Outdoor)
0.8
Under
(Outdoor)
1.0
Under
(Outdoor)
1.0
Under
(Outdoor)
1.4 (Indoor Under
- Outdoor)
1.1
Under
(Outdoor)
1.0
Under
(Outdoor)
1.0
Under
(Outdoor)
-

Under

Industry -Day 3
1.5 (Indoor Under
- Outdoor)
0.7
Over
(Outdoor)
0.1
Under
(Outdoor)
0.3
Under
(Outdoor)
1.0
Under
(Outdoor)
12.4
Under
(Indoor)
0.7
Under
(Outdoor)
0.5
Under
(Outdoor)
0.7
Under
(Outdoor)
0.9
Under
(Outdoor)
-

Under

3.9 (Indoor)

Under

Under

21.4
(Indoor)
2.0 (Indoor
- Outdoor)
0.5
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- Outdoor)

Under

Under
-

Under
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Under
Under
Under
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The average concentrations were ȝJP3 in the
RIILFHEXLOGLQJDQGȝJP3 outdoors. In the plastic
craft industry, results presented a different picture,
where PM10 FRQFHQWUDWLRQZDVȝJP3 indoors and
ȝJP3 outdoors. The higher indoors
concentration was probably due to the production
line or the small vehicles circulation in the
warehouse area. All values were below the EU 24hour proposed limit of 50ȝg/m3.

-,

outdoor environment were observed.
Ions concentrations. After sampling, the
filters were analyzed for eight ionic components Na+,
NH4+, K+, Mg2+,Ca2+, Cl-, NO3- and SO42-. The
values are shown in Figure 6 for both buildings and
locations. SO42- and NH4+ were presented to have the
largest contribution among the ions measured in both
locations. SO42- and NH4+ concentrations recorded
higher values in the plastic craft industry, 3.53 and
 ȝJP3 respectively, due to different activity
within the indoor environment. Indoor SO42originates from outdoor SO2 emissions like vehicles
or combustions [18, 19]. The elevated values in the
industry could be due to the small vehicles
circulation inside the buildings as well as that it was
located closer to the highway. In the case of the
office building indoor and outdoor values were in the
same level and this could be attributed to the fact that
occupants could open the windows. Dust emissions
from the extraction and transportation of mineral raw
materials are responsible for Ca2+ concentration [20].
In our study Ca2+ elevated concentrations were
observed in both locations either due to the proximity
to the highway or activities in the wider semi
industrial area. For the other ions like as the Cl - ,
NO3-, Na+, K+, Mg2+ not significant differences were
observed.
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FIGURE 4
PM10 concentrations in ȝg/m3
PAH concentrations. The mean concentration
of individual PAHs in PM10 for the sampling period
are presented in Figure 5. The office building
showed higher PAH concentrations probably due to
the heavy electronic devices (PC, printers etc) which
is equipped with. In 2004, European Union
established a yearly limit value of 1 ng/m3 for B[a]P
total content in PM10 fraction (European Directive
2004). In our study, the mean concentration of B[a]P
in the office building was considerably higher than
the rest values (0.11 ng/m3 EXWLVKDVQ¶WH[FHHGHG
the above limit value. Also, significantly higher
values for benzo[ghi]perylene and pyrene were
recorded, with concentration 0.4 ng/m3 and 0.3
ng/m3 respectively. In the case of industry not
significant differences between the indoor and

CONCLUSIONS
The aim of this study was to investigate the
indoor air quality of two different environments
which were closely located, an office building and a
plastic craft industry in a semi industrial area of
Athens.
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FIGURE 5
PAH concentrations in ng/m3
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FIGURE 6
Ions concentration in ȝg/m3

polluted urban area, London. Indoor and Built
Environment, Vol 14, No 34, 259-268.
[3] Ongwandee,
M.,
Moonrinta,
R.,
Panyamentheekul, S., Tangbanluekal, C. and
Morrison, G. (2011) Investigation of volatile
organic compounds in office buildings in
Bangkok Thailand: Concentrations, sources and
occupant symptoms. Building and Environment
(46), 1512-1522.
[4] &KDWRXWVLGRX 6( 2QGUiþHN - 7HVDU 2
7¡UVHWK . äGtPDO 9 DQG /D]DULGLV 0
(2015) Indoor/outdoor particulate matter
number and mass concentration in modern
offices. Building and Environment (92), 462474.
[5] Koponen, I.K., Asmi, A., Keronen, P., Puhto K.
and Kulmala, M. (2001) Indoor air measurement
campaign in Helsinki, Finland 1999 ± the effect
of outdoor air pollution on indoor air.
Atmospheric Environment (35), 1465-1477.
[6] Saraga, D., Pateraki, S., Papadopoulos, A.,
Vasilakos, Ch. and Maggos, Th. (2011)
Studying the indoor air quality in three nonresidential environments of different use: A
museum, a printery industry and an office.
Building and Environment (46), 2333-2341.
[7] Luoma, M. and Batterman, S.A. (2001)
Characterization of particulate emissions from
occupant activities in offices. Indoor Air (11),
35-48.
[8] Maggos, T., Bartzis, J., Kotzias, D., Vassilakos,
C., Agriodimas, C., Michopoulos, J. et al.
(2006)
Traffic-related
air
pollution
measurements in two streets with different
geometry in Athens, Greece. Fresen. Environ.
Bull. (15), 910-915.
[9] Tolis, I.E., Amarantidis, S., Missia, A.D., Saraga,
E.D., Koziakis, E.N. and Bartzis, J.G. (2008)

In both buildings particulate matter PM10 and VOCs
measurements were performed for three days. The
ionic and PAH composition of PM samples were
determined. From the discussion above, the
following conclusions could be drawn:
-In general, the measured compounds levels
were below the proposed limits in both buildings,
except benzene inside the industry; this needs further
investigation;
-Higher values were recorded in the plastic
craft industry building. Toluene, Benzene, Styrene
and p-m xylenes presented elevated concentrations
and variation during the working hours;
- SO42- and NH4+ concentrations recorded
higher values in the plastic craft industry, due to
different activity within the indoor environment;
- Office building showed higher PAH
concentrations probably due to the heavy electronic
devices (PC, printers etc.) which is equipped, this
needs further investigation;
-Office building air quality status seemed not to
be significantly affected by the plastic craft industry;
-From I/O ratio values it is concluded that
strong emission sources affect the indoor
environment in both buildings.
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ABSTRACT

INTRODUCTION

In this study daily aerosol samples were collected
at two different sampling stations at the Black Sea
Region of Turkey. Western Black Sea sampling
station is located at the Bulgarian border of Turkey
and approximately 50 km from the Black Sea coast.
The station on the Eastern Black Sea is located at a
high altitude site which is approximately 75 km from
the Black Sea coast. Both stations are situated at
relatively remote rural locations. Nearest large
settlement area is at least 50 km away from both
sites. At both sampling stations daily coarse (PM2.510) and fine (PM2.5) aerosol samples were collected
on polycarbonate (Nuclepore) filters using Stacked
Filter Units (SFU) between March 2011 and
December 2012. Concentrations of eighteen
elements were determined in collected aerosol
samples by using an energy dispersive X-ray
flurescence spectrometry. Measured concentrations
of elements and ions varied between 0.46 ng m-3 for
As and 2071 ng-3 for SO42- for Eastern Black Sea
atmosphere and 0.6 ng m-3 for As and 3415 ng-3 for
SO42- for Western Black Sea atmosphere.
Concentrations of pollution derived elements were
higher at the western part of the Black Sea, which is
not surprising when the distribution of industrial
sources around sampling location is considered.
However, concentrations of some specific elements
like Mn, Cr were higher at the Eastern part of the
basin, due to emissions from smelters and
metallurgical industries located at Georgia, Eastern
part of Ukraine and central Russia. Besides the
general evaluation of the elemental data also Factor
Analysis (FA) was applied to the elemental data to
characterize aerosols with respect to sources and to
quantify the different sources and their importance
for the composition of the aerosols at both Eastern
and Western atmospheres.

There are variety of natural and anthropogenic
sources of atmospheric particles. Since particles are
released from different sources, they occur in
different physical (particle diameter, surface area,
density) and chemical states. Concentration and
composition of the aerosols in the atmosphere
depend on the meteorological factors that strongly
affect atmospheric transport and transformation of
particles. Since meteorology and demographic
factors vary from one region to another on the Earth,
characteristics of the aerosols are altered in a similar
way.
Database on inorganic [1, 2] and organic [3, 4]
composition of the atmosphere both in urban [5, 6]
and rural [7, 8] regions of the Eastern Mediterranean
increased significantly in last decades. These studies
revealed demonstrated key issues about transport of
pollutants to Eastern Mediterranean region and
various atmospheric processes, such as anomalous
SO42- levels in the eastern Mediterranean atmosphere
[9, 10] and how those levels developed in time [11].
Contribution of biogenic sources on unusually high
SO42- levels in the basin [12, 13], types and locations
of source regions affecting chemical composition of
particles and rain water [14, 15].
Studies that investigate existing aerosol and
rain water composition in the Black Sea atmosphere
is scarce. Most of the existing studies were
conducted at urban areas surrounding the basin [1619]. There is very limited number of rural studies,
where source regions affecting composition of PM10
particles and rain water were investigated [20-23].
In this study aerosol samples were collected at
two locations, one at the western and the other one at
the eastern part of the Black Sea basin. Sampling
station on the Eastern Black Sea is located at
approximately 10 km from the Bulgarian border and
approximately 50 km from the Black Sea coast. The
station on the Western Black Sea is located at the
Trabzon area. It is approximately 200 km from the
Georgia Border and approximately 75 km from the
coastline. Fine (PM2.5) and coarse (PM2.5 ± 10)
fraction particles were separately collected using a
stack-filter unit. For both stations daily sampling was
started in March 2011 and continued until December

KEYWORDS:
Eastern Black Sea, Western Black Sea, Trace elements,
Aerosol, EDXRF
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pore size of 8.0 whereas fine filter, which behind the
coarse one, has 0.4 μm pore size. The sampling flow
rate was maintained at 16.7 L min-1 using a flow
controller. When the air is drawn at 16.7 L min-1 flow
rate, coarse particles (PM2.5-10) are collected on the
top filter and fine particles (PM2.5) are collected on
fine filter. Operational characteristics of stack-filterunit were discussed extensively in the literature [24,
25]. Filters were weighed before and after the
sampling with a microbalance (Sartorius, Model
MC-5) to determine the fine and coarse mass
concentrations. Filters were conditioned in a
constant temperature (25±5)oC and humidity
(26±5)% chamber for at least 24 hours.
At both stations sampling was daily and pumps
were stopped only to change samples. For both
stations the sampling was started at March 2011 and
continued until December 2012. During the
sampling period approximately 300 daily PM
samples were collected at each station.

2012. Collected samples were analyzed using an
energy dispersive x-ray fluorescence spectrometry
(EDXRF).

MATERIALS AND METHODS
Sampling sites and equipment. Western
Black Sea station is located at a rural site
(41q¶´1q¶´( which is very close to the
Bulgarian border of Turkey. Sampling station is
DSSUR[LPDWHO\NPWR.ÕUNODUHOLFLW\FHQWHU, 50 km
to the Black Sea coast and 10 km to the Bulgarian
border. The altitude of the station is 574 meters.
There are no pollution sources or large settlements
within the 50 km radius of sampling station.
Eastern Black Sea station is located 1115
meters above sea level at a rural site (¶´1
¶´( on the Eastern Black Sea coast of
Turkey. The station is approximately 75 km to Black
Sea coast and approximately 200 km from the
Georgia border of Turkey. Settlement around the
Eastern Black Sea station is similar with the Western
Black Sea station, it is OLPLWHGDQGWKHUHLVQ¶WDQ\
significant industrial activity around the station.
Location of both stations is depicted in Figure 1.
At both stations, daily fine and coarse fraction
particles were collected using a Gent Stack Filter
Unit (SFU). Inlet of the sampler consists of a PM10
pre-impactor, which stops particles > 10 μm when
the air is drawn through it. After the pre-impactor,
air is directed to two 47 mm diameter polycarbonate
filters, a coarse and a fine, placed in series. The
coarse filter, which is the first filter in series, has a

Chemical analysis and blank levels.
Collected samples were analyzed using an energydispersive X-ray fluorescence (EDXRF) with
ED2000 spectrometer at the Turkish Atomic Energy
Authority, Sarayköy Nuclear Research and Training
Center. Excitation source was an X-ray tube with
Silver anode operated at a maximum current of 1000
μA with a maximum voltage of 50 kEV. A total of
18 elements including Na, Mg, Al, Si, S, K, Ca, Ti,
V, Cr, Mn, Fe, Ni, Cu, Zn, As, Ba and Pb were
detected with different frequencies. Detailed
description of the analytical system was given
elsewhere in [23].

FIGURE 1
Locations of the Western and Eastern Black Sea stations
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Remaining elements which were not log-normally
distributed, were also right skewed. As it can be seen
from Table 1 and Table 2 average values of trace
elements are twice as high as with the corresponding
medians, indicating that the median is a better
indicator of the data population.
Measured trace element concentrations at the
Eastern Black Sea atmosphere varied between 0.46
ng m-3 for As and 2071 ng m-3 for SO42-. For the
Western Black Sea station concentrations varied
between 0.6 ng m-3- 3415 ng m-3 again for As and
SO42- , respectively.
Measured elements can be separated into three
groups based on their coarse-to-fine concentration
ratios. First group is consisted of crustal elements
like Al and Si. These elements had higher
concentrations in the coarse fraction. Coarse-to-fine
concentration ratios varied between 1.03 for Ba at
the Eastern Black Sea and 4.1 for Ca at the Western
Black Sea. Typical C/F ratios for crustal elements is
between 1.5 and 2.0. The ratios were > 1.0 at both
Eastern and Western Black Sea. The only exception
to this general pattern for soil related elements was
Fe. Concentrations of Fe in coarse and fine fraction
particles were comparable, indicating a fine fraction
source for Fe. As crustal elements have mass median
diameter between 3.0 ± 3.5 μm [2], presence of
crustal elements in coarse fraction is not surprising
and reported frequently in literature [26, 27].

Two different blanks, namely field blanks and
laboratory blanks, were analyzed along with
samples. Field blanks consisted of filters that were
brought to the field like filters, loaded to the sampler
like regular sample filters, but retained on the
sampler for only one minute. After they were
removed from the sampler they were treated and
analyzed like sample filters.
Laboratory blanks,
RQ WKH RWKHU KDQG FRQVLVWHG RI IÕOWHUV WDNHQ IURP
boxes and analyzed immediately. Laboratory blanks
were not taken to the field. Generally one filter for
laboratory blank was taken from each box. Blank
levels and percent blank subtraction of the elements
in the coarse and fine fractions represented in [23].

RESULTS AND DISCUSSION
Statistical
summary
of
measured
concentrations of the elements in fine and coarse
fractions at the Eastern and Western Black Sea
stations are given in Tables 1 and 2, respectively.
Tables include average values, standard deviations
and median values of 18 elements measured in this
work.
Distribution characteristics of 18 elements
were tested using chi-square test. Most of elements
measured at both stations were log-normally
distributed within a 95% confidence interval.

TABLE 1
Statistical summary of measured concentrations at Eastern Black Sea station (ng m-3)
Coarse (PM2.5-10)
Avg. ± SD
Mass
B.C.
Na
Mg
Al
Si
SO42K
Ca
Ti
V
Cr
Mn
Fe
Ni
Cu
Zn
As
Ba
Pb

11858 ± 24099
123 ± 291
67 ± 96
139 ± 351
376 ± 867
1078 ± 3125
308 ± 699
141 ± 375
804 ± 1697
196 ± 2455
39 ± 194
11 ± 40
24 ± 71
733 ± 3224
1.91 ± 3.60
9.16 ± 19.72
31 ± 44
0.23 ± 0.69
3.49 ± 2.02
3.77 ± 5.81

Median
7041
86
42
70
210
518
210
94
482
13
1
6
11
147
0.88
3.27
22
0.16
3.27
2.35

303

Fine (PM2.5)
Avg. ± SD
10409 ± 21385
294 ± 755
31 ± 39
69 ± 144
178 ± 355
445 ± 855
1763 ± 4858
90 ± 147
272 ± 526
22 ± 59
3.89 ± 4.49
7.06 ± 8.92
14.74 ± 15.99
502 ± 1103
3.70 ± 15.93
6.92 ± 14.21
29 ± 29
0.23 ± 0.38
3.90 ± 2.72
4.10 ± 5.25

Median
7795
222
25
39
111
300
1263
69
153
8
0.98
4.71
8.11
159
1.99
2.56
20
0.18
3.17
2.99
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TABLE 2
Statistical summary of measured concentrations at Western Black Sea station (ng m-3)
Fine (PM2.5)
Coarse (PM2.5-10)
Avg. ± SD
Median
Avg. ± SD
Median
9210 ± 10038
6923
10301 ± 7036
8923
Mass
1837 ± 21997
72
2946 ± 22878
91
B.C.
170 ± 238
84
65 ± 85
41
Na
261 ± 852
94
75 ± 122
30
Mg
459 ± 1389
179
192 ± 339
82
Al
1107 ± 3037
438
460 ± 905
159
Si
500 ± 530
354
2915 ± 1999
2593
SO42149 ± 144
101
149 ± 132
108
K
700 ± 1382
322
198 ± 353
78.42
Ca
69 ± 443
16
19 ± 34
8.20
Ti
5.63 ± 23
1.48
1.58 ± 1.60
1.07
V
9.16 ± 11
6.42
6.91 ± 6.79
5.00
Cr
19 ± 35
11
9 ± 10
7.35
Mn
1000 ± 2459
311
514 ± 504
357
Fe
4.17 ± 7.19
1.90
1.84 ± 1.30
1.60
Ni
15 ± 34
5
5.44 ± 5.44
3.64
Cu
39 ± 85
25
23 ± 24
14
Zn
0.34 ± 0.82
0.19
0.26 ± 0.15
0.23
As
27 ± 89
5.66
7.71 ± 8.76
4.67
Ba
7.16 ± 12.27
4.35
5.46 ± 4.52
4.59
Pb
At both stations anthropogenic elements, including
Pb, As, SO42-, and BC were higher in fine fraction.
Association of these elements with the fine fraction
is well documented in the literature [29, 30]. Copper
was an exception. Copper concentration was
approximately 25% higher in the coarse fraction.
The reason is not clear.
Elements Ti, V, Cr, Ni, Mn had coarse-to-fine
ratios > 1 in both stations. These elements have
mixed sources, their measured concentrations are
accounted for both crustal and anthropogenic
sources. Coarse-to-fine ratios >1.0 for these
elements indicate that contribution of coarse crustal
particles on their measured concentrations both in
Eastern and Western Black Sea are more important
than contributions of anthropogenic sources.
Seasonal variations in concentration of
measured elements at the Eastern and Western Black
Sea are given in Table 3. Median values were used
in the table, because most of these elements had
lognormal distribution with 95% statistical
confidence. Summer was the period between April
and September, and winter was the rest of the year.
This division was adopted from studies done in
Mediterranean Region by our group [1, 11, 31]. The
division in those studies was based on rainfall. In the
Eastern Mediterranean region 80% of the rainfall
occurs between September and April, which was our
winter period. Although, rainfall pattern in the Black
Sea region is not exactly the same with the pattern
observed in the Eastern Mediterranean, we used this
seasonal pattern in all studies in Turkey to be able to

Concentrations of crustal elements were higher
at the Western Black Sea atmosphere. In a previous
study by [28] showed that Western Black Sea
atmosphere region was under the influence of dust
episodes origination from Northern Africa. In this
case, effect of Saharan dust on this region is probably
responsible for higher concentrations of crustal
elements at the Western Black Sea atmosphere.
Second group of elements are consisted of Na
and Mg, which are originated from sea salt. Also
these elements were higher concentrations in the
coarse fraction as expected. Concentrations of Na
and Mg were observed at higher levels at the
Western Black Sea atmosphere. Observed
concentrations of these elements at a station are
highly dependent with the wind regimes on the
region and the distance of the station from the
coastline. Therefore such sea salt elements like Na
and Mg may vary greatly one station to another.
Higher sea salt concentrations observed at the
Western Black Sea region is due to closer proximity
of the station to the sea.
The third group are consisted of elements with
anthropogenic sources.
Concentrations of
anthropogenic species change significantly from one
place to another, depending on the distribution of
anthropogenic sources around the sampling point.
Since these elements can be used as natural tracers
of different compounds in receptor modeling studies,
their concentrations at Eastern and Western Black
Sea atmosphere is important as they provide
preliminary information on source apportionment.
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concentrations during summer. However, elements
from local sources can have higher concentrations in
winter, or comparable concentrations in both
seasons, because they will not be scavenged as
efficiently during shorter transport distances. SO42showed more significant seasonality relative to other
anthropogenic elements. This is partly due to less
effective scavenging in summer, like other elements,
and partly due to more extensive photochemistry in
summer, with increased solar flux.
Contribution of sea salt to observed Na levels
is highly dependent on the distance between
sampling point and coast. Since sea salt particles are
coarse and they settle down with increasing distance
with coast. As it can be seen from Table 3, observed
Na levels at both stations show a seasonality that is
higher at the summer season. The similar seasonality
at this region was also confirmed by [23]. This
indicates observed Na levels at both stations come
from soil rather than sea salt.

compare results obtained in different parts of the
country.
As it can be seen from Table 3 crustal elements,
Al and Si, had 1.5 ± 2 times higher concentrations in
the summer season. This indicates the seasonality of
the formation of soil particles. Soil particles in the
atmosphere are formed with resuspension of surface
soil under the influence of wind [32, 33]. Although
wind speed is lower at summer season compared to
winter season, formation of the particles is more
likely as the surface is dry. This formation
mechanism results in higher crustal element
concentration in the summer season. Higher
concentrations of soil-related elements in summer
period is observed, not only at the Black Sea, but also
in most of the studies performed in Turkey [12, 31,
34].
At both stations anthropogenic elements
showed similar trends in terms of their winter and
summer season concentrations except Cu and As.
Anthropogenic elements, Cr, Ni, Zn, Pb had higher
concentrations in the summer season at both stations
whereas Cu and As had higher concentrations in the
winter season. Higher winter concentrations of As
was also observed at the Mediterranean atmosphere
[32] and attributed to local sources of this element.
Higher concentrations of As and Cu is probably due
to same reason, because pollutants transported from
distant source regions experience more extensive
wet scavenging during winter and thus have higher

Factor analysis. In this study, factor analysis
(FA) was applied to the elemental data sets generated
at both stations to identify aerosol sources affecting
the two parts of the Black Sea basin. Calculated
factor loadings for Western Black Sea and Eastern
Black Sea atmospheres are given in Table 4 and
Table 5, respectively. Only factors with eigenvalues
> 1 were retained (Kaizer criteria). Elements with
missing data > 20% were not included in the FA

TABLE 3
Seasonal median values of elements (ng m-3)

Mass
BC
Na
Mg
Al
Si
SO42K
Ca
Ti
V
Cr
Mn
Fe
Ni
Cu
Zn
As
Ba
Pb

Eastern Black Sea
Coarse
Fine
Summer Winter Summer Winter
7072.8
6929.1
8138.0
6898.9
89.0
72.7
223.8
214.5
48.1
27.7
29.1
17.5
72.1
58.0
37.4
41.9
239.5
165.7
117.0
63.4
566.3
458.0
308.8
187.6
228.5
190.2
1450.8
929.7
98.1
77.3
74.1
60.2
498.1
433.3
158.8
124.0
13.5
11.6
8.6
7.8
0.9
1.7
1.1
1.0
6.4
5.8
4.8
4.6
11.1
9.3
9.2
5.9
156.6
135.4
138.6
266.5
1.0
0.5
2.3
1.4
3.9
2.7
2.2
2.9
21.9
20.8
25.1
8.6
0.2
0.2
0.2
0.2
2.7
4.3
2.7
4.6
3.0
2.1
3.8
2.1

Mass
BC
Na
Mg
Al
Si
SO42K
Ca
Ti
V
Cr
Mn
Fe
Ni
Cu
Zn
As
Ba
Pb
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Western Black Sea
Coarse
Fine
Summer Winter Summer Winter
6124
7828
7649
9704
86
52
108
86
82
86
56
33
115
69
57
15
240
103
153
21
684
200
380
43
292
466
2726
2498
139
79
129
90
375
277
146
35
22
10
12
3
1.7
1.3
1.2
0.9
6.1
6.6
4.8
5.4
15.6
10.5
9.3
7.5
322
300
324
387
1.4
2.4
1.9
1.5
4.3
5.8
3.5
4.0
18
32
11
17
0.19
0.18
0.22
0.25
5.7
5.7
4.7
4.6
4.4
4.2
5.2
4.1
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TABLE 4
Western Black Sea atmosphere FA analysis ± factor loadings
Factor 1
Mass
Na
SO42K
Cr
Cu
Zn
Si

Factor 2

Factor 3

0.79
0.40
0.76
0.80

Factor 4

0.66

0.89
0.85

0.34
0.95
0.91

Estimated
Community
0.68
0.63
0.76
0.74
0.86
0.83
0.92
0.84

and Georgia, which may be the reason for
appearance of a clear smelter factor.
Third factor has high loadings of Si. Therefore
third factor is identified as crustal factor. The last and
fourth factor identified in the Western Black Sea
atmosphere is an industrial factor, because it has
high loadings of Zn and Cu.
Factor analysis again identified 4 factors for the
Eastern Black Sea atmosphere. Factor 1 is identified
as an anthropogenic factor because, it has high
loadings of SO42-, V, Mn, Ni and Cd. SO42- has 77%
of its loading in this factor. This indicates that factor
1 is a combustion factor. Also, owing to presence of
majority of loadings of Ni and V in this factor, factor
1 represents petrol combustion rather than coal
combustion.
Fe, a well-known crustal tracer, has its 94%
loading in Factor 2. Also, 96% of the loading of the
PM2.5 mass is explained by this factor. Therefore this
factor is considered to represent a crustal factor.
Factor 3 has high loading of Na, which is a sea
salt constituent. This factor is identified as a sea salt
factor owing to presence of Na. The fourth factor
identified in the Eastern Black Sea atmosphere has
high loadings of

exercise. Aluminum, which is a very important
crustal marker was not included due to this reason.
Lack of Al is not a serious drawback in this case,
because Si, which is detected in almost all of the
samples is equally good crustal marker.
FA identified 4 factors at the Western Black
Sea Atmosphere. The first factor identified at the
Western Black Sea atmosphere has almost 80% of
the loadings of SO42- and K. Also, PM2.5 mass has its
79% of the loading in this factor. SO42- is generally a
tracer of aerosols arising from fossil fuels,
particularly SO42- is a well-defined tracer for thermal
power plants. Potassium, beside the well-known
crustal and sea salt origins, is also emitted from
biomass burning. A previous study conducted at this
region by [28] showed that this region was under
influence of forest fires especially in Ukraine.
Having potassium and SO42- in the same factor may
be indicating SO42- is originating from biomass
burning rather than fossil fuels.
Second factor has high loadings of Cr and Cu.
These two elements are the important tracers of
smelters. Therefore, this factor is considered to
represent particles formed during the process of
obtaining metals from ores. There are a number of
smelters located on Turkish coast (Samsun), Ukraine

TABLE 5
Eastern Black Sea atmosphere FA analysis ± factor loadings
Factor 1
Na
Mass
SO42Ca
Ti
V
Cr
Mn
Fe
Ni
Zn
Cd

Factor 2

Factor 3

Factor 4

0.67
0.96
0.77
0.37

0.71
0.77

0.67
0.52
0.45

0.58
0.94
0.50

0.51

0.65
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Estimated
Community
0.49
0.96
0.69
0.65
0.60
0.57
0.30
0.58
0.91
0.51
0.50
0.56
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and research unit in the Directorate for their
assistance in setting up the station in their facilities.

Cr, Mn and Ni. As mentioned before, these tracers
released during the process of obtaining metals from
ores. Therefore, this factor is considered to represent
these particles.
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substances introduced into the atmosphere by
anthropogenic forcing that have detrimental effects
on living creatures and nature. There is a wide range
of air pollutants that conduce to global, regional and
local problems and directly influence our life quality
through the local air quality. Air pollutants are
categorized into two major group as gases and
particulate matters [2]. Aerosol (particulate matter)
is a term for defining the particles suspended in the
atmosphere. Particulate matter (PM) is a complex
mixture of extremely small particles and liquid
droplets which is most reliably associated with
human disease [3]. Serious damaging effects on
human health could be seen when exposed to
particles and solution droplets with diameters
smaller than 2.5 mm (PM2.5) [4][5][6]. Air pollution
also has substantial climate effect in terms of
modifying radiation budget, altering atmospheric
circulation and surface temperature changes [7][8].
An increasing number of studies have been focused
on the variation of PM2.5 concentration. Some
studies have considered the chemical composition of
PM2.5, including elemental constituents, watersoluble ions, and organic carbon [9][10][11][12].
Other research has attempted to describe the
spatiotemporal distributions of PM from site
monitoring data, including spatial patterns
[13][14][15], diurnal variations [16] and annual
periods and trends [17][18][19] of PM
concentrations, and to demonstrate their
relationships with confounding meteorological
factors [20][21][22].
During the last three decades, the research
focusing on the aerosols has tremendously increased
and these studies have revealed their key functions
in the earth system sciences and public health. They
may play an essential role in geophysical and
geochemical global processes such as climate
change, hydrological cycle, and biogeochemical
F\FOHV >@ $HURVROV FDQ PRGLI\ WKH (DUWK¶V
radiation budget and can affect climate directly by
scattering and absorbing both VRODU DQG (DUWK¶V
radiation [24][25][26]. Aerosols serve as ice nuclei
(IN) or cloud condensation nuclei (CCN), and they
can influence the concentration and size distribution
of cloud droplets, alter the distribution of rainfall and
their radiative properties [27][28][29].

ABSTRACT
Many studies have found adverse health effects
of acute and chronic exposure to fine particulate
matter (PM2.5) and in order to mitigate the harmful
effects of particulates on human health, European
Union (EU) legislation limit values have been set.
The spatial and temporal distributions of particle
mass is important to understand the source-receptor
relationships at the only particulate matter
monitoring region in Turkey (Marmara Region). In
this study, the first fine particulate matter (PM2.5)
data of 13 in-situ sampling stations were used.
Temporal variance results of PM2.5 were compared in
behalf of EU, United States Environmental
Protection Agency (US EPA) and World Health
2UJDQL]DWLRQV¶ :+2 OLPLW302.5 values and cluster
analysis were applied. The findings imply that
despite significant improvements in air quality in
recent decades, the levels of PM2.5 in Marmara
Region generate an intrivial risk to public health due
to distorted and erroneous urban management
strategies.

KEYWORDS:
Air Quality, Particulate Matter PM2.5, Cluster Analysis,
Marmara Region

INTRODUCTION
Epidemiologic studies aimed at estimating the
health effects of ambient air pollution require
exposure assessments that accurately describe the
expected variability in the pollutant of interest. Air
pollution varies at multiple spatiotemporal scales
[1]. Spatially, this occurs at the local scale from
immediate sources and over larger spatial areas from
secondary reactions and transport mechanisms.
Temporally, the majority of variation in air pollution
comes from changing traffic patterns and
meteorological conditions. Improving exposure
assessment techniques to estimate this kind of
variability is important for deriving defensible health
effect estimates.
Air pollutants are generally described as
310
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stations bounded to Ministry of Environment and
Urbanization, while 10 monitoring stations are
located in Istanbul, which covers nearly 5400 km2
area. PM2.5 measurements have begun in 14
monitoring stations of Marmara Region in 2013
within Instrument for Pre-Accession Assistance
(IPA) Project. PM2.5 values are very important in
terms of human health and should be monitored
continuously that have not been measured in none of
these stations until 2013. In this study, hourly PM 2.5
observations were collected continuously at 13 sites
in Marmara region for 13 months (March 2013±
February 2014).
Anthropogenic emissions that cause PM
formation has dramatically increased over the past
FHQWXU\DQGKDVOHGWRWKHHDUWK¶VUDGLDWLRQEDODQFH
degradation and acid deposition, adverse effects on
human health, visibility decrease in urban and rural
areas. Air quality parameters are usually measured
over ground sampling networks and affect the
occurrence areas, obtained PM2.5 data is crucial to
determine spatial and temporal variation for
predicting a limit value for human health. For this
purpose, residential population data were acquired
from TUIK in accordance with stations locations to
predict how many people has been effected from
PM2.5 concentrations. Residential population were
determined according to the administrative
attachment, legal entity and name changes recorded
in the National Address Database (NAD) by the
General Directorate of Civil Registration and
Nationality (GDCRN) in accordance with the related
regulation and administrative registers [34] (Figure
2).

The European Community has introduced
legislative values for PM2.5 concentrations for
monitoring particulate matter monitoring. The
annual mean PM2.5 values have been bounded to 25
ȝJPí3 (EU legislation; Directive 2008/50/EC)
Airborne fine particulate matter exhibits
spatiotemporal variability at multiple scales, which
presents challenges to estimating exposures for
health effects assessment [30]. PM2.5 has started to be
measured in Turkey in Marmara Region by March
2013, for the first time. In this study, hourly PM2.5
observations were collected continuously at 13 sites
in Marmara region for 13 months (March 2013±
February 2014). Spatial statistics analysis was used
for research on the distribution of fine particulate
matter (PM2.5) in different seasons. A hierarchical
cluster analysis using the Ward's method and the
squared Euclidean distance measure were then
performed on PM2.5.

MATERIALS AND METHODS
Study Area. The research area; Marmara
Region covers approximately 68.000 km2 in areal
H[WHQG DQG WKLV FRUUHVSRQGV WR  RI 7XUNH\¶V
surface area. Marmara Sea is located at the center of
the region (Figure 1). The research area covers 40%
RI WKH 7XUNH\¶V SRSXODWLRQ LQGXVWU\ FRPPHUFH
agriculture and tourism are the dominant economic
resources for the region. One-third of total industry
development is procured from the region and it
contributes more than one-fifth of total national
income. Marmara Region has the highest rates in
terms of vehicle usage across the country that
exceeds five million of recorded vehicles. Main
industrial facilities are located in Istanbul, Kocaeli
DQG %XUVD >@>@ 7KH UHJLRQV¶ DLU FLUFXODWLRQ LV
dramatically affected by unplanned urbanization,
reduced vegetation cover, construction of high
buildings. These activities tend to create potential
sources for mineral dust in the atmosphere. Due to
these reasons, some provinces imposed to high air
pollution between October and March [33].

FIGURE 2
Population of cities that have PM2.5 stations (for
2013 TUIK)
Data Processing. In this study, instantly
monitored PM2.5 data were obtained as hourly mean
averages. Daily average of 13 ground surface
stations were calculated from hourly mean data.
Time series of the daily data and limit values
determined by EPA and WHO were used for
comparisons. Also, the yearly mean PM2.5 data and
yearly average limit values of EPA, WHO and EU
were also compared to determine exceedance rates.
The daily variation of the temperature parameter and
PM2.5 concentration were analyzed using time

FIGURE 1
Study area
Data. Marmara Region has 39 monitoring
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TABLE 1
PM2.5 measurements for March 2013 and February 2014 time period
.D÷ÕWKDQH Silivri Umraniye Bursa .HúDQ .DUDD÷Do Gölcük .DQGÕUD Ozanlar Çerkezköy Lapseki $OWÕQRYD Armutlu
Min
Median
Mean
Max
NA's

10.09
29.25
37.26
156.89
20

6.01
19.11
23.19
78.7
1

13.24
31.81
35.52
136.32
11

8.64
9.44
25.21 47.53
29.91 59.26
87.81 246.3
12
30

2.9
17.16
22.48
94.97
19

4.73
20.97
27.23
94.09
9

3.18
14.93
17.89
65.31
14

8.69
30.04
42.96
196.23
18

3.14
23.68
28.55
110.69
26

3.31
17.9
19.5
52.53
62

8.17
22.29
22.59
72.79
20

5.59
19.9
21.67
87.66
7

average, the exceeding percentages of 13 stations
were calculated and showed in Table 2. The
exceedance rates demonstrated that Umraniye,
Kesan, Kagithane and Ozanlar stations stand out
with higher exceedance rate of 50% and Kandira
station had the lowest exceeding percentage
UHJDUGLQJWR:+2V¶GDLO\DYHUDJH VWDQGDUG:KHQ
considering the daily average limit of EPA, 58% of
observed values for Kesan and 43% of observed
values for Ozanlar station were exceeded the limits
for more than 150 days. All ground sampling stations
H[FOXGLQJ .DQGLUD KDYH H[FHHGHG :+2¶V DQQXDO
average PM2.5 standard with 70% exceedance
percentage and Umraniye, Kesan and Kagithane
reached to 98% exceedance rates. EPA has set 15
ug/m3 as PM2.5 annual average standard and
Umraniye and Kesan also have exceeded higher than
90% this annual standard. Additionally, Bursa,
Kagithane, and Ozanlar stations also had more than
80% of exceedance rates. Finally, Table 2 illustrated
WKDW.HVDQDQG8PUDQL\HVWDWLRQV¶H[FHHGDQFHUDWHV
were over 60% ratio of thH(8¶VDQQXDOPHDQOLPLWV
(25 ug/m3).
Additionally, the time series of PM2.5
measurements illustrated in Figure 3 led to an
analyses of mean daily PM2.5 and a comparison with
86(QYLURQPHQWDO3URWHFWLRQ$JHQF\¶V (3$ DQG
:+2V¶-hour PM2.5 standards. In Figure 3, time
series indicated that 24-hours (daily) average
standards were exceeded mostly in winter season.
Even though exceeding standard values could not
observed in Lapseki ground sampling station, it can
be considered due to data deficiency. KesDQ¶V302.5
measurements remained above the standard values
excluding summer.

series comparison. Wind speed, wind direction and
PM2.5 measurements were analyzed together.
Downwind PM2.5 concentrations were analyzed to
identify maximum contribution direction to air
pollution for each stations. Furthermore, the increase
in the pollution concentrations were analyzed
depending on wind directions and speeds.
Cluster analysis was also performed as second
SDUWRIWKLVVWXG\7KH:DUG¶VFOXVWHUDQDO\VLV ZDV
applied for 13 ground surface stations for the same
time period and the heterogeneity of data was
H[DPLQHG:DUG¶VFOXVWHUDQDO\VLVZKLFKLVEDVHGRQ
Euclidian distance method was performed in this
study is a kind of hierarchical cluster method.
:DUG¶V KLHUDUFKLFDO FOXVWHULQJ WHFKQLTXH JDYH WKH
more precise results than other hierarchical
clustering methods [35]. That method uses the sum
of square of the Euclidean distance of the all values.
The sum of square starts at zero. That means any
values in the data will in individual cluster. Then it
grows while we combine clusters. However the ward
hierarchical cluster method keeps this expansion as
small as possible. If the merging clusters rises a too
much, the distance will be getting and getting far.
That method uses the sum of square of the Euclidean
distance of the all values. The sum of square starts at
zero. That means any values in the data will in
individual cluster. Because of it, number of cluster
has been chosen five to keep distance as short as
possible. Additionally, that metric is the most
common used in atmospheric field, especially in air
quality
and
pollutant
transport
research
[36][37][38][39][40].

RESULTS AND DISCUSSION
Statistical Analysis. Statistical analyzes of
daily measurements (Table 1) showed that Kesan
and Ozanlar ground sampling stations had the
highest PM2.5 concentrations (>40 ug/m3), while
Kandira and Lapseki had the lowest (<20 ug/m3).
The results demonstrated that the maximum PM2.5
concentration observed in Kesan with a 246 ug/m3
value. The recorded maximums exceeded 150 ug/m3
and stand out for Kagithane, Kesan and Ozanlar
ground sampling stations; thus also conduced
Kagithane, Kesan and Ozanlar to indicate a right
skewed distribution in terms of PM2.5 concentrations.
Since the European Union only set an annual

FIGURE 3
Time series with ablines that are determined for
daily PM2.5 average standards by EPA and
WHO
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TABLE 2
Daily and annual average exceedance rates of PM2.5 limits (EPA, WHO, EU) and
exceedance numbers of all stations
Number of
availability
data
ȝJPA
!ȝJPA
(24-hour std.
Of WHO)
Exceedence
rate
according to
WHO std.
!ȝJPA
(24-hour std.
Of EPA)
Exceedence
rate
according to
EPA std.
Cumulative
observation
numbers
number of
higher than
ȝJPA
number of
higher than
ȝJPA
number of
higher than
ȝJPA
!ȝJPA
(Annual std.
Of EPA)
!ȝJPA
(Annual std.
Of EC)
!ȝJPA
(Annual std.
Of WHO)

.D÷ÕW
hane

Silivri

Umrani
ye

Bur
sa

.HúDQ

.DUDD÷D
ç

Gölcük

.DQGÕUD

Ozanl
ar

Çerke
zköy

Lapse
ki

$OWÕ
nova

Armut
lu

345

364

354

353

335

346

356

351

347

339

303

345

358

129

246

96

173

118

250

221

282

136

185

232

204

268

216

118

258

180

217

96

135

69

211

154

71

141

90

63%

32%

73%

51%

65%

28%

38%

20%

61%

45%

23%

41%

25%

130

55

133

99

193

63

97

31

150

84

25

60

33

38%

15%

38%

28%

58%

18%

27%

9%

43%

25%

8%

17%

9%

7920

8553

8034

8372

7418

8078

8261

7879

7998

7756

6654

8156

8166

6863

5345

7436

675

6652

4465

5377

359

6733

5702

3824

6105

5662

4348

2660

5234

4045

4579

2308

3185

1677

4536

3049

1553

3172

2330

7663

7176

7884

7877

7262

6333

6861

5335

7668

7109

5173

7491

7350

87%

62%

93%

81%

90%

55%

65%

46%

84%

74%

57%

75%

69%

55%

31%

65%

48%

62%

29%

39%

21%

57%

39%

25%

39%

29%

97%

84%

98%

94%

98%

78%

83%

68%

96%

92%

78%

92%

90%

FIGURE 4
Time series comparisons of temperature variation and PM 2.5 concentrations (For Kesan)
Temperature Analysis. PM2.5 concentration
and temperature values were turned into 6-hour
intervals by using a statistical analysis program and
results were analyzed by interpreting the daily
variation of the temperature parameter and PM2.5
concentration. Apparent in Figure 4, pollution
variation represented an increasing trend while the
temperature decreases for Armutlu. Similar results
were found for Altinova and Bursa stations and these
were the proof of domestic heating triggered

by PM2.5 concentrations. Although the temperatures
ZHUHKLJKLQ$SULODQG0D\IRU$OWÕQRYDDQGLQ0D\
for Bursa stations, high concentrations were
observed in that period which were resulted by the
air pollution transportation from other locations.
Cerkezkoy station has been situated close to
industrial area and this situation had led PM 2.5
concentrations to exceed the standard limit values
for temperatures between 15 °C ± 21 °C except
summer season.
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Likewise, when the wind blew form south with
a 1 ms-1 wind speed, the concentration was observed
over the 60 ug/m3 in the Kagithane station. Although
this increase was assumed as unstable because of the
valley structure of the region, wind direction was
northeasterly and southwesterly in the period when
the high pollution observed. Similar analyses were
illustrated for Umraniye and Silivri stations, which
is results of the prevailing wind (northeasterly and
southwesterly) in Istanbul. Although the wind
direction that had a huge effect on the observed
higher concentration was south-southeasterly for
Ozanlar station, when the wind blew from southsouthwesterly with a speed 3 ms-1, the PM2.5 values
were observed over 75 ug/m3. This result helped to
conclude that domestic heating plays a dominant role
in the pollution, but the freeway located in southsouthwest direction cause the maximum pollution
values to observe. It can also be indicated that the
concentration was observed over 40 ug/m3 during 24 ms-1 wind speed measurements from the southsoutheasterly direction in the Golcuk station. The
highest contribution in concentration increase was
obtained from this direction and in the southsoutheastern part of the station where Izmit-Yalova
highway is located. The same situation was observed
for Kandira except the site, which is considered to
cause the pollution, is located in the south part of the
station.

PM2.5 concentrations did not exceed standard
limits for Silivri station, however, it was observed
above limit values while temperatures were below
10°C in winter seasons. Low concentration values
ZHUH REVHUYHG IRU .DUDD÷DF VWDWLRQ DQG REVHUYHG
exceeding rates were in winter and autumn. Besides
domestic heating, exceeding rates were associated
with agricultural activities for autumn.
Lastly, observations proved that Kesan station
often exceeded standard limits and exceeding rates
were frequently beheld above 150 ug/m3. Winter
season temperatures often drops to -2°C and
domestic heating demonstrates a linear relationship
with temperature decrease as well as high population
rates and cereal production.
Wind Direction and Wind Speed Analysis. In
this part, the analysis of wind speed, wind direction
and PM2.5 measurements were held together.
Downwind PM2.5 concentrations were analyzed to
identify maximum contribution direction to air
pollution for each stations. Furthermore, the increase
in the pollution concentrations were analyzed
depending on wind directions and speeds and
illustrated in the figure 5.
Analyses exhibited that when the wind speed
was observed 1-3 ms-1 and wind direction was
southeasterly, the PM2.5 concentration was observed
over 75 ug/m3 for the Kesan station. The maximum
concentrations were observed when the wind
direction was generally northeasterly. Beside the
station is located in the urban region; it is surrounded
by Ipsala road in the north and agricultural areas in
the northeast. In the Karaagac station, when the wind
was calm and the direction was changing between
west and southeast, the concentration values
exceeded 35 ug/m3 were observed. This region is
common with agricultural activities; when the wind
direction was south-southwesterly and northnortheasterly, the concentrations were generally
exceeded the limits.

Cluster Analysis. Daily PM2.5 measurements
for March 2013 ± February 2014 time period were
used for cluster analyses. Apparent in Fig 6, stations
were divided into 5 groups regarding PM2.5
concentration amount. Fifth and fourth clusters
differed from others and both were consisted of only
one station. The Ozanlar and Kesan stations had the
highest PM2.5 concentrations. It can be assumed that
these highest values were originated from pollution
caused by fossil fuel heating. Moreover, the
topography of the Kesan was also effective on these
obtained results.
Umraniye, Kagithane and Cerkezkoy were
determined as another cluster. Low quality fuel
usage and meteorological episodes (inversion, fog
and etc.) supported by the topography caused into air
pollution for Kagithane province. Active industrial
activities were effective on the pollution in terms of
PM2.5 concentrations for Cerkezkoy. For Umraniye
station, the domestic heating was also effective for
air pollution like Kagithane province. As it can be
seen in the second cluster, Altinova, Golcuk and
Bursa stations had closer values to PM2.5 limits. The
third cluster consisted the Kandira, Silivri, Karaagac,
Lapseki and Armutlu stations that had the PM 2.5
values under the standard limits.

FIGURE 5
Time series comparisons of wind direction,
wind speed and PM2.5 concentrations
(For Kesan)
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drops are formed and at the same time the
evaporation occurs. 90% of the evaporation is
formed by welding electrode and welding wire
drops. Hot metal steam condenses and reacts with
oxygen and metal oxide particles are constituted [2].
In the literature, there are several studies about
fume formation in arc welding processes. Sowards et
al. researched the effect of heat input on fume
generation rates in E6010 and E7018 SMAW
electrodes [3]. Srinivasan and Balasubramanian have
investigated the effect of process parameters on
fume formation rate during flux-cored arc welding
(FCAW) of high-strength low-alloy (HSLA) steel
plates using steady current mode and surface tension
transfer (STT) mode [4]. Castner [5] investigated the
effect of different power sources, current types, wire
feed rates and shielding gas mixtures on fume
formation rate in GMAW of mild steel. Li et al. [6]
studied the effect of several kinds of adding
materials on the fume formation rate of lime titania
type flux cored wire. Yoon et al. investigated the
fume generation rates (FGRs) and the concentrations
of total chromium and hexavalent chromium in flux
cored arc welding of stainless steel with CO2 gas [7].
Welding processes produce different types of
contaminants, which are harmful to human health
and environment [8]. Welders may work in poorly
ventilated confined spaces in shipyards. The
potential hazards of welding operations include
metal fumes, toxic gases, ultraviolet and infrared
radiation [9]. Life Cycle Assessment (LCA) is
applied on evaluating environmental impacts of
state-of-the-art welding technologies. Shielded
Metal Arc Welding (SMAW), Laser Arc-Hybrid
Welding (LAHW) and two Gas Metal Arc Welding
(GMAW) variants are used to join a plate of 20 mm
thick structural steel. The LCA results indicate that
for 1 m weld seam, SMAW causes the highest
environmental impacts in global warming potential
(GWP), eutrophication potential (EP), acidification,
potential (AP) and photochemical ozone creation
potential (POCP) [10].
SMAW consumes the largest amount of
resources (like filler material and coating on
electrodes) and energy, which contributes to

ABSTRACT
Manufacturing VHFWRULVFUXFLDOIRUDFRXQWU\¶V
rapid and continuous development and welding is
one of the most highly utilized manufacturing
processes in heavy industries such as shipbuilding,
pipe-line and steel constructions, manufacturing of
pressure vessels. Despite many advantages in
manufacturing, welding is one of the most important
pollution sources and important amount of
detrimental fume and noxious gas emissions are
emitted during welding.
In this study, manual metal arc (MMA) welding
of AH-36 structural steel with rutile, basic and
cellulosic covered electrodes using variety of
parameters were investigated and fume formation
rates were measured and analyzed using Taguchi
design of experiment method and analysis of
variance (ANOVA). In addition, toxic gases formed
during welding were measured as well. Results
obtained were evaluated in terms of environment
IULHQGOLQHVVDQGZRUNHU¶VKHDOWK

KEYWORDS:
00$ZHOGLQJVWUXFWXUDOVWHHOIXPHIRUPDWLRQZRUNHUV¶
health, Taguchi, ANOVA




INTRODUCTION
Ship manufacturing can be defined as heavy
industry, which includes many types of different
harmful processes such as welding, cutting, blasting
and painting. Amongst all, welding is one of the
most important emission sources during ship
manufacturing.
Ship manufacturing methods are mainly based
on joining processes such as welding. Shielded metal
arc welding (SMAW), gas metal arc welding
(GMAW), submerged arc welding (SAW) are the
most common welding methods used in ship
building [1]. In welding processes, toxic gases,
fume, plume and metal particles are formed. During
welding, heated electrode or wire tip melts and liquid
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environmental impacts in global warming potential,
acidification, photochemical ozone creation
potential and eutrophication than other chosen
processes. The results reflect that the wage status of
welders is still fair and sufficient. The manual
processes bring much higher potential risk for
ZHOGHUV¶ KHDOWK WKDQ WKH DXWRPDWLF SURFHVVHV
especially SMAW [11]. The emissions of toxic air
contaminants such as Mn, Ni, Cr, Co and Pb during
welding have potential adverse human health
impacts [12].

Electric Invertec V260-S. Mobydick 5000 gas
analyzer was utilized to measure gases. Chemical
composition of base metal and the electrodes
gathered from the manufacturers are given in Table
2. Fume was captured on round Sartorius MGA glass
fiber filters with 240 mm diameter. Filters were
stored in a furnace at 110°C for at least 1 hour before
and after the experiments. Shimadzu BL-320H
electronic balance was used to weigh filters and
electrodes.

RESULTS AND DISCUSSION
MATERIALS AND METHODS
After the welding experiments were realized
according to L9 Taguchi design, fume accumulation
on filters were weighed and fume formation rate was
calculated. Table 4 presents Taguchi design, FFR
and CO2 measurements.
Experimental data were analyzed using signal
to noise (S/N) ratio and the analysis of variance
(ANOVA) methods by using Minitab 17 software. It
is better to have smaller fume formation rate in
welding in terms of environmentally friendliness and
occupational safety and health, smaller is better
equation was chosen (Eq. 1) in S/N calculations.
Here, n is the number of repeated experiments, Y is
the measured value of the response variable.
The lower - the better:
Ȁ ൌ െͳͲሺሺσ  ଶ ሻȀሻ
(1)

FFR. Table 3 shows response table for S/N
ratios for FFR. S/N ratios in Taguchi method are
used to investigate the significance of the factors.
Higher S/N ratios yield to the aim, which is lower
FFR and CO2 emissions in this study. S/N ratios in
Fig.1 and Table 3 depict that electrode type has the
highest effect on FFR and it is followed by current.
Welding speed comes in third in this respect.

Taguchi method has been developed by
Genichi Taguchi to improve the performance and
quality of manufactured products [13]. In this study,
experiments were designed using Taguchi method,
which is one of the most reliable design of
experiment methods [14]. Taguchi design of L9
orthogonal array was implemented and welding
trials were run for three times. Table 1 shows three
process factors (i.e. electrode type, welding speed
and current) and three levels, which were used to
form L9 orthogonal array.
TABLE 1
Experimental factors and levels
Symbol

Factor

A
B

Electrode type
Welding speed
(cm.min-1)
Current (A)

C

Level
1
Rutile
20

Level
2
Basic
25

Level
3
Cellulosic
30

100

115

130


TABLE 2
Chemical composition of AH-36, rutile, basic
and cellulosic covered electrodes (% wt)
Material/Electrod
e
AH-36 steel

C

Mn

Si

P

S

0.18

Rutile electrode

0.07

1.3
0
0.5

0.4
5
0.3

0.03
5
-

0.03
5
-

Basic electrode
Cellulosic
electrode

0.08
0.01
2

1.4
0.5

0.4
0.1
4

-

-

TABLE 3
Response table for S/N ratios for FFR


Fume emission experiments have been realized
inside a fume chamber designed according to EN
ISO 15011-1:2009 (ISO, 2009). AH-36 ship building
steel round plates with diameter of 290 mm were
used in the experiments and these plates were welded
with rutile (EN ISO 2560-A: E 42 0 RR 12), basic
(EN ISO 2560-A: E 46 6 B 42 H5) and cellulosic
(EN 499: E 38 3 C 21) covered electrodes with 3.20
mm diameter for 45 seconds. After welding was
finished, fume was sampled for 4 minutes and 15
seconds more, a total sampling time of 5 minutes was
obtained. Welding power source was Lincoln

A

B

C

1

16.167

10.184

12.130

2

10.592

10.235

9.815

3

3.569

9.909

8.383

Delta

12.599

0.326

3.746

Rank

1

3

2

It can clearly be seen in Fig. 1, FFR is minimum
at first level of electrode type (A1), second level of
welding speed (B2), first level of current (C1).
Consequently,
optimum
design
parameter
combination was found to be A1B2C1. Since this
combination is not included in L9 orthogonal array,
confirmation test was needed to verify the optimum
parameter combination by Taguchi design.
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Run

1
2
3
4
5
6
7
8
9

TABLE 4
L9 experimental set, FFR and CO2 measurements
Factors and levels
Output
Electrode
Welding
Current
FFR
S/N ratio
CO2
type
speed
(A)
(g.min-1)
(dB)
(% vol)
(cm.min-1)
1
1
1
0.116
18.744
0.050
1
2
2
0.157
16.063
0.085
1
3
3
0.207
13.694
0.105
2
1
2
0.323
9.825
0.120
2
2
3
0.336
9.473
0.130
2
3
1
0.238
12.476
0.115
3
1
3
0.796
1.981
0.150
3
2
1
0.552
5.168
0.130
3
3
2
0.664
3.556
0.145

26.020
21.411
19.576
18.416
17.721
18.786
16.478
17.721
16.772

ANOVA. ANOVA analysis was performed to
investigate the significance and contribution of the
factors on FFR. ANOVA results were based on
general linear model and are given in Table 6. Pvalue should be equal or less than 0.05 for 95%
confidence level. P-value for electrode type (A) was
less than 0.05, whereas P-values were higher for
welding speed (B) and current (C) factors.
Therefore, electrode type factor had statistically
significant effect on FFR. Since P-value for current
factor was slightly higher than 0.05, only welding
speed factor was decided to be pooled. Pooled
ANOVA results are given in Table 7.

FIGURE 1
S/N ratios of factor levels for FFR

Confirmation Test. Optimum condition for
FFR was given as A1B2C1 after Taguchi S/N
analysis. Since this combination is not included in
the L9 Taguchi design, a confirmation test was
needed to be run with this combination.
Confirmation test was realized with rutile electrode
using 100A current at 25 cm.min-1 welding speed.
Fume formation rate was measured as 0.107 g. min1
. This result FRQILUPHG 7DJXFKL¶V RSWLPXP
parameter combination, although there was not a
significant difference between the lowest FFR giving
combination in L9 orthogonal array design and the
optimum parameters because welding speed was not
a significant factor on FFR.

FIGURE 2
S/N ratios of factor levels for CO 2



TABLE 5
Response table for S/N ratios for CO2

CO2 Emission. Table 5 shows response table
for S/N ratios for CO2. S/N ratios in Fig. 2 and Table
5 represent that electrode type has the highest effect
on CO2 emissions and it is followed by current.
Again, welding speed has the least effect. Highest
signal-to-noise ratio for each factor yields to the aim.
It can clearly be seen in Fig. 2, CO2 emission is
minimum at first level of electrode type (A1), first
level of welding speed (B1) and first level of current
(C1). Consequently, optimum design parameter
combination was found to be A1B1C1. This
parameter combination is included in L9 orthogonal
array. Therefore, confirmation test was not needed
for this output.

Level

A

B

C

1

22.34

20.31

20.84

2

18.31

18.95

18.87

3

16.99

18.38

17.93

Delta

5.35

1.93

2.92

Rank

1

3

2

When both P and F values were evaluated
together, factor A was evaluated to be statistically
significant at least 99% confidence level. Similarly,
factor C was assessed to be statistically significant at
least 90% confidence level.
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TABLE 6
Analysis of variance results for FFR
Source

DoF
*

Adj SS

Adj MS

Fvalue

Pvalue

A

2

0.418255

0.209127

197.50

0.005

B

2

0.006190

0.003095

2.92

0.255

C

2

0.031470

0.015735

14.86

0.063

Error

2

0.002118

0.001059

Total

8

*DoF: Degree of Freedom

TABLE 7
Pooled anova results for FFR (pooled factor B)
Source

DoF

Adj SS

Adj MS

Fvalue

Pvalue

%
Effect

A#

2

0.418255

0.209127

100.70

0.000

91.32

C&

2

0.031470

0.015735

7.58

0.044

6.87

Error

4

0.008307

0.002077

1.81

8
Total
#
At least 99% confidence, &At least 90% confidence

0.002969

Fvalue
34.48

Pvalue
0.028

0.000339

0.000169

1.97

0.337

7.97

0.112

DoF

Adj SS

Adj MS

A

2

0.005939

B

2

C

2

0.001372

0.000686

Error

2

0.000172

0.000086

Total

8

This paper presented an application of Taguchi
method to fume formation rate and CO2 emission
research on arc welding with different covered
electrodes and the results were analyzed using S/N
ratios and analysis of variance. Results are
summarized as follows,

TABLE 9
Pooled anova results for CO2
(pooled factor B)
Source

DoF

Adj SS

Adj MS

Fvalue

Pvalue

%
Effect

A#

2

0.005939

0.002969

23.24

0.006

75.92

C&

2

0.001372

0.000686

5.37

0.074

17.54

Error

4

0.000511

0.000128

Total

8

6.53
100

#

At least 97.5% confidence, &At least 90% confidence

Percentile effects of electrode type and current
were 91.32% and 6.87%, respectively. The effect of
the error was 1.81%. Coefficient of determination
(R-sq (adj)) in ANOVA analysis was found to be
96.37%.
Another ANOVA analysis was performed to
investigate the significance and contribution of the
factors on CO2. ANOVA results were based on
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100

TABLE 8
Analysis of variance results for CO2
Source

general linear model and are given in Table 8. Pvalue should be equal or less than 0.05 for 95%
confidence level. P-value for electrode type (A) was
less than 0.05, whereas P-values were higher for
welding speed (B) and current (C) factors.
Therefore, again, electrode type factor was evaluated
to be statistically significant effect on CO2. Since Pvalue for current factor was around 0.1, which makes
it significant for 90% confidence level, only welding
speed factor was decided to be pooled. Pooled
ANOVA results for CO2 are given in Table 9.
When both P and F values were evaluated
together, factor A was evaluated to be statistically
significant at least 97.5% confidence level.
Similarly, factor C was assessed to be statistically
significant at least 90% confidence level.
Percentile effects of electrode type and current
were 75.92% and 17.54%, respectively. The effect of
the error was 6.53%. Coefficient of determination
(R-sq (adj)) in ANOVA analysis was found to be
86.93%.

x Optimum condition for fume formation rate
was found to be A1B2C1, which depicts shielded
metal arc welding realized with 100A current using
rutile covered electrode and 25 cm.min-1 welding
speed. Fume formation rate for this optimum
condition was found to be 0.107 g. min-1.
x Optimum condition for CO2 emission was
found to be A1B1C1, which was included in L9
orthogonal array.
x After ANOVA analysis for FFR with 95%
confidence level, welding speed was found to be
insignificant factor on fume formation rate and it was
pooled. Mert et al. [14] addressed in their research
that welding speed had very little effect on FFR.
After pooling in ANOVA analysis, biggest
contributor (~91%) on FFR was reported as the
selection of electrode. Cellulosic electrodes yielded
substantially higher fume formation rate compared
with rutile and basic ones. Similarly, basic electrodes
emitted higher fume amounts compared with rutile
ones. Current was the second contributor (~7%) on
FFR. It was observed that higher current values
resulted in higher FFR.
ANOVA analysis for CO2 with 95%
confidence level indicated again welding speed was
an insignificant factor on CO2 emissions and it was
pooled. After pooling in ANOVA analysis, biggest
contributor (~76%) on CO2 was reported as the
selection of electrode, followed by current (~17.5%).
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There was a similar trend in CO2 emission as it was
in FFR; cellulosic electrodes yielded higher CO2
emissions compared with rutile and basic electrodes;
welding with basic electrodes resulted in higher CO2
emissions compared with rutile electrodes.
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contaminants is often connected with a) changes in
ventilation regimes applied in buildings, b) open
windows permitting the penetration of outdoor air
pollutants into indoor environments, c) activities of
the occupants (cleaning), which lead to the emission
of some specific individual compounds and/or
mixtures of compounds (smoking) belonging to
various chemical classes and d) emissions from
building or construction materials indoors.
In the course of the last years, however, an
additional factor (saving energy in buildings)
affecting indoor air quality became important.
Saving energy in buildings has partly been achieved
with the construction of more air tight buildings and
the appropriate adaptation of ventilation regimes. In
addition an attempt was made to promote the
development of low emitting products to be used in
indoor environments. In this context relevant
Directives/Regulations as: the Energy Performance
of Buildings Directive [4], [The recast Directive on
Energy Performance of Buildings [4], the
Construction Products Regulation (CPR) [5], the
guidelines for indoor air quality [7] and the EU
Green Paper on Smoking ban [8] can be
applied/integrated at European and national level to
facilitate/ensure a healthy indoor environment.
The recast Directive on Energy Performance of
Buildings [4] foresees, that by the end of 2020 (2018
for buildings occupied and owned by public
authorities), all new buildings should comply with
the Energy Performance of Buildings Directive
obligations and thus meet 'nearly zero-energy'
performance levels using innovative, cost-optimal
technologies with integration of renewable energy
sources on site or nearby. The performance of
innovative technologies and the applied solutions for
highly energy performing buildings should not,
however, compromise indoor air quality, well being
and comfort.
Several EU-funded research projects have been
carried out with the aim to identify and quantify the
main determinants of indoor air pollution, map them
and explain their role and distribution at
geographical and national level. However, none of
them was dealing directly with energy saving
requirements
in
connection
with
indoor
environmental issues. The focus of these projects
was mainly onto a) the evaluation of indoor air

ABSTRACT
In the last three decades numerous studies have
been performed dealing with air quality in indoor
environments. Most of them were focused onto the
chemical characterization and quantification of
priority air contaminants indoors, which may
represent a risk for human health, well being and
comfort. The reason for all these activities was the
fact, that people spend a great part of their time (85
to 90%) in confined spaces (homes, office buildings,
schools, public transport means) and thus are
exposed to a high extent to chemicals accumulated
indoors. In order to substantially facing indoor air
pollution there is a need a) to apply harmonized
procedures for indoor air pollution monitoring,
b) to reduce/eliminate indoor pollution sources
e.g. smoking, use of cleaning agents and low
emitting (chemical substances) building and
construction materials and c) to integrate all political
tools and initiatives available e.g. the Construction
Products Regulation (CPR), the Energy Performance
Building Directive (EPBD) and the WHO
Guidelines for Indoor Air Quality [6,7].
The paper presents existing knowledge on
indoor environmental quality related issues at
European level in view of energy saving
requirements for new and old buildings and proposes
actions that should be taken into consideration in the
coming years to achieve healthy and resource
efficient buildings.

KEYWORDS:
Indoor air quality, energy saving, directives/policies

INTRODUCTION
The European Commission through its
Environment and Health Strategy [1] and Action
Plan [2] as well as through its Health and Consumer
Protection Strategy [3] promoted research on health
impacts of environmental factors including
consumer products and strongly supported efforts to
identify the strength of indoor sources and reduce
indoor emissions in order to improve human health,
well-being and comfort. Accumulation of indoor air
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however, compromise indoor air quality, well being
and comfort.
This is an important indication which
significantly determines future developments in the
construction industry e.g. the use of consumer
friendly and safe (low emitting) building materials to
be used in indoor environments.

quality in different indoor environments and in
various geographical areas, b) the characterization of
sources of pollutants relevant for confined spaces
and c) the health impact of poor indoor air quality on
vulnerable groups e.g. elderly people, children.
On the basis of information currently available
the impact of innovative technologies and the
applied solutions for highly energy performing
buildings on the air quality in buildings as well as on
health and wellbeing of the occupants cannot be
quantified with a high degree of certainty. This could
be done by combining epidemiological, chemical
and bio-monitoring studies along with cost-optimal
technologies and solutions that can be applied in
buildings satisfying the energy requirements. This
will be the challenge for the coming years
considering among others the peculiar economic
situation and the herewith emerging societal needs.
The paper presents existing knowledge on
indoor environmental quality at European level in
view of energy saving requirements for new and old
buildings and proposes actions that should be taken
into consideration in the coming years to create
healthy and resource efficient buildings.

BUILDING AND CONSTRUCTION MATERIALS AS INDOOR POLLUTION SOURCES
In Europe there are thousands of materials and
products in the market which can be and are used in
buildings. They represent a significant source for
volatile organic compounds (VOCs) indoors; for
most of them there is no enough toxicological data
to evaluate the risk for human health. Existing
difficulties in the evaluation of the various building
materials and consumer products can be avoided by
applying harmonized methodologies for the long
term assessment of VOC emissions. Hereby the
Lowest Concentration of Interest (LCI) approach can
be applied to evaluate emissions from building
products into indoor air.

THE INTERPLAY BETWEEN ENERGY AND
INDOOR AIR QUALITY

Categories of materials and emissions of
VOCs (selection). Mineral based products (e.g.
concrete, glass, mineral fibers, gypsum): no or minor
emissions
Paints: various emissions depending on the
type of paint (low and high boiling solvents)
Adhesives: various emissions depending on the
type of adhesive (low boiling solvents)
Linoleum: mainly aldehydes and carboxylic
acids
Carpets:
4-phenyl-cyclohexene
(typical
emission)

The Requirements to be implemented by the
Member States within the frame of the Energy
Performance of Buildings Directive [4] are related to
methodologies dealing with the calculation of the
integrated energy performance of buildings as well
as with the application of minimum requirements on
the energy performance of large existing buildings
that are subject to major innovation and the regular
inspection of boilers and air conditioning systems in
buildings. In addition, as a very important criterion
for the energy performance of buildings has been
introduced the energy performance certification of
buildings, for which qualified technical personnel,
experts and inspectors, are required. Meanwhile, the
energy performance certification of buildings has
been adopted by almost all Member States of the
European Union and constitutes a strong criterion for
buying or selling a property. The Energy
Performance of Buildings Directive [4] did not,
however, explicitly mention any specific
requirements regarding indoor environmental issues.
This has been done by the recast Directive [4], in
which clearly stated that the performance of
innovative technologies and the applied solutions for
highly energy performing buildings should not,

Chamber testing of selected materials.
Within the frame of the EU financially supported
³Building materials as indoor pollution sources
project (BUMA)´ a significant number of commonly
used building and construction materials were tested
in environmental chambers under well defined
experimental conditions. Emissions e.g. for
formaldehyde were measured after three (3) and
twenty eight (28) days (Figure 1).
The outcome of the BUMA project is, among
others, a database which was developed on the basis
of the chamber emission testing describing the
emissions of all materials tested. The BUMA
database is hosted at the Institute for Health and
Consumer Protection of the Joint Research Centre of
the European Commission.
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FIGURE 1
HCHO-emissions from building materials (Circles: 3 days, Triangles: 28 days)
[The BUMA project]
evaluating WKH QHZ DQG FRPSOH[ FRQFHSW ³]HUR
HQHUJ\ EXLOGLQJ´ DQG LWV GLUHFW UHODWLRQ WR KHDOWK
well being and comfort for humans.
Finally the role of the European Commission is
to continue inform the member states and address the
current situation, highlight the benefit of energy
efficient buildings and put forward proposals of what
the best business models are to adopt the new
approach RI ³]HUR HQHUJ\ EXLOGLQJ´, in a changing
economic and environmental scenario. Special
attention should be given to the communication of
relevant results to different target groups such as,
academics, policy makers, standardization bodies,
industries in the construction sector as well as to the
public.

VENTILATION, PERSONAL BEHAVIOUR
AND INDOOR AIR QUALITY
The use of ventilation systems across the EU
countries is different, in the residential and office
environment [12-13].
European Standards on ventilation are
published by the European Committee for
Standardization (CEN). The use of standards is,
however, voluntary [10]. Europe needs a common
regulation on ventilation rates, which would
harmonize calculation practice among countries and
ensure that the required ventilation rates are among
others not only comfort, but also health based.
Changes in personal behavior regarding energy
consumption and life style can contribute positively
to a healthy indoor environment and lead to a
significant reduction of energy costs. In this context,
information about innovative solutions for a healthy
indoor environment, on climate change, on friendly
construction products and ventilation strategies will
be the role of experts from various
scientific/technical disciplines for the coming years.
Hereby, member state authorities and professional
organizations should be in the forefront to critically

CONCLUSIONS
There is sufficient evidence to create and
maintain a healthy indoor environment in buildings.
This implies to: a) Inform the public on innovative
solutions for a healthy indoor climate. b) Provide the
marketplace with ideas for the development of
sustainable materials (low emitting materials and
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products), c) Apply methodologies for monitoring
indoor air with harmonized criteria and protocols
[6,11]. d) Facilitate procedures for the on-site or
nearby-generation of renewable energy for new
buildings (electricity as well as heating and cooling
generation, e.g. heat pumps, integrated photo
voltaic).
There are positive signs from science and
policy towards better indoor air quality, which are
complemented by efforts from the industry to adopt
relevant regulations, necessary for a smooth internal
market and the increasing awareness of consumers
for ecologically friendly products.
In this context, as a very positive step forward
can be seen the indoor air quality (IAQ) certification
of buildings in analogy to energy performance
certification.
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ABSTRACT

INTRODUCTION

The proximity of vehicles to emissions from
other vehicles on freeways and busy roadways leads
to elevated pollutant concentrations in vehicle cabins
compared to other indoor environments. This study
presents in-cabin and outdoor measurements of
particulate matter concentration and size
distributions while driving on busy streets of the
centre of Thessaloniki, Greece. Measurements were
carried out during 4 consecutive days (07:00 ±
15:30) of July and were performed using an optical
counter (TSI Optical Particle Sizer Model 3330).
Three different in-cabin ventilation settings were
evaluated: a) open windows, a ventilation mode that
brings in outside air, b) air condition (AC) on and c)
AC and recirculate (RC) on. Overall car protection
as well as commuter exposure were estimated based
on in-cabin and outdoor concentrations. Outdoor
measurements during the days of experiment varied
with median values for PM10 at 31 ug/m3 (range: 13
- 131 ug/m³) and for PM2.5 at 5 ug/m³ (range: 3 - 19
XJPñ ³2SHQZLQGRZV´LVWKHYHQWLODWLRQPRGHDW
which the highest concentration levels were
observed (PM10 median, min, max: 34, 11, 160
ug/m³ and PM2.5 median, min, max: 6, 3, 21 ug/m³).
The air-recycling mode leads to a clear reduction in
the concentration inside a vehicle. Specifically,
VKLIWLQJIURP³RSHQZLQGRZV´WR³$&DQG5&RQ´
mode, leads to an average reduction by 72% for
PM10 and by 50% for PM2.5. The average reduction
ZKLOH FKDQJLQJ IURP ³RSHQ ZLQGRZV´ WR ³$& RQ´
was 64% for PM10 and 46% for PM2.5. The ratio
between PM10out/PM10cabin and PM2.5out/PM2.5cabin
was 0.78 (s.d. 0.07) and 0.81(s.d. 0.15) respectively.
This study contributes to a better understanding of
human exposure to particulate matter and provides
information regarding the accumulation of particles
in private vehicles. It is clear that the ventilation
settings have a major effect on the levels of
exposure.

People are exposed to atmospheric PM on a
continual
basis,
usually
under
different
circumstances and environments: indoors, outdoors
and during everyday commute. A significant and
disproportionate share of total personal exposure can
occur during driving, especially for pollutants
emitted mostly by vehicles, such as particulate
matter (PM) [1] volatile organic compounds
(VOCs), produced mostly by vehicle engines [2],
and ultrafine particles (UFPs). PM can be directly
emitted from a variety of sources, both natural and
anthropogenic, or generated by atmospheric
reactions, leading to a complex mixture of solid
particles and liquid droplets with different size and
chemical composition [3]. Studies have shown that
short- and long-term exposure to extremely high
levels of PM may cause acute respiratory system
responses such as inflammation, allergy, and asthma
[4] and numerous long-term health problems
including lung cancer and cardiovascular diseases or
even mortality [5-7]. UFPs are a greater threat to
human health [8] compared to larger particles, since
they can easily penetrate the lung tissue, enter the
circulatory systems and be deposited in the brain,
causing severe health effects [9]. Small sized
particles from vehicle exhaust can be quite toxic
since they contain high concentrations of organic
carbon content, including polycyclic aromatic
hydrocarbons (PAHs) and quinines, therefore
enhancing the risk of adverse health effects. To date,
limited information [10] is available on human
exposure to emitted pollutants while traveling on
major roads and freeways. In this paper reports incabin and outdoor measurements of particle number
concentration and size distributions while driving on
busy roads of Thessaloniki. The effects of traffic mix
and different in-cabin ventilation settings were
evaluated. Overall car protection and commuter
exposure were estimated based on in-cabin and
outdoor concentration.

KEYWORDS:
9HKLFOH RFFXSDQWV¶ H[SRVXUH YHQWLODWLRQ
particulate matter, in-cabin, in-vehicle.

PRGH

MATERIALS AND METHODS
The study was conducted between the 5th and
8th of July 2013 in the centre of the city of
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Thessaloniki, the second largest town in Greece with
a population of 1.000.000 people. The
measurements were held between 7:00 a.m. and 3:30
p.m. The trajectory that was followed was consisted
of 4 segments (Figure 1) that partially cover 4 of the
busiest roads of central Thessaloniki. The total
distance of the planned route was 3.4 km and speed
limit was 50 km/h. The car was driven in the central
freeway lane, when possible. No attempt was made
to maintain a steady speed during these runs.

Fresenius Environmental Bulletin

ZLWK ³$& DQG 5& RQ´ DQG  URXWHV GXULQJ ZKLFK
outdoor concentration was measured).

FIGURE 2
In-vehicle set up.

FIGURE 1
The followed trajectory, consisted of 4 road
segments.
Three different in - cabin ventilation modes
were evaluated: a) open windows, a ventilation
mode that brings in outside air, b) air condition (AC)
RQ DQG F  $& DQG UHFLUFXODWH 5&  RQ 7KH ³RSHQ
ZLQGRZV´ PRGH LV PDLQO\ REVHUYHG GXULQJ ZDUP
months, when the average environmental
temperature reaches or exceeds 20 °C. During
measurements, all 4 windows were open. In the case
of AC use, the fan speed was set to a medium value
(level 3 of 5) whereas cabin temperature was set to
22 °C. The ventilation system was factory-installed
and the ventilation filter was installed and checked
by the car dealer during a scheduled maintenance
run.
The selection of time period, the observed
weather conditions as well as the 3 different
ventilation modes aim at simulating a typical warm
day. Meteorological data were collected from a local
meteorological station (http://www.meteothes.gr).
During the 4 days of the measurements, conditions
were similar (sunshine, no rain). The average
temperature, relative humidity and wind speed were
26.8±1.3 °C, 47.3±7.7 % and 9.3±2.1 km/h
respectively.
The average duration of the planned trajectory
was 13.5 minutes. Overall, measurements were
collected for 96 completed routes (29 routes with
³RSHQZLQGRZV´URXWHVZLWK³$&RQ´URXWHV

PM10 and PM2.5 were measured by a TSI
Optical Particle Sizer (OPS) Model 3330 that was
attached inside the cabin of a Volkswagen Golf
(model year 2000), with an engine of 1.8L and
150HP that belonged to a researcher who took part
in the study. The TSI OPS is a light, portable unit
that provides fast and accurate measurements of
particle concentration and particle size distribution
(in compliance with ISO 21501) using single particle
counting technology. Particles range between 0.3 um
and 10 um are also scanned and classified in up to 16
channels. Before the scheduled measurements took
place, the device precision was tested and validated
E\ WKH PDQXIDFWXUHU¶V PDLQWHQDQFH UXQV DQG E\
precision experiments inside and outside the
laboratory, based on repeated measurements under
controlled conditions (R2 ~0.99).
7KHGHYLFHZDVSODFHGDWWKHIURQWSDVVHQJHU¶V
seat, on top of a metal base so that the sampling
height was in accordance with the high of an adult
passenger breathing zone. The sampling interval was
3 minutes. The OPS data was exported to the
Aerosol Instrument Manager® Software (release
version 9.0.0.0.0, TSI Inc.) as well as to MATLAB®
software (version 2012b).
Outdoor concentration was measured at a daily
basis at 7:30 a.m. and 11:30 a.m. respectively. The
OPS device took an outdoor concentration sample at
12 consecutive spots, all being part of the chosen
pathway. Each sampling lasted for 3 minutes.

RESULTS AND DISCUSSION
Outdoor measurements varied during the 4 days
of experiment with median values for PM10 at 46
ug/m3 (range: 13 - 131 ug/m3) and for PM2.5 at 5
ug/m3 (range: 3 - 19 ug/m3). There is a significant
variation in PM10 during the first day of
measurements, with values exceeding 100 ug/m3.
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This is due to dust emissions that appear to be
related to the archaeological excavations at several
Metro construction sites in the centre of Thessaloniki
[11]. Specifically, PM levels for this particular day
exceeded the one day limit of Directive 2008/50/EC.
³2SHQ ZLQGRZV´ LV WKH FDU YHQWLODWLRQ PRGH at
which the highest concentration levels were
observed (PM10 median, min, max: 51, 11, 160
ug/m3 and PM2.5 median, min, max: 6, 3, 21
ug/m3). In the figure below, a box plot is presented
containing information for all three ventilation
modes as well as outdoor concentrations for the 4
days of measurements.

FIGURE 3
Box plot with observed concentrations for the
three in-car ventilation modes as well as outdoor
concentration for the 4 days of measurements

Fresenius Environmental Bulletin

One-way ANOVA was used in order to assess
the statistically significant difference of the various
ventilation modes. The results illustrated that there
LVLQGHHGVLJQLILFDQWGLIIHUHQFHEHWZHHQWKH ³2SHQ
ZLQGRZV´ PRGH DQG WKH ³$& RQ´ S   
Additionally, a T-TEST was used in order to
evaluate the statistically significant difference
EHWZHHQWKH³$&RQ´PRGHDQGWKH³$&DQG5&RQ´
one. Findings showed that there is no statistical
difference regarding PM levels between the 2
ventilation modes. This could be justified due to the
fact that in both cases, the air flow passes through
the same cabin filter that partially captures larger
particles.
The air-recycling mode leads to a clear PM
reduction inside the vehicle. Specifically, shifting
IURP ³RSHQ ZLQGRZV´ WR ³$& DQG 5& RQ´ PRGe,
leads to an average reduction by 72% for PM10 and
by 50% for PM2.5. The average reduction while
FKDQJLQJ IURP ³RSHQ ZLQGRZV´ WR ³$& RQ´ ZDV
64% for PM10 and 46% for PM2.5.
Figure 4 shows the changes in PM
concentration during the third day of measurements
for all ventilation modes while driving through the
planned route. It is illustrated that the outdoor
concentration ranged at lower levels compared to the
in-FDELQHQYLURQPHQWZKHQ³RSHQZLQGRZV´LVWKH
ventilation mode in use. This is a trend that was
observed during the whole campaign. The ratio
between PM10out/PM10cabin and PM2.5out/PM2.5cabin
was 0.78 (s.d. 0.07) and 0.81(s.d. 0.15) respectively.
These ratios reveal the accumulation of urban street
canyon concentrations [12] that stay for a longer
period of time at the in-vehicle environment.
Daily data (Figure 5) were examined with an
ANOVA analysis. Findings show that there is no
statistically significant difference among all 4
individual segments of the chosen path (day 1: p =
0.19, day2: p = 0.19, day 3: p = 0.25 and day 4: p =
0.21).
These measurements can also be used in order
to assess exposure to road traffic pollution for
commuters that spent an amount of time either on or
in close proximity to the under-study busy roads. It
should be noted that especially in active modes, such
as cycling and running/walking, the increased level
of physical activity and/or usually increased
commute time is connected to the inhalation of an
increased volume of polluted air, compared to the
same exposure for a commuter travelling in
motorised modes. Studies typically show that the
mean concentrations of air pollutants pedestrians
and cyclists are exposed to are lower than those
experienced by car drivers and bus passengers [13,
14]. This is due to the additional options available
for pedestrians and cyclists to travel at least part of
their journey through parklands and backstreets. On
the other hand there are studies [15] that show that
the pollutant intake doses in the case of
cyclists/runners/walkers can be significantly higher
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than for people in cars or buses. Such studies are
sometimes contradictory due to a large number of
confounding factors [16], though it is clear that
ZHDWKHU FRQGLWLRQV DQG WKH FLW\¶V LQIUDVWUXFWXUH DV
well as urban space planning play a major role.
7KH SRUWDEOH LQVWUXPHQW¶V measurements
provide a useful insight on the conditions observed
LQWKHKHDUWRIWKHFLW\IURPDFRPPXWHU¶V GULYHU 
exposure perspective. The simple act of measuring
average pollutant concentrations at background or
traffic monitoring stations can only offer a general
guide to actual variations in airborne particle
concentrations and compositions inhaled by people
moving through the city, either inside a vehicle or as
pedestrians.
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CONCLUSIONS
This study contributes to a better understanding
of human exposure to particulate matter and
provides information regarding the levels as well as
the accumulation of particles in private vehicles
ZKLOHRQWKH PRYH'HSHQGLQJRQDSHUVRQ¶VGDLO\
routine, in-vehicle exposure may account for
approximately 10 to 35% of total daily average
exposure, a fact that underlines the need to assess
personal exposure by obtaining data directly from
the microenvironments where daily commuters or
professionals related to transportations (e.g.: taxi,
bus drivers) spend their time

FIGURE 4
3rd day ± PM10 Daily Variation for all ventilation settings

FIGURE 5
³2SHQZLQGRZV´PRGH± route segment average concentration (ug/m3)
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It is clear that the ventilation settings together
with traffic characteristics, land use, road types, and
meteorology are important determinants of
exposure. The study reveals that the concentration of
PM in vehicles cabin could be higher than the
corresponding
measurements
of
outdoor
concentration for the same location, confirming that
personal exposure is highly influenced by the nature
of microenvironments and therefore needs to be
assessed in better detail.
Results show that AC ventilation provides
conditions during which a reduction of in-cabin PMx
levels is observed. This finding confirms the
constant need for the development and adoption of
innovative technologies regarding efficient invehicle air filtering systems.
The acquired data will contribute to the
development of population-based exposure
simulation models in order to better account for the
in-vehicle contribution to total exposure.
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could be useful for a better understanding of seismic
precursors [1].
Radon (Rn222), in particular is recognized as a
possible precursor of earthquakes. It is a radioactive
and inert gas generated by the radioactive decay of
Radium (Ra226) in the decay chain of Uranium
(U238) [2]. Variations of Radon concentration, both
in water and in the ground, associated to seismic
activity, are well known since more than half a
century. A standard explanation for the variation in
dissolved Radon concentration in faults and water
wells before, during and after an earthquake in an
area is the following: variation in release of the gases
entrapped in crustal rocks due to pore collapse
and/or opening of micro-fractures caused by stress
variations.
In 1966 in Russia it was observed an increase
of the concentration of radon in the waters inside a
well, before the earthquake in Tashkent [3]. In 1974,
the first underground station to study the relationship
between radon emission and earthquakes was
installed in Slovenia [4-6]. Since those studies,
changes in the concentration of radon in soil and
groundwater are considered as potential precursors
of earthquakes.
Unfortunately, to this date, no reliable method
has been developed for the successful application of
earthquake prediction, based on a human scale.
Nevertheless, based on long-term studies, some
earthquake precursors, and in particular radon
emissions, have been identified, and studies began to
appear since many decades [7-13]. However, most
of these precursors are subject to so many different
influences that they behave erratically and therefore
have been poorly understood so far, making
earthquake prediction a controversial issue. The
scientific detection of anomalies precursors of
earthquakes and development early warning system
can be possible just through the simultaneous
detection of multiple factors.
Our study area is in central Italy, close to the
epicenter of the earthquake of Magnitude 6.3,
occurred on 6 April 2009, that struck the city of
L'Aquila; our station, specifically, is located in the
small town of Pizzoli, 10.9 Km N-NW from the
epicenter. It is a part ± being actually the first station
- of the Tellus project [14], aimed to study what

ABSTRACT
In Pizzoli (Abruzzo - Province of L'Aquila) in
central Italy, emissions of Radon (Rn222) in a
measurement station, with a frequency of once every
10 minutes, have been continuously monitored, from
2 November 2015 to December 14, 2015, using a
sensor with ionization chamber. Moreover, all the
environmental parameters, both inside and outside
the station, have been recorded with the same
frequency. In particular, the following values are
measured:
internal
temperature,
humidity,
atmospheric pressure, air density. External
temperature, humidity, atmospheric pressure, air
density, speed and wind direction, amount of rainfall
were detected too. The results were evaluated, and
the relationship between radon levels and the
seismic activity has not yet been discussed due to
irrelevant seismic activity recorded in the period.
There was a systematic relationship between the
concentration of radon and the outdoor temperature
but also with other factors such as wind and
atmospheric pressure. Inside the detection station,
the temperature and humidity are almost constant.
The results show the potential of this acquisition
technique in distinguishing the type of measured
anomalies in Radon emissions.

KEYWORDS:
Earthquake precursors; radon; measurement

INTRODUCTION
Since earthquakes are natural physical
phenomena, the techniques used in order to predict
whether an earthquake is approaching are based on
geophysical data, seismic data, magnetic fields,
electric fields and geodetic data.
Different types of gas in the earth subsurface
exhale from active faults and deep geodynamic
processes: they can produce anomalies, i.e. a sudden
change of the characteristics of the observed time
series, emissions, changes in temperature and water
levels, electrical conductivity, and more. In general,
all the anomalies, observable before an earthquake,
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In particular, we have provided to avoid
ventilation of the hole, by paying maximum
attention to avoid air leaks. The cap ± with a
thickness of 4 cm - was closed with rubber seals. The
closure was carried out on October 31 st, 2015. This
operation has provided excellent results showing a
significant increase in the concentration of radon
inside the hole housing the instruments, already in
the subsequent hours after the installation of the
seals. Further proofs of the effectiveness of outside
air leaks prevention turned out to be, in time, the
absence of the usual variations in Rn222 measured
concentration due to some external factors.
Monitoring radon and other precursors
concentrations at one location only, however,
precludes the investigation of spatial nature of
measured changes. The surveys at two or more sites
could indicate whether the changes are due to local
factors or indicate that something is happening
elsewhere. For this reason it is foreseen, now at
design stage, the realization of other monitoring
stations to be installed at a distance of about 5/10 Km
from the current one.
The aim of our research is to verify the
relationship between the geochemical variations we
measure and the occurrence of earthquakes,
including spatial indications of where the earthquake
epicenter could be located: for that, once proven our
detection station concept is working correctly, a net
of several stations is necessary, as specified above,
at close distance one to each other.

happens during the phase preceding an earthquake,
and subsequent correlation and prediction of
incoming events. The Tellus Project consists of
multidisciplinary stations suitable for the
measurement of chemical, electromagnetic,
meteorological and physical parameters on Earth
[9]. In particular, the study focuses on the
measurements of radon emissions on limited areas in
the presence of various measuring stations (Local
Area Network). The measurements of radon
emissions are collected in a specific database,
updated every hour, in a central data analysis station,
where anomalies are analyzed.
Radon concentration can be measured in many
ways, depending on whether detectors in the air or in
water, indoor or outdoor, are used, and with different
types of tools [9]. The methodology we have used
is an indoor measurement technique, by means of an
ionization chamber with continuous measurement of
Alfa particles produced by the decay of Rn222.
To minimize the most important error factor in
such measurements, that is, uncontrolled ventilationinduced radon variations, the ionization chamber
was placed in a well of 40x40x40 cm, where the
basement is underground, on the land directly. The
cockpit has been built inside a hole (size 350x100
cm), at a depth of 100 cm where temperature and
humidity are almost constant. The hole is located
within the Monitoring Station, whose structure is
made by reinforced concrete (of 5x4 m and 3 m high)
located within a green area.

FIGURE 1
The monitoring station in Pizzoli, first of a kind of the Tellus project



333

© by PSP

Volume 26 ± No. 1/2017, pages 332-337

Fresenius Environmental Bulletin


DESCRIPTION OF THE
STATION AND RESULTS

/¶$TXLOD 3URYLQFH Abruzzo Region, Italy. The
radon detector is connected to the central detection
forecast center via internet. The first positive result
we have collected ± as it will be shown ± is the
following: temperature and humidity inside the
cockpit turned out to be almost constant, a necessary
starting point for avoiding prediction errors.
Variations in Radon emissions do not only
depend on earthquakes, but also on the combined
effects of luni-solar tides, on winds, on the humidity,
the temperature, the atmospheric pressure, volcanic
activity, cosmic radiations, all disturbances which
must be filtered and eliminated before hoping to
detect variations due to telluric events [9, 12, 13].
The integrated multidisciplinary station
provides multi-method measurement approach.
Measurements both indoors and outdoors represent
great asset to supply the correlation of these data and
locate the detection anomalies of earthquake
precursors. The measurement of environmental
parameters, in particular temperature, pressure and
humidity, is also part of the station. An external
antenna, for the monitoring of the electrical
component of the electromagnetic field in the bands
ELF and VLF, is part of the equipment as well.

DETECTION

The station (see Figure 1) is located in the
municipality of Pizzoli (AQ) in location Marruci, at
803 m above sea level, the geographical coordinates
Latitude and Longitude being 42.4307 and 13.2769
respectively.
The measurements of all atmospheric
parameters, indoors and outdoors, are continuously
monitored by the station instruments, with data
collected every 10 minutes with a Davis Vantage
Pro2 weather station software. Radon was measured
with R.I.C. (Radon Ion Chamber) ionization
chamber with two liters of characteristic volume. To
measure indoor Radon concentration we use the
method of Continuous Radon Monitoring (C.R. of
EPA). The air is diffused into a counting chamber.
The counting chamber is a ionization chamber.
Scintillation counts are processed by electronic
equipment, and radon concentrations for
predetermined intervals are stored in the instrument's
memory [9].
The measurements ± as specified above ± have
been taken at the monitoring station of Pizzoli,

FIGURE 2
Earthquakes in the monitored area, November-December 2015. Monitoring station is a square red.
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FIGURE 3
Earthquakes close to the monitoring station (square red), November-December 2015.

November 25th and December 6th 2015, where we
see the classic pattern of regular daily Radon
variations. Those collected data, with a time series
of greater length, are useful to study the relationship
between Radon concentration and atmospheric
variables.
The amount of Radon due to diffusion
processes through the components in structure and
the closing cap of the hole where the detector is put,
being well sealed, is negligible. The main cause of
the inflow of radon is due to the pressure difference,
which is created between outdoors and indoors.
Usually, the internal environment is in
depression compared to the outside. This depression
(only amounting to a few Pascal) is caused mainly
by two factors: the chimney effect and the wind
effect. The chimney effect is due to the temperature
difference between inside and outside, in function of
which a pressure difference is formed. In
consequence of this internal depression, cold air
containing radon is sucked from the soil. The greater
is the difference between the outside and inside
temperatures, the greater will be the effect. The wind
effect is instead due to the difference in air speed
between the outside and inside of the structure [1516].

During the whole period examined, from
November 2nd 2015 to December 14th 2015, there
were a total of 547 seismic events recorded in a
radius of 100 km from the station; they were all
minor ones, with the maximum magnitude M 2.3
(November 23rd and 25th, 2015 ± see Figure 2).
Furthermore, 95 earthquakes within a radius of 30
km from the station were observed, with a maximum
magnitude 2.3 M on November 25th 2015, see Figure
3. Those ones were minor too.
No major seismic event was detected near the
detection point: strongest earthquakes, recorded in
that period, occurred at relevant distances from the
station. Radon anomalies detected in emissions over
the examined period are all caused by external
factors, not related with earthquakes.
The graph in Figure 4 shows the survey from
November 2nd to December 14th, and in it we have
highlighted the three major anomalies. In all the
three cases, being able to measure other outdoors
parameters as temperature, pressure, and wind
speed, it turned out clearly that those changes in the
Radon emissions coincide with change in the
weather and in particular the atmospheric pressure
and wind speed.
In Figure 5, we see more in detail a section of
the observed series, precisely the ones between



335

© by PSP

Volume 26 ± No. 1/2017, pages 332-337

Fresenius Environmental Bulletin



FIGURE 4
Summary of monitored parameters

FIGURE 5
A detail of some of the monitored parameters (radon222, Outside humidity, Outside temperature)
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CONCLUSIONS
During the period of measurement of the
emission of Radon, we have not measured any
anomalies, except those caused by meteorological
factors, which we have been able to individuate and
discard. We have recorded no false positives, and
that is the main scientific result of this first survey
period. For the moment, we have recorded no false
negatives too, because the seismic activity was
absent or of very low magnitude and there were no
"significant" anomalous radon emissions.
Of course the relatively small observational
period does not let us able yet to understand, in
greater detail the relation between Radon emission
and earthquakes, but further periods of observation
are now being recorded and will be used for further
assessments. We want to highlight that the
contemporary measurement of other data than
simple Radon concentration allows us to apply
methods for distinguishing anomalies caused by
climatic factors from those attributable to seismic
activity, using modern statistical techniques.
The results we obtained demonstrate the
potential of this acquisition technique to identify the
type and origin of measured anomalies in Radon
emissions.
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$%675$&7

PAHs are emitted by vehicles [3], other sources
include industry, biomass combustion, coke and tar
production, as well as tobacco smoke [4,5]. The most
hazardous PAHs are mainly distributed in the
particulate phase, including the benzo[a]pyrene
(B[a]P) which is the only PAH classified as known
carcinogen to humans by IARC [6].
2YHUWKHODVW\HDUVDVDUHVXOWRIWKHHFRQRPLF
FULVLVWKHUHZDVDQHYLGHQWLQFUHDVHLQELRPDVVXVH
LQ WKH FLW\ RI 7KHVVDORQLNL *UHHFH ZKLFK
GHWHULRUDWHG WKH DLU TXDOLW\ GXULQJ WKH ZLQWHU >@
%LRPDVVEXUQLQJKDVEHHQDVVRFLDWHGWRHPLVVLRQVRI
VPDOOHU IUDFWLRQV RI 30 >@ 0RUHRYHU 3$+V RI
KLJKHU PROHFXODU ZHLJKW KHQFH PRUH WR[LF DUH
PRVWO\DGVRUEHGWRILQHU30>@8QGHUWKLVVFRSHLW
ZRXOGEHRISDUWLFXODULQWHUHVWWKHDQDO\VLVRI3$+V
LQDQDUHDVLJQLILFDQWO\SROOXWHGE\ELRPDVVHPLWWHG
30 7KLV SDSHU GHDOV ZLWK WKH GHYHORSPHQW RI DQ
HIILFLHQWDQGVHOHFWLYHPHWKRGIRUWKHGHWHUPLQDWLRQ
DQG TXDQWLILFDWLRQ RI  3$+ FRPSRXQGV LQ WKH
DWPRVSKHUHRIWKH7KHVDORQLNLUHJLRQLQ*UHHFH)RU
WKLVUHDVRQDQH[WHQVLYHFDPSDLJQZDVFDUULHGRXWLQ
WKH DUHD RI7KHVVDORQLNL EHWZHHQ -DQXDU\ DQG PLG
$SULO RI  7ZR VDPSOLQJ VLWHV ZHUH XVHG DQ
XUEDQ EDFNJURXQG VLWH DQG D WUDIILF VLWH 7KH
GHWHUPLQDWLRQ DQG TXDQWLILFDWLRQ RI 3$+V ZDV
DFFRPSOLVKHGXVLQJWKH*&06WHFKQLTXH

The aim of our study was to develop an
efficient and selective method for the determination
and quantification of 19 PAH compounds in the
atmosphere of the Thessaloniki region in Greece. Air
samples were collected in two sampling sites in the
area of Thessaloniki between January and mid April
of 2013, an urban background site and a traffic site
the. Nineeteen PAHs were analysed using gas
chromatography coupled with mass spectrometry.
PAHs identification was accomplished using PAHs
standards solutions. The calibration curves were
estimated using the internal standard calibration
method. For the quality assurance and control,
laboratory blanks and field blanks were extracted
and analyzed in the same way as the samples. It is
noted that all calibration curves showed good
linearity (over 0.995). The method detection limit
(for a volume of air of 55 m3) ranged from 0.008 to
0.27 ng m-3, depending on the specific PAH
compound considered. Validation of the analytical
procedure was carried out by analyzing a standard
reference material of urban particulate matter (NIST,
SRM 1649b). This analysis was in good agreement
to the certified values (i.e. PAH recoveries above
80%). Concentrations in samples from the two
monitoring stations showed variations both in PM
fractions
and
PAH
compounds.
PAHs
concentrations were higher in the urban background
station, due to the increse in biomass combustion.

0$7(5,$/6$1'0(7+2'6
Reagents and chemicals. Dichloromethane
(99.8% purity) and Hexane (99.9% purity) were
obtained from Merck (Darmstadt, Germany).
7KHUHFRYHU\VWDQGDUGV 56 IOXRUHQHGDQG
S\UHQHG DQG WKH LQWHUQDO VWDQGDUGV ,6 
DFHQDSKWKHQHG SKHQDQWKUHQHG FKU\VHQH
G SHU\OHQHG ZHUH REWDLQHG IURP &DPEULGJH
,VRWRSH /DERUDWRULHV ,QF $Q DQDO\WLFDO VWDQGDUG
VROXWLRQ FRQWDLQLQJ  3$+V  ȝJ PO LQ
GLFKORURPHWKDQH  ZDV VXSSOLHG E\ 6LJPD$OGULFK
%HQ]R>H@S\UHQHEHQ]R>D@S\UHQHDQGSHU\OHQHZHUH
SXUFKDVHGIURP6XSHOFR3DUWLFOHVZHUHFROOHFWHGLQ
37)( ILOWHUV 3DOO &RUSRUDWLRQ  PP GLDPHWHU 
3$+VH[WUDFWLRQZDVGRQHLQDVRQLFDWLRQEDWK &ROH
3DUPHU 

KEYWORDS:
Polycyclic Aromatic Hydrocarbons, PM, air, gas
chromatography±mass spectrometry, biomass combustion

,1752'8&7,21
Polycyclic Aromatic Hydrocarbons (PAHs)
include a variety of semi-volatile organic
compounds of low vapor pressure that can be
transferred in long distances as they are mostly
absorbed in fine and ultrafine particles [1,2]. Such
compounds may be long retained by human tissues
due to their high lipophilicity. While about 90% of
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6DPSOH FROOHFWLRQ $Q H[WHQVLYH FDPSDLJQ
ZDV FDUULHG RXW EHWZHHQ -DQXDU\ DQG PLG$SULO RI
 DW WZR ORFDWLRQV LQ WKH XUEDQ DUHD RI
7KHVVDORQLNLWRGHWHUPLQHWKHFKHPLFDOFRPSRVLWLRQ
RI XUEDQ DHURVROV 7KH XUEDQ EDFNJURXQG VLWH LV
ORFDWHG LQ WKH ,OLRXSROL GLVWULFW RI ZHVWHUQ
7KHVVDORQLNL R¶ ȃ R¶ (  D GHQVHO\
SRSXODWHGDUHDZKHUHURDGFRQVWUXFWLRQDQGHOHYDWHG
EXLOGLQJV GR QRW IDYRU SROOXWDQWV GLVSHUVLRQ
6DPSOHUVZHUHSODFHGDWWKHURRIRIDEXLOGLQJDWD
KHLJKW RI DSSUR[LPDWHO\  P IURP WKH JURXQG 1R
VLJQLILFDQWWUDIILFVRXUFHVZHUHFORVHWRWKHVLWH7KH
WUDIILF VLWH LV ORFDWHG LQ WKH FDPSXV DUHD RI WKH
$ULVWRWOH8QLYHUVLW\RI7KHVVDORQLNLDWDEDOFRQ\RI
WKH 6FKRRO RI (QJLQHHULQJ %XLOGLQJ ' R¶ ȃ
R¶( 7KHVLWHLVFURVVHGE\WKHPDLQKLJKZD\
RI 7KHVVDORQLNL (JQDWLD 6WUHHW DW D GLVWDQFH RI
DSSUR[LPDWHO\PDQGLWVGLVWDQFHIURPUHVLGHQWLDO
EXLOGLQJVLVDVIDUDVP6DPSOHUVZHUHSODFHGDW
DKHLJKWRIPIURPWKHJURXQG)RUWKHFROOHFWLRQ
RIDHURVROVORZYROXPHVDPSOHUVZHUHXVHG 7&5
7HFRUD  30 30 DQG 30 VDPSOHV ZHUH
FROOHFWHGRQ37)(ILOWHUV 3DOO&RUSRUDWLRQPP
GLDPHWHU IRUK9ROXPHWULFIORZUDWHRISXPSZDV
VHW DW  P K 0HDQ DPELHQW WHPSHUDWXUH ZDV
 R& ZKLOH DYHUDJH UHODWLYH KXPLGLW\ ZDV
 30 PDVV FRQFHQWUDWLRQV ZHUH FDOFXODWHG E\
ZHLJKLQJWKHILOWHUVEHIRUHDQGDIWHUVDPSOLQJ

that should be extracted and the saving of consumers
(e.g. solvents etc): Half of the filter was cut and
spiked with known amount of surrogate standards
(fluorene-d10 and pyrene-d10). PAHs were
extracted with 5 ml of dichloromethane (Merck,
99.8%) in an ultrasonic bath for 20 min. Five ml of
hexane (Merck, 99.9%) was added and the extract
was filtered through a 0.2 mm PTFE filter
(Membrane Solutions) using a 20 mL syringe into a
conical flask vial. The extract is concentrated using
a mild flow rate of N2 gas (5 bar) to 0.5 ml. Two ml
of hexane and known amount of deuterated internal
standards (acenaphthene-d10, phenanthrene-d10,
chrysene-d12, perylene-d12) were added before a
final stage of concentration to 0.4 ml. Samples were
stored in 2 ml vials at -20oC
GC-MS analysis. Analysis was performed by
an 7890A Agilent gas chromatographer coupled
with a 5975C Agilent inert MSD mass spectrometer
operated in the SIM mode. Two ȝl of each sample
was injected into the GC in splitless mode where the
inlet temperature was kept at 280 oC. A fused silica
capillary column (30 m×250 ȝm×0.25 ȝm i.d., HP5MS Agilent) was used for the separation of the
nineteen PAHs with helium as carrier gas (flow of 1
ml/min). The GC oven temperature was 60 oC for 1
min, increased with a rate of 10 oC min-1 to 120 oC,
then increased with a rate of 5 oC min-1 to 240 oC and
then increased to 300 oC (rate of 6 oC min-1) and held
for 20 min. Total run time was 60 min.

Sample extraction. The extraction of PAHs
from the PM filters was done using an optimized
method which took into account the number of filters

TABLE 1
PAHs analytes and analytical parameters.
$QDO\WH
1DSKWKDOHQH
0HWK\OQDSKWKDOHQH
$FHQDSKWK\OHQH
$FHQDSKWKHQHG
$FHQDSKWKHQH
)OXRUHQHG
)OXRUHQH
3KHQDQWKUHQHG
3KHQDQWKUHQH
$QWKUDFHQH
)OXRUDQWKHQH
3\UHQHG
3\UHQH
%HQ]>D@DQWKUDFHQH
&KU\VHQHG
&KU\VHQH
%HQ]R>E@IOXRUDQWKHQH
%HQ]R>N@IOXRUDQWKHQH
%HQ]R>H@S\UHQH
%HQ]R>D@S\UHQH
3HU\OHQHG
3HU\OHQH
,QGHQR>FG@S\UHQH
'HEHQ]>DK@DQWKUDFHQH
%HQ]R>JKL@SHU\OHQH
(a)
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TABLE 2
Limit of quantitation, method quantitation limit and SRM analysis results.
$QDO\WH

$EEUHYLDWLRQV

1DSKWKDOHQH
0HWK\OQDSKWKDOHQH
$FHQDSKWK\OHQH
$FHQDSKWKHQH
)OXRUHQH
3KHQDQWKUHQH
$QWKUDFHQH
)OXRUDQWKHQH
3\UHQH
%HQ]>D@DQWKUDFHQH
&KU\VHQH
%HQ]R>E@IOXRUDQWKHQH
%HQ]R>N@IOXRUDQWKHQH
%HQ]R>H@S\UHQH
%HQ]R>D@S\UHQH
3HU\OHQH
,QGHQR>FG@S\UHQH
'HEHQ]>DK@DQWKUDFHQH
%HQ]R>JKL@SHU\OHQH

/24 ȝJPO

04/ QJP
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0H
$FD
$FH
)OX
3KH
$QW
)OD
3\U
%D$
&KU
%E)
%N)
%H3
%D3
3HU
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'E$
%J3

5HFRYHU\  RI
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QD
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DYROXPHRIDLURIP UDQJHGIURPWR
QJ P GHSHQGLQJ RQ WKH VSHFLILF 3$+ FRPSRXQG
FRQVLGHUHG

5(68/76$1'',6&866,21
&DOLEUDWLRQ DQG OLPLWV RI TXDQWLWDWLRQ
,GHQWLILFDWLRQ RI 3$+V ZDV DFFRPSOLVKHG E\ XVLQJ
WKH D PL[ RI  3$+V VWDQGDUGV 6LJPD$OGULFK
LQFOXGLQJ QDSKWKDOHQH PHWK\OQDSKWK\OHQH
DFHQDSKWK\OHQH
DFHQDSKWKHQH
IOXRUHQH
SKHQDQWKUHQH DQWKUDFHQH IOXRUDQWKHQH S\UHQH
EHQ]R>D@DQWKUDFHQH
FKU\VHQH
EHQ]R>E@IOXRUDQWKHQH
EHQ]R>N@IOXRUDQWKHQH
LQGHQR>FG@S\UHQHGLEHQ]R>DK@DQWKUDFHQHDQG
EHQ]R>JKL@SHU\OHQH 
SOXV
EHQ]R>H@S\UHQH
6XSHOFR  EHQ]R>D@S\UHQH 6XSHOFR  DQG SHU\OHQH
6XSHOFR  'HWDLOV RI DOO WKH DQDO\WHV DV ZHOO DV
LPSRUWDQW DQDO\WLFDO SDUDPHWHUV DUH SUHVHQWHG LQ
7DEOH
7KHFDOLEUDWLRQFXUYHVZHUHHVWLPDWHGXVLQJWKH
LQWHUQDO VWDQGDUG FDOLEUDWLRQ PHWKRG DW WHQ
FRQFHQWUDWLRQV UDQJLQJ IURP  WR  ȝJ PO
&KURPDWRJUDSKLF SHDN DUHDV ZHUH ILWWHG E\ OLQHDU
UHJUHVVLRQ $OO FDOLEUDWLRQ FXUYHV VKRZHG JRRG
OLQHDULW\ RYHU 
)RU WKH TXDOLW\ DVVXUDQFH DQG FRQWURO
ODERUDWRU\ EODQNV DQG ILHOG EODQNV ZHUH H[WUDFWHG
DQGDQDO\]HGLQWKHVDPHZD\DVWKHVDPSOHV7KHUH
ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ DQDO\WH
FRQFHQWUDWLRQV LQ WKH ODERUDWRU\ DQG ILHOG EODQNV
LQGLFDWLQJWKDWFRQWDPLQDWLRQZDVQHJOLJLEOHGXULQJ
WKH WUDQVSRUW VWRUDJH DQG DQDO\VLV RI WKH VDPSOHV
6LQFH EDFNJURXQG DQDO\WH OHYHOV ZHUH GHWHFWHG LQ
ILHOG EODQN ILOWHUV WKH OLPLW RI TXDQWLWDWLRQ ZDV
HVWLPDWHGDVWKUHHWLPHVWKHVWDQGDUGGHYLDWLRQRIWKH
EODQN FRQFHQWUDWLRQ RI  ILHOGEODQN DQDO\VHV IRU
HDFK FRPSRXQG ,Q FDVH RI 3$+V QRW GHWHFWHG LQ
EODQNV WKH OLPLW RI TXDQWLWDWLRQ ZDV FDOFXODWHG DV
WKUHH WLPHV WKH LQVWUXPHQWDO GHWHFWLRQ OLPLW ,'/ 
/LPLWVRITXDQWLWDWLRQDQGPHWKRGTXDQWLWDWLRQOLPLWV
DUHVKRZQLQ7DEOH7KHPHWKRGGHWHFWLRQOLPLW IRU

0HWKRG YDOLGDWLRQ 7KH YDOLGDWLRQ RI WKH
DQDO\WLFDOSURFHGXUHZDVFDUULHGRXWE\DQDO\]LQJD
VWDQGDUG UHIHUHQFH PDWHULDO RI XUEDQ SDUWLFXODWH
PDWWHU 1,67 650 E  7KLV 6WDQGDUG
5HIHUHQFH 0DWHULDO 650  LV DQ DWPRVSKHULF
SDUWLFXODWHPDWHULDOFROOHFWHGLQDQXUEDQDUHDDQGLV
LQWHQGHG IRU XVH LQ HYDOXDWLQJ PHWKRGV IRU WKH
GHWHUPLQDWLRQ RI VHOHFWHG SRO\F\FOLF DURPDWLF
K\GURFDUERQV 3$+V  DQG RWKHU FKHPLFDOV LQ
DWPRVSKHULFSDUWLFXODWHPDWHULDO&HUWLILHGYDOXHVIRU
WKHFRQFHQWUDWLRQVIRUVSHFLILF3$+VFRPSRXQGVDUH
SURYLGHG)RXUVHWVRIWKH650EZHUHDQDO\VHG
LQWULSOLFDWHLQWKHVDPHZD\DVWKHVDPSOHV5HVXOWV
RIWKHPHDQUHFRYHU\RIWKHFHUWLILHGYDOXHVRIWKH
3$+ FRQFHQWUDWLRQV DUH SUHVHQWHG LQ 7DEOH  ,W
VKRXOG EH QRWHG WKDW RQO\ 3$+ FRXPSRXQGV ZLWK
FHUWLILHGYDOXHVDUHSUHVHQWHG7KLVPHWKRGVKRZHG
JRRG DJUHHPHQW WR WKH 1,67 FHUWLILHG YDOXHV ZLWK
3$+ UHFRYHULHV UDQJLQJ IURP  WR 
GHSHQGLQJRQWKHVSHFLILF3$+FRPSRXQG)RUWKLV
VWXG\YDOXHVRIUHFRYHU\EHWZHHQDQGDUH
UHFRPPHQGHG >@7KH YDOXHV IRXQG LQ WKLV VWXG\
DUHVDWLVIDFWRU\VLWXDWHGLQWKLVUDQJHLQGLFDWLQJWKDW
WKHDQDO\WLFSURWRFROSUHVHQWHGJRRGDFFXUDF\
PAHs concentrations. Most targeted PAHs
were quantified in all PM fractions. Naphthalene, 2Methylnaphthalene
and
Acenaphthylene
concentrations were very low and close to the
background concentration of the blank filters and are
not presented in the results. The mean ȈPAHs levels
for the urban background site were 14.8, 18.1 and
18.6 ng m-3 for PM1.0, PM2.5 and PM10 fraction,
respectively. For the traffic station, the
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LQ WKH WUDIILF VLWH  QJ P IRU WRWDO FRQWHQW LQ WKH
30 IUDFWLRQ DYHUDJHG RYHU D FDOHQGDU \HDU
'LUHFWLYH(& 7KLVKLJK YDOXHLQ
WKHXUEDQEDFNJURXQGVLWHLVFRQILUPHGZLWKDQRWKHU
VWXG\>@LQWKH7KHVVDORQLNLDUHDIRUDVLPLODUWLPH
SHULRG -DQXDU\ WR )HEUXDU\   6DIIDUL >@
UHSRUWHGDPHDVXUHGPHDQFRQFHQWUDWLRQRIQJ
P IRU DQ XUEDQ EDFNJURXQG VLWH ORFDWHG LQ WKH
QRUWKHUQ SDUW RI WKH FLW\ DQG DSSUR[LPDWHO\ P
IURPWKHULQJURDG
&RPSDULVRQVLQFRQFHQWUDWLRQEHWZHHQWKHWKH
WZRVLWHVVKRZVWKDWWKHRYHUDOOFRQFHQWUDWLRQVLQWKH
XUEDQEDFNJURXQGVLWHDUHVLJQLILFDQWO\KLJKHUWKDQ
LQ WKH WUDIILF VLWH IRU WKH WRWDO DQG WKH LQGLYLGXDO
3$+V 7KHVH GLIIHUHQFHV DUH DWWULEXWHG WR WKH
ELRPDVV FRPEXVWLRQ FRQVLGHUHG DV RQH RI WKH
SULPDU\VRXUFHVRI3$+VLQWKHSRSXODWHGDUHDVRI
7KHVVDORQLNL >@ GXULQJ WKH ZLQWHU RI  ,Q
DFFRUGDQFHGXULQJWKDW\HDUWKHUHZDVDVLJQLILFDQW
LQFUHDVH LQ OLTXLG IXHO DQG JDV WD[DWLRQ DLPLQJ DW
ERWK LQFUHDVLQJ WKH JRYHUQPHQW LQFRPH DQG DOVR
UHGXFLQJ WKH *UHHQ +RXVH *DV HPLVVLRQV
1HYHUWKHOHVVLWZDVSRRUO\H[HFXWHGVLQFHLWOHDGWR
DQRWLFDEOHLQFUHDVHLQWKHXVHRIELRPDVVIXHO LQWKH
IRUPRISHOOHWVLQVWRYHVRUZRRGORJVLQILUHSODFHV 
ZKLFK ZHUH DIIRUGDEOH GXH WR WKH HFRQRPLF FULVLV
WKDW*UHHFHLVIDFLQJ
7KHVLJQLIDQFHRIRXUVWXG\LVWKDWWKHPHWKRG
GHYHORSHG LV DEOH WR HVWLPDWH DFFXUDWHO\ DQG ZLWK
JRRG SUHFLVLRQ SDULFXODWH 3$+V FRQFHQWUDWLRQV DW
YHU\ ORZ FRQFHQWUDWLRQV LQ DLU 7KH UHVXOWHG 3$+V
FRQFHQWUDWLRQVFDQEHXVHGWRDVVHVVWKHOXQJFDQFHU
ULVNGXHELRPDVVEXUQLQJDFFRUGLQJWRWKHUHILQLQJ
H[SRVXUH DQG WKH DVVRFLDWHG ULVN PHWKRGRORJ\ DV
GLVFXVVHGLQGHWDLOLQRXUVWXGLHV>@

corresponding levels were 5.3, 7.2 and 7.9 ng m-3
(Figure 1). Therefore, practically, most of PAHs are
absorbed in the fraction of fine particles. This
finding is in accordance to other studies [2,11,12].
7KH FRQFHQWUDWLRQ RI 30 DQG 3$+V LV
LQFUHDVHG GXULQJ WKH ZLQWHU WLPH DQG LV
SURJUHVVLYHO\GHFUHDVLQJDVZHPRYHIURPWKHFROG
SHULRG -DQXDU\  WR WKH ZDUPHU RQH $SULO 
$OWKRXJK HPLVVLRQV IURP DOO FRPEXVWLRQ VRXUFHV
WHQG WR LQFUHDVH GXULQJ ZLQWHU D GLVSURSRUWLRQDO
LQFUHDVH RQ 30 OHYHOV LQ 7KHVVDORQLNL KDV EHHQ
DWWULEXWHGWRELRPDVVEXUQLQJIRUVSDFHKHDWLQJ>@
$ YHU\ LPSRUWDQW ILQGLQJ RI WKH VWXG\ LV WKDW WKH
LQFUHDVH RI 30 OHYHOV LV DOVR DFFRPSDQLHG E\ D
VLJQLILFDQWLQFUHDVHRI3$+VOHYHOV
7DEOH  SUHVHQWV WKH YDULDWLRQ LQ 3$+V
FRQFHQWUDWLRQVIURP30IRUWKHXUEDQEDFNJURXQG
DQGWKHWUDIILFVWDWLRQ,QWKHXUEDQEDFNJURXQGVLWH
WKH KLJKHVW PD[LPXP DQG PHDQ FRQHQWUDWLRQ ZHUH
LGHQWLILHGLQWKH,QG QJPDQGQJP DQG
%D3 QJPDQGQJP IROORZHGE\&KU
QJPDQGQJP DQG%E) QJP
DQG  QJ P  ,Q WKH WUDIILF VLWH WKH KLJKHVW
PD[LPXPDQGPHDQFRQFHQWUDWLRQVZHUHHVWLPDWHG
IRU,QG QJPDQGQJP %E) QJP
DQGQJP %N) QJPDQGQJP %D3
DQGQJP 
7KH HVWLPDWHG 3$+ FRQFHQWUDWLRQV DUH KLJKHU
LQWKHXUEDQEDFNURXQGVLWHDVFRPSDUHGWRWKHWUDIILF
VLWH 7KH EHQ]R>D@S\UHQH %>D@3  WKH RQO\ 3$+
FODVVLILHGDVFDUFLQRJHQWRKXPDQVE\,$5&>@LV
VHOHFWHGWRGHPRQVWUDWHYDULDWLRQVEHWZHHQWKHXUEDQ
EDFNJURXQG VLWH DQG WKH WUDIILF VLWH 7KH DYHUDJH
PHDQ FRQFHQWUDWLRQ RI EHQ]R>D@S\UHQH %>D@3  LQ
30 LV DW  QJ P DOPRVW  WLPHV KLJKHU WKH
(XURSHDQDQQXDOOLPLWYDOXHFRPSDUHGWRQJP

FIGURE 1
7RWDO3$+VFRQFHQWUDWLRQVIRUWKHWZRPRQLWRULQJVWDWLRQVLQDOO30IUDFWLRQV
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TABLE 3
PAHs concentrations from PM 2.5 fraction in the two monitoring stations.
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7KLV VWXG\ GHDOV ZLWK WKH GHYHORSPHQW RI DQ
HIILFLHQWDQGVHOHFWLYHPHWKRGIRUWKHGHWHUPLQDWLRQ
DQG TXDQWLILFDWLRQ RI  3$+ FRPSRXQGV LQ WKH
DWPRVSKHUHRIWKH7KHVDORQLNLUHJLRQLQ*UHHFH)RU
WKLVUHDVRQDQH[WHQVLYHFDPSDLJQZDVFDUULHGRXWLQ
WKH DUHD RI7KHVVDORQLNL EHWZHHQ -DQXDU\ DQG PLG
$SULORI3$+VZHUHH[WUDFWHGIURPWKH30
30 DQG 30 IUDFWLRQV RI DLU VDPSOHV LQ WZR
PHDVXULQJVWDWLRQVDQXUEDQEDFNJURXQGVLWHDQGD
WUDIILFVLWH7KHGHWHUPLQDWLRQDQGTXDQWLILFDWLRQRI
3$+V ZDV DFFRPSOLVKHG XVLQJ WKH *&06
WHFKQLTXH 7KH PHWKRG GHYHORSHG VKRZHG JRRG
SUHFLVLRQ DQG DFFXUDF\ DQG LV DEOH WR GHWHFW DQG
TXDQWLI\3$+FRPSRXQGVDWYHU\ORZFRQFHQWUDWLRQV
LQWKHDLU%DVHGRQWKHUHVXOWVIURPWKHPRQLWRULQJ
FDPSDLJQ  3$+V ZHUH TXDQWLILHG LQ DOO WKH
PRQLWRULQJVWDWLRQVDQG30IUDFWLRQV1DSKWKDOHQH
0HWK\OQDSKWKDOHQHDQG$FHQDSKWK\OHQHZHUHQRW
TXDQWLILHG LQ 30 ILOWHUV VLQFH WKH HVWLPDWHG
FRQFHQWUDWLRQV ZHUH YHU\ ORZ DQG FORVH WR WKH
EDFNJURXQG FRQFHQWUDWLRQ RI WKH EODQN ILOWHUV 7KH
HVWLPDWHGFRQFHQWUDWLRQVLQWKHXUEDQEDFNURXQGVLWH
IRXQG WR EH KLJKHU WKDQ WKH FRQFHQWUDWLRQV RI WKH
WUDIILFVLWHGXHWRWKHLQFUHDVHLQELRPDVVEXUQLQJ

>@'YRUVND$.RPSUGRYD./DPPHO*.ODQRYD
- 3ODFKD +   3RO\F\FOLF DURPDWLF
K\GURFDUERQV LQ EDFNJURXQG DLU LQ FHQWUDO
(XURSH  6HDVRQDO OHYHOV DQG OLPLWDWLRQV IRU
VRXUFHDSSRUWLRQPHQW$WPRV(QYLURQ

>@ 9HQNDWDUDPDQ & )ULHGODQGHU 6.   6L]H
GLVWULEXWLRQV
RI
SRO\F\FOLF
DURPDWLF
K\GURFDUERQVDQGHOHPHQWDOFDUERQ$PELHQW
PHDVXUHPHQWV DQG HIIHFWV RI DWPRVSKHULF
SURFHVVHV (QYLURQPHQWDO 6FLHQFH 7HFKQRORJ\

>@ 1LHOVHQ 7   7UDIILF FRQWULEXWLRQ RI
SRO\F\FOLFDURPDWLFK\GURFDUERQVLQWKHFHQWHU
RIDODUJHFLW\$WPRV(QYLURQ
>@ )UHHPDQ '- &DWWHOO ) & 5  
:RRGEXUQLQJ DV D VRXUFH RI DWPRVSKHULF
SRO\F\FOLF
DURPDWLF
K\GURFDUERQV
(QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\ 

>@ 0DVFOHW 3 %UHVVRQ 0$ 0RXYLHU *  
3RO\F\FOLF DURPDWLF K\GURFDUERQV HPLWWHG E\
SRZHU VWDWLRQV DQG LQIOXHQFH RI FRPEXVWLRQ
FRQGLWLRQV)XHO
>@,$5&  6RPHQRQKHWHURF\FOLFSRO\F\FOLF
DURPDWLF K\GURFDUERQV DQG VRPH UHODWHG
H[SRVXUHV ,$5& 0RQRJUDSKV RQ WKH
(YDOXDWLRQ RI &DUFLQRJHQLF 5LVNV WR +XPDQV
SS
>@6DULJLDQQLV'$.DUDNLWVLRV63.HUPHQLGRX0
1LNRODNL 6 =LNRSRXORV ' HW DO   7RWDO
H[SRVXUHWRDLUERUQHSDUWLFXODWHPDWWHULQFLWLHV
7KH HIIHFW RI ELRPDVV FRPEXVWLRQ 6FLHQFH RI
WKH7RWDO(QYLURQPHQW
>@6DULJLDQQLV'ǹ.DUDNLWVLRV63.HUPHQLGRX09
  +HDOWK LPSDFW DQG PRQHWDU\ FRVW RI
H[SRVXUH WR SDUWLFXODWH PDWWHU HPLWWHG IURP

$&.12:/('*(0(176
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support of the European Commission in the frame of
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ELRPDVV EXUQLQJ LQ ODUJH FLWLHV 6FL 7RWDO
(QYLURQ±
>@6KHQ*:HL6=KDQJ<:DQJ%:DQJ5HWDO
  (PLVVLRQ DQG VL]H GLVWULEXWLRQ RI
SDUWLFOHERXQG
SRO\F\FOLF
DURPDWLF
K\GURFDUERQV
IURP
UHVLGHQWLDO
ZRRG
FRPEXVWLRQ LQ UXUDO &KLQD %LRPDVV DQG
%LRHQHUJ\
>@ *XLPDUDHV (') 5RGULJXHV -0 'H /D &UX]
0+& 6DUWRUL $9 'H 6RX]D 9 HW DO  
'HWHUPLQDWLRQRI3$+V$SUDFWLFDOH[DPSOHRI
YDOLGDWLRQ DQG XQFHUWDLQW\ DVVHVVPHQW -RXUQDO
RI&KURPDWRJUDSKLF6FLHQFH
>@ .HVKWNDU + $VKEDXJK //   6L]H
GLVWULEXWLRQRISRO\F\FOLFDURPDWLFK\GURFDUERQ
SDUWLFXODWH HPLVVLRQ IDFWRUV IURP DJULFXOWXUDO
EXUQLQJ $WPRVSKHULF (QYLURQPHQW  

>@/LQ&&&KHQ6-+XDQJ.//HH:-/LQ:<
HWDO  3$+V3$+LQGXFHGFDUFLQRJHQLF
SRWHQF\
DQG
SDUWLFOHH[WUDFWLQGXFHG
F\WRWR[LFLW\ RI WUDIILFUHODWHG QDQRXOWUDILQH
SDUWLFOHV (QYLURQPHQWDO 6FLHQFH DQG
7HFKQRORJ\
>@6DIIDUL$'DKHU16DPDUD&9RXWVD'.RXUDV
$HWDO  ,QFUHDVHGELRPDVVEXUQLQJGXH
WRWKHHFRQRPLFFULVLVLQ*UHHFHDQGLWVDGYHUVH
LPSDFW RQ ZLQWHUWLPH DLU TXDOLW\ LQ
7KHVVDORQLNL (QYLURQ 6FL 7HFKQRO  

>@6DULJLDQQLV'$.DUDNLWVLRV63=LNRSRXORV'
1LNRODNL6.HUPHQLGRX0  /XQJFDQFHU
ULVN IURP 3$+V HPLWWHG IURP ELRPDVV
FRPEXVWLRQ(QYLURQPHQWDO5HVHDUFK

>@ 6DULJLDQQLV '$ .HUPHQLGRX 0 1LNRODNL 6
=LNRSRXORV'.DUDNLWVLRV63  0RUWDOLW\
DQGPRUELGLW\DWWULEXWHGWRDHURVRODQGJDVHRXV
HPLVVLRQVIURPELRPDVVXVHIRUVSDFHKHDWLQJ
$HURVRO$LU4XDO5HV
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DEFLUORIDATION OF DRINKING WATER BY
ELECTROCOAGULATION WITH STAINLESS STEEL
ELECTRODES
Isik Kabdasli*, Kubra Konuk, Olcay Tunay
øVWDQEXOTeknik Universitesi, Civil Engineering )DFXOW\(QYLURQPHQWDO(QJLQHHULQJ'HSDUWPHQW$\D]D÷D&DPSXV6DUÕ\HU
øVWDQEXO7XUNH\

groundwater cause several health problems such as
fluorosis which is a serious bone disease. In order to
eliminate or minimize these health problems, excess
fluoride must be removed from drinking waters
using a suitable treatment process.
There are several treatment processes to
remove fluoride from drinking waters and
wastewaters. Among them, chemical precipitation
with lime, adsorption using activated alumina,
activated carbon, or fly ash, coagulation with alum
have been reported as effective defluoridation
methods. An addition to these methods,
electrocoagulation process
with aluminium
electrodes which has been developed during the last
decade, has proved to be an effective process to
reduce fluoride concentrations found in water
resources to drinking water standards of 0.5 ± 1.5
mg/L [2-10]. This process has also been applied to
fluoride bearing wastewaters [11-15]. Recently,
electrocoagulation using iron has been proposed as
an alternative defluoridation method [16-18].
Though, electrocoagulation is the common process,
the characteristics of two type electrode material
differ. Therefore, further studies are required to
assess the potential of electrocoagulation with iron
electrodes for fluoride control.
The target of the present study was to
investigate the defluoridation of drinking water by
electrocoagulation using stainless steel electrodes
and to explore the effect of electrocoagulation
operation parameters such as the applied current
density, initial pH, and type and concentration of
supporting electrolyte on fluoride removal.

ABSTRACT
In the present study, defluoridation of drinking
water by electrocoagulation using stainless steel
electrodes was experimentally investigated. In order
to determine the effect of electrocoagulation
operation parameters such as the applied current
density (0.75±15.16 mA/cm2), initial pH (3.0±6.0),
initial fluoride concentration (2±5 mg/L) and type
(NaCl and KCl) and dose (50-150 mg/L) of
electrolyte on fluoride removal, an experimental
study was performed. The results of the experimental
study indicated that all operating parameter had
crucial effects on defluoridation efficiency. An
increase in the applied current density enhanced
defluoridation performance. A decrease in initial pH
significantly improved defluoridation efficiency.
There was no remarkable effect of NaCl
concentration (up to 150 mgCl/L) whereas
increasing KCl concentration deteriorated fluoride
removal efficiency. Results have also demonstrated
that remaining fluoride concentration can be reduced
to 1.5 mg/L when electrocoagulation operation
conditions are optimized. Optimum electrocoagulation operation conditions were determined
as; initial pH of 3.0, applied current density of 11.37
mA/cm2, electrolyte concentration of 50 mg/L NaCl
for the sample containing an initial fluoride
concentration of 5 mg/L in the case of stainless steel
electrodes used as anodes and cathodes.

KEYWORDS:
Defluoridation, drinking water, electrocoagulation,
operating parameters; stainless steel electrodes

MATERIAL AND METHODS
INTRODUCTION

Chemicals and Reagents. Samples used in the
experimental study were prepared by dissolving a
required amount of NaF in deionized water with
conductivity of 0.055 mS/cm. NaCl or KCl were
used as an electrolyte. When required, the initial pH
values of the samples were adjusted with HCl or
NaOH. All chemicals used were analytical grade
(Merck).

A suitable low concentration of fluoride in
drinking water is beneficial to health since it is an
essential constituent in the human diet. According to
the World Health Organization the acceptable
fluoride concentration varies in the range of 0.5 ± 1
mg/L in order to prevent people from skeletal and
dental problems [1]. On the other hand, high
concentrations of fluoride occurring naturally in
345
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Electrocoagulator. The electrocoagulator
which was made of polyethylene was a 3L effective
capacity rectangular reactor (Luwuh:19u19u29 cm).
Complete
mixing
conditions
during
electrocoagulation application were provided by
means of a magnetic stirrer placed on the bottom of
reactor. Eight monopolar, parallel connected
stainless steel electrodes were used as anodes and
cathodes. The effective surface area of each rod
shaped electrode was 33.59 cm2 (L: 10.45 cm and d:
1.0 cm). The distance between each electrode was
fixed at 3 mm. The applied current density was kept
constant by means of a high precision DC power
supplier (XFR 60-20 1200 Watt model; Emax: 60 V;
I: 20 A). After each experiment, the
electrocoagulator was cleaned with nitric acid
solution as described in our previous articles [19-21].
Analytical and experimental procedure.
After filling the electrocoagulator with 3-L sample,
the current and voltage were adjusted on the DC
power supply and the electrocoagulation process was
initiated. In order to follow defluoridation
performance, samples were withdrawn at regular
time
intervals
during
the
course
of
electrocoagulation. Thereafter, the samples were
subjected to filtration through Millipore membrane
filters with a pore size of 0.45 ȝm and the analyses
were made on these filtered samples.
pH and fluoride measurements were made
using 7KHUPR 6FLHQWLILF 2ULRQ $SOXV  and
920Aplus
pH/mV/ISE
Benchtop
Meters,
respectively. Fluoride was measured by an
ThermoScientific
9609BNWP
Fluoride
Combination Electrode using Total Ionic Strength
Adjustment Buffer/TISAB II solution as defined in
[22]. All analyses were performed as defined in
Standard Methods [23]. All analytical measurements
were done in duplicate.

FIGURE 1
Effect of applied current density on
defluoridation efficiency
to 20% at the applied current densities lower than
3.03 mA/cm2 even if the extended operation times
are applied (4 hours). On the other hand, increasing
the applied current density from 3.79 to 11.37
mA/cm2 enhanced defluoridation efficiency from 37
to 51% (Figure 1b). This finding can also be
supported by regression analyses applied to fit the
fluoride concentrations as a function of
electrocoagulation operation time to the pseudo-first
order kinetic expression given as follows;
OQ

 N) îW

(1)

where t is operation time (in min) and kF is the
pseudo-first order defluoridation rate constant (in
min-1). The calculated pseudo-first order rate
constants are shown in Table 1. As can be seen from
the table the fitness to the data was very satisfactory
(R2 t0.98) and increasing the applied current density
improved fluoride removal rates. This finding is
consistent with the relevant literature [10, 17].
However, our defluoridation efficiencies were lower
than the data reported by Tetik [10] for
electrocoagulation using aluminum electrode
applied at almost the same operation conditions for
initial fluoride concentration of 4 mg/L. For
instance, Tetik [10] obtained 90% and almost
completed (99%) defluoridation efficiencies at the
end of 60 and 90 minute operation times. In our case,
the highest defluoridation efficiency was obtained at
the applied current density of 11.37 mA/cm2.
During the electrocoagulation experiments,
initial solution pH increased and reached ~11.5 for

RESULTS AND DISCUSSIONS
Applied current density. Applied current
density is one of the most critical operation
parameters in electrocoagulation applications
affecting pollutant removal performance as well as
operation cost. Therefore, as a beginning, a series of
electrocoagulation experiments was performed at a
wide range of the applied current density varying
between 0.75 and 15.16 mA/cm2 at an electrolyte
(NaCl) concentration of 50 mg Cl/L, at the original
pH of sample (6.5) and at an initial fluoride
concentration of 5 mg/L to assess the effect of the
applied current density on defluoridation efficiency.
Normalized fluoride abatements obtained from this
series against the applied current density are shown
Figure 1(a) and (b).
As can be seen from Figure 1 (a),
defluoridation efficiencies were very low and limited
346
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TABLE 1
Defluoridation rate coefficients for different applied current densities (J)
Jc
(mA/cm2)
3.79
7.58
11.37
15.16

kF
(min-1)
0.0024
0.0025
0.0030
0.0027

pHEC
11.31
11.42
11.55
11.51

R2
0.98
0.98
0.98
0.99

Defluoridation
Efficiency (%)
37
43
51
47

TABLE 2
Defluoridation rate coefficients for different NaCl concentrations
NaCl
(mg Cl/L)
50
75
100
125
150

pHEC
11.06
11.17
11.30
11.41
11.47

kF
(min-1)
0.0031
0.0029
0.0030
0.0028
0.0018

R2
0.98
0.97
0.98
0.96
0.98

Sludge
(mg TSS/L)
6085
6005
15335
20880
20055

of electrolyte on defluoridation efficiency another
series of electrocoagulation applications were run at
the applied current density of 11.37 mA/cm2 yielded
the highest fluoride removal as well as the fastest
defluoridation rate.
In this second series of
electrocoagulation applications performed at the
original pH of sample (6.5) and at an initial fluoride
concentration of 5 mg/L, two types of electrolyte
(NaCl and KCl) were tested (Figure 2). In these
experiments, electrolyte concentrations were kept
lower than 150 mg Cl/L to ensure the drinking water
standards.
In the case of NaCl, defluoridation efficiencies
were close to one another up to 150 mgCl/L
electrolyte concentration. On the other hand, 150
mgCl/L electrolyte concentration resulted in the
lowest performance (48%) for the extended
operation times. Therefore, it can be concluded that
defluoridation performance was not significantly
affected by increasing the NaCl concentration up to
150 mg Cl/L. These findings can be confirmed by
the data of regression analyses based on Eq. (1)
tabulated in Table 2. As can be seen from the table,
defluoridation rates were also very close to one
another except that of 150 mg Cl/L.
In the case of KCl, defluoridation efficiency
significantly affected by increasing the electrolyte
concentration and an increase in electrolyte
concentration brought about a decrease in
defluoridation efficiency, particularly at the end of
operation time of 240 min. In this case, the highest
fluoride removal efficiency was 47% at the lowest
electrolyte concentration. For 75, 100, and 125 Cl/L
KCl concentrations, defluoridation efficiencies were
close to one and obtained as 38, 34, and 35 %,
respectively. However, the defluoridation efficiency
dropped to 27% for KCl concentration of 150
mgC/L. In this series, except electrocoagulation run
at the lowest KCl concentration, solution pH values

the elevated applied current densities. These pH
values (pHEC) reached at the end of 180 min
operation time are given in Table 1.

FIGURE 2
Effect of electrolyte (NaCl (a) and KCl (b))
concentration on defluoridation efficiency
Type and concentration of supporting
electrolyte. Our literature survey indicated that there
are a limited number of studies dealing with
defluoridation by electrocoagulation with iron
electrodes [16, 17]. In these studies, extremely high
electrolyte concentrations such as 0.1 N KCl [16]
and 0.03 M Na2SO4 [17] provided higher
defluoridation efficiencies than 70%. Therefore, in
order to assess the effect of type and concentration
347
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TABLE 3
Pseudo-first order defluoridation rate coefficients for different KCl concentrations
KCl
(mg Cl/L)
50
75
100
125
150

kF
(min-1)
0.0026
0.0013
0.0013
0.0004
0.0006

pHEC
11.23
9.35
8.89
8.25
8.51

R2
0.94
0.97
0.97
0.95
0.98

electrocoagulation experiment were run at an initial
fluoride concentration varying from 2 mg/L to 5
mg/L, at the original pH of sample (6.5), the applied
current density of 11.37 mA/cm2, and NaCl
concentration of 50 mg Cl/L. Figure 3 delineates
time-dependent decreases in fluoride concentration
measured
during
these
electrocoagulation
operations.
As seen from Figure 3, fluoride removal was
gradual and about 15 % in the first 90 min of
electrocoagulation operation. After this time period,
defluoridation efficiencies slightly increased with
extending operations times for all tested fluoride
concentrations except for electrocoagulation
initiated at the lowest initial fluoride concentration
of 2 mg/L. At the end of operation time, initial
fluoride concentration were reduced from 2 to 1.5
mg/L accompanying with 23% defluoridation
efficiency meeting drinking water standard.
Although electrocoagulation operations initiated
higher fluoride concentrations than 2 mg/L provided
better defluoridation efficiencies with reasonable
removal rates (Table 4), the remaining fluoride
concentrations measured for initial concentrations of
4 and 5 mg/L exceeded drinking water standard.
Therefore, it can be said that there is no any direct
correlation between initial fluoride concentration
and removal efficiency as well as defluoridation rate.
This finding is consistent with the relevant literature
[10, 16].

gradually increased and reached to the values around
9.0. On the other hand, in the case of the lowest KCl
concentration solution pH suddenly leaped to 10.28
within the first 15 min of operation time. And then
pH gradually increased to 11.23 upon increasing
electrocoagulation time similar to those of
electrocoagulation performed using NaCl (Table 2),
In the case of KCl, increasing electrolyte
concentration also resulted in a significant decrease
in sludge generation rate. For example, an increase
in KCl concentration from 75 to 125 mg C/L caused
about a twofold decrease in sludge generation (from
6000 to 3800 mg TSS/L). Considering that at the
same NaCl concentration (125 mg Cl/L) huge
amount of sludge was generated (20100 mg TSS/L),
the failure of KCl in sludge generation as well as
defluoridation (Table 3) may be explained by
passivation of the electrodes.
Within the context of the above evaluations and
from the standpoint of defluoridation efficiencies, it
was decided that NaCl as an electrolyte was superior
to KCl for our experiment conditions. Addition to
this finding, since high concentrations of NaCl
caused overconsumption of the anode material as
well as generation of huge amount of sludge, the
forthcoming electrocoagulation experiments were
performed at NaCl concentration of 50 mg Cl/L.
Initial fluoride concentration. In order to
assess the effect of initial fluoride concentration on
defluoridation
efficiency
a
series
of




 






 

 

 

 














           
 

FIGURE 3
Effect of initial fluoride concentration on defluoridation efficiency
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TABLE 4
Pseudo-first order defluoridation rate coefficients for different initial fluoride concentrations
F
(mg /L)
2
3
4
5

kF
(min-1)
0.0012
0.0033
0.0023
0.0030

pHEC
11.16
11.17
11.63
11.06

Remaining F
(mg L)
1.5
1.4
2.3
2.4

R2
0.98
0.98
0.98
0.96


 
 



 
 


 




 


 












           
 







 

























           

 

FIGURE 4
Effect of initial pH on defluoridation efficiency
adjusted to 3 with 1N HCl and then it was increased
to the desired pH with 1N NaOH. The reason of
primary acidification was to work with the same
initial chloride concentration of 50 mg/L.
Time dependent pH changes is depicted in
Figure 4 (a). As can be seen from the figure, within
the first 30 min solution pH values leaped to
extremely
alkaline
values
except
the
electrocoagulation initiated at pH 3.0. In the
electrocoagulation commenced at 3.0, solution pH
slowly shifted to around pH 10.0 within 90 min.
After 120 min of operation time, reaction solution

Initial pH. As mentioned in the relevant
literature, the initial as well as solution pH achieved
during process are important operation parameters
affecting
the
electrocoagulation
process
performance [16-21]. Hence, the last series of
electrocoagulation experiments was designed to
investigate the effect of initial pH on defluoridation
efficiency using at an initial fluoride concentration
of 5 mg/L, and the applied current density of 11.37
mA/cm2. In this electrocoagulation series, initial pH
varied between 3 and 6 and NaCl was used as an
electrolyte at 50 mg Cl/L. Before starting
electrocoagulation, initial pH of all samples was
349
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TABLE 5
Pseudo-first order defluoridation rate coefficients for different initial pH values

pHo
3
4
5
6

kF
(min-1)
0.0047
0.0042
0.0045
0.0032

R2
0.98
0.99
0.97
0.98

containing an initial fluoride concentration of 5
mg/L.
¾ Results have demonstrated that remaining
fluoride concentration can be reduced to the drinking
water standard of 1.5 mg/L when electrocoagulation
operation conditions are optimized.
¾ Regression analyses applied to the obtained
experimental data revealed that in all cases fluoride
removal perfectly obeyed the pseudo-first order
reaction kinetics.

pH values remained practically at the same level
with increasing time.
As is evident from Figure 4(b) and Table 5, the
quickest defluoridation was obtained in the
electrocoagulation operation initiated at pH 3.0. In
this experiment, fluoride concentration was reduced
to the drinking water standard accompanying with
70% defluoridation efficiency. The slowest
defluoridation rate was obtained in the
electrocoagulation initiated at pH 6.0 resulting in the
highest remaining fluoride concentration in the
effluent. Therefore it can be concluded that the initial
pH value of the sample is one of the most important
operation parameters determining the remaining
fluoride concentration in the effluent and
electrocoagulation using stainless steel electrodes
should be commenced from acidic pH values to
ensure drinking water standard. The significant
influence of initial pH on defluoridation was also
reported in the relevant literature. Ün et al. [17]
found that defluoridation by electrocoagulation
using iron electrodes was pH dependent process and
initial pH 6 yielded the highest fluoride removal at
their experimental conditions. Tetik [10] reported
that defluoridation efficiency appreciably enhanced
with increasing initial pH and an optimum initial pH
was 9.5 when aluminum electrodes used.
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SATELLITE-BASED TEMPORAL ASSESSMENT OF A DRIED
LAKE: CASE STUDY OF AKGOL WETLAND
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world; and 12% of the animal species. They perform
many functions; such as flood control, shoreline
protection, groundwater recharge, protection from
storms, climate change control, sediment and
nutrient storage, water purification; and, they also
play an important role in creating a recreational area.
According to World Wildlife Fund (WWF):
x Wetlands cover approximately 6% of the
Earth's surface.
x 6LQFH  PRUH WKDQ KDOI WKH ZRUOG¶V
wetlands have disappeared.
x Between 300 and 400 million people live
close to - and depend on - wetlands. The world
simply cannot do without them.
x The function of wetlands is much the same;
they provide humans with fuel, food, recreation and
employment; they support an immense variety of
wildlife that would otherwise become extinct; and
they protect millions of people from the disastrous
consequences of flooding [1].
Monitoring wetlands for their better
management and for achieving rehabilitation
activities; data/information on the area of concern,
aerial photographs and satellite images (from the
mid-1970s) have been used as important background
sources [2]. Studies starting with the use off
digitization method for the aerial photographs had
formed the basis of many projects today in which
autonomic classification methods are being utilized
and the results being analysed after transferring the
obtained values to Geographical Information
Systems (GIS) database [3]. The satellite data have
still been in use for determining different features of
the wetlands such as tides, lagoons, wetland
vegetation and salt marshes on which various studies
can be conducted. These data, providing benefit in
terms of understanding the spatial pattern,
importance and extent of the wetlands have been also
supportive in determining and monitoring these
vulnerable and sensitive areas of high value [4].
There are numerous studies conducted on the
wetlands all over the world that examined and
monitored their various aspects together with the
benefit/hazard experienced by means of remote
sensing methods [5-17]. The hydrological and
ecological changes in Rawal watershed in Islamabad
is determined with the use of satellite data for the
years 1992 to 2012, and the result indicate that there

ABSTRACT
Wetlands are well-known with their rich
biological diversity and economic value beyond
their significant functions like serving as nesting and
breeding areas for the migrating birds and
maintaining partial treatment of wastewater. Turkey,
as a signatory of the Ramsar Convention, has
committed to protect its valuable and numerous
wetlands and to utilize them more rationally. Akgol
Wetland is located within the borders of Konya
Watershed of Turkey. Three dams which have been
put into operation in 1958, 1984 and 1988,
respectively have cut the water flow to Akgol with
time, and furthermore, decreased the water levels in
the reeds and wetlands causing the reduction of
living species in the area. The total surface area of
$NJROWLOO¶VKDGEHHQDURXQG ha, until
now most of this amount had been lost basically due
to water cuts and due to other human-induced
activities like fight against malaria disease. The area
has been declared as Class1 Natural Protection Area
in 1992 and as a Nature Reserve Area in 1995. In this
study, the land-use changes that had occurred in the
Akgol Wetland and its surrounding area along years
are analysed through classifying the LANDSAT
images of 1987 and 2015. The results indicate that
the total water surface of Akgol has declined by
93.4% resulting in only 360 ha in a period of 28
years. This specific study and the methodology
developed herein will form a basis for similar other
wetlands in the world that suffer from water losses
due to a variety of human activities. It is an important
and a common issue to provide numerical and
precise land-use changes within time to decisionmakers that will further be responsible of
rehabilitation efforts in such vulnerable areas.

KEYWORDS:
Akgol Wetland, change detection, land-use classification,
LANDSAT, remote sensing, Turkey, wetland.

INTRODUCTION
Wetlands being the most important genetical
reservoirs house 40% of all plant species in the
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automated image analysis techniques against
traditional surveys. The information was presented
in the form of thematic maps in the study describing
pressures acting in the basin, state of ecosystem as a
result of the pressures, and temporal changes of
pressures [14]. Integrating Landsat image analysis
and hydrologic modeling to detect the impact of 25years land-cover change on the surface runoff in
Taguiva Watershed in Phillippine was the target of
[15]. Information derived from the Landsat images
was utilized to parameterize a GIS-based hydrologic
model which was further calibrated with fieldmeasured discharge data and was used to simulate
the responses of the watershed. The results showed
that multi-temporal Landsat images are useful in
detecting the land-cover change, in identifying areas
for rehabilitation, and in evaluating rehabilitation
strategies for the management of tropical watersheds
through its use in hydrologic modelling. Another
study conducted in Biebrza Ramsar Convention test
site in Poland, focused on retrieving soil moisture
and evapotranspiration of wetlands vegetation
habitats from satellite images for providing a better
protection of the European sensitive wetland
ecosystems. The study resulted in giving 15
possibilities to improve models of water cycle over
wetland ecosystems by adding information about
soil moisture and surface heat fluxes derived from
satellite images [16]. Integration of remote sensing
and GIS was also realized to make a change
detection analysis in the Izmir bird paradise, Turkey.
The aim of the study was to determine the
dimensions of the continuing human activities.
Results of this study showed that urbanization
seriously affected the study area during the 6-years
period; causing 115.92 ha loss of wetlands [17].
As can be seen from these researches
conducted in different parts of the world, it is clear
that problems of wetlands have been the concern of
various scientific case studies in which remote
sensing data has commonly been utilized in studying
the land-use/cover changes of these sensitive areas
over time; no matter what the problem is.
In this study, the satellite images were used to
monitor the temporal changes in Akgol Wetland area
located in the Central Anatolia in Turkey which is a
semi-arid region facing the danger of drying-out.
Akgol Wetland and its vicinity have been
extensively studied herein via remote sensing
methods for the first time.

was an accelerated land transformation; thus, proper
watershed management plans and conservation
strategies should be designed to protect the forest,
water and soil resources of the watershed [5]. In the
Kansas City metropolitan area of USA, a series of
6DWHOOLWH 3RXU O¶2EVHUYDWLRQ GH OD 7HUUH 6327 
images covering years between 1992 and 2010 were
used to fulfil the aim of understanding the remotely
sensed urban wetland dynamics as a sensitive
indicator of the combined effects of human
disturbances and global climate change impacts [6].
In China, the Poyang Lake, which has been a
protected area since 1983, was observed for the
potentially rapid water level changes in addition to
the annual and seasonal monitoring for any deviation
in the trends [7]. In another study conducted in
China, the suitability of habitat for waterbirds in the
West Songnen Plain was analyzed by developing an
object-oriented
segmentation
approach
in
conjunction with GIS spatial analysis and remote
sensing image data [8]. Amvrakikos Gulf, a coastal
wetland complex along the west coast of Greece,
was selected as the study area [9] where Landsat TM
and ETM+ images and ASTER VNIR images were
used to perform a post-classification change
detection over a period of 15 years (1989±2004) for
the purpose of investigating the use of remote
sensing methods for mapping bird migration habitats
and for temporal monitoring of habitat changes.
Through the use of LANDSAT MSS/TM images
from 1976 to 2005 in the two wetlands of China that
are of international importance according to the
Ramsar Convention, land-use have been classified
and the change of the area have been detected;
resulting in an identification of an important change
in the natural reservoir [10]. Another study has
referred to the utility of remote sensing methods in
the wetlands of USA. One of the suggestions
mentioned in the study was the use of mediumresolution sensors in the large wetlands [11].
Moreover, wetlands in the Lower Mekong River
Basin were mapped using Landsat ETM images and
field survey data and these produced maps are being
used at a provincial and national level in Thailand,
Cambodia and Vietnam for resource and
conservation planning and management applications
[12].
Over 100 wetland specialists and Earth
Observation (EO) experts around the world gathered
DW WKH (XURSHDQ 6SDFH $JHQF\¶V µ*ORE:HWODQG
6\PSRVLXP /RRNLQJ DW ZHWODQGV IURP VSDFH¶ LQ
Italy where they highlighted that EO technologies
are ready for wider uptake by wetland managers, and
indicated that these technologies and applications
are currently useful in wetland management [13]. In
another research from Grece on the wetland of delta
Axios-Loudias-Aliakmonas, the authors presented
the methodology for creating baseline data for
wetland monitoring by keeping the need for
fieldwork to a minimum, and preferring the



STUDY AREA
Ramsar Convention was signed in 1971 for
fulfilling the aim of protecting the wetlands and for
making use of them more efficiently. Turkey has
become a member of the Ramsar Convention in
1994. There are 14 Ramsar areas in Turkey and there
are more than 300 wetlands (1.645.000 ha) of which
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FIGURE 1
Geographical location of Akgol Wetland in Turkey and major migration flyways [19].

further decreased the water levels in the surrounding
reeds and wetlands causing the reduction of living
species in the area. Morover, new reservoirs are
under construction in the area because of the dry
climatic conditions. The total surface area of Akgol
WLOO ¶V KDG EHHQ DURXQG  KD DQG DOPRVW
16.200 ha of this amount had been dried since then.
The main reasons that led to a considerable decrease
in the water level were primarily water cut to the lake
due to river diversions during the operation of the
dams, and secondly, the drying of lakes was so
common these days due to fight against malaria
disease; thus, combating with malaria accelerated
the drying practice. As more dry and fertile land is
gained after these activities, they turned out to be
agricultural land within time. As such, significant
land-use changes have occurred leading to a
considerable change in the ecological balance of the
entire wetland system.

135 bearing an international significance [18].
Having the two most important bird migration routes
within the West Palearctic region passing through is
the main feature behind the fact that Turkey has
wetlands of international importance. The study
area, Akgol Wetland, is one of these wetlands
according to the Ramsar Convention, and it is within
the intersection of two important migratory routes as
seen in Figure 1. The wetland and its vicinity known
DV µ(UHJOL 6D]OÕNODUÕ¶ KDYH XVHG WR EH D KLJKO\
preferred sensitive area for the migrating birds; but,
since the past few decades, its attractiveness has
diminished due to the degradation of the wetland.
However, in 2014, Bird Research Society conducted
a bird survey at Akgol Wetland. More than 150 bird
species used to exist and various kinds of 77 birds,
primarily flamingo, have still been identified. A
large number of migratory birds were observed to
build nests in the area starting from early April and
tend to leave at the end of June. the area is an area of
attraction for the researchers, photographers,
environmentalists, bird watchers and nature lovers
from all around the world due to its vast stores of
ecological wealth.
Akgol was the biggest wetland area in Turkey
in the 1950s with the area of 24.000 ha. Average
height of the area is 998 m. The south of the lake is
covered by the extensions of the Taurus Mountains
into the Central Anatolia. The east, west and north
sides are surrounded by flat steppe areas. In some of
the areas, there are some volcanic elevations. This
wetland has started drying within years due to
human- induced structural activities and to natural
climatic changes. As such, its natural boundaries
have changed. Karaman - Ayranci Dam which has
been put into operation in 1958 has started to cut the
water flow to Akgol, and the start-up of the Ivriz and
Godet Dams since 1984 and 1988, respectively,



MATERIALS AND METHODS
To determine the temporal changes in the
Akgol Wetland with the use of remote sensing
methods, LANDSAT 5 TM and LANDSAT 8 OLI
satellite images have been used. General
characteristics of the LANDSAT images are given in
Table 1. Satellite images are downloaded from the
USGS web site [20].
Meteorological data including precipitation,
temperature and evaporation values were considered
in the evaluation of the results obtained from the
satellite images (Table 2 and Figure 2). For this
purpose, data obtained from the two different
meterological stations (Eregli and Karapinar) that
are located in the vicinity of the study area have been
used (Figure 2). These data were gathered from the
Turkish State Meteorological Service.
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TABLE 1
Landsat data used in the study
Image Date

Satellite

04.22.1987

LANDSAT 5
TM

05.05.2015

LANDSAT 8
OLI

Spectral
Resolution μm
7 Bands
(0.45-2.35)

Spatial
Resolution
B1,B2,B3,B4
B5,B7:30 m
B6:120m
B1,B2,B3,B4
B5,B7,B9:30m
B6:60 m
B8:15 m

9 Bands
(0.433-2.30)

Radiometric
Resolution
8 bit

Temporal
Resolution
16 days

16 bit

16 days

TABLE 2
Precipitation averages
Meteorological
Station

19701978

Annual precipitation averages (mm)
19791988199720061987
1996
2005
2014

TURKEY
602
635.2
609.4
(224)
Eregli
322.9
281.8
280.4
295.3
282.9
286.1
Karapinar*
* station was closed in January 2012,
**2006-2011

Average
(mm)

641

635.5

624.6

280.5
262.2

350.4
311.2**

295.4

Temperature °C


30,0
25,0
20,0
15,0
10,0
5,0
0,0

Year

(a)
1400
Evaporation (mm)
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(b)
FIGURE 2
Eregli-Karapinar Meteorological Stations a) July-August mean temperature b) May-September mean
evaporation
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authors. Rather, it is preferred to utilize the
map drawn by the Ministry of Forestry and Water
Affairs of TR [23@ 7KLV PDS LV QDPHG DV µEXIIHU
]RQH ERXQGDU\¶ RI WKLV LQWHUQDWLRQDOO\ VLJQLILFDQW
wetland (Figure 3). The total surface area of this
buffer zone is 43.290 ha.
In this study, satellite images are classified to
produce Land-Use/Cover (LU/LC) information.
Classification is the process of grouping pixels of
images into patterns of varying grey tones or
assigned colours that have similar spectral values to
transform data into information for determining
various earth resources. Multispectral image
classification is one of the most frequently used
methods for information extraction [24]. Supervised
classification method is applied by using Maximum
Likelihood Algorithm to obtain CORINE Level 1
classification that has been established by the
European Union (EU) as a land-use/cover definition
hierarchy. One of the main purposes of the program
is to bring standardisation to studies on the
environment and its change that have been carried
out over the years at different levels (international,
within EU, national, and regional).
There are 5 classes at Level 1 classification:
artificial surfaces, agricultural areas, forest and
semi-natural areas, wetlands and water bodies [25].
Four of these classes are used in the study; wetlands,
forest and semi natural areas, agricultural areas and
artificial surfaces. For the accuracy assessment
process; 201 random samples for 1987 and 243
random samples for 2015 were chosen. The overall
accuracy assessment of the images for 1987 and
2015 were 96.52% and 97.53%, respectively, while
the Kappa statistics were calculated as 0.9253,
0.9414, respectively, for the images.

The data stating the average temperature of Turkey
was obtained from the related website [20], and the
data from the Eregli and Karapinar meterological
stations were received electronically from the State
Meteorological Service. The corresponding data of
the two stations were closely matched; thus, their
average annual long-term values are calculated for
achieving the representative meteorological data of
the basin. Through an analysis of the results, the
average rainfall of the area which was determined to
be 295.4 mm is found as almost half of the average
rainfall of Turkey which is 624.6 mm (Table 2). The
dehydration of Akgol after the construction of the
,YUL]DQG$\UDQFÕGDPVKDVOHGWRDQLQFUHDVHLQWKH
average summertime temperature by 2 °C [22].
The data received from the two stations for the
long-term period of 1970-2011 indicated the same
result that the temperature has increased by about
2 °C (Figure 2a). In addition, there has not been a
significant change in the rainfall levels at the initial
8-years period (1970-1978) and of the long-term 44
years interval. Moreover, the total evaporation
within the years of 1986-2011 for the months May
to-September, it is seen that there is a decline in the
amount of evaporation within years (Figure 2b).
Consequently, it can be stated that at the region of
concern, long-term precipitation values remain
almost the same; however, there is a decreasing
gradient in evaporation meaning that water is also
lost naturally due to climatic conditions.
Topographical structure of an area is an
important parameter regarding the delineation of
catchments. The study area in this research has a
dramatically flat topography varying between 9981000 m. Therefore; it was considerably difficult to
delineate the boundaries of Akgol Wetland by the

FIGURE 3
Buffer zone of Akgol Wetland, the location of the meteorological stations and dams
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52.7% of the average annual precipitation
value of Turkey. It is seen that there has not occurred
any increase in the rainfall for many years (Table 2);
hence, the wetland cannot be fed by the rainfall even
though precipitation is the only way that Akgol can
be fed as there is not any single stream with
continuous flow within the wetland buffer zone.
Besides, the water supplied by rainfall is generally
lost through infiltration in the soil within the basin
boundaries while streaming in the southeastnorthwest direction. Moreover, as Akgol is fed only
by rainfall, it becomes quite dry due to the cessation
of rainfall during the summer season. The most
important reason of decline in the water level is the
lack of any other water resource feeding Akgol,
except the wastewater channel. The Ministry of
Environment
and
Urbanisation
through
collaboration with the General Directorate of State
Hydraulic Works (DSI) has built an impoundment to
improve the wetlands and initiated the work for
protecting a 100 ha wetland [22]. Any benefit of this
technical work has not been observed yet; however,
it is expected that this construction will allow water
retention in the lake with time.

RESULTS AND DISCUSSION
In this study, the temporal changes in landuse/land cover of the Akgol Wetland were
successfully determined via remotely sensed data.
According to classification results, there has been a
dramatic change in the wetland¶V ODQG-use
distribution. Upon the classification of satellite
images, it is clearly observed that the lake has been
largely dried within a time scale of 28 years (Figure
4 and Table 3). Wetland area has decreased to 360
ha in 2015, while it was 5478 ha in 1987 indicating
a decline by 93.4%. Moreover, the agricultural areas,
as shown in the Table 3, are reduced approximately
by 50%.
Akgol Wetland is at risk of extinction in time,
due to dams built on rivers, unplanned and excessive
use of water for agricultural irrigation activities and
due to the effects of climate change. The region also
enables to grow products such as sugar beet and
maize which is unfortunately crops that require huge
amounts of water. However, the region has annual
average precipitation of 295.4 mm, which is about

FIGURE 4
Land-use distribution of the wetland within years
TABLE 3
Land use distrubition of the wetland
Class Names
Wetland
Forest and SNA
Agricultural Areas
Artificial Surfaces
Total



1987
(ha)
5478
31216
6596
0
43290

2015
(%)
12.65 %
72.11 %
15.24 %
0
100

357

(ha)
360
39275
3626
29
43290

(%)
0.83 %
90.72 %
8.38 %
0.07 %
100
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numerically tabulated and illustrated in the
form of maps.
In future, not only the land-use changes have to
be inspected; rather, an integrated study with a
multidisciplinary team need to be conducted to
qualify the wetland in terms of its geotechnical,
geological,
climatic
and
socio-economical
characteristics. As is well known, each wetland bears
unique characteristics; these different physical,
biological and ecological properties urge the
scientists to focus on their intrinsic problems
separately. That is the main reason of why scientists
usually conduct specific case studies on wetlends all
throughout the world. Therefore, it is important to
increase the number of researches conducted in the
form of case studies; where each will enlighten the
interested readers on the methodologies used and
practiced with the aim of rehabilitating such
vulnerable areas.

CONCLUSIONS AND RECOMMENDATIONS
Turkey that has a location at the crossroads of
Europe, Asia and Africa continents is surrounded by
seas of different ecological character and has some
elevations reaching to 5,000 meters above sea level;
which is all resulting in a climatically diverse pattern
and making it a country of significant importance in
terms of wetlands. :KHQ7XUNH\¶VRYHUDOOZHWODQGV
are considered as 2.5 million ha, it can be seen that
within the past 40 years half of the wetlands have
been lost due to the interventions to the water
systems like drying and refilling. Thus, such
vulnerable areas are of great importance in the
country; however, researches on them are relatively
rare. This specific case study is therefore an
important scientific work to fill in the knowledge on
the wetlands with decreasing quality.
In this specific wetland of concern, during the
construction of the 3 dams, it was committed that a
certain amount of water meeting the needs of Akgol
Wetland will be released. Unfortunately, this
commitment was not fulfilled due to the high
agricultural water needs in the region. Thus, Akgol
was left to face extinction by cutting the water of the
streams feeding the area, through arid climate
conditions, via unconscious irrigation practices and
policies, and by the misuse/overuse of groundwater.
The deterioration of the water balance is the biggest
threat for the wetland systems as is the case in this
study area. The groundwater level has fell down to
200 m as a result of secondary planting; specific
preference of the products requiring high amounts of
water such as corn and sugar beet; and by the illegal
use of groundwater. The decline in the groundwater
levels and varying the salt concentration of the soil,
directly affects the ecosystem as well as an important
risk for the biodiversity. This decline also gives rise
to withdrawal of water from the wetlands. As
$NJRO¶V buffer zone loses its farmlands by 50%, the
farmlands within the region increases in size and
they supply their water demand from groundwaters
leading to a decrease in the groundwater levels and
withdrawal from Akgol Wetland becomes
inevitable. In order to maintain the Akgol ecosystem,
it is obligatory to keep the water resources safe for
feeding the area. In the general sense, a specific lake
mirror is an ecological necessity for the
rehabilitation of a wetland system in a short period
of time. As such, remote sensing is an effective and
systematic method for monitoring naturally or
anthropogenically damaged areas over a short period
of time.
The study once again demonstrated that remote
sensing is an effective method for analysing the landuse changes of the wetlands which are easily
identified with the medium spatial resolution
Landsat images. Land-use changes that have
occurred within a certain period of time are both
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ABSTRACT
Defining the characteristics of a basin is
extremely important in terms of its maximum
utilization rate. Impact of the basin structure and
morphological characteristics on the hydrological
processes is essential during conducting a research
on a basin. Morphological analyses on basins
enable scientists to acquire quantitive data, and thus
fundamental information about prioritization and
planning studies of disaster management at the
basin level can be obtained. In line with the
morphological analyses conducted for two
adjacent basins in this study, hydrological
evaluations were also carried out. In this study, both
the Buyuk Menderes River and Gediz River extend
across a long valley and join the Aegean Sea. For
calculating the parameters of the two river basins
such as drainage
density, bifurcation ratio,
sinusoidal index which are among the important
morphological parameters, some hydrologic
systems analysis tools, were used. In the calculation
of the morphometric parameters regarding the
basins, Digital Terrain Model data at 10 m spatial
resolution constituted the most important basis. In
order to crosscheck the morphological evaluation
conducted for the basins, Soil and Water Assesment
Tool –SWAT model was utilized. The results of the
model verified the morphological analyses. It is seen
that the studies carried out coupled with Geographic
Information Systems would highly contribute to
hydrological and effective basin management
studies.

KEYWORDS:
Basin morphology, drainage density, bifurcation ratio,
SWAT

INTRODUCTION
Morphology is a Greek word which is a
combination of “morpho” meaning shape and
“logy” meaning field of study. Geomorphology
the hydrological characteristics of the basins. By

refers to the study of geological formations. In order to
conduct such a study, it is necessary to know the
characteristics and distribution of geographical
formations at the area of concern and its surrounding,
their relation to other events, their formation causes and
evolvement. According to the cycle of erosion theory or
to the geomorphic cycle theory, the earth’s crust is
evolving geomorphically due to erosion. These stages
are named as youth, maturity and old age. At the youth
stage, the tributaries are rugged and steep. Rivers erode
their stream beds while flowing into ocean. At the
maturity stage, rivers carry water and sediment running
in a slightly curved shape. At the old age stage, rivers,
especially near the rivermouth where it reaches the
ocean, flows into the ocean through an almost open
plain. Rivers have a major impact in the development of
the landforms and topography has been shaped through
stream processing. Fluvial geomorphology deals with
landforms formed with the fluvial process and stream
effects covers particularly the topics of sediment
delivery in river basins and floodplain morphology
utilizing inputs from hydraulics, ecology and geology
[1].
While rivers have impact on the shape of the earth’s
crust in the river basin, river channels affect the
geomorphology of the earth’s crust as well as the
morphology of the basin. Therefore, by performing the
morphological analysis of a basin, it is possible to learn
about the geological and hydrological characteristics of
the basin. [2, 3]. Defining the morphometric characters
of the basin, such as the topology, pattern, shape of the
drainage network, basin relief features and basin area
and their impacts on the coastal portion of the basin,
plays an important role in the basin management [4, 5].
With the contribution of the scientists studying in river
basin morphology field, morphometric parameters of
linear, areal and relief aspects have been developed. In
this study, these parameters was calculated for Buyuk
Menderes and Gediz Basins and hydrological reactions of
the basins were evaluated from these parameters.
In this study, ArcGIS 9.3 Desktop and Soil and
Water Assesment Tool (SWAT) software was used.
Evaluating the morphologic structure of the adjacent
basins selected in line with the calculated morphometric
parameters, deductions were made for
utilizing Geographic Information Systems (GIS), it is
360
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aimed to contribute to the basin management.

STUDY AREA
Buyuk Menderes River Basin and Gediz
River Basin which are among the 25 river basins
of Turkey were selected as the research field.
Selecting adjacent basins for conducting analyses is
considered to be more substantive and coherent.
Buyuk Menderes River Basin has a total
drainage area of 24 873 km2 and is located in the
southwest of Turkey, as seen in Figure 1. Buyuk
Menderes River ends in the Aegean Sea and is 548
km long.
Gediz River Basin has a total drainage area of
17 000 km2 and covers the Gediz River with a
length of 401 km. It also joins the Aegean Sea.
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Standard Sinuosity Index, in order to acquire stream bed
sections, SWAT was used. For areal morphometric
parameters, such as basin shape, basin perimeter and
basin area were calculated by using shape files of the
Buyuk Menderes and Gediz River Basins at scale 1:100
000 vector data format. In testing the results of the
morphologic features desired to be reached and the
results of the hydrological regime of the basin, tools that
can easily be added as an extension in ArcSWAT
software were used. CORINE land use data at scale
1:100 000 utilized in this study is different from the
SWAT software land cover classification system;
therefore, with the help of scientists of different
disciplines, the classification systems in question were
matched, and thus the model started to be used. For soil
database, digital soil maps of the world produced by Food
and Agriculture Organisation, FAO - (United Nations
Educational, Scientific and Cultural Organization,
UNESCO) were utilized. Temperature, precipitation,
wind, solar radiation and relative humidity are among
the input data used in running the SWAT model. These
data are produced by National Centers Environmental
Prediction which forms part of U.S. National Weather
Service and can be reached in the format required for
SWAT software at http://globalweather.tamu.edu/
web.
Especially for the regions where there is no
observation station, these data sets become highly
functional.
In this study, for the stations located in the Buyuk
Menderes River and Gediz River Basins, 26 years (1988
- 2014) of data were downloaded. While these data can
be used in text format, required database table for the
model is available by downloading WGN Excel Macro
file found in SWAT home page. (http://swat.tamu.edu/)
The steps of the study are shown in Figure 2.

FIGURE 1
Study Area
METHODOLOGY AND MATERIALS
The study consists of calculating morphologic
parameters as well as modelling to evaluate these
parameters.
Regarding the Buyuk Menderes and Gediz
River Basins, drainage network was extracted by
utilizing DTM data at 10 m spatial resolution. This
was done with ArcGIS Desktop software.
Thereafter, the drainage network in question was
divided into segments by using Strahler method.
Numerous morphometric parameters, such as stream
frequency, bifurcation ratio, drainage density were
calculated by utilizing this drainage network. In the
calculation of important linear morphometric
parameters among which there are Hydraulic
Sinuosity Index, Topographical Sinuosity Index and
Valley Index, Hydraulic Sinuosity Index,

FIGURE 2
Steps of the Study
LINEAR MORPHOMETRIC PARAMETERS
Linear parameters examined in this study are;
Stream Order, Bifurcation Ratio, Length of Overland
Flow, Length of Main Channel, Channel Index,
Topographical Sinuosity Index, Standard Sinuosity
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Index.
Stream Order. Important studies related to
morphologic analyses of the drainage basins have
been developed since 1945.
The first step in forming the stream order is to
calculate other linear parameters. For this process,
drainage networks of the basins were extracted by
utilizing DTM data at 10 m spatial resolution as
well as ArcGIS Desktop software tools. When
stream order was extracted, Strahler numbering
system was used.

FIGURE 3
Strahler Stream Order Method
The drainage network of the Buyuk Menderes
River ve Gediz River Basins are given in Figure 4.

(a)

FIGURE 4
The drainage network of the (a) Buyuk
Menderes River Basin, (b) Gediz River Basin
The Average Length of Overland Flow.
Overland flow describes the tendency of water from
rainfall or melting snow to flow horizontally
without forming a channel. The distance between

Fresenius Environmental Bulletin

the origin of this water and proximate channel is called
overland flow. It is an important variable in determining
the time needed for water to get concentrated during the
flood stage. Unlike the streamflow which may continue
to flow for days, overland flow changes its course due
to the absorption of remaining surface water after rainfall
or to the evaporation. Due to the fact that the drainage
density is low and therefore the distance between the
channels is short, overland flow has minimum values. In
this case, the time of the accumulation of the water
shortens. The length of overland flow calculated for the
Buyuk Menderes and Gediz River Basins are illustrated
in Table 1.
Bifurcation Ratio. Bifurcation ratio plays an
important role in forecasting the hydrological regimes
of the drainage basins. It provides information about
the shape of the basin and its flow characteristics.
Bifurcation Ratio is described as the ratio between the
number of tributaries in one segment (Si) and those of
the next-higher segment (Si+1). If this ratio ranges
between 3 and 5, this means that the geology of the
basin is homogeneous. When bifurcation ratio is low,
i.e. 3 and less, then the drainage density is high. In the
alluvial zones, the bifurcation ratio is relatively low.
Although 5 and above is considered to be high for the
bifurcation ratio, this could indicate that there might be
structural controls over the drainage path in these zones.
In the basins where the stream segments have relatively
similar bifurcation ratios, and thus the water flows more
forcefully, flood hydrograph, despite rising slowly,
creates high peak discharges. In the basins where the
stream segments have relatively different bifurcation
ratios, although the flood hydrograph rises rapidly, it
cannot create high peak discharges [6]. The Buyuk
Menderes and the Gediz River Basins shown in Table 1
have relatively similar bifurcation ratios and indicate the
characteristics of the first group mentioned above.
Sinuosity Index. Sinuosity Index is a metric used
for extracting the structure of the drainage network and
is an important parameter in the morphologic studies.
In this study, the Sinuosity Index was calculated by
utilizing the model developed by Mueller. Index provides
information about the topological and hydrological
characteristics of the drainage basin.
The sinuosity of the channel might change due to
some tectonic movements which cause changes in the
river valley slope [7]. In this context, the Sinuosity Index
can also be used to measure the impact of the tectonic
movements on the channel morphology [8].
In order to calculate the Sinuosity Index of the
Buyuk Menderes and the Gediz River Basins for the
study, the rivers were divided into segments using
ArcSWAT interface and required parameters were
obtained. The calculation method of the parameters is
shown in Table 2, and the parameters used in the
calculation are illustrated in Table 3.
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TABLE 1
Linear Morphometric Parameters

Name of the Basin

Stream Segments

Basin Area (A, km²)

The
Menderes
Basin

Buyuk
River

25 062

The
Gediz
River
Basin
16 334

S1

3 511

4536

S2

1 675

2198

S3

920

1068

S4

400

538

S5

170

370

S6

237

230

S7
Total Number of
Segments(ƩS)
Segment
Length
( ƩL, km)
Bifurcation Ratio
(Rb=Si/Si+1
(dimensionless) )
Average Bifurcation
Ratio
Average Length of
Overland
Flow(lo
=1/2D, km)

60

69

6 973

9009

15 214.20

13417.79

2.10, 1.82, 2.3, 2.35,
0.72, 3.95

2.06,2.06,
1.99,1.45,
1.60, 3.33

2.21

2.08

0.83

0.61

TABLE 2
Sinuosity Index, other parameters and
calculation methods
Valley Length (VL)=
|AB|+|CD|/2
Channel
Index/Total
Sinuosity
Index(CI)= CL/
|EF|
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Figure 5.
The Sinuosity Index varies between 1.0 and 4.0.
When this parameter is higher than 1.5, then the river
shows the characteristics of the Buyuk Menderes River.
When this parameter is between 1.05 and 1.3, then the
river shows curved structure [11]. In cases where the
length of the river valley is equal to that of the channel, the
basin is in the youth stage and the topographical factors
become effective. In such a case, TSI is 100 %, meaning
that there is no clearance between the mouth of the valley
and the channel [12]. When the basin is passes through the
maturity stage, HSI and meandering rate increase and
hydrological factors start to be effective. In this case,
although there is an indication of meandering in the
Channel Sinuosity Index, there are no changes regarding
meandering in the Standard Sinuosity Index. As can be
seen in Table 3, while the channel index (1.54), that is, the
total sum of Topographical and Hyraulic Sinuosity Index,
shows signs of meandering, Standard Sinuosity Index
(1.13) indicates a curved structure in of Buyuk Menderes
River, Also, when the Topographical Sinuosity Index is
less than 100 %, hydrological factors start to be effective,
albeit not completely. In this context, at the beginning of
the maturity stage, it can be said that both hydrological and
topographical factors play a role and that the structure of
meander is observed based on the calculation of the
parameters made for the Buyuk Menderes River. As for the
Gediz River Basin, both from TSI and SSI values, it can be
stated that the topographical features such as slope and
aspect have more effect on the hydrological characteristics
of the basin. Therefore, the length of the river and that of
the valley are almost equal.

Valley
Index(VI)/Total
Topographical
Sinuosity Index =
VU/ |EF|
Standard
Sinuosity
Index(SSI)=
KI/VI

The image (amended) is taken
from the reference
source [9]

Hydraulic
Sinusoidal
Index(HSİ)=
((KI-VI) / ( KI-1))*100

TABLE 3
The Sinuosity Index, other parameters used in
the study [10]
Basin

SI

The Buyuk Menderes River 1.54
Basin
The Gediz River Basin

1.46

VI

SSI

HSI

TSI

1.36

1.13

36

64

1.41

1.04

10.87

89.13

FIGURE 5
(a) The Gediz River Main Channel View (b) The
Buyuk Menderes River Main Channel View

The parameters obtained from the Buyuk
Menderes and the Gediz River Basins are shown in
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AREAL MORPHOMETRIC PARAMETERS
These parameters are important regarding
basin management. Within the scope of this study,
basin area, length, perimeter, Form Factor,
Circularity Ratio, Elongation Ratio, Texture Ratio,
Stream Frequency, Drainage Density parameters
were examined. In Table 4, areal morphometric
parameters and values calculated for the Buyuk
Menderes and the Gediz River Basins can be seen.
Basin Area. The size of the basin is an
important parameter affecting the the time of
concentration. The bigger the area of the basin
isthe more time passes for water to accumulate.
Basin Perimeter. The basin perimeter, which
is an important parameter when calculating the size
and shape of a basin, is the length of a map line that
encloses the catchment area of a basin. In Table 4,
the basin perimeter is shown among the areal
morphometric parameters of the Buyuk Menderes
and the Gediz River Basins.
Basin Length. There are various calculation
methods for measuring the length of a basin. In this
study, the length of the Buyuk Menderes and the
Gediz River Basins shown in Table 4, was
computed by measuring the length in a straight line
from the mouth of a stream to the farthest point on
the drainage divide of its basin.
Drainage Density. The drainage density is a
parameter showing the degree of the fragmentation
of the basin caused by the rivers and is the total
length of all the rivers (∑L) divided by the total
area of the drainage basin. The studies indicate that
the drainage density is a hydrological event
influenced by the geological structure of the terrain.
If the drainage basin has a low drainage density, then
the basin soil has an ideal infiltration rate and that
the area surrounding the river has thick vegetation
cover; therefore, surface runoff time increases. In a
basin where drainage density is low, the time of
concentration lessens. Table 4 shows the drainage
density calculated for the Buyuk Menderes and the
Gediz River basins. According to this finding, The
Buyuk Menderes River Basin has a better
infiltration rate than the Gediz River Basin. As a
result, it can be concluded that the time of
concentration will be shorter in the Gediz River
Basin.
Stream Frequency. Stream frequency is the
ratio of the total number of streams in a drainage
basin to the area of the basin and it is the count of
all stream segments per unit area of a basin. If
the stream frequency is high, the surfaces are
impermeable and show low relief characteristics.
The stream frequency measured for the Buyuk
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Menderes River Basin is low, and therefore indicates
permeability. Table 4 illustrates the stream frequency of
Buyuk Menderes and the Gediz River Basins. In narrow
and elonged basins, the flow of water is slow due to
the longer time of concentration.
Form Factor. he shape of the basin is one of the
important factors influencing the time of concentration.
The basins where the form factor is low, that is to say,
near-zero, are considered to be narrow and elonged. The
basins where the form factor is high, approaching 1.0,
are considered to be shorter or medium-length, partially
circular-shaped basin. Since the time of concentration is
shorter for a basin whose shape approximates a circle,
the flow of water is rapid. Table 4 shows the form factor
value of the Buyuk Menderes and the Gediz River
Basins. It can be stated that since the basins are narrow
and elonged, the time of concentration increases
accordingly and considering these
morphologic
parameters, the risk of flash flood is lower.
Circulatiry Ratio. The circularity ratio, along with
the elongation ratio, is one of the important areal
parameters which helps to understand the shape of a
basin. It is the ratio of the basin area to the area of a circle
having a circumference equal to the perimeter of the
basin. This ratio shows whether the drainage area has
same circularity or not. When the value converges
towards 1.0, the degree of circularity increases. The
circularity ratio of the Buyuk Menderes and the Gediz
River Basins can be seen in Table 4.
Elongation Ratio. Elongation ratio is defined as the
ratio of diameter of a circle of the same area as the basin
to the maximum basin length. If the elongation ratio is
low, i.e. near-zero, the basin is more elongated. If it
approaches 1.0, the basin is partially circular. The
elongation ratio of the Buyuk Menderes and the Gediz
River Basins can be seen in Table 4.
Texture Ratio. When evaluating the morphologic
aspects of a basin, one of the important parameters to
be taken into account is the texture ratio. It is the ratio
of the total number of segments (S1) in the first order of
the drainage network to the basin area and it is a ratio
used for defining the proximity of the channels.
Factors, such as lithologic structure, rugged terrain, have
an effect on the ratio. High texture ratio can be attributed
to the presence of high relief, steep slopes and low
permeability. When this ratio is high, however, the basin
has a higher peak discharge. The drainage texture less
than 2 indicates very coarse, between 2 and 4 is related
to coarse, between 4 and 6 is moderate, between 6 and
8 is fine and greater than 8 is very fine drainage texture.
This ratio should be assessed together with the drainage
density and stream frequency parameters.
The texture ratio of the Buyuk Menderes and the
Gediz River Basins is shown in Table 4.
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TABLE 4
Areal Morphometric Parameters
Parameters

Formula

Basin Area
(A, km²)
Basin Perimeter
(P, km)
Basin Length
(l, km)
Total
channel
segment lengths
(ƩS)
Segment Length
(ƩL, km)
Stream
Frequency
(Frequency)
Drainage Density
(km/ km²)
Form Factor (F)
Circularity Ratio
(Rc)
Elongation Ratio

Texture
(T)

Ratio

Value
(B.Menderes)
25 062

Value
(Gediz)
16334

1 723.22

1289.56

305.55

251.09

6 973

9009

15 214.20

13 417.79

ƩS/A

0.28

0.55

ƩL/A

0.60

0.82

F=A/l²

0.27

0.26

Rc
=
12.57*
(A / P²)
Re=2 *
(A / π) ½
/P
T = S1 x
(1/P)

0.10

0.12

0.60

0.60

2.04

3.52
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been produced in 2000 and 2006. In this study, Corine
Land Cover 2006 seamless vector data were used (Figure
7).

(a)

(b)
FIGURE 6
(a) DTM Data of Gediz River Basin (b) DTM Data of
Buyuk Menderes River Basin

RUNNING THE SWAT MODEL
The Soil and Water Assessment Tool (SWAT)
is a physically based, hydrological and public
domain model jointly developed by USDA
Agricultural Research Service (USDA- ARS) and
Texas A&M AgriLife Research, part of The Texas
A&M University System, with the contribution of
U.S. Department of Agriculture. The morphological
analyses conducted were crosschecked by running
the model software. In order to run the model, the
DTM data used for the two basins were utilized
and the drainage network and subbasins were
extracted. After extracting subbasins, Hydrologic
Response Units (HRUs) of the basins were
extracted. Theyare delineated by overlaying landuse, soil and slope parameters per basin and
defining the basin or basins possessing the unique
combination of land- use/ soil/ slope attributes.
The purpose of creating HRU extracted for the
basins and subbasins is that SWAT hydrological
model uses HRUs as the basic unit of all model
calculations. In order to create HRUs, CORINE
land-use data and Harmonised World Soil Database
should be projected into the same coordinate
reference system (CRS) as DTM. In extracting
subbasins and conducting other numerous analyses,
DTM data used for basins were utilized (Figure 6).
For both of the basins, CORINE land-cover
data at scale 1:100 000 were used. The Corine Land
Cover (CLC) inventory is a Pan-European landuse
and landcover mapping programme. Updates have

(a)

(b)
FIGURE 7
(a) Land- Cover Data of Gediz River Basin (b) LandCover Data of Buyuk Menderes River Basin
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(a)

(b)

FIGURE 8
(a) FAO Soil Database of Gediz River Basin
(b) FAO Soil Database of Buyuk Menderes
River Basin

(a)
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Another input used for creating HRUs is FAO soil
maps. They play a major role in determining the
movement of water in HRUs. Figure 8 shows the soil
maps for the basins.
By utilizing these data, HRUs were calculated for
both basins. The benefit of HRU is the increase in accuracy
it adds to the prediction of loadings from the subbasin.
Figure 9 shows of the results of the HRUs for the basins.
For the hydrological simulation in SWAT software,
meteorological data play an important role. Various
resources related to SWAT software are available at the
website
of Texas A&M University. If needed,
meteorological data can be acquired from the website
(http://globalweather.tamu.edu/).
Data,
such
as
temperature, precipitation, wind, solar radiation and
relative humidity are used in running the model. These
data are provided by National Centers for Environmental
Prediction, a part of the U.S. National Weather Service,
as Climate Forecast System Reanalysis (CFSR) data sets
through hourly weather forecasts and are presented in
SWAT format
on the website. Temperature,
precipitation, wind, solar radiation and relative humidity
data between 1979 and 2014 are also vailable on this
website.

SWAT SIMULATION AND THE RESULS
Using SWAT interface, SWAT model was simulated
in January 2010 for the both of the studies basins. The
accuracy of the morphological analyses shown in the
above sections was evaluated. Monthly PREC (Average
amount of precipitation in watershed during time step
(mm H2O)), SURQ (Surface runoff contribution to
streamflow during time step), LATQ (NO3 in lateral flow
on day in subbasin (kg N/ha)), GWQ (Groundwater
contribution to streamflow (mm)), SW (Amount of water
stored in soil profile in watershed for the day, month or
year (mm)), ET (Actual evapotranspiration from the
subbasin during time step (mm H2O)), PET (Potential
evapotranspiration (mm H2O)), WATER YIELD (Water
yield to streamflow from HRUs in watershed for the
day, month or year (mm)), SED YIELD (Sediment yield
from HRUs in watershed for the day, month or year
(metric tons/ha)) parameters obtained from the model
simulation for both basins are shown in Table 5.
TABLE 5
January 2010 SWAT model results

(b)
FIGURE 9
(a) HRUs for Gediz River Basin (b) HRUs for
Buyuk Menderes River Basin
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Comparing Buyuk Menderes River Basin and
Gediz River Basin for January precipitation data, it
can be said that although the Buyuk Menderes
River Basin has less precipitation, its surface runoff
is higher than the Gediz River Basin. The monthly
rainfall in the Gediz River Basin is higher; therefore
the amount of water stored in soil profile in the
watershed is also higher. In the 4th section, in
accordance with the evaluation of the morphological
structure of the basins, the Buyuk Menderes River
Basin is expected to be more permeable. In that
case, the amount of water stored would be higher
than the Gediz River Basin. However, it was
assessed that running the model for a month could
not be enough to obtain the anticipated results.
Thus, it was decided that the results should be
examined by running the model for several years.
During the period of 1.1.1988 and 31.1.2014,
SWAT model was run. The graphical presentation of
the results of the annual SURQ values for the basins
is shown in Figure 10.

FIGURE 10
Comparison between SURQ values obtained
during the period of 1.1.1988 - 31.12.2013
Evaluating 26-years period, it is observed that
the surface runoff in the Gediz River Basin is higher
than the runoff in the Buyuk Menderes River Basin,
even when the annual rainfall is low. The evaluation
of the morphological analyses indicates that Gediz
River Basin has more permeable subsoil compared
to Buyuk Menderes is, in this case, verified.
As a result of the morphological analyses of the
basins, because it was observed that the Buyuk
Menderes had more permeable subsoil, the basin in
question is expected to have higher amount of
groundwater reservoir. According to the 2013 data
of General Directorate of State Hydraulic Works
web site, the groundwater reserve of the Buyuk
Menderes River Basin is assessed as 761.50 hm3
/year, while this corresponding value is 248.00 hm3
/year for the Gediz River Basin. Regarding these
results, it can be seen that the estimated volume of
groundwater reserve is higher in the Buyuk
Menderes River Basin compared to the Gediz River
Basin. In Table 5, GWQ value of the Gediz River
Basin in January 2010 is higher. During the period
of 1.1.1988 and 31.1.2014, when the model was
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operated, the results shown in Figure 11 were obtained.
As indicated, it can be seen that groundwater contribution
to streamflow in the Buyuk Menderes River Basin is
greater.

CONCLUSIONS
In this study, initially, the morphological analyses
of the neighbouring basins located in the west of Turkey
were conducted. In these morphologic analyses, the
following results were obtained;

The Buyuk Menderes River Basin which has
lower drainage density has a higher level of infiltration
capacity compared to the Gediz River Basin.

The time of concentration is shorter in the
Gediz River Basin. The Gediz River Basin, which has
a higher stream frequency parameter, has lower
permeability than the Buyuk Menderes River Basin.

Due to the fact that both basins are narrow and
elongated, the time of concentration is longer in each
basin. The Gediz River Basin, whose texture ratio
parameter is high, is less permeable. Because the Gediz
River Basin has a high value of ruggedness number, it
has a higher probability of peak flow. The Buyuk
Menderes River Basin is more sloping and therefore the
velocity of the flow of water is higher.
When comparing SWAT model results of the two
basins, although the Buyuk Menderes River Basin has
lower rainfall in January 2010, its surface runoff was
estimated higher than the Gediz River Basin. The monthly
rainfall in the Gediz River Basin is higher; therefore the
amount of water stored in soil profile in watershed is also
higher. In the 4 th section, in accordance with the
evaluation of the morphological structure of the basins,
Buyuk Menderes River Basin is expected to be more
permeable. In that case, the amount of water stored would
be higher than Gediz River Basin. However, it was
assessed that running the model for a month could not be
enough to obtain the anticipated results. Thus, it was
decided that the results should be examined by running
the model for 25 years.

FIGURE 11
Comparison between GWQ values obtained during
the period of 1.1.1988 - 31.12.2013
Evaluating the 25-year period, it was observed that
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even in the cases where the Gediz River Basin has a
lower annual rainfall; it still has a higher runoff
compared to the Buyuk Menderes River Basin. In the
3 rd section, the evaluation of the morphological
analyses put forth that Gediz River Basin has less
permeable subsoil compared to Buyuk Menderes is,
in this case, verified.
In conclusion, through the instruments of DTM
data and GIS, the morphological characteristics of
the basin were extracted by utilizing numerical
models. In view of these parameters, hydrological
assessments were made initially about the terrain. To
use these calculations and evaluations obtained for
both river basins of concern, the methodology may
be used for other basins as well and to develop them
by adding new parameters is considered to be
helpful. Also, evaluating adjacent or proximate
basins together and determining the similarities and
differences among them are important with regard to
water transfers among basins in the future.
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and managed, through legal or other effective
means, to achieve the long-term conservation of
nature with associated ecosystem services and
cultural value [1]. Protected areas consist of the
essence of all struggles for protection around the
world [2]. 2YHU WKH SDVW  \HDUV WKH 81¶V OLVW RI
protection areas has increased 10 times, and last
appraisal shows more than 104 000 areas. Having a
similar increase rate, areas under protection
increased from 2,400,000 km2 in 1962 to
20,000,000 km2 in 2004 [3]. Roughly 12% of the
world's land area is currently defined as protected
areas [4].
7KH UDSLG JURZWK RI WKH ZRUOG¶V SURWHFWHG
areas has led to a change in planning and
development approach in the world. Planning has
always been an important tool in many areas; such
as states functioning, development of cities, markets
and economic life, etc. from its beginning [5].
Change in planning and related development
approach is a natural process which the world is
experiencing. These changes are characterized
according to their structural features of each region
of concern.
In particular, planning which is the
determination of future land use can also be defined
as determining the direction of the spatial
development that is extremely important for
protected areas. Therefore, to attain integration of
protection and planning in each scale is a
prerequisite for a liveable environment.
The destruction of the natural earth cover as a
result of human induced activities urges us to
examine the relationship between humans and
nature. A method to propose alternatives for future
land use practices requires to detailing this
relationship via ³VXLWDELOLW\DQDO\VLV´>@
According to [7] suitability analysis can be
based on Charles Eliot and Warren Manning who
have worked together between 1893 and 1896 in
Frederick Law Olmsted's landscape architecture
practice [7-8]. In their studies, they made drawings
to simultaneously see many features of terrain on
transparent papers laminated on window pane [7-9].
The method called overlay which primitively

ABSTRACT
Rapid development of science and technology
caused humans to live fast and accordingly that
reality brought together the pollution problem.
Increase in population and misuse/overuse of
resources led to huge waste amounts. The woUOG¶V
population of 1.5 billion at the beginning of the
century turned out to be over 3 billion in the midcentury that caused the full use of resources. That
fact, forced the humans to search for new ways in
development and planning. LUCIS (Land Use
Conflict Identification Strategy) model has been
used to identify most suitable lands for conservation
especially in developing countries to find probable
solutions against land-use conflicts. The model
enables new tools for land-use suitability analysis
and produces a spatial representation of probable
conflicts of future land use distribution. Through
this model, strategies and targets are created, best
suitable conservation areas are determined in terms
of physical and economic aspects, and the results
achieved are compared with currently existing
conservation areas. According to the results of this
study; natural resources, water basins, forests
together with green areas and parks in the city has
been under urbanization pressure in Istanbul.
Accordingly, the outcomes point out that
development plans should give priority on the
environmental and natural resource protection.
Moreover, model for future land conservation areas
are produced with LUCIS regarding environmental
and natural resource protection.

KEYWORDS:
Sustainability, Resource Consumption, LUCIS, Land
Use, GIS, Development, Planning, Suitability Analysis

INTRODUCTION
International Union for Conservation of Nature
(IUCN) refers to the protection zone as a clearly
defined geographical space, recognized, dedicated
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and also a special environmental protection area at
the same time. In such a case, each institution can
make plans for the area on its legal basis and
planning approach without adequate cooperation
with each other [13].
While conflicts on land use occur due to the
SODQVSUHSDUHGLQDFFRUGDQFHZLWKHDFKLQVWLWXWLRQ¶V
own right, the city with a rapidly increasing
population is led towards a dead end through
insufficient housing stock which became even more
desperate with macro projects such as Yavuz Sultan
Selim Bridge and Canal Istanbul. This trend
primarily has become a threat to natural habitats
such as sites, watershed protection areas,
agricultural areas, and especially the northern
forests [10].
Considering the literature on the spatial growth
of Istanbul, numerous studies detecting this
disturbing occurrence of natural structure and
uncontrolled growth and identifying problems- can
be seen [10-14-15-16-17-18]. For example, a
researcher studied ,VWDQEXO¶V VSDWLDO FKDQJHV
thoroughly from 1955 to 2007 and authors recorded
that 19 times increase in settlement areas was found
within 50 years. Such a large increase in the
settlement area is a sign for upcoming continuous
expansion [12].
On the other hand, especially determining
natural, archaeological and urban sites, planning
processes, and risks that such areas face due to
uncontrolled settlement and wrong plan decision
was also explained in detail by Another national
scientist team [19].
In this study, appropriate conservation areas
were determined using certain parameters with
/8&,6 PRGHO¶V VXSSRUW FRQVLGHULQJ WKH huge
pressure of increasing settlements over conservation
areas. Using the LUCIS model, objectives, goals
and strategies were established, physically and
economically appropriate conservation areas were
determined with GIS, and comparing current
conservation areas results were mapped.

commenced as laminating transparent papers in
order to see lots of data together at once, has
improved in time and now has developed into
computer environment with enormous data. Thanks
to this opportunity brought by technology,
especially in development plans so that the plans of
all scales can be made with ease using all kinds of
data concerning places [10].
One of the suitability analysis tools in
computer environment is LUCIS Model. LUCIS
model is a 5 staged model made with Model Builder
interface of ArcGIS as a product of ESRI. LUCIS
PRGHOZDVGHYHORSHGLQ)ORULGD8QLYHUVLW\¶VGHVLJQ
studios for more than 10 years for use by EDFKHORU¶V
students of Landscape Architecture and Urban and
Regional Planning Departments. Scientist of the
university developed this model depending on the
alternate land use proposal for future with the aim
of avoiding difficulties of traditional land use
analysis models [11].
Following the fast change in Turkey's
settlement structure, regional planning studies
presented that the planned development movement
has not been a successful process for directing
Istanbul Metropolitan Area although most regional
plans
were
completed
through
scientific
determination and intensive studies [12].
Not only in Turkey Istanbul is one of the
world's most important metropolitan particularly
with its geo-strategic location and diversity of
economic opportunities. Although a structure to
strengthen joint decision-making process, spatial
planning and implementation in places were
anticipated in the 10th Development Plan which is a
national development plan, still dozens of
institutions in Istanbul have the authority of
planning in different scales and matters [10].
Two Bosphorus bridges built in 1973 and
1988 respectively, turned WKHGLUHFWLRQRI,VWDQEXO¶V
urban expansion towards north. Hosting 20% of
7XUNH\¶VSRSXODWLRQ,VWDQEXOSURFHHGV on to be an
even more crowded city with new macro projects.
However; this expansion has become a significant
threat to watershed protection zones, agricultural
areas, protected areas, natural living zones and
especially to the north forests.
Having natural and cultural assets that are both
nationally and internationally important properties,
areas are determined as protected areas in different
status in order to leave a legacy to future
generations ensuring a balance of protection and
use. All institutions are legally authorized over an
area to make and implement plans for the concerned
area. Protection areas declared are all based on
either national or international conventions, and are
managed in accordance with related strategy and
action plans, and accordingly with prepared plans.
An area can be defined as a national park, nature
protection area or wetland, as well as natural site

MATERIALS AND METHODS
Study Area. Istanbul established over the two
continents Europe and Asia along the Bosphorus is
located in the northwest of Turkey, where Black Sea
surrounds the city at the north and the Marmara Sea
at the south (Figure 1).
Two sides of the city are connected with
Marmaray Immersed Tube Tunnel Crossing and
Fatih Sultan Mehmet and Bogazici Bridges over the
Bosphorus. Having 5400 km2 area, Istanbul has 39
GLVWULFWV DQG  YLOODJHV ,VWDQEXO¶V LPSRUWDQW
protection zones are the north forests and watershed
protection zones shown with their distribution
profile in Figure 2. While north forests bear the duty
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of giving breath to the city, watersheds provides
90% of water demand.

TABLE 1
Data used in the study
Data
Current
Protection
Power
Transfer
Lines
Creeks
Dam and
Lake
Road
Housing
Data

Source
ø%%1
(2014)
%('$ù2,
7(ø$ù3
(2014)
ø%% 

Content-Description
produced from plan
data

ø%% 

all the dams and lakes

ø%% 

all roads

ø%% 

up-to-date housing data

high-voltage lines
axles of streams

lines under TCDD4¶V
responsibility
pipelines of NATO5 and
Pipelines ø%% 
%27$ù6
7
Land
*ø%
street-based values per
Values
(2014)
square meters of land
1
ø%% ,VWDQEXO 0HWURSROLWDQ 0XQLFLSDOLW\
2
%('$ù %R÷D]LoL (OHFWULFLW\ 'Lstribution
3
Company,
7(ø$ù
7XUNLVK
(OHFWULFLW\
Transmission Company
4
TCDD: State Railways of the Turkish Republic,
5
NATO: North Atlantic Treaty Organization,
6
%27$ù3HWUROHXP3LSHOLQH&RUSRUDWLRQ
7
*ø%5HYHQXH$GPLQLVWUDWLRQ
Railway

FIGURE 1
Study Area

ø%% 

FIGURE 2
Land use distribution of Istanbul
Data and LUCIS Model. In this study,
physical and economic data which might affect the
choice of conservation area were selected and used
based on literature analysis. While determining
optimal conservation areas, current conservation
areas, road data, lakes and dams, creeks, trekking
trails, mountain bike trails, parks, archaeological
sites, power transmission lines, railways and land
values were used as LUCIS model parameters.
Satellite images, plans, administrative boundary
data, agricultural and settlement data, etc. were also
used in the study. Data used is shown in Table 1.
LUCIS Model that uses Model Builder
interface existing in ArcGIS which is GIS software
is used in the study. In the model; objectives, goals
and strategies were established, and physically and
economically optimal conservation areas have been
identified with the help of GIS and compared to the
current protection areas. Toolboxes in ArcGIS are
shown in Figure 3, and within these models for each
strategy, target and goal were created with the
model. Samples from created models are shown in
Figure 4.

FIGURE 3
Toolboxes and models

FIGURE 4
Samples from models
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RESULTS
Current Protection Areas. Considering
Istanbul the area of which is 540,000 ha with 53%
catchment area and 48% forestry, the distribution of
the settlement areas has become more important
[12]. Settlement areas¶ SURSRUWLRQ LQ WKH WRWDO DUHD
of Istanbul was 26% in 2014 while it was 1% in
1955 [10]. This rapid urban sprawl has of course
reached to this number by occupying the protection
and agricultural areas. The protection areas under
the pressure of this dense settlement today has been
reached to 289,893 ha in total with 257,243 ha of
forests, 17,535 ha of semi-vegetation areas and
37,083 ha of absolute and short protection areas of
the catchments excluding all conflicts. Under the
light of these facts, total proportion of protection
areas appears to be 54% of total area.
In Figure 5, the density of protection areas
appears to be in the northern forest. Protection areas
excluding sites and semi-vegetation areas are
clustered in an area outside the settlements in
general.

FIGURE 6
Lands with less intensity of roads

FIGURE 7
Optimal land to protect surface waters
Suitability Analysis for Resource-based
Recreation. In determining the most appropriate
areas for resource based recreation, current
protection areas, trekking trails, mountain bike
trails, parks, archaeological sites, power lines and
railways have been used as LUCIS model
parameters.
Deriving from the results of the model, power
transmission lines, islands and historical peninsula
are the suitable areas for the resource based
recreation besides the current protection area. Such
suitable areas for recreation are shown in Figure 8.

FIGURE 5
Current Protection Areas
In order to preserve those important protection
areas, this rapid and unplanned urbanization must
be taken under control. Future possible land use
conflicts must be identified by means of analyses
and solutions are to be planned in advance.
Otherwise, route of <DYX] 6XOWDQ 6HOLP %ULGJH¶V
and the 3rd international airport whose constructions
are ongoing will use the current protection areas,
and these areas will be under severe threat arising
from the recently established settlement areas.
Suitability analysis for the Conservation of
Natural Biodiversity and Surface Waters. In
determining the most suitable areas for the
conservation of natural biodiversity, road data,
lakes, dams, rivers and current protection areas
were used as LUCIS model parameters.
Having the results of the model, suitability of
creek axles and especially unsettled or less settled
areas for conserving the natural biodiversity
alongside the current areas, is shown in Figure 6
and Figure 7.

FIGURE 8
Suitable areas for resource based recreation
Suitability Analysis for Conservation.
Suitability analysis for conservation was conducted
by combining the results of suitability analysis
conducted to identify lands having eligible land
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economic development. These areas that are
heartland of Istanbul need to be expanded as seen in
the result of this study. While preparing plans in
every scale and making development oriented
studies, this fact should be considered.

values for providing permanent protection in
accordance with conserving natural biodiversity,
protecting surface waters, and protection strategies
and source based recreation. The results are shown
in Figure 9 and areas are categorized as 3 classes;
suitable, less suitable and unsuitable.
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using mathematical methods especially in
developing cities. As such, effective investment can
be considered and supported.

ABSTRACT
Environmental pollution and future scenarios
associated with increasing population foresees the
water shortage even water scarcity in parallel to
climatic conditions. In large cities, municipalities
have to plan and expand their infrastructure
investments based on the projects related with
water consumption values which are estimated
according to population growth using prediction
methods. Thus water consumption is vital in large
metropolitan city planning. In this study, water
consumption of the 39 districts of Istanbul was
investigated during the period of 2010-2014.
However, in 18 districts of Istanbul, there is no
statistically significant established pattern. Main
reasons of failures of modelling are considered as
migration, restructuring of the administrative
borders, and re-planning of the districts as either
industrial or commercial districts.
In the study, water consumption values of
Istanbul are determined by means of statistical
forecasting models. The ratio model results are
found close to logistic model outcomes. In addition,
different properties of the changes in water
consumption are evaluated based on periods of
years. However, due to the possible differentiations
in the scale and development level, similar districts
are separated by cluster analysis. Four different
water consumption patterns are obtained after the
process. Thus, determination of the different
patterns is turned out to be more meaningful and
their relationships with other parameters are defined
for interpretation. When the results were analyzed,
extreme changes in 8 districts were figured out. In
addition, by using two-phase least mean square
method and only by accepting water consumption
statistics as associated sequentially; it is possible to
obtain and determine units which are not suitable to
be used the model. This application presented that,
3 districts whose administrative boundaries were
changed, are different from the others. Statistical
results were visualized using Geographic
Information Systems (GIS). Planning can be done

KEYWORDS
Water consumption, forecasting model, logistic model,
GIS, Istanbul, Turkey.

INTRODUCTION
In recent years, booming urbanization makes
the city the main unit of human society. Residential
water use accounts for major parts of water
resources consumed by human society. In some
places, rapid urbanization triggers higher water
stress, and it is particularly true in water deficit
regions. Therefore how to manage water resources
in an effective manner in highly urbanized regions
tends to be increasingly urgent [1]. That is why
water demand management comes to be an
appropriate strategy aiming to effective and
sustainable urban water consumption in terms of
economy and environment. For the optimal
operation of waterworks it is necessary to predict
the expected water consumption of the following
days as accurately as possible. However, there are
no conventional methods to predict the water
demand [2].
Numerous literatures addressed changing
patterns, driving factors, trends, and possible
forecast of urban water use [3]. There was water
consumption models estimated from household
data. These models named micro models to
describe household water consumption behavior
through variables such as price, income, size.
Chicoine et al., used tree-staged least squares
method to estimate the built supply and demand
simultaneous equations [4]. Nieswiadomy and
Molina, estimated residential water demand
equation with two-staged least squares using the
only data set on water consumption that contains
monthly time series observations on individual
customers [5]. Unit price of consumption water
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found not statistical significant on demand in
several researches. Aitken et.al., fitted various
linear regression models with yearly household
water consumption as the dependent variable on
randomly selected household census data [6]. The
findings were well summarized in the review by
Arbués et al.[7]. Chang et.al., assessed the role of
urban development patterns on household water
demand, with spatial dependence [8]. Their findings
show that residential water consumption per
household was best explained by average building
size, followed by building density and building age,
with low water consumption areas clustering
together and typically located in high-density and
ROGHU QHLJKERUKRRGV ZKLFK VXSSRUWV GLVWULFW¶V
water consumption behavior differences [9].
Providing water for the domestic and
industrial needs of growing megacities is one of the
biggest challenges facing current water governance.
In most countries, the conventional approach to
meeting the growing requirements for water in
urban areas and managing urban water supply
systems is to deploy large-scale technologies.
Government support for such strategies aimed at
quenching the water demands of growing urban
areas is often justified by reference to the symbolic
and cultural importance of water as a public good,
and its strategic political and territorial interest for
the country.
In the case of Turkey, the rate of urban growth
peaked in tKH V DQG WKH PDMRULW\ RI 7XUNH\¶V
population now resides in urban areas. Istanbul is a
metropolis with a population of nearly 14,5 million
(greater than some European countries: Belgium,
Portugal, Hungary, Greece, Czech Republic, 11
million; Sweden, Austria, 9 million; Bulgaria,
Switzerland, 7.5 million; Denmark, Finland,
Norway and Slovenia, 5.5 million) [10]. Moreover,
its population increases every year exponentially
DQG QRZDGD\V RQH ILIWK RI 7XUNH\¶V SRSXODWLRQ
lives in Istanbul [11]. Supplying water to Istanbul
has been a problem throughout history. Today,
Istanbul Greater Metropolitan Municipality Water
and Sewerage Administration (ISKI) supplies
approx 3,500,000 m3 of drinking water daily to the
city [12,13]. The water is treated in different water
treatment plants located on the Asian and the
European sides of the city [14,15].
One of the social problems of Istanbul is
migration and as a result, this situation brings along
illegal settlement complications. As city population
increases with population growth and migration,
there will be a rise in water demand. Especially, the
risk of spread of illegal settlements within the
watershed zones should not be underestimated. The
population of Istanbul, by far the largest city in
Turkey, is officially 13 million, with an annual
growth rate of 3.3% [16,17]. In addition, one of the
social problems of Istanbul is migration and as a
result, this situation brings along illegal settlement

complications.
In the study, it was tried to determined
meaningful absolute water consumption rates for
the province of Istanbul by means of statistical
forecasting models. In addition, it is aimed to
observe the districts which are in different behavior
using basic statistics of the changes in water
consumption based on the years. The statistical
results are visualized by using Geographic
Information Systems (GIS).

MATERIALS AND METHODS
Simulation models were also used to estimate
water demand. The researcher also mentioned the
used techniques as ordinary least squares, two or
tree stage least squares with instrumental variables,
panel data estimation and time series methods in
their study [6,7,8]. However, more recent studies
use GIS with spatial estimation methods. Besides
econometric modeling of water consumption
demand or behavior, some researches focused on
time series forecasting models on water
consumption of a determined city or district. These
models include mostly trend, seasonality, climatic
correlation and autocorrelation components [18].
Simulation models were also used to estimate water
demand. Clarke et al., constructed a simulation
based on sample of two small cities and checked
the results on another city [9]. Water consumption
was found instable geographically, that means the
demand was changing according to life style, habits
and socioeconomic standards of the mentioned
region. More recent studies tend to use fuzzy
algorithms and neural network models for
estimations [2].
Study Area. In this study, city of Istanbul was
selected as research area. The city of Istanbul,
which is located between Asia and Europe, is the
largest city of Turkey with a population of over 13
million in the year of 2014. By population, Istanbul
is the largest city in Europe. Population growth has
been far more rapid than elsewhere in Europe: the
FLW\¶V SRSXODWLRQ KDV ULVHQ E\ DW OHDVW  VLQFH
1970. In near future its population is expected to
reach 20 million by 2030 [17]. ,VWDQEXOLV7XUNH\¶V
biggest industrial center, employing around one in
ILYH RI WKH FRXQWU\¶V LQGXVWULDO ZRUNIRrce. Local
industry varies widely, from textiles and chemicals
to vehicles and food and beverages. The most
densely populated parts of the city lie in the south
along the Sea of Marmara. For that reason, all
districts of Istanbul which comprises the districts
with the most dynamic nature and the most
prominent differences of ecological characteristics
in Istanbul was selected as the sampling area.
The information of water consumption of the
39 districts of Istanbul province was taken from
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Istanbul Greater Metropolitan Municipality Water
and Sewerage Administration (ISKI) and
investigated with different statistical tools during
the period of 2010-2014 [19]. It was estimated
water consumption amounts and rates separately of
the districts for the province of Istanbul by means
of statistical forecasting models. In addition,
districts with different behavior were determined
using cluster analysis of the changes in water
consumption based on the years.

Y2014,i

b1,0  b1,1Y2013,i  b1, 2Y2012,i

Y2013,i

b2,0  b2,1Y2012,i  b2, 2Y2011,i

Y2012,i

b3,0  b3,1Y2011,i  b3, 2Y2010,i

(Eq.2)

The equations are seemingly unrelated, but Yt
and Yt-1 are endogenous dependent variables and
Yt-2 is exogenous dependent variable, where Yt-3
and Yt-4 are instrumental variables. Accordingly,
year 2015 water consumption ratios of each district
were estimated from the equation Yt,i=1,42xYt-1,i0,44xYt-2,i using 2014 and 2013 water consumption
ratios.
(DFK GLVWULFW¶V \HDUO\ FRQVXPSWLRQ FKDQJH
'Yt,i=100x(Yt,i-Yt-1,i)/Yt,i was calculated for further
analysis. The percentage change in water
consumption is a proxy indicator of population
change, water XVDJH KDELWV¶ change, industrial
production change and also technology change as a
whole. These values are presenting the behavioral
change throughout the period. The first differences
were accepted to have not a trend effect in
econometrics.

Statistical Tools. Different statistical tools
were used in order to easily follow up changes in
water consumption of the 39 districts of Istanbul
province during the period of 2010-2014 [19]. In
this study, statistical techniques (curve fitting,
multivariate regression, cluster analysis) were
applied to investigate changing properties of
Istanbul's urban water consumption.
As an
example, SPSS (Statistical Package for the Social
Sciences) and MS Excel software were chosen to
perform the statistical analysis.
Forecasting Model Estimation. Firstly a time
series analysis was conducted to forecast the future
values. The parameters of the model are used to
predict not only the past but also next values. As
the data consists 5 years, a main trend pattern was
searched by fitting several models, which were
linear, quadratic, logarithmic, inverse, power,
logistic, growth and exponential mathematical
functions. Model and coefficients significance was
tested through ANOVA and t-test, and coefficient
of determination was calculated for each model and
district. Linear and logistic models (as given in
Equation 1) fit best the model, which are shown
consequently.
1
Yt b0  b1t and Yt
(Eq.1)
1
t
 b0 u b1
u
Furthermore, water consumption ratio of each
district in Istanbul was calculated, because ratios
may present much smooth patterns than absolute
values. Their trend models were also chosen as
logistic functions and related statistics regarding to
model significance. The reason for selecting logistic
model is its convenience for ratio estimation, where
u=1 is the upper limit. Here, time observations were
limited to 39 districts as the observational units
would appropriate measure to decrease the random
error.
Since research results assumes that the water
consumption is time dependent, a simultaneous
equation system is built and the parameters are
estimated with Two Stage Least Squares method.
The estimated multivariate regression model can be
illustrated as Equation (2) below:

Cluster Analysis. One another reason to
collect time series data is to try to discover
systematic patterns in the series so a mathematical
model can be built to explain the past behavior of
the series. The researchers suggested that regional
or suburban behavior differences might have
explored through classification [8,9]. There are two
types of methods or group classification algorithms.
One is the hierarchical method, in which the
partitions of the groups are not initially defined.
The major groups are divided into minority
subgroups grouping those individuals who have
similar characteristics. The final structure of classes
is presented as a classification tree (dendogram)
having an objective summary of the results. The
other is a nonhierarchical method of classification
in which the number of groups is set a priori. In
both clustering methods, classification of
individuals into different groups is done from a
grouping function and a mathematical grouping
criterion.
The k-means clustering method was used in
the research although the classification of the
districts and the numbers of the classes were not
known. However, several class numbers from 2 till
7 were examined and optimal number of the classes
was determined with Akaike Information Criteria
(AIC) and Bayesian Information Criteria (BIC). It
is argued that useful information for model
selection can be obtained from using AIC and BIC
together, particularly from trying as far as possible
to find models favored by both criteria [20].
AIC n  n log( 2S )  n log( RSS / n)  2( p  1)
BIC n  n log( 2S )  n log( RSS / n)  ( p  1) log n
(Eq.3)
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FIGURE 1
Clusters of water consumption models
which have distinctive water consumption habits by
utilizing general statistical models. However
proportions and development rates of districts
would be varied, similar districts was sorted by
cluster analysis. As a result, four clusters obtained
which match different changes in water
consumption patterns (Figure 1).
Those four clusters of changes in water
consumption models are: 1. Districts with
unchanging water consumption by years; 2.
Districts which changes in water consumption are
lower than other districts and stably developing
before the beginning of 2012, changes in water
consumption are rapidly increasing during 2012 and
stably increasing afterwards; 3. Districts with mean
change in water consumption are the least but
changes in water consumption gaps are large and
shown signs of unbalanced increases and/or
decreases of changes in water consumption; 4.
District which shows highest increase of changes in
water consumption and developing regularly.
Logistic model that is being used to have
predictions of 2015 proportions of districts at first,
followed by multiplying general total value
obtained from linear model and the year of 2015
water prediction of Istanbul was determined from
the predictions of districts. This obtained data map
represents percentage change of 2015 predictions
which have been created according to proportions
to actual 2014 water consumption value (Figure 2).
Thereby determined proportional results can
represent
development
at
districts
more
conveniently. By looking at our models of water
consumption predictions, approximately 40%
increase at consumption rate is expected at 2015.
While the model determines Silivri and Üsküdar as
districts which consume water at extreme rates
unlike other districts, the one district which stays
below average consumption is Beylikdüzü.
When Istanbul's overall water consumption is
examined, we observe that, years 2010 and 2011
are similar and years 2012, 2013 and 2014 also
have shown similarities and they can accepted as a

where there are p parameters and RSS is the
Residual Sum of Squares. AIC and BIC are based
on the maximum likelihood estimates of the model
parameters. In maximum likelihood, the idea is to
estimate parameters so that probability of the
observed data would be as large as possible.
7KH GLVWULFW¶V ZDWHU FRQVXPSWLRQ \HDUO\
change percent were used in the analysis to
determine the patterns. So, 4 main district clusters
were determined according to their yearly water
consumption change (Figure 1). The results have
been illustrated using GIS maps as explained in
detail in Section 2.3.
Geographic Information System (GIS). The
second critical tool is Geographic Information
System (GIS). GIS is basically defined as a set of
software and hardware which can link descriptive
and spatial information for the analysis as a set of
useful tool thanks to its ability to identify spatial
connections between different information layers.
With this method, created surfaces using Inverse
Distance Weighting (IDW) method can be used to
visualize, analyze, and understand spatial
phenomena. In this geo-statistical method, it is
substantially assumed that the rate of correlations
and similarities between neighbors is proportional
to the distance between them and can be defined as
a distance reverse function of every point from
neighboring points [21,22,23].

RESULTS AND DISCUSSION
This study was aimed to determine statistically
meaningful
prediction
models
for
water
consumption and water consumption rate of
Istanbul city. Among statistical models "logistic
model" was the most convenient one for proportion
model that we checked. Research was focused on
determination of water consumption by years for
Istanbul's districts and the considered districts
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FIGURE 2
Percentage change of water consumption of 2015 prediction
group (Figure 3). However the interesting aspect is
decrease at 2011. Kaya et.al.(2014) taken attention
to the impervious class and its change considering
the urbanized lands, and illustrated that only 3 out
of 34 districts had 70% or more impervious
surfaces in 1987 whereas the number of districts
having significant impervious areas increased to 11
in 2011 [24].
As we can observe at high levels box-plot,
while there are districts which have high shares at
water consumption, at year 2012 and in the sequel
years gap between top and bottom limits haven't
changed, distribution of those shares have stayed
stable. When all data is examined, at 2011 water
consumption is decreased 13.35% with respect to
2010. With the determination of existing water
supplies are not fulfilling requirements and
afterwards accomplished Melen project, water
consumption rates had increased at 2012 and when
compared to a year before, only 3 district's water
consumption within 39 stayed stable.
When Istanbul's water consumption values are
examined, determining extreme and distinctive
behaviors of district water consumption values has
been statistically meaningful. At this stage, there
are 8 districts which have extreme increase or
decrease of water consumption when compared to
SUHFHGLQJ \HDU DQG WKH\¶YH EHHQ SUHVHQWHG DW
(Figure 4). Among these districts when compared to
preceding year, while Eyüp has the highest water
FRQVXPSWLRQ DW  hPUDQL\H¶V ZDWHU
consumption had been increased during 2012 and
*D]LRVPDQSDúD¶V ZDWHU FRQVXPSWLRQ KDG EHHQ
increased during 2013. :KLOH 6XOWDQEH\OL GLVWULFW¶V
water consumption decreased at 2013, at 2014
Adalar and Beylikdüzü have the highest decrease in
water consumption compared to preceding year.At
 *D]LRVPDQSDúD DQG HVSHFLDOO\ 6LOLYUL KDG
increased
their
water
consumption.
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FIGURE 3
Water consumption ratio with box-plot method
Since there are new corporate formations in Silivri,
observed population growth can be the reason of
increased water consumption (Figure 5).
Furthermore by using two phases least square
method and accepting water consumption statistics
are associated sequentially, it is possible to acquire
predictions and it is also possible to detect units
which do not fit to our model. This study has shown
us that 3 districts whose administrative boundaries
were changed are different and statistical results
have been visualized using Geographic Information
Systems (GIS).
Since hypothesis of domestic, industrial and
agricultural activities are stable in districts of
øVWDQEXO GLVWULFWV RYHUDOO ZDWHU FRQVXPSWLRQ LV
expected to stay similar to recent years/a year
before. However existence of predictions different
than those expectations shows that situation is not
stable and even values are extreme for some
districts (Figure 6).
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FIGURE 4
The districts of water consumption increasing or decreasing

FIGURE 5
Predicting 2015 water consumption with Linear model
culture of East and West, economic success, and
gateway to main land Middle East geography [25].
Istanbul sets a good example to the challenges
faced in water supply in heavily populated cities,
where illegal settlements on watershed zones pose a
threat to scarce water resources. In addition, one of
the main problems of water consumption is effect
of meteorological data. In the Final Report of the
³&OLPDWH &KDQJH ,PSDFWV RQ WKH )XWXUH RI WKH
Water Sources for Istanbul and Turkey Project
´FRQGXFWHGE\7XUNLVK:DWHU)RXQGDWLRQRQEHKDOI
of ISKI, it is stated that due to the temperature
change between 2015 and 2040, heavy rainfall,
drought, and temperature rise are expected along
with the increase in the frequency and duration of
these events, and a series of measures are
recommended to be taken including the inter-basin
water transfer (to secure water supply, water
demand management, aquifer restoration, etc.)
[26,27,28]. In addition of the main results of this
study, the premise of the correlation between water
consumption and socio-economic

With system of simultaneous equations, by
acknowledging each district as an observation unit,
predicting 2015 wate consumption as a cross
section is possible.

CONCLUSIONS
In the study, it was tried to determined
meaningful absolute water consumption rates for
the province of Istanbul by means of statistical
estimation models. The results of ratio model were
close to logistic model. In addition, it was studied
determined the districts which are in different
behavior using basic statistics of the changes in
water consumption based on the years. Since it is
very complicated to interpret whole data set of
øVWDQEXO V ZDWHU FRQVXPSWLRQ YLVXDOL]DWLRQ LV
important.
Istanbul is a very special and unique place in
the world, being renowned for its history, mixed
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FIGURE 6
Relation between istanbul's water consumption and population
REFERENCES
factors could be confirmed, which was a hypothesis
of significant differences in the distribution of
water consumption due to the different socioeconomic conditions of the population. The use of
models to meet the management of water resources
brings the perspective of a useful tool that can assist
in the expansion and regulation of water supply,
assuming the local context as a projection and
optimization parameter in demand variability [28].
With regard to sustainability of environment
and human health, it's very important to observe
water consumption and water resources. At the
same time, balance between use and conservation
of water resources and its connection to water
consumption should be determined and evaluated in
terms of quality standards. Making predictions
depends on data sets which are required for
modeling studies. A systematic observation
program is essential in order to form these data sets.
It'll become possible to prevent water leakage with
this formation which required executing
simultaneously with legal regulations and quality
practices.

[1] Varis, O., Biswas, A. K., Tortajada, C.,
Lundqvist, J. (2006). Megacities and water
management, Water Resources Development,
22 (2) 377-394.
[2] Bárdossy, G., Halász, G., Winter, J., (2009)
Prognosis of urban water consumption using
hybrid fuzzy algorithms, Journal of Water
Supply: Research and Technology ± AQUA, 58
(3) 203-211.
[3] URL 1. http://onlinelibrary.wiley.com/doi/10.
1029/2009WR008147/epdf
[4] Chicoine, D. L., Deller, S.C., Ramamurthy G.,
(1986) Water Demand Estimation Under Block
Rate Pricing: A Simultaneous Equation
Approach, Water Resources Research, 22 (6)
859-863.
[5] Nieswiadomy, M.L. and Molina, D. J., (2006)
Urban Water Demand Estimates Under
Increasing Block Rates, Growth and Change,
19 (1) 1±12.
[6] Aitken, C.K., Duncan, H., McMahon, T.A.,
(1991) A cross-sectional regression analysis of
residential water demand in Melbourne,
Australia, Applied Geography, 11 (2) 157-165.
[7] $UEXpV ) *DUFÕғD-9DOLxDV È 0 0DUWÕғQH]Espiñeira, R., (2003) Estimation of residential
water demand: a state-of-the-art review, The
Journal of Socio-Economics, 32 (1) 81±102.
[8] Chang, H., Parandvash, G.H., Shandas, V.,
(2010) Spatial Variations of Single-Family
Residential Water Consumption in Portland,
Oregon, Urban Geography, 31 (7) 953-972.
[9] Clarke, G. P., Kashti, A., McDonald, A.,
Williamson, P., (1997) Estimating Small Area
Demand for Water: A New Methodology,

ACKNOWLEDGEMENTS
This work was supported by the Research
Fund of the Istanbul University (Project number:
UDP-56844). Authors would like to thanN 2÷X]
Kuzu and Dr. M. Kutay Sivri for his critical reading
and quick editing.
The authors have declared no conflict of
interest.

381

© by PSP

Volume 26 ± No. 1/2017, pages 375-382

Fresenius Environmental Bulletin

[25] URL 4 :http://www.siemens.com/press/en/
Reference Number: SOAXX20091222-16
[26] Turkish Water Foundation, (2010). Project of
Climate Change Impacts on Water Resources
Future in Istanbul and Turkey, Final Report.
(In Turkish)
[27] Ozturk, I., and Altay, D.A., (2015). Water And
Wastewater Management in Istanbul. UNESCO
HQ International Conference on Water,
Megacities And Global Change, Paris, France.
[28] de Souza, A., Aristone, F., Sabbah, I., da Silva
Santos, D.A., de Souza Lima, A.P. and Lima,
G., (2015). Climatic Variations and Consumption of Urban Water, Atmospheric and
Climate Sciences, 5, 292-301.

Water and Environment Journal, 11 (3) 186±
192.
[10] TUIK (2015), [Turkish Statistical Institute
(Turkiye Istatistik Kurumu)]. 2012. National
census, Turkish Statistical Institute , Ankara,
Turkey. [online] URL 2: http://www.tuik.
gov.tr/
[11] Saatci, A.M. (2013). Solving Water Problems
of a Metropolis, Journal of Water Resource
and Protection, 5, 7-10.
[12] ISKI,  ,6.,¶V6WUDWHJLF3ODQ -2015
Period). (In Turkish)
[13] ISKI, (2014a). Istanbul Waterways and Their
History. ISKI Publications, Istanbul. (In
Turkish)
[14] ISKI, E ,VWDQEXO:DWHU$GPLQLVWUDWLRQ¶V
Annual Progress Report, Istanbul. (In Turkish)
[15] ,6., F  ,6.,¶V $FWLYLW\ 5HSRUW ,Q
Turkish)
[16] Islar, M. and C. Boda. (2014). Political
ecology of inter-basin water transfers in Turkish water governance. Ecology and Society
19(4):15.
[17] TUIK (2014), [Turkish Statistical Institute
(Turkiye Istatistik Kurumu)]. 2014. National
census. Turkish Statistical Institute, Ankara,
Turkey. [online] URL 3: http://www.
tuik.gov.tr/.
[18] Zhou, S.L., McMahon, T.A., Walton A.,
Lewis, J., (2000) Forecasting daily urban water
demand: a case study of Melbourne, Journal of
Hydrology, 236 (3±4) 153±164.
[19] ,6.,  ,6.,¶V6WUDWHJLF3ODQ -2020
Period) ISKI Publications, Istanbul..(In
Turkish)
[20] Jouni, K., (2004). AIC and BIC Comparisons
of Assumptions and Performance, Sociological
Methods Research, 33 (2)188-229. doi:
10.1177/0049124103262065
[21] Erturk, A., Gurel, M., Ekdal, A., Tavsan, C.,
Ugurluoglu, A., Seker, D. Z., Tanik, A.,
Ozturk, I., (2010). Water quality assessment
and meta model development in Melen
watershed ± Turkey, Journal of Environmental
Management, 91 (7) 1526-1545.
[22] Seker, D. Z., Kaya, S., Alkan, R.M., (2008).
3D Coastal Erosion Analysis of KilyosKaraburun Region Using Multi-Temporal
Satellite Image Data, Fresen. Environ. Bull.,
17, 1977-1982.
[23] Sivri, N. and Seker, D.Z., (2010). Investigation
of Enteric Bacteria of Surface Waters in the
Southwestern Istanbul Coast by Means of GIS,
Turkish Journal of Fisheries and Aquatic
Sciences (TrJFAS), 10 (4) 505-511.
[24] Kaya, S., Seker, D.Z., Tanik, A., (2014)
Temporal Impact of Urbanization on the
Protection Zones of Two Drinking Water
Reservoirs In Istanbul, Fresen. Environ. Bull.,
12 (24) 2984.

Received:
Accepted:

29.06.2016
26.09.2016

CORRESPONDING AUTHOR
Prof. Dr. Nuket Sivri
Department of Environmental Engineering, Istanbul
University Faculty of Engineering 3420 Istanbul
TURKEY
e-mail: sivrin@gmail.com

382

Volume 26 ± No. 1/2017, pages 383-391

© by PSP

Fresenius Environmental Bulletin



THE ROLE OF NATIONAL AND INTERNATIONAL
GEOSPATIAL DATA SOURCES IN COASTAL ZONE
MANAGEMENT
Bulent Bayram1,*, Ozgur Avsar2, Dursun Zafer Seker3, Abdullah .D\Õ4, Mustafa Erdogan4,
Oktay Eker4, Inese Janpaule5, Hatice Catal Reis6
1
Yildiz Technical University, Department of Geomatics Engineering, Istanbul, Turkey
Canakkale Onsekiz Mart University, Department of Geomatics Engineering, Canakkale, Turkey
3
Istanbul Technical University, Department of Geomatics Engineering, Istanbul, Turkey
4
General Command of Mapping 06590 Cebeci, Ankara, Turkey
5
University of Latvia, Institute of Geodesy and Geoinformation, Riga, Latvia
6
Gumushane University, Department of Geomatics Engineering, Gumushane, Turkey

2

ABSTRACT
Coastline changes are increasing rapidly due
to both natural and human effects. The expansion of
touristic,
industrial
and
culture
fishing
establishments through coastal areas has brought
about uncontrolled and unplanned urbanization. In
this study, the coastline in Karasu district of Turkey
has been extracted by using Unmanned Aerial
Vehicle (UAV) images. For this purpose; 7 cm
ground sample distance (GSD) UAV images taken
in 2013 by Gatewing-X100 by 40% side and 70%
forward overlap was used as post images. Produced
ortho images were used as the base map for
extraction of the coastline. An object-oriented
approach has been applied to capture the shoreline
from these ortho images. In the presented study, the
eCognition object-oriented fuzzy image processing
software has been used. This commercial software
has the ability to develop custom tools for image
classification in addition to its standard object
feature tools. Customized arithmetic features have
been used to achieve more accurate shoreline
segmentation results. Three main object classes
have been FUHDWHG DV ³VHD´ ³VKRUHOLQH EXIIHU´ and
³ODQG´ WR H[WUDFW VKRUHOLQH 7KH VHJPHQWDWLRQ
UHVXOWV ZHUH FRQYHUWHG LQWR ³G[I´ YHFWRU GDWD
format. The results were compared with manual
digitizing of 55 blind readers. An algorithm has
been developed by using Matlab to analyze the
differences between object-oriented classification
and manual digitizing results. Results were
evaluated according to VWXGHQWV¶ JHQGHUDJH, spent
time, used software and courses taken. The root
mean square error (RMSE) was calculated as 7.15
m.

KEYWORDS:
Object-oriented, unmanned aerial vehicle (UAV), shore
line extraction, image processing



INTRODUCTION
Coastal
zones
are
very
important
environmental areas with included habitats and they
are under threat of coastal erosion, sediment
transport, pollution, uncontrolled effects of human
being [1, 2]. Shorelines are one of the indispensable
environment and their changes can affect directly
decreasing life resources and quality [3]. According
to International Geographic Data Committee
(IGDC), shorelines are one of the most valuable
habitats in 27 features on the earth [4]. A shoreline
is defined as the intersection line between land and
water body [5].
Since coastal zones are between land and sea,
their socio-economic and ecological features
require global management and monitoring of
natural and human-based effects [6]. Powerful
coastal management and erosion/flood control
issues demand accurately obtained shorelines [7].
Not only determination of impacts of the wind,
wave and seasonal effects on coastal zones, also
the determination of human interactions requires
land use/cover classification and extraction of land
use cover types as well as shorelines [8]. Shoreline
extraction by traditional geodetic surveying
techniques may be time consuming and in many
cases infeasible [9].
Nowadays, new algorithms are required to
obtain rapid data and adapt to geographic
information systems [10]. Remote sensing (RS) and
Geographic Information System (GIS) technologies
offer economic and useful solutions to monitor
dynamic nature of water bodies and spatial and
temporal analysis of urbanization [11,12]. Shoreline
extraction is crucial especially for coastal engineers
to determine shoreline changes, chronic erosion,
and unexpected deposition due to the sediment
transport [13]. In recent years the popularity of
8$9¶V LQFUHDVHV GXH WR the development of
efficient equipment and decreasing of cost [14]. The
development of UAV technologies brought new
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opportunities to obtain very high resolution images
[15]. Usage of UAVs for civilian purposes
increased steadily in recent years [16]. Although
mapping of wide areas is possible by
photogrammetry, the expense of this method is very
high for small areas [17]. Therefore, UAV systems
are very efficient for local areas due to their low
cost, security systems, and rapid transition
compared to the manned aircraft systems [18].
Different researches about UVA application can be
found in the literature have used UAV system to
monitor environmental changes [19]. L-band radar
system was mounted on the UAV and oil pollution
in Mexico Bay was detected in [20]. Erosion and
landslide areas by UAV images have been
determined by [21]. Cadastral maps have produced
by using UAV system [22]. [23] have monitored
changes in protected areas by UAV system.
Several classification and segmentation
methods have been developed in recent decades.
Detailed information can be found in [24]. The aim
of this study is to extract the shoreline by using
object-oriented fuzzy classification technique. The
shoreline of the study area has been extracted using
ortho image which have been produced in 7 cm
GSD. UAV images were taken with Gatewing UAV
system in 2015.

STUDY AREA
As recent researches in Turkey showed, some
coastal areas are under treatment of sea level rise
[25]. Sand beaches are invaluable zones and their
protection is very urgent [26] as well as Karasu
coastal area. ³Karasu coastal region located around
the Sakarya River mouth discharges to the Black
Sea at the east of Istanbul, Turkey. The shoreline
has a West-northwest (WNW) ± East-southeast
(ESE)
general
orientation
and
stretches
approximately 30.0 km at the west side and 50 km
at the east side of the Sakarya River mouth. As far
as the Sakarya River mouth area is concerned, the
series of large volume reservoirs along the Sakarya
River stream, related to hydroelectric power
stations (HPS), induced transformation of river
flows and sediment loads. As a consequence of the
river flow regulation and sediment deposition in the
reservoirs, the sediment runoff has been reduced,
and the input of sediment into the Sakarya River
mouth has decreased. Due to decreasing of the
sediment runoff to the coast, and also harbour as an
obstacle, the erosion is occurring at the east side of
the river. There are other effects such as sand
mining in Sakarya River and also sand mussels
mining causes the sand deficiency near the shore in
the site. Therefore, the morphology of Karasu
coastal region responds to these effects [27]. 5 km
part of Karasu coastal zone, given in Figure 1 has
been used in this study.

FIGURE 1
Study area
MATERIAL AND METHOD
In the study, 5 km shoreline of Karasu coastal
region was extracted from the ortho image which
have7 cm GSD. Images were taken by Gatewing
UAV system. Basic specifications of Gatewing
system are: (i) Weight: 2 kg, (ii) Endurance: 45
min., (iii) Resolution (GSD: 3.3 cm to 25 cm [28].
Flight altitude was approximately 100 m, forward
and side overlaps of images were 70% and 40%
respectively. Flights were completed on 28-30
January 2015 and total 2329 images were taken.
Sixty voluntary students¶ manual digitizing results
were used for the accuracy assessment.
Shoreline extraction by object-oriented
classification. Object-oriented classification was
carried out by eCognition Professional 5 software
[29]. First of all, the used software demands to
segment input image which has to be created by
pre-set homogeneity criteria [30, 31]. Segmentation
process uses empirically selected three parameters
which are scale, colour and form. Form parameters
are
smoothness
and
compactness
Thus,
homogenous segments can be created from pixels.
The scale parameter is set to define size of created
segments. The colour and form setting balance
between colour and shape of the segments to create
homogenous segments according to set colour and
form parameters. The details of the parameter
setting and fundamentals of the segmentation can
be found in [32].
Segmentation results define directly the
accuracy of classification as well as shoreline
extraction. Therefore, these parameters should be
chosen correctly by several empirical trials to
demonstrate the morphology of the objects. This
step includes user subjectivity.
In this study, the study area was divided into
seven overlapped sub-regions to see the effects of
different parameter settings and edge matching
errors. The used settings were given in Table 1 for
each sub-region. The sub-regions were given in
Figure 2.
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FIGURE 2
Overlapped sub-regions
TABLE 1
Setting of segmentation parameters
scale color compactness
Sub-region 1
Sub-region 2
Sub-region 3
Sub-region 4
Sub-region 5
Sub-region 6
Sub-region 7

150
150
150
150
300
300
150

0.9
0.9
0.9
0.9
0.9
0.9
0.9

0.5
0.5
0.5
0.5
0.5
0.5
0.5

Length
(m)
490
355
300
320
1560
1560
700

As it can be seen in Table 1 and Figure 2, for
5th and 6th sub-regions the scale parameters was
chosen bigger than the other sub-regions.
Classification was applied after defining class
hierarchy. ,Q FODVV KLHUDUFK\ ³ODQG´ ³VHD´ DQG
³VKRUHOLQHEXIIHU´FODVVHV ZHUHGHILQHG$GGLWLRQDO
³EXIIHU´ FODVV VKRXOG EH GHILQHG RQO\ IRU th, 6th
and7th sub-regions because of wave-land
interaction (Figure 3). The main faced challenges
were the seasonal factors which made the sand
areas very wet and the flight altitude which
decreased the field of view. Having very high
resolution, the images are thought to be very good
for the classification but also they have big sizes to
manage them. Another main problem was working
with only visible bands (red, green and blue). Since
water absorption property is very high in near-IR
wavelengths, obtaining of water bodies is most
easily [33]. To prevent the obstruction of
classification because of these ingredients, it was
thought that ³VHD´ DQG ³ODQG´ DUHDV KDd to be
selected as major classes. Due to wave at the coast,
it was very difficult to distinguish sand and foam of
ZDYHV 7KHUHIRUH ³VKRUHOLQHBEXIIHU´ FODVV was
GHILQHGZKLFK¶VPRUSKRORJ\LVGLIIHUHQWIURP³VHD´
DQG³ODQG´FODVVHV



FIGURE 3
Class hierarchy

Compare to pixel based methods, objectoriented fuzzy classification comes out on top
because of its property that instead of pixels, one
candidate segment can have different membership
degree more than one classes. So, it can be provided
more flexible results than classic 0 or 1 rule set to
overcome the mixed class problem. The used
software supplies the users to develop custom tools
for classification in addition to its standard objectfeature tools. Customized scripts can be used to
achieve satisfactory and reliable classification
results, and they allow the creation of the
composition of existing features, variables, and
constants that can be combined via arithmetic
operations [34]. In this study, a new script was
developed by authors as given in the equation (1).
)RU ³VHD´ ³VKRUHOLQHBEXIIHU´ DQG ³EXIIHU´ classes,
same customized script was used with different
thresholding settings.
([Mean Layer 1]/([Mean Layer 3]+[Mean Layer
2]))*100+100
(1)
Layer 1=RED; Layer 2=GREEN; Layer 3=BLUE
In this study, as fuzzy membership function
the ³full range´ membership function was used
(Figure 4). The threshold values of the membership
function for each sub-regions were given in Table
2. In the object-oriented approach object-based
class description is available. Because of this reason
object based class definition was used for the ³ODQG´
class description (Figure 5). 7KHUHIRUH IRU ³ODQG´
class any threshold was not defined.

FIGURE 4
Full range membership
class
385



FIGURE 5
'HVFULSWLRQRI³ODQG´
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FIGURE 6
Classification result

FIGURE 7
Extracted shoreline



FIGURE 8
Manually digitized shoreline

TABLE 2
The threshold values of membership function for
each sub-regions
shoreline
buffer
land sea
buffer
149.0Part 1
149.8
152.77-153.8
148.0152.32Part 2
150.3
153.55
148.0150.3
152.79-154.5
Part 3
145.0Part 4
150.3
152.9-155.0
142.0152.54153.83Part 5
150.5
153.81
158.0
130.0152.26154.35Part 6
151.0
154.33
157.0
146.0153.54153.55Part 7
151.0
153.56
156.0

The developed customized feature was tested
only for this study. The classification result,
extracted shore line, manually digitized shorelines
were given in Figure 6, Figure 7 and Figure 8
respectively.
Accuracy assessment. The digitization of the
shoreline were given as a homework for the Remote
Sensing Course which is offered in the seventh

semester of the Yildiz Technical University
Department
of
Geomatic
Engineering
Undergraduate Level Curriculum. They were asked
to manually digitize the shoreline with freely
selected software. An additional form was prepared
to collect the information about the blind readers.
Gender and age of the student, used software, spent
time and related classes (Introduction to Geomatic
Engineering, Engineering Calculations, Theory of
Errors and Parameter Estimation, Cartography I and
II, Adjustment, Digital Image Processing,
Topographic Map Production, Geographical
Information Systems I and II, Photogrammetry,
Remote Sensing) taken by the student were
recorded for further evaluation. Spent time and
related classes taken by the student were classified
to simply the evaluation. A summary of the
gathered information was given in Table 3.
Totally 209 students submitted their
homework. A priory control algorithm was written
to analysis the delivered homework according to
their file size and number of fracture nodes (grips)
used during the digitization process. The plane
coordinates of the fracture nodes (grips) were
extracted in the files whose file size or number of
used fracture nodes (grips) are same. A coordinate
comparison algorithm were generated and process
to this files to remove duplicate homework. After
this removal randomly selected fifty five homework
were evaluated for this study. In addition to the
EOLQGUHDGHUVRQHH[SHUW¶VPDQXDOGLJLWL]LQJwas
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TABLE 3
Specifications of the test subjects
Gender
Number

Female
7

Male
48

Age

21

22

23

24

Number

2

16

23

6

Age

25

26

27

33

Number

4

2

1

1

Software

CAD

GIS

RS

n. a.

Number

3

11

31

10

Time (minute)
Number

0-34
5

35-69
17

70-104
9

105-139
7

Time (minute)
Number

140-174
0

175-209
5

210-244
1

n. a.
11

Lectures
Number

1-2
0

3-4
1

5-6
3

7-8
9

Lectures
Number

9-10
20

11-12
19

n. a.
3

55

55

55

55

55

FIGURE 9
RMSE of the differences between object-oriented classification and manually digitization
used as the reference for overall comparison. An
algorithm was developed by using MATLAB to
analyze the results between object-oriented
shoreline extraction and manual digitizing of fifty
ILYH EOLQG UHDGHUV DQG RQH H[SHUW¶V 6KRUHOLQH
extracted by object-oriented approach was
considered as the master. The written algorithm can
read and compute the plane coordinates of the
fracture nodes (grips) of the polyline of the
H[WUDFWHG ³G[I´ ILOHV 7KH PDVWHU DQG VODYH ILOHV
were divided by 0.1 m segments in the x axis. The y
coordinates of the new nodes were taken from the
RULJLQDO ³G[I´ ILOH RU FRPSXWHG E\ LQWHUSRODWLRQ LI
necessary. Furthermore, the difference between y
coordinates of master and slave files and its RMSEs
(m) have been computed. The calculated RMSEs
were given in Fig 9.

RESULTS AND DISCUSSIONS
Karasu district of the Sakarya Province which
is one of the vulnerable coastline along the Turkish
Black Sea Coast suffer from coastal erosion
especially after the construction of the harbour.
Presented study was carried out to test the objectRULHQWHG DSSURDFK¶V SHUIRUPDQFH IRU an UAV
system. In the presented study 55 voluntary blind
readers have digitized shoreline manually. The
average RMSE of the blind readers¶ digitizing
results was calculated as +/- 7.15 m with minimum
3.0 m and maximum 69.6 m. differences. After
comparison of extracted shoreline with H[SHUW¶V
digitizing, RMSE was calculated as +/- 2.8 m with
minimum 0 m and maximum 16.9 m. The RMSEs
according to the defined classes were given in Table
4 and Figure 10.
In this study, it was proved that UAVs can be
used to monitor shoreline effectively for local areas,
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TABLE 4
RMSE of defined classes
Gender

Female

Male

RMSE

5.9

7.3

Age

21

22

23

24

RMSE

4.6

5.9

6.7

6.3

Age

25

26

27

33

RMSE

20.7

3.9

4.4

4

Software

CAD

GIS

RS

26.3

6

5.6

RMSE
Time
(minute)
RMSE
Time
(minute)
RMSE

0-34

35-69

70-104

105-139

18.0

6.2

5.4

4.2

140-174

175-209

210-244

n. a.

7.0

3.8

Lectures

1-2

3-4

5-6

7-8

RMSE

n. a.

3.5

9.1

4.3

Lectures

9-10

11-12

RMSE

6.7

9.4

FIGURE 10
RMSEs of the manual digitisations
according to the classes.
in case of the images would have been taken in
right conditions. Also used commercial software
provides opportunities to define user-based and
customized rules and scripts to gain the best object
morphology and classification result. Although the
developed script gave very good results, it should
be tested for different images to prove its usage. It
was seen that accurate results may be gotten by
applying fulfilled segmentation by this script
though without NIR band. The reasons for division.
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FIGURE 11
Edge matching error measurements
of original ortho image into 7 sub-regions were (i)
decreasing processing time and made it available
for standard laptop configuration as i7- 4500 U
CPU, 1.8 GHz, GB RAM, (ii) monitor the effect of
scale factor to classification results for very high
resolution images. For all sub-regions same colour
and form parameters were used. For two large subregions scale factors were adjusted as 300 instead of
150. But all threshold values were very close each
other for all classes and sub-regions
Edge matching errors were examined and its
range was measured between 0.04-3.32 m (Fig 11).
From these results, it can easily be said that same
scale factor has to be applied to the image. But, it
can vary image to image. Therefore for each
individual image settings of all parameters were
examined.

CONCLUSION
Presented study focused on to find the
intersection line between land and water body
without considering seasonal wave effects at the
coast. Blind readers were informed also in the same
acceptation for manual digitizing. It was apparently
seen that seasonal waves at the coast should also be
used as additional data to refine obtained result.
The proposed methodology can be used
efficiently in Karasu and similar areas to monitor
temporal shoreline changes. Previous researches
made out that coastal erosion and uncontrolled
human made deleterious alteration were the main
threat of the Karasu shoreline. To preserve this area,

governmental coastal protection and management
systems have to be carried out as soon as possible.
As it has been put into practice in this study, UAV
systems are capable of monitoring local areas to
obtain true, up to date, accurate and rapid
information for decision makers. As long as human
being ignores to protect natural habitat zones, it will
cause irrevocably problems and turn back like a
boomerang. Uncontrolled handling of the coastal
areas may bring many unsolvable and unrecovered
problems in the future.
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preservation conditions, a technique known as
pickling by fermentation.
During the pickling process two distinctive
waste products are generated a) the spent pickling
effluents (i.e. brines) containing substantial
concentrations of salt and simple organic acids and
b) semi-solid product in different pickling stages,
that due to diverse reasons (manufacturing,
preservative or market interest) it is not destined for
human consumption and it must be disposed off.
Based on information provided by a large pickling
and canning industry of Northern Greece, between
2 to 4% of the total production is disposed,
something that in turn putting significant pressure
on the economics of the manufacturers not only due
to the loss of production but also due to the storage
and disposal costs that the companies must bear.
While for the spent brines a number of treatment
methods are available, including filtration and
regeneration [3], for the case of the semi-solid
wastes the treatment is very difficult due to the
corrosive, bactericide and phytotoxic properties of
these wastes due to the high concentration of NaCl,
the presence of organic acids and the very low pH.
The seasonality of these activities further
complicates the management of the canning wastes,
rendering landfilling as the only viable option.
During the years a number of methods have been
developed focusing on the treatment of different
canning wastes. Nevertheless, most of these
technologies are targeting the fish canning wastes
and the valorization of fish oil through biogas and
biodiesel production [4, 5].
A candidate technology that can be applied for
the management of vegetable pickling solid wastes
is the anaerobic digestion (AD). The AD is a natural
process that offers the opportunity for the recovery
of marketable products from biomass through its
bio-conversion into biogas. In turn biogas can be
valorized as a sustainable fuel. The liquid effluent
recovered during the process, known as digestate,
can be applied on agricultural land substituting for
chemical fertilizers. The AD is widely employed
for the management of farmed animal manures [69] with mixed results considering the low
biodegradability and biomethane potential of such

ABSTRACT
In this work we assessed three pickling and
canning semi-solid wastes as substrates to
thermophilic digestion plants. The substrates
assessed were a) the pickled green peppers in brine,
b) the pickled red peppers marinated with olive oil
and c) mixed green olives stuffed with red pepper
and cheese based cream in brine. During
monodigestion conditions, the red peppers and the
stuffed olives offered productions near to their
theoretical maximum. In contrast to this the
digestion of the green peppers were ineffective
probably due to the presence of significant
concentrations of NaCl that is a known inhibitor of
methanogenesis. In the second stage of the
experiment, mixtures of these three substrates with
cattle manure were assessed under thermophilic
conditions. In all cases the process was successful
with the final production of the green peppers with
the cattle manure to presenting a 32% improvement
compared to the methane yield achieved when either
of the manure or green peppers assessed under
monodigestion conditions.

KEYWORDS:
Anaerobic digestion; biomethanation; food wastes;
industrial wastes; biogas

INTRODUCTION
Vegetable and fruit pickling and the
subsequence canning is a multibillion Euros
industry presenting great export potential with the
gross European pickle production reaching the 1.6
million tons per annum [1]. Pickling is a traditional
method of preservation [2] employed for the long
term storage of vegetables and fruits under either
an acidic brine solution or, an acidic oily solution.
Typically the preservatives are supplemented and
mixed with the vegetables prior to canning,
whereas other methods utilize specialized
microorganisms for developing the required for the
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and cheese based cream in brine. The wastes were
collected in 20 litre plastic containers from the waste
storage area of the factory. After their transfer to the
laboratory the wastes were chopped with the
application of bench top disk cutter and refrigerated
until further utilization. Cattle manure was collected
from a dairy farm where scraping of the wastes is
employed. Thermophilic digestate was collected
from a 50L anaerobic digester operating under
steady state, treating dairy manure, with a HRT of 21
days and an OLR of approximately 6 kgVS/m3-d.
The inoculum prior to its utilization was preincubated for 15 days for minimizing its residual
methane production. All values reported are net and
have been STP corrected.
The assessment of the substrates performed in
batch vials with an inoculum to substrate ratio of 2
as it has been shown by others [18] as appropriate for
securing a steady process while at the same time
minimize the likelihood of a process overload by
intermediate product accumulation.

substrates. In order to improve methane yields and
subsequently the economics of the AD systems
biomass from different source can be co-treated in
what is known as anaerobic co-digestion [10-13].
The co-digestion of dissimilar substrates provides
multiple advantages including but not limited to the
financial risk reduction, dilution of possible
inhibitors, carbon/nitrogen ratio correction,
increase of the microorganism diversity and
especially for the pickling solid wastes, organic
acid and NaCl dilution [14].
According to Lefebvre et al., [15] about 5% of
the total wastes and wastewater treatment
requirements worldwide targeting saline and
hypersaline substrates. While low concentrations of
NaCl is enhancing the digestion process,
concentrations higher than 10g/L can significantly
inhibit methanogenesis [16, 17]. Recently other
researchers described methanogenesis in NaCl
concentrations higher than 35g/L, opening a debate
within the scientific community for the effects of
such concentration to the intra cell cation
balancing.
The objective of this work was to investigate,
for the first time, the biomethane potential of three
pickling and canning semi solid wastes under
thermophilic conditions in batch systems a) as
single substrates and b) in 20% addition on volatile
solid basis to cattle manures which is a likely
combination that can find application in industrial
co-digestion plants.

Analytical methods. TOC analysis conducted
with a Shimadzu TOC-VCPH carbon analyzer
coupled to a solid state combustion unit- SSM5000A, total organic carbon was obtained by
deducting the inorganic carbon from the total carbon.
Total Solids, Volatile solids and pH analyzed as
described by Standard Methods [19]. Total Kjeldahl
Nitrogen was analyzed with a HACH Digesdahl
Digestion
Apparatus.
Biogas
production
measurements for the batch systems were conducted
with a volumetric metering apparatus operating
according to the liquid displacement principle.
Qualitative analyses were performed with a
Shimadzu GC 2014 coupled to a thermal
conductivity detector. A CARBOXEN 1000 60/80
Column of 15ft x 1/8in was used. The temperature
program was: hold for 5 minutes at 35oC and then
heat up to 220oC at a rate of 20oC /min. Injector
temperature was set to 150oC and detector
temperature was set to 220oC. Carrier gas was
helium.

MATERIALS AND METHODS
Substrate and inoculum. Pickling and
canning semi-solid wastes were collected from an
industrial facility located in Northern Greece with a
production capacity of approximately 10.000 tons
per annum. The wastes that were assessed in the
present work were the a) pickled green peppers in
brine, b) pickled red peppers marinated with olive oil
and c) mixed green olives stuffed with red pepper

TABLE 1
Characterization of the substrates
Parameter
Total solids (%)
Volatile solids (%TS)
Fat (%TS)
TOC (%TS)
TKN (g/kg)
pH
NaCl g/kg
Total VFA (C2-C7) g/L
Theoretical specific CH4
production /gVS

Inoculum

Cattle manure

Green peppers

Red peppers

6.33±0.17
78.11±0.38
0.12±0.00
28.35±1.08
2.74±0.39
8.11±0.30
1.90±0.27
0.00±0.00
-

14.57±1.24
85.99±1.61
3.08±0.03
42.90±3.91
4.28±2.82
7.39±1.39
1.58±0.14
1.05±0.22
451.20

24.35±2.72
63.41±2.11
2.51±0.03
27.30±1.78
2.81±0.36
1.97±0.14
54.32±7.80
9.72±0.44
435.30

22.86±1.18
86.74±1.44
10.03±0.59
45.08±1.99
2.58±0.31
2.74±0.26
20.11±3.97
28.19±7.61
474.70
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Green stuffed
olives
34.65±0.86
85.58±1.39
27.05±2.95
47.51±1.37
4.32±0.66
3.34±0.19
31.70±2.81
8.64±0.49
561.50
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The theoretical methane production calculated
according to the content of the substrates in proteins,
carbohydrates and fats with the application of the
following conversion formula:
CH4-m3/kgVS = (0.496X) + (1.014Y) +
(0.415Z)
Where: X = the percentage of protein
Y = the percentage of fat
Z = the percentage of carbohydrates

and not counted on during drying, is probably the
reason for this anomalous value. The same problem
have been described previously by other researchers
when assessing substrates rich in volatile acids or
alcohols [20].
The same authors offered solutions on how to
correct these values and in this way characterize the
actual substrate under examination [20, 21]. Indeed,
after the correction of the theoretical value, the
production achieved by the red peppers is below the
99% of the calculated theoretical.
Red peppers and stuffed olives are rich in fats
and oils either due to oil addition during the
manufacturing, as is the case of the red peppers,
while on the other hands the olive as a fruit is rich in
olive oil. Fat digestion is known to offer nearly twice
the biomethane potential of both carbohydrates and
proteins with the specific production reaching the 1L
CH4/gVS which is something that can justify the
significant biomethane potential of these two wastes.
Furthermore, these two substrates presenting
significant acetic acid concentrations which is added
during the manufacturing process. Acetotrophic
methanogenesis is the stage of the anaerobic
digestion that is responsible for the generation of the
70% of the total biomethane of common anaerobic
substrates with the process of the hydrogenotrophic
methanogenesis being responsible for the balance.
Fat rich biomass have been assessed in the past as
substrates to anaerobic digestion and in nearly all
instances the addition of oily substances offered
significant improvement into the process [12, 22,
23]. However in a number of cases fat or long chain
fatty acid accumulation inhibited the process [24].

RESULTS AND DISCUSSION
In Table 1 are presented the physicochemical
characteristics of the substrates assessed. As it is
shown, the substrates are presenting high total solids,
significant fat and NaCl concentrations and acidic
pH as an effect of the addition of acetic acid during
pickling. The theoretical specific production of the
assessed substrates fluctuated between 435 and 561
mLCH4/gVSadded.
Biomethane production. During the batch
digestion (Fig.1) no inhibition phenomena were
observed and the biomethane production initiated
rapidly. The highest specific production offered by
the
stuffed
olives
(Fig1.C)
with
519
mLCH4/gVSadded, followed closely by the red
peppers (Fig1.B) in oil with a yield of 488
mLCH4/gVSadded with these values to correspond to
the 92.4 and the 102.8% of the theoretical production
for these substrates. While the 2.8% higher than the
theoretical production achieved by the red peppers is
abnormal, the presence of significant volatile acid
concentrations in the raw substrate, which are lost

FIGURE 1
Daily and cumulative specific methane production for (A) green peppers, (B) Red peppers,
(C) Stuffed olives, (D) cattle manure
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Obviously this can be justified by the high
concentration of acetic acid available in the
substrate. Acetate as a precursor of biogas in contact
with the methanogens is immediately bio converted
into CH4 and CO2 without requirements for
hydrolysis or the presence of specific enzymes.
The daily productivity of the stuffed olives,
while significant, was much lower compared to that
of the red peppers. In this substrate the significant
concentrations of fat and oil might be the reason for
the lower daily productivity. Fat while a desired
substrate for bio-methanation plants presenting the
significant limitation of the slow hydrolysis through
ȕ-oxidation pathways. The slow primary stage of the
process delay the overall bioconversion and renders
fat or long chain fatty acid accumulation a
formidable problem [27]. The daily production of
this substrate in contrast to the red peppers presented
at least 5 peak with the production of more than
50mLCH4/gVS, something representing its complex
nature.
The daily productivity of the green peppers was
very low and only a single production peak higher
than 20mLCH4/gVSadded was registered on date 3.
When comparing the time line between that
produced by the green peppers (Fig1.A) and of the
cattle manure (Fig1.D) becomes apparent the
significant similarities of these substrates on their
bio methane productivity. Both these substrates are
composed of cellulose with a theoretical methane
production of approximately 415 mLCH4/gVS.
Unfortunately, bio-methanation of cellulose is a
difficult task especially when crystalline cellulose is
the under treatment substrate and the generation of
the biogas requires significant hydrolysis to take
place prior to acetogenesis.

In contrast to the high yields exhibited by red
peppers and the stuffed olives, the bio-methane yield
offed by the green peppers in brine (Fig1.A) was
only 149 mLCH4/gVSadded representing the 34% of
the theoretical production for this substrate. During
green pepper pickling, raw peppers are washed and
dipped in brine (5% NaCl) while in a further stage
acetic acid is added in order to improve the taste,
reduce the pH and achieve preservation. During the
process no cooking is taking place and the peppers
are only maturate in contact with the preservatives.
While an obvious explanation for the low
biomethane recovery is the inhibition of the process
by the concentrations of the NaCl, other processes
can have similar effect. These include the presence
of phytotoxic substances as are the phenols, the
dehydrated form that the substrate is found, due to
the presence of the NaCl, or the presence of no
biodegradable organics as is the case of the outer
epidermis of the peppers. Furthermore, pepper seeds
produce lectin with both antifungal and mitogenic
activities and can at least inhibit germination of a
number of fungal species [25]. The measured
concentration of NaCl during the batch digestion of
the GP found as 13.8 ± 2.2 g/L which is well within
the reported values in the literature for inhibiting
methanogenesis [15]. The cattle manure assessed in
this work offered significant biomethane potential
with a yield of 204 mLCH4/gVSadded corresponding
to the 45.2% of the theoretical yield and is a value
that fits well with the reported productions in the
literature for manures [26].
Comparing the daily productivities of the
substrates, red peppers offered the highest
production with approximately 120 mLCH4 to be
produced within the first date of the experiment.

FIGURE 2
Daily and cumulative specific methane production for the codigestion of cattle manure with
(A) green peppers, (B) Red peppers, (C) Stuffed olives
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protein. While the theoretical methane potential of
the raw vegetables is the same and someone would
expect the same yield to be achieved during the
digestion of any of these, this is not the case. The
actual experimentation revealed that the
manufacturing method employed is a significant
process parameter that affecting both the
biodegradation and as a consequence the biomethane
yield. The differences between the production
techniques of these pickles include, cooking of the
red peppers, removal of external epidermis and
finally addition of oil, salt and vinegar. All of the
above stages are actually offering advantages in
relation to the anaerobic digestion process. First of
all cooking is known to improving hydrolysis of
substrates through gelatinization, hydration or even
explosion based on temperature and pressure
applied. The removal of the external epidermis is
another step that improves the acceptability of the
substrate toward the anaerobic microorganism. It is
well documented that plants contain phytotoxic
substances at their epidermis which are protecting
them from different bacteria and fungi. While the
addition of oil and vinegar improves both the
biomethane potential of the substrate, while at the
same time the acidic pretreatment offered by the
vinegar improves the biodegradability and
bioconversion efficiency. On the other hand during
the production of the green peppers the vegetable is
only dipped in an acidic brine solution with the
generated product to presenting toxic properties
toward the anaerobic microflora.

Co digestion of the pickling wastes with
manure. In the second phase of the experiment the
substrates were added with a rate of 20%, based on
VS, in cattle manure and digested under
thermophilic conditions (Fig. 2). The biomethane
yields for the substrates registered as 329, 270 and
342 mLCH4/gVSadded for the red peppers, the green
peppers and the stuffed olives in the manure
respectively. Apart from a two days delay on the
initiation of the process for the green peppers, no lag
phase was identified with the VFAs to be consumed
rapidly. Under these process conditions, the
biomethane potential of the green peppers in the
manures was significantly improved and the
combined
production
reached
the
270
mLCH4/gVSadded corresponding to an 81%
improvement to the production of the green peppers
and 32% when considering the production of the
cattle manure. Co-digestion, in a number of cases, is
a low cost win win solution and have been applied
successfully in the past for overcoming digestion
problems caused by the lack of trace elements in
food wastes [12], ammonia inhibition [28] and the
physicochemical characteristic including the pH [6].
All substrates when co-digested with the cattle
manure offered significantly different daily
production rates. The co digestion of red peppers
with the manure generated the highest daily
productivity with the production to present, 5 peaks
higher than 30mLCH4/gVSadded between days 2 and
6. In the same motive the stuffed olives offered 5
production peaks higher than 30mLCH4/gVSadded
between days 4 and 7. On the other hand the green
peppers offered only 3 peaks between days 5 and 7.
Biomass is made up of carbohydrates, proteins
and oils all of which are presenting different
bioconversion rates and acceptability toward
different processes [29]. Indeed, simple substrates
rich in cellulose as is the case of the green peppers
(Fig. 2A) combined with the cattle manure, show
significant productions only between days 4 and 7.
The production did not initiated immediately as time
is required for the preparation, by the hydrolytic and
acetogenic microorganisms, of the substrate ready
for methanogenesis. In contrast to this, more
complex substrates as is the case of the red peppers
(Fig2. B) which are rich in cellulose, organic acids
and fat shown significant methane production in a
wider time period, from date 1 to date 9. While in
more complex substrates as is the case of the stuffed
olives (Fig2. C) in which on top of the
carbohydrates, simple acids and fat it contains
proteins, from the cheese used for filling, the
biomethane production is extended from date 1 up to
date 11.

CONCLUSION
Anaerobic digestion and co-digestion of
pickling solid wastes and cattle manure was
performed successfully with significant volumes of
biogas to be recovered. The red peppers and the
stuffed olives, thanks to their high content in fats and
organic acids, are offering very high specific and
volumetric methane productions. From the three
substrates assessed only the monodigestion of green
peppers in brine was ineffective with very low
volumes of biogas to be recovered. In contrast to this
low efficiency, when the green peppers co-digested
with the cattle manure the efficiency of the digestion
increased tremendously with improvements on the
efficiency by up to 32%. This improvement reveals
the merits of the co-digestion when the
monodigestion is not possible or effective and it
should always be considers before more complicated
methods or technologies are to be employed in order
to reduce the inhibitor stress and improve the
chances of success.

The effect of the production process. Red and
green peppers are very similar vegetables which are
composed of sugars in the form of cellulose and
hemicellulose with insignificant levels of fats and
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GIS BASED MULTI-CRITERIA DECISION ANALYSIS FOR
SITE SELECTION OF A WASTEWATER TREATMENT
PLANT
Dursun Zafer Seker*, Ugur Yucel
ITU, Istanbul Technical University, Civil Engineering Faculty, Department of Geomatics Engineering, 34469, Maslak, Istanbul, Turkey.

serious damage on the environment. Environmental
pollution even leads to the loss of living bodies and
thus, in turn, causes economic losses [1] [2].
Decision- making is the study of identifying
and choosing alternatives to find the best solution
based on different factors via considering the
GHFLVLRQ PDNHUV¶ H[SHFWDWLRQV Multi-criteria
decision analysis (MSDA) is described as a method
of a general class of Operations Research Models
that is suitable for complex problems with
uncertainty, conflicts, different types of data, multiinterests and perspectives, and the accounting for
complex and evolving biophysical and socioeconomic systems [3].
Construction of a wastewater treatment plant is
a process that follows planning and design work.
Proper process selection and design, site selection
and ground surveys of selected land prior to the
construction process begin with the establishment of
the treatment plant site [4]. There are many factors
to be considered in planning the construction of
treatment plants. On the other hand, locating a
residential treatment facility is quite complex and
involves many disciplines. Therefore, a number of
factors must be taken into consideration in
determining the spatial extent on the location of the
treatment plant. It is possible to determine the
location of the treatment plant with a various
information systems and analyses. The most
important of such systems is Geographic
Information System (GIS) that is frequently used
together with multi-criteria decision analysis in
many urban problems. Today, using GIS and
analytical hierarchy process along with land
suitability analysis, energy management, risk
analysis, marketing and management of groundwater
resources [5] [6].
Multi-criteria decision analysis is a method of
combining data according to their importance in
making a decision. Some of the important steps of
multi-criteria evaluation model are definition of a
problem, selection of criteria, allocation of weights,
application of the algorithm, and standardization of
criterion scores. This method is suitable if more than
one factor is evaluated together [7].
This method is widely used in different areas
and applications. For example, [8] aimed to select the

ABSTRACT
In this study, Geographical Information System
(GIS) - based Analytical Hierarchy Method (AHM)
was used for constituting Multiple Criteria Decision
Analysis model to select the most appropriate
location for a new wastewater treatment plant
located in Sarioglan District of Kayseri Province in
the Central Anatolia, Turkey. Eight important
criteria have been determined for optimum
wastewater treatment plant sites. During the
evaluation of these parameters, opinions of technical
experts who have experience in sewerage systems,
rainwater disposal systems and wastewater treatment
plants together with those personnel working
actively in public corporations have been benefited.
Criteria-specified weights of all the eligible sites for
the wastewater treatment plant at the south of the
town emerged the most appropriate area of 33
hectares. The obtained results indicate the success of
the multi-criteria decision analysis for finding the
most appropriate location for the wastewater
treatment plant. In addition to this process, binary
comparison and multi-criteria decision can also be
used in many other location analyses.

KEYWORDS:
Analytical Hierarchy Method (AHM), Multiple Criteria
Decision Analysis (MCDA), wastewater treatment plant,
GIS

INTRODUCTION
At present, residential areas like districts and
cities are growing and developing expeditiously.
Thereby to control the constructional and economic
development in the residential areas, and to specify
and plan the needs of residents, information systems
are gradually needed. In recent years, a significant
increase in environmental problems is witnessed in
Turkey. Contaminated sea, freshwater reservoirs,
lakes and rivers have become a threat for human
health. Uncontrolled sewage discharges result from
over-estimated population growth and development,
in addition to industrialization. This situation causes
399
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given in Figure 1. In this study, 48 map sheets in
1:1000 scale, and 8 map sheets in 1:5000 scale were
used as map data which were produced in year 2005.
The total area is 1150 ha among which 243 ha is
spared as residential area and 907 ha belong to nonresidential areas.
During the evaluation process of the most
suitable location for the wastewater treatment plant,
topographic conditions, environmental influences
and the economy of collection and treatment of
wastewater should be considered. Treatment plants
need to be located in a sunken area so that the
wastewater can be collected easily. The following
principles should be considered during the process of
evaluation for wastewater treatment plant location
[10].
x Facility location should be kept away from
the existing and planned residential areas.
x Facility location should be designed
considering aesthetic and odor risks,
x For the plant, the selected area should be as
large as possible for future demands and for possible
requirements of the protection zone,
x Treatment plant site should not be under
risk of flood,
x The transportation network to the selected
area is required. Also energy, communication and
freshwater connection should be supplied,
x Location of the facility should be next to a
large water body or a farmland for discharge of the
treated water,
x If possible, moderately sloping field,
particularly suitable gravity flow should be preferred
to allow a hydraulic profile.
x The carrying capacity of the soil should be
adequate and should not require expenses for
rehabilitation and basic engineering work,
x Treatment plant location should not be
located in natural, historical and archaeological sites.
x If possible, land expropriation should be
kept as minimum if possible.

most appropriate tourism centre for tourists coming
to Turkey on vacation using Analytical Hierarchy
Method. In this study, 10 tourism centres were
evaluated with 7 criteria. These are namely costs,
distance, blue flag, natural and historical sites,
entertainment and density. $\GÕQ HW DO [9] used
similar methodology for choosing the most suitable
district to establish a new hospital in Ankara. 5
locations were evaluated at the beginning as the
possible sites which all have different socioeconomic levels. In the mentioned study, different
criteria such as investment costs, competitive
factors, demography, environmental factors,
building location and characteristics were
considered. For weighting the criteria, binary
comparison method was applied using a
questionnaire prepared with the experts. At the end
of study, Cankaya was identified as the most suitable
area for the establishment of a new hospital by means
of Analytical Hierarchy Method (AHM).
In this study, Analytical Hierarchy Method
(AHM) was used with Geographical Information
System (GIS) for constituting a multiple- criteria
decision making model to select the most appropriate
site for the wastewater treatment plant for Sarioglan
District in Kayseri Province, Turkey.

METHODOLOGY AND DATA USED
In this study, Sarioglan District of Kayseri
Province was selected as the study area which has
been determined as the most appropriate site for
constructing a new wastewater treatment plant. The
district is 65 km to Kayseri Province city centre, and
130 km to Sivas Province city centre. It is located in
a valley that takes its name. Sarioglan is one of the
smallest districts of Kayseri Province. Its mean
elevation is approximately 1150 m with a population
of 14,521 according to 2014 census data. The
neighbours of the districts are Bunyan to the south,
Akkiska to the east, Ozvatan and Sivas to the North.
The geographical location of the Sarioglan district is

FIGURE 1
The study area
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To apply AHM, eight criteria have been defined
at the initial phase of the study. These parameters
were defined by means of several specialists who are
experts on sewerage systems, rainwater disposal
systems and wastewater treatment plants. Defined
criteria are; low elevation, distance to urban area,
proximity to transportation network, proximity to
farmland, expropriation, proximity to energy
sources, proximity to water bodies, and distance to
the wells and drilling sites. These criteria that were
used in the later calculations are represented by
letters from A to H, respectively. Weights of the
criteria were determined by the binary comparison.
When another new measure of weight added or
changed substantially, different results may be
removed regarding the current measure [11] [12]
[13].
Independent and different decision criteria can
be expressed in a simple way; thanks to complex
decision problems [14]. AHM reveals highly
efficient work together with GIS. It can be applied
with simple software. In this method, weight is
determined by binary comparison method. Binary
comparison with weights of the criteria is expressed
in the right way relative to each other. In the binary
comparison method, according to any other criterion
of a measure by decision-makers to determine
importance of the 1 to 9 scored preference scale is
used. A criterion of weight was determined by
paired comparison method. For this aim, a
questionnaire was conducted with employees in
relevant institutions. Afterwards, binary comparison
matrix was created according to the scores given by
the participants (Table 1). In this table A, B, C, D, E,
F, G and H represent elevation, residential area,

transportation,
farmland,
energy
sources,
expropriation, water bodies and wells and drilling
respectively.
TABLE 1
Pairwise comparison matrix
A E B C F G D H
1
3
4
5
6
7
8
9
A
1/3 1
3
4
5
6
7
8
E
1/4 1/3 1
3
4
5
6
7
B
1/5 1/4 1/3 1
3
4
5
6
C
1/6 1/5 1/4 1/3 1
3
4
5
F
1/7 1/6 1/5 1/4 1/3 1
3
4
G
1/8 1/7 1/6 1/5 1/4 1/3 1
3
D
1/9 1/8 1/7 1/6 1/5 1/4 1/3 1
H
The weight of normalized criteria and related
relative weights of the criteria matrix was then
created (Table 2). At the 2nd step, values regarding
the average relative criteria which were collected
according to other criteria are calculated as absolute
ones. The resulting value is a criteria weight in this
application (Table 3).
7KHDYHUDJHRI H YDOXHVDQG Ȝ YDOXHKDVEHHQ
found. Consistency index was calculated using this
value and the number of criteria.
σୀଵ ݁
ɉൌ
ൌ ͺǤͺͺʹͶͶ͵
݊
ɉെ݊
ൌ ͲǤͳʹͳͲ͵͵ͻ
 ሺ ሻ ൌ
݊െͳ
ܫܥ
ൌ ͲǤͲͺͻͶ͵ͳʹ
 ሺሻ  ൌ
ܴܫ

TABLE 2
The relative weight of criteria (1st step)
A
E
B
C
F
G
D
H
Total

A
1
0.333
0.250
0.200
0.167
0.143
0.125
0.111
2.329

E
3
1
0.333
0.250
0.200
0.167
0.143
0.125
5.218

B
4
3
1
0.333
0.250
0.200
0.167
0.143
9.093

C
5
4
3
1
0.333
0.250
0.200
0.167
13.950

F
6
5
4
3
1
0.333
0.250
0.200
19.783

G
7
6
5
4
3
1
0.333
0.250
26.583

D
8
7
6
5
4
3
1
0.333
34.333

H
9
8
7
6
5
4
3
1
43

TABLE 3
The relative weight of criteria (2nd step)
A
E
B
C
F
G
D
H
Total

A
0.429
0.143
0.107
0.086
0.072
0.061
0.054
0.048
1.000

E
0.575
0.192
0.064
0.048
0.038
0.032
0.027
0.024
1.000

B
0.440
0.330
0.110
0.037
0.027
0.022
0.018
0.016
1.000

C
0.358
0.287
0.215
0.072
0.024
0.018
0.014
0.012
1.000

F
0.303
0.253
0.202
0.152
0.051
0.017
0.013
0.010
1.000

401



G
0.263
0.226
0.188
0.150
0.113
0.038
0.013
0.009
1.000

D
0.233
0.204
0.175
0.146
0.117
0.087
0.029
0.010
1.000

H
0.209
0.186
0.163
0.140
0.116
0.093
0.070
0.023
1.000

Weight
0.351
0.227
0.153
0.104
0.070
0.046
0.030
0.019
1.000

e
9.427
9.683
9.461
9.041
8.587
8.236
8.144
8.482
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Utilizing all criterion combined by the help of GIS
software with their designated weights, a synthesis
map was developed and normalized again. It is then
divided into 9 sections and thus, the most appropriate
area for the wastewater treatment plant is determined
for selected criteria as given in Figure 2. After
overlaying all classes, final suitability map was
produced and presented as seen in Figure 3.
As a result, information on the district's
elevation, construction sites, agricultural and
residential areas, transportation and power lines were
utilized so as to understand how the location of the
treatment plant will be affected. Criteria specified
weights of all the eligible regions of the wastewater
treatment plant at the south of the town on the map
emerged when the combined reference is made, and
it is seen that the most appropriate area of 33 ha is
the optimum area with a grade of 9 (Figure 3). The
second optimum location with a grade of 8 is an area
with 126 ha, the following site with a grade of 7 is of
289 ha, and the last one with a grade of 6 is 343 ha.
Thus, a total of 791 ha are calculated as suitable areas
for establishing the new wastewater treatment plant
according to the applied analysis. The rest of the
distriFW¶VDUHDLVGHWHUPLQHGDVLQFRQYHQLHQWDUHDVWR
construct the wastewater treatment plant.

Consistency rate was calculated to determine
the consistency of a binary comparison and was
calculated as 0.089. This value is consistent as it is
smaller than 0.10. For determining the probable
areas for wastewater plant, 8 important criteria have
been determined. Besides, opinions of 2 managers
and 5 technical experts who have experience in
sewerage systems, rainwater disposal systems and
wastewater treatment plants and working actively in
public corporation were received. By means of a
survey which was attended by employees of the same
corporation, criteria weights were determined by
making binary comparisons. From the determined
weights, low elevation, distance to urban area,
expropriation, and proximity to transportation
network were found to be comparatively higher than
the other measures during the analysis (Table 4).
TABLE 4
The weights of the criteria
Criteria

Weight

(A) Elevation

0.351

(B) Residential area

0.153

(C) Transportation

0.104

(D) Farmland

0.030

(E) Expropriation

0.227

(F) Energy sources

0.070

(G) Water bodies

0.046

(H) Wells and drilling

0.019

CONCLUSIONS
In the AHP method, both objective and
subjective evaluation criteria might be used and
consistency among the criteria can easily be seen.
Criteria weight was determining with binary
comparison therefore new criterion effect other
criteria.

For analysing the data up to a certain extent, the
maximum value of some criteria was taken as 1. As
a result of the normalization process, values of the
criteria were determined to be between 0 and 1.

FIGURE 2
Classified suitability analysis for different parameters; height (A), residential area (B), transportation (C),
farmland (D), expropriation (E), energy sources (F), water bodies (G), wells and drilling (H)
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FIGURE 3
Classified suitability analysis of wastewater treatment plant
[4] URL-1:
http://www.imo.org.tr/resimler/ekutuphane/pdf/
11183.pdf, Date: 17.03.2015
[5] Demirel, H., Sertel, E., Kaya, S., Seker, D.Z.
(2008).
Exploring
Impacts
of
Road
Transportation on Environment; A Spatial
Approach, Desalination Vol. 226 (1-3), 25 June
2008, pp. 279-288.
[6] Kaya, S., Seker, D. Z., Tanik, A. (2014).
Temporal impact of urbanization on the
protection zones of two drinking water
reservoirs in Istanbul, Fresen. Environ. Bull.,
23-12, 2984-2989.
[7] Ozturk, D. (2015). Urban Growth Simulation of
Atakum (Samsun, Turkey) Using Cellular
Automata-Markov Chain and Multi-layer
Perceptron-Markov Chain Models, Remote
Sensing, 7-5, 5018-5950.
[8] Manap, G. (2006). Tourism Centre Selection
with Analytic Hierarchy Process (in Turkish),
Gazi University Journal of Commence and
Tourism Education Faculty, No: 2, pp.157-171.
[9] $\GÕQ 2 2]QHKLU 6 $NFDOL (  
Optimal Hospital Location Selection by
Analytical Hierarchical Process, Suleyman
Demirel University, The Journal of Faculty of
Economics and Administrative Sciences,
Vol.14, No.2 pp.69-86.
[10] Koyuncu, I., Ozturk, I., Aydin, A., F., Alp, K.,
Arikan, O., Insel, G. ve Altinbas, M. (2012).
Guide for Wastewater Treatment Plant (in
Turkish), ITU, Istanbul
[11] Saaty, T. L. (1990). How to Make a Decision.
The Analytic Hierarchy Process, European
Journal of Operational Research, 48-1, 9-26.
[12] Malczewski, J. (1999). GIS and Multicriteria
Decision Analysis, John Wiley and Sons, New
York.
[13] Saaty, T. L. (2008). Decision Making with the
Analytic Hierarchy Process, International
Journal of Services Sciences, 1, 83±98.
[14] Ozturk, D., Batuk, F., (2011). Implementation
of GIS-based Multi-criteria Decision Analysis

Nowadays, the construction of wastewater
treatment plants, has become a mandatory
requirement for residential areas. Determining of the
most suitable location of wastewater treatment plants
is one of the important factors for low cost and
efficient operation. The quality of the used data will
definitely increase the accuracy of the multi-criteria
decision analysis. Long term serving of wastewater
treatment plants is possible if their location is
evaluated using multi-criteria decision analysis.
Resultantly, information on the GLVWULFW¶V
elevation, construction sites, agricultural and
residential areas, transportation and power lines have
been used as criteria affecting the location of the
extent of the treatment plant. The obtained results
indicate the success of the multi-criteria decision
analysis for determining the most suitable site for the
wastewater treatment plant. Multi-criteria decision
analysis has many advantages like easy application.
In addition to this process, binary comparison and
multi-criteria decision can also be used in some other
location analysis.
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Being an essentially ecologically open system,
production of high volume of wastes and their
release into the environment is obvious and, in
general, impacts from these wastes occur over
several spatial and temporal scales: internal, local
and regional. In addition to all mentioned
parameters, the effect of trout production on an
aquatic space depends upon enterprises size, the size
and type of produced waste, the capacity of water
mass dilution, self-cleaning capacity and
bacteriological characteristics of water [4].
Fishing activities have also negative impact on
water resources. Due to increasing production and
consumption of fisheries, the fishing activities have
become international rather than regional level.
Thus, problems that may have emanated from
developed world fisheries are now obviously at the
global scale and are impacting fisheries in
developing countries [5]. Some of the encountered
factors in developing countries are [6];
x Demand for limited resources,
x Inferior management,
x Shortage of knowledge about the spatial
and non-spatial data,
x Insufficient regulations and policies,
x Lack of interoperability among different
sectors,
x Poverty and lack of alternatives of fishing.
The factors given above may cover many
subcategories of indicated problems. For example,
³GHPDQGIRUOLPLWHGUHVRXUFHV´OHDGVWRKLJKSULFHV
that results with intensive fishing effort. This
situation leads to overfishing which may cause
reduction in fish biomass. ³Inferior management´
may result in insufficient legal enforcement, legal
quotas and insufficient cooperation between
members of regional fisheries organizations.
According to Agnew et al. (2009), annual illegal or
unrecorded fish caught was estimated between 11
and 26 million tons [7]. This level of illegal fishing
hinders management efforts for sustainable fishery
activities.
Aquaculture is expected to grow continuously
in response to the demand for fish and seafood.
Inland fisheries provide only 10% of total fishing,
while the rest is supplied by marine fisheries. An

ABSTRACT
Turkey is divided into 25 hydrologic basins
depending on the topographic structure. These
basins have different productivities and potentials in
relation with the annual rainfall they receive. Among
them,
Firat-Dicle
Basin
that
constitutes
approximately 47.7% of the water potential of the
whole country, takes the first place in terms of water
productivity with 52.94 billion m3. Fishery is the
most effective activity within the different usage
areas in these basins. Determination of the current
situation of the fishery facilities in the region, the
potential of aquaculture, point and spread pollution
load, determined pressures-effects and hot spots
have great importance in the management of the
basin. Within the scope of this study, remote sensing
being one of the current and quick resulting
technologies, and GIS were used in order to provide
information about the current usage of basin¶V water
resources in terms of water products and sustainable
management. Apart from the pressures and impacts
on the ecosystem, the possible effects of total N/P
load were also calculated in order to improve the
existing potential, to control the feasibility of
decisions to be made about the region and to
enlighten decision makers are among the primary
objectives.

KEYWORDS:
Aquaculture, Rainbow trout, Oncorhynchus mykiss, TNTP, GIS, Firat-Dicle Basin, Turkey.

INTRODUCTION
Although management of water sources is
classified under one title, it contains a wide scope of
issues such as water usage of agricultural, civil and
industrial areas, water quality, water usage
regulations, and international law and health
regulations [1]. The latest approach, which considers
not only physical status of the water sources but also
economic and environmental elements, have been
exercised in many countries in order to fulfill the
existing and future demands [2, 3].
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the area, many studies had been accomplished not
only on the management of water resources, but also
on the potential of fisheries products of the basin.
Back then, Atay [13] indicated that, building new
water reservoirs could create new opportunities to
increase agricultural production, as well as fisheries
products in the area. The fish production level of
about 4000 tons, produced in the GAP region, in the
early 1990s, was estimated to rise up to 9500 tones
after some improvement studies on the water
resources [14, 15]. As a matter of fact, nowadays,
fish production in the region has reached to 14286
tons. The production that surpassed the estimations
now requires even more monitoring by using modern
technologies and spatial analyses tools.
Using geographic information systems (GIS),
remote sensing and related mapping techniques for
spatial planning are some of the most popular
methods helping decision makers to plan, implement
and regulate aquaculture management issues such as
site selection, zoning and multi sectoral development
of a water resource.
Understanding the nutrient budget of fish farms
is useful in aquaculture development and
management, since information about the loading
and forms of nutrients from various sources enable
appropriate measures to be taken for the sustainable
development of aquaculture industry. The purpose of
this research is to quantify nutrient loadings of the
fish farms located in the Firat-Dicle Basin by relating
the production amounts and their influences on the
ecosystem by using GIS method. In this study; the
production capacities and annual nutrient loads of
154 Rainbow trout (Oncorhynchus mykiss) farms
positioned in the administrative boundaries of the
Elazig Province were studied using spatial analyses
techniques and tools.

inland fishery is growing slowly but steady since 70s
and the biggest amount of inland fisheries
production is performed by the developing countries.
At the world scale, the fish stock situation for inland
fisheries is quite complex due to illegal and
unrecorded fishery activities [8].
Despite Turkey, a Middle-Eastern country,
used to be a water-rich country before the year 2000,
it has been now classified among the countries with
water problems [9]. Improper water management
practices, water policies, increasing population,
increasing water demands and global climate
changes are among the most significant reasons of
water supply problems. Nowadays, significant steps
about the management for sustainable water
resources will be taken in Turkey within the frame
of EU compliance works.
For Turkey, National Basin Management
Strategy has been formed especially for this purpose,
which aims to become a guide for protecting,
developing and sustainable usage of the watersheds
[10, 11]. Approximately half of the annual water
flow, which is 186 billion m³, is supplied by 5 of 26
basins in Turkey, which are the Firat-Dicle, the
Eastern Black sea, the Eastern Mediterranean and the
Antalya basins (Figure 1).
According to the data issued by the General
Directorate of the State of Hydraulic Works (DSI),
one third of the above mentioned water flow is
supplied by the Firat-Dicle basin, The Eastern Black
Sea and the Eastern Mediterranean basins come after
the Firat-Dicle basin in terms of water flow, while
the Kizilirmak and Sakarya basins follows it by
means of areal magnitude [9,12].
During the implementation of the Southeastern
Anatolian Project (GAP), which mainly aimed at
supplying water irrigation and energy requirement of

FIGURE 1
Watersheds in Turkey [12].
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pollution in aquaculture are fecal waste produced by
fish and leftover fish food. About 25 to 50% of feeds
consumed by fish return to aquatic environment as
fecal waste. Untreated domestic wastewater is
compared with the above-mentioned waste in order
to understand the size and magnitude of its effects
[19]. Therefore the findings of daily TN and TP load
from domestic waste as 4 kg and 1.1 kg, respectively,
were used to determine TN and TP load of rainbow
trout farms during the production according to the
assumption method given by [20,21].
Our
calculations were shown that 40 kg of TN and 1.8 kg
TP were released to the water per each ton of
rainbow trout (Oncorhynchus mykiss) production in
the region.

MATERIAL AND METHODS
Study Area. Elazig is surrounded by the Keban
and Karakaya dams; therefore it is one of the richest
provinces of Turkey in terms of water potential. This
province provides 28319 ha of area for fishing and
63066 ha of area for aquaculture production. It is
considered that 919 700 tons/year fish production
occurs in the area, (trout production of 151.500
tons/year and carp production of 768 200 tons/year)
[16,17]. Due to improvement of the fish farming
techniques since 2010, the production capacity
increased massively, so the province reached the
highest production rank among all the provinces in
Turkey [18].
The rainbow trout production capacity of the
farms is provided and their locations are visualized
on a map using GIS (see Figure 2). The region was
divided into smaller parts as 2nd, 3rd, 6th and 10th in
order to better facilitate the interpretation process of
the GIS. The locations of some enterprises were
displayed using satellite images from Google Earth
(Figure 3).

Use of GIS and Remote Sensing. Many
different definitions are done for GIS, most agree
that GIS is computer-based systems whose
incorporated software are capable of using georeferenced data for a range of spatial analyses and
outputs. Most of the GIS softwares have been
designed to answer different types of spatially
related queries and analysis, such as network
analysis, temporal analysis, modeling etc. [22, 23,
24]. All kinds of measurements and analysis can be
performed and stored in GIS. Modeling is another
important function of GIS, which is used to find out
WKHDQVZHUIRU³ZKDWLI´TXHVWLRQV

Determination of Nutrient Load. Nitrogen
(N) and phosphorus (P) loads included in the
metabolic waste produced by fishing activities are
the origin of most dissolved TN and TP waste from
aquaculture operations [17]. The main sources of the

FIGURE 2
Fish farms located in the study area.
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FIGURE 3
Example images from Google Earth showing fish farms.

FIGURE 4
Location and production distribution of fish farms.

Most of the GIS projects deals with different
geographic questions such as; location and extent,
distribution and pattern, spatial association, spatial
interaction and spatial change. Fishery managers, if
they wish to maximize spatial sustainable balance,
should think spatially and should perform spatial
analyses using GIS tools [25].
Most of the faced problems in fishing activities
spread out in spatial domain. Fishing activities and
aquaculture management efforts extend to larger
geographic areas more than expected; which
includes inland areas, coastal zones and oceans.
Remotely sensed data can provide a large range of
observations for the fisheries and managers [25].
Remotely sensed data provide repeated observations
for not only the whole globe but also for predetermined areas of interest. Many information may
be directly extracted from analysis of satellite
imageries. Most of the time, remotely sensed data is



integrated with in-situ measurement to improve the
accuracy and verification of the extracted
information.
Fish farming development are influenced by
many factors, some of which originate from data
inaccuracy, their spatial and temporal unavailability,
the analytical approach and the underlying
assumptions adopted. However, the increasing
availability of remotely sensed data and greater
capabilities of computer technology suggest an
expanded role of remote sensing and GIS for largescale assessments of aquaculture potential. Many of
the problems affecting results of studies will likely
be minimized or eliminated as more data becomes
available and more experience is gained with
aquaculture-oriented GIS.
In this research, July 7, 2014 dated Landsat 8
OLI sensor data were used as a base map to represent
the topographic situation of the basin. Multispectral
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and panchromatic images were fused using the
Gram-Schmidt pan-sharpening algorithm in order to
obtain 15m spatial resolution multiband images.
Landsat satellite image was also used for water body
determination with use of a water masking approach.
In addition, ASTER ± GLOBAL DEM v2 was
used for topographic modelling of the basin. DEMs
include pits or ponds that should be removed before
hydrologic and topographic modeling and analysis
purposes. Pits and ponds are the cells in DEM data,
where water would accumulate when drainage
network is being extracted. Pits are the errors in the
DEM mainly caused by interpolation step in
generation progress. In this study, these pits were
removed by sink filling algorithm. Flow direction
map was generated by calculating the steepest slope
and encoding into each cell for possible eight flow
directions toward the surrounding cells using the
sink filled DEM. Flow accumulation map was then
constructed using the flow direction map. The flow
accumulation counts how many upstream cells
contribute to flow through the given cell. Flow
accumulation and flow direction maps are used for
determination of synthetic river and drainage
network of the basin [26].
In the next step, point based production facility
location and production measurements were
converted to vector file and overlaid on the river
network and lake border vector files in order to
visualize and scale the contribution of loads to the
main water body. The production amounts on the
same river line were summed up and represented by
a new point that is located at the pour point of that
river to the lake body. The points that already located
on the lake body remained untouched. In the last
step, an inverse distance weighted (IDW) kriging
was applied to the point dataset to spatially distribute
the point based production information to the lake
borders (Figure 4) [27, 28].

waters [22, 29]. Especially, these effects include the
physicochemical parameter changes such as
decreased dissolved oxygen and increased
biochemical oxygen demand and nutrient
concentrations. In a study, it was reported that three
farms with a capacity of 50 tons each, located at 1
km distance, affected DO, BOD5, and nutrients of
their surrounding water [29]. In our study, lack of
industrial facilities nearby the farms and regular
freshwater flow into the dams has been considered to
have great positive contribution in terms of sustained
water quality. However, if the current nutrient load
continues with the same trend, it can reach to a point
where it may pose a threat for fisheries in the future.
Moreover, although the farms take serious
precautions to prevent fish diseases, the short
distances between the companies increase the risk of
contamination in case of a possible disease.
In the study, it is found out that 45% of the 154
rainbow trout farms located in Elazig have a
production capacity of 25 ton/year, while 32% have
25-250 ton/year and the rest 23% have above 250 ton
/ year production capacity. Figure 5 indicates that
there is an important and significant fish production
potential in 10th zone.
The data of annual nutrient loads have shown
that minimum and maximum N and P loads for the
2nd zone is 1000-2000 kg and 50-100 kg, respectively
(Figure 5). Our results clearly indicated that main
source of nutrient loads were coming from the farms
located in the 2nd and 10th zones. Overall calculations
have shown that 571440 kg TN and 28572 kg TP
loads were directly discharged into the ecosystem
from the farms having a total of 14286 ton of annual
production. It was found that threatening amount of
TN and TP loads were discharged by the aquaculture
activity especially in the 3rd and 6th zones.

CONCLUSIONS
RESULTS

Reducing the outputs of TN-TP dissolved
wastes should be considered as a key element for the
long-term sustainability of aquaculture around the
world [21]. Quantification of fish waste production
is required in order to monitor such risks and to
develop integrated high density culture systems
using re-circulated water. The primary concern is
related to the values of N and P waste of trout in
different rearing systems, and therefore the
qualitative and quantitative protein requirements in
different growth stages should be determined. The
standardization of methodologies to assess
digestibility should be the next step for comparing
results of different studies. In addition, technology
improvement for increasing the digestibility of feed
is also necessary.

The Keban and Karakaya Dams situated in
Elazig are the two most suitable dam lakes for
fisheries in Turkey with respect to having richest
water potential and appropriate geographic
characteristics in the country. A majority (85%) of
rainbow trout farms are located about 20 km and the
rest (15%) 20-50 km away from the city center [17].
The distances between the farms range from 250 m
to 2 km. In fact, most of the farms are generally in a
close distance of about 250-500 m. Nutrient loads
from the farms that are close to each other will be
added to system as doubled and without diminishing.
Previous studies simulation results in inland areas
resources indicate that additional fish farms of large
capacities may have apparent effects on the fresh
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FIGURE 5
Location and production distribution of fish farms according to selected zones.

In aquaculture, rainbow trout (Oncorhynchus
mykiss) is one of the most important fish species due
to intensive and extensive farming around the world,
with high protein quality. In Turkey, according to
data for the year of 2013, total production in the
inland waters is reached to 122873 tons [1]. The
added value of the growing aquaculture sector is
extremely important, especially in Eastern Anatolia
region where unemployment rate is higher than the
other regions of the country.
Additionally, one of the most important factors
that will affect the future of the akvafarms will be
professional qualification of employees. However, it
should not be forgotten that any increase in
production capacity would create a pressure on
sustainability of ecosystems. Detailed studies are
required to determine pollution load of freshwater
resources and location of new farms should be
evaluated by taking into account of these data.
Fish population and quantity of production can
easily be identified using spatial techniques such as
remote sensing and GIS. Changes in species and
production quantity may be determined by means of
temporal analysis. Total nutrient load arise from the
fish production in the dams or lakes might be
quantified using these techniques in combination
with in-situ measurements.
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systems offer significant benefits in terms of greenhouse
gas emission reduction. Additionally, the biological
mechanical systems in combination with disposal,
demonstrate their environmental benefits against other
management options. However, not all options are
equally benign to the local environment and to the health
of the local population, since both the former and the
latter are still affected by non-negligible local emissions.
Result analysis revealed that the proper combination of
the up-to-date waste management systems can lead to
substantial reduction of environmental impacts. It is
clear that the developed analytical framework yields
different conclusions compared to a simple
environmental impact assessment which is based only
on estimated or measured emissions. However, the
interaction with the national economy, the existent
economic depression and the effect on the national
development have to be examined in combination with
additional tools in order to demonstrate the
sustainability of an integrated approach.

ABSTRACT
Despite the availability of various environmentally
acceptable and economically viable management
methods, the valorization of municipal solid wastes,
remains a remarkable problem for many communities.
During the years the waste management has been
enforced through regulations that targeted the
stimulation of alternative waste management methods,
including recycling, pre-selection and energy recovery.
The public on the other hand have developed a critical
view toward the various available or applied
technologies due to possible implications that these
might have on human health and the environmental
quality. Hence, a development of innovative strategies
is required in order to devise the most appropriate
treatment/disposal methods and scientifically prove the
applicability and the merits of specific technology or
technologies.
In this study different waste management scenarios
have been selected and assessed. This process is aiming
at the sustainable management of municipal solid wastes
and at the minimization of the volumes of leftovers to be
disposed off in landfill sites. The methodological
framework of the analysis is based on the Cost-Benefit
Analysis and Life Cycle Analysis in combination with
social-economic indices. A survey of 1000 participants
was realized in order to investigate the societal
acceptability of the different technological options.
Furthermore, SWOT analysis was applied for
developing the qualitative attributes of the different
technological options. The approach was applied to the
case study of municipal solid waste (MSW)
management in the Municipality of Paionia, Kilkis,
Central Macedonia, Greece. During this analysis special
attention was given on the energy and material balances,
including potential global and local scale airborne
emissions. Results are provided in the format of indices
efficiency, effectiveness and environmental and public
health impacts. The analysis reveals that the existent
management method applied, based on landfilling, is the
worst management strategy at a global scale. The
investigation on the combined waste treatment scenarios
revealed that biological and mechanical integrated

KEYWORDS:
Decision support tool, solid waste management, sustainability
indicators, life cycle assessment, SWOT, cost-benefit analysis

INTRODUCTION
Although the municipal effluents are efficiently
managed thought their bio-conversion into sludge and
carbon dioxide, the management of the municipal solid
wastes is falling behind. One of the most important
reasons for this is the difficulty on selecting the best
available technologies, which will be able to provide the
best possible results with the lowest cost. During the
years the waste management regulated in such a way as
to minimize the cost to the citizen but without any
interest for the impacts that the methods applied have on
the natural environment, the economics of the systems
and overall on the food chain. As a result, the option of
choice for the municipal solid waste management for
most of Greek towns, was the unregulated landfilling of
the total volume of the wastes generated.
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However, during the last years the world has seen a
change of the attitude of local authorities which under
the pressure of human health and resource depletion
have started to understand the importance of moving
away from landfills and follow the 21st century waste
management options. Toward this target a number of
tools and techniques have been developed. According to
the review of Morrissey and Browne [1] on the decision
support models (DSM) related to the waste
management, the DSM can be divided into three basic
categories. This three categories are based on cost
benefit analysis, on life cycle assessment and on
multicriteria decision analysis.
Cost-benefit analysis (CBA) is the single most
accepted economic approach since it is a system
decision-making support tool [2] and it can be applied
under three basic stages. The first stage is an economic
approach that aims at the evaluation of the financial
trend and welfare of the system. A socio-economic
approach can also be realized with the basic scope of the
observation of the conferment social equity. Finally the
CBA analysis has been used as a decision support
indicator for environmental evaluations, incorporating
environmental criteria indices.
The Life Cycle Analysis (LCA) method provides an
excellent framework for evaluating municipal solid
waste (MSW) management strategies [3] and it has been
used in several studies.
This study evaluates alternative scenarios for the
management of municipal solid wastes by utilizing an
intergraded methodological framework of decision
support tools based on CBA, SWOT (Strength,
Weakness, Opportunity, Threat) and LCA. The case
study area is the Municipality of Paionia, Kilkis, Central
Macedonia, Greece. The aim of the methodology is to
improve the efficiency of the management system and
to minimize the fraction of the municipal wastes that it
must be disposed off as a waste.

TABLE 1
Composition of municipal solid waste [4]
Elements of MSW
Municipality of Paionia
(%)
Organics
45.6
Paper
21.9
Plastic mixture
12.1
Metal
3.9
Glass
3.5
Wood, textile,
7
leather
Others
6
Methodological frame work. The methodological
framework of this study was based on a systems
approach [5] and it was applied to a LCA for the
integrated processes. This approach handles the MSW
management problems by coupling qualitative and
quantitative methodologies. The framework is applied
on the basis of local waste stream features, financial and
technical feasibility, socio-economic constraints and
societal concerns. Particularly, the selected approach
utilizes a CBA analysis through which environmental,
financial and social criteria are interconnected. Through
this approach the system is designed to link the current
situation with legislation and technology through
SWOT analysis.
The methodology is further
supplemented and enriched with a LCA (Figure 1).
Systems approach
Data collection

Determination of
problem

Stream features
Engineering feasibility
Socio-economic constraints
Societal concerns
Environment and health

Financial
Indicators

MATERIALS AND METHODS

Cost Benefit
Analysis

SWOT

Life Cycle
Assessment

Study area and waste characterisation. The
municipality of Paionia, Kilkis, is located in the Central
Macedonia, northern Greece and it covers an area of 917
km2 with a population of 34.676 people. The
Municipality consists of 28 sub-municipalities.
According the data provided by the Municipality the
waste management collection systems consists of 1500
containers and bins of which 380 are used for separate
recyclable collections. The specific daily municipal
solid waste production in the area is 1.44 kg
waste/resident. The existent MSW management system
consisted by an open landfill, which is located 7 km
away from the center of the metropolitan municipality
(Polycastro). All recyclables are sent for separation to a
private company that is located 40 km away from the
Municipality.

Qualitative analysis

Quantitative analysis

FIGURE 1
Systems approach
Moreover, the applied framework focuses on energy and
material balances, including potential global and local
scale airborne emissions while it is taking into
consideration the local waste stream characteristics
(transportation, existent infrastructures, land use etc).
SWOT analysis and survey on local population.
A SWOT analysis [6] was used for the qualitative
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The framework of SimaPro 7.1 was used for
realising an integrated life cycle analysis of waste
management systems, including the production,
collection, treatment and final disposal of the MSW.
Hence, it is evaluated the material and energy demand
as well as the pollutant emissions.
The goal of the LCA is the comparison of the
different MSW management cases with the general
system boundaries for all the cases to be illustrated in
FIGURE 2.

evaluation as well as for the assessment of the studied
technological options and combinations thereof. SWOT
analysis was used for revealing the qualitative attributes
of the available applicable technological aspects. Hence,
this process was a preliminary discrimination of the
examined scenarios. Therefore, after a literature review
on the available and existent technologies, a SWOT
analysis was realized for thermal methods such
incineration [7], gasification [8] and pyrolysis [9] as
well as for biological methods such as composting
(aerobic digestion) [10], anaerobic digestion [11],
biological drying [12] and combination of anaerobic and
aerobic digestion. Additionally, it was examined the
case of landfilling with production of combined heat and
power (CHP) [13]. After a first screening of up to date
technologies, 5 scenarios were selected for the
assessment. The SWOT analysis was furthermore
enhanced by an extensive survey.
The survey, based on 20 multiple choice questions,
was realized to a sample of 1000 residents of the
Municipality. The basic aim was the investigation of the
societal acceptance to the different technological
options. The survey was composed by questions related
to recycling, to biological methods and to incineration
while it was asking the citizen to declare his preference
in 10 different MSW systems. This survey offered data
related to the awareness of the citizens related to the
available technologies and how the local population
considers a possible change in the MSW management
methods that could affect its life.

Energy

Collection

Environmental
emissions

Municipal solid waste

Material

Transportation

Energy

Waste management
treatment

Recyclable
material

Transportation

Compost

Displosal

Biogas

FIGURE 2
Boundaries of the system
The functional unit in this study is defined MSW in
tonnes entering in the selected waste management
system.
The boundaries of the system are consisted of the
material and energy flows as well as the process and
infrastructure of the MWS management system
(FIGURE 2). Furthermore, the boundaries are defined
E\WKHFRQFHSWRIWKHµFXWRIIUXOHV¶WKDWDUHWKHDPRXQWV
of the material and energy flow or the level of
environmental significance associated with unit process
or system to be excluded from a study [17]7KHµFXWRII¶
rule was set to 1% while the inventory database utilized
was the ECOINVENT 2.2.

Life cycle assessment. Life cycle assessment
(LCA) [14] utilised for defining the environmental and
health impacts of products and processes over their
lifetime. The environmental impacts were assessed
through the utilisation of the CML 2001 databases
available in SimaPro 7.1 [15]. The examined impact
categories were the following: a) abiotic depletion, b)
acidification, c) eutrophication, d) global warming, e)
ozone layer depletion, f) human toxicity, g) fresh water
aquatic ecotoxicity, h) terrestrial ecotoxicity and i)
photochemical oxidation. In particular, abiotic depletion
is related to the extraction of minerals and fossil fuels
due to inputs in the system. Acidification Potentials
(AP) for emissions to air are calculated describing the
fate and deposition of acidifying substances such as
NH3, NOx, SOX and are expressed as kg SO2
equivalents/ kg emission. Eutrophication is caused by
various substances, the most significant ones are nitrate,
phosphate, phosphorus and phosphorus pentoxide while
they are expressed in kg PO-34 equiv. Global warming
(kg CO2 equiv.) has adverse effects on ecosystem health,
human health and material welfare and is related to
emissions of greenhouse gases to air. Photo-oxidant is
related to the formation of reactive substances (mainly
ozone), which are harmful to human health and
ecosystems. The impacts are expressed as the equivalent
emission of the reference substance ethylene [16].

Financial indicators. The selection criteria was
enhanced through the calculation of financial indicators
a) Net Present Worth NPW), b) Pay Out Time (POT)
and c) Return Of Investment (ROI) [18]. The rate of
return and investment risk were taken at a Flat Tax Rate
as 10% and 0.35, respectively [18]. The time life of the
treatments was assumed to be 20 years.
Cost benefit analysis. According to the selected
approach [5] the benefits for the indicator is the money
gained by avoiding fines due to non-compliance with
EU directives on wastes. As a benefit was placed the
possible creation of new jobs as well as the redirection
of financial resources by the municipality toward other
sectors and needs. Additional benefits were the profits
by trading recyclable materials, energy, compost, biogas
and the subsidies by different national and international
bodies. During the calculations the environmental cost
and the public health burden was estimated [19] while
the monetary terms expressed LQ¼WQwaste. The predicted
mortal outcomes was added as a function of cost
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receives the inert and the residual streams of this
scenario.

according to the tradeoffs between money and fatality
risk [20,21]. The cost function encompasses the initial
capital investment and the operating cost according to
Economopoulos [22], the additional cost for waste
transportation and disposal to landfills were calculated
according to the information which were provided by
the Municipality and the expected penalties for
emissions of CO2 beyond the agreed volumes.
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Scenario 3 (S3). The third scenario consists of a
material recovery facility and a landfill. The two streams
are the same as described in the scenario 2. Hence, the
recycling stream that contains the 80% of the total
recyclable materials is leaded to the material recovery
facility while the rest, 20%, are landfilled.
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FIGURE 4
Recycling, Anaerobic Digestion, Composting and
Landfilling
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Description of Scenarios. Scenario 1 (S1). The
first scenario was a combination of incineration and
landfilling (FIGURE 3). In this scenario, the municipal
waste stream is transported, as a mixed load, to the
incinerator plant. In the facility the heat and power are
recovered while the residues of the combustion are
landfilled.
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FIGURE 3
Incineration and Landfilling
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FIGURE 5
Recycling and Landfilling

In particular, the incinerator involves equipment for the
production and recovery of energy via a combine
heat/power system. The upper heating value of 13.27
MJ/kg and lower heating value of 11.74 MJ/kg of the
combustibles was chosen from the inventory of the
software. This values referred to MSW composition are
similar to that available in the area under examination.
Moreover, it was assumed that the gross electrical
efficiency at 13.0% and Gross thermal efficiency
technology at 25.5%. It was assumed that one kg of
MSW produces 0.10 kg of slag and 0.18 kg of residues,
which must be landfilled. According to Khoo [23] the
combustion of 1 ton of waste generates around 20% ash
that is in compliance with the selected technology. It is
remarked that the incineration system selected has a
magnetic scrap separator from the slag which offers the
opportunity for the recovery of 50% of ferrous metals.

Scenario 4 (S4). The fourth scenario consists of a
material recovery facility and a landfill. The two streams
of this scenario have the same properties with these
described in the scenarios 2 and 3. In this scenario the
second mixed stream is treated further by composting
which aiming at the bio-stabilization of the
biodegradable organic fraction. The decomposition
period is 4-9 weeks [24]. According to Economopoulos
[22] the 50% of the biodegradable material mixed with
green waste is decomposed to bio-stabilized organic
material [25].
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Scenario 2 (S2). The second scenario consists of a
material recovery facilities, anaerobic digestion,
composting and landfilling of the residues. It is assumed
that the recycling bins receive the 80% of the recovered
materials. The other 20% of the recovered materials
cannot be separated further and are utilized as substrate.
This stream transferred to an anaerobic reactor. During
the process the organics are bio-converted by a mixed
consortium of microorganisms into biogas. Biogas is
composed mainly of methane and carbon dioxide, which
can be immediately valorized for energy generation. The
generated digestate after solid separation and drying will
be composted. The compost can be considered as an
organic fertilizer that offer significant advantages
compared to chemical fertilizers. Finally, the landfill
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FIGURE 6
Composting, Recycling, Landfilling
Scenario 5 (S5). The fifth scenario (FIGURE 6)
describes the current situation and it consists of a
material recovery facility and a landfill (dump). It is
noted that the existent landfilling infrastructure is not a
sanitary landfill and it is not in| accordance with the
regulation and the legislation of EU. According to the
current situation and the available data provided by the
Municipality, only 15% of the recyclable is leaded to the
recycling facility while the rest is disposed directly to an
open landfill which is not in compliance with the
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other inert its value can become negative and the product
only fits for landfill cover [30] [22,31].
The results of the CBA index are in agreement with
the study of Sonesson et al. [32], which indicates that the
anaerobic digestion has lower environmental impact
than combustion treatments and simultaneously
composting offers environmental advantages over
combustion based treatments.

European standards as these are described by the
directive 2008/98/EC on waste.

RESULTS AND DISCUSSION
The results of the system approach revealed that the
combined biological-mechanical systems (BMS) (S2
and S4) having to offer significant benefits in terms of
the environmental indicators (FIGURE 7 and FIGURE
9). The biological treatments present higher values.
In particular, the 1st scenario shows that
incineration, due to the new combustion technologies
that provide the opportunity to control the airborne
emissions, can be an environmentally sound solution to
the MSW management [26]. Unfortunately according to
the SWOT analysis and most importantly the survey,
incineration is unacceptable by the public and the
construction of such facility will not be tolerated with
phenomena as the Not In My Back Yard (NIMBY)
being very likely. The NIMBY is also observed for the
technology of landfill mainly due to the alteration in
land usage [27]. Even though the citizens are negative
toward this method, PRUH WKDQ  RI WKH VXUYH\¶V
participants, will accept the construction of such facility
with the term that it must be located in distances higher
than 50 km. The local population believes that the
distance of its property compared to a waste
management facility is directly related to the reduction
of the value of its property, with the incineration to be
ranked as the worst case scenario. An estimation of the
changes of property value as a function of the distance
was realized by Ready [28].
However according to Economopoulos [22] the
incineration treatments are economically viable only
when the annual tonnage of the waste treated is over the
50.000 tn/year and this is in compliance with the
financial indices (TABLE 2). Hence, a significant
reason that biological treatments have higher CBA
indicator against the combustion (S1) is the low levels
of annual waste availability.
The scenario 2 has the major advantage between the
BMS of energy recovery from waste with respect to
greenhouse gas emissions. The high levels of CH4
emissions that released during digestion are valorized
for energy generation. However, the seasonal variation
of municipal waste composition have significant
influence on the biogas productivity and quality [29].
Moreover, this scenario through the recycling scheme it
is offering more new jobs than the rest of the examined
scenarios.
Scenario 4 presents a high CBA index, but these
values are lower compared to the second scenario as an
effect of the CO2equal/tnwaste emissions that are released
during composting. The compost production and quality
is related to the influent streams and the time that the
ready product is allowed to maturate. In the case of
significant contamination of the product with plastics or

14,0
12,0

CBA index

10,0
8,0
6,0
4,0
2,0
0,0
S1

S2

S3

S4

S5

FIGURE 7
CBA index results of the five compared scenarios
FIGURE 7 illustrates the scenario where redirection
of the recyclables is applied, with the rest of the material
to be landfilled in a sanitary landfill (scenario 3) with
valorisation of the generated landfill gas. The landfill
gas that is recovered is utilized as a fuel to an Otto four
stroke engines from where electric energy and heat are
recovered.
The 5th scenario is simulating the current situation
and is the baseline for the comparisons. Scenario 5 is the
one presenting the lower levels of CBA. The major
problem of this scenario is the high contribution of the
open landfill to the global warming phenomenon
something already presented by Smith et al. [33].
Moreover, a major disadvantage of this scenario is the
high fire risk during the summer period that can affect
human and environmental health through toxic fume
generation and emission [34]. The lowest levels of CBA
it is also arises from the fact that the waste stream is not
exploited prior to the disposal, while the fines and the
gate fees increases further the financial burden that the
municipality must bear. Additionally, the low cost fee
has an inverse relationship between the gate fee and
energy production that actually reflects the low ratio of
Gate fee and energy generation [35].
The survey revealed that the citizens are well
informed in relation to the biological treatment
processes. This is the outcome of the increased
awareness presented by rural area citizens in relation to
biological processes including the bio-methanation and
the composting, as these are usually discussed in these
areas as possible sources of income together with the
management of agro-industrial wastes, including
manure and cellulose rich left overs. Handakas [36]
presented the completed results of the survey.
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Landfilling of solid waste have the highest
photochemical potential among all management
methods as it is presenting significant CH4 emissions
[36].
According to the CBA, LCA and the analysis of the
financial indicators (TABLE 2) the best scenario is S2.
S2 presents the higher ROI (Return Of Investment)
index value and the smaller POT (Pay Out Time) index,
which is something that highlight the positive financial
perspectives of the venture. It is remarked that the S2
and S4 have positive venture worth and this is due to the
financial income generated during the recyclable,
electricity and compost trading. The financial indices
for S5 it is not possible to be calculated as it refers to the
current situation. However, according to the
Municipality the existent MSW system works on the
break event point [37]. The municipality is interested to
create a new venture based on public-private
partnerships as these are described by the Greek law
3389/2005. According to L. 3389/2005, public sector
partners can be the public/local authorities or other
bodies governed by public law and those legal entities
under private law, which are fully controlled by public
authorities. Hence, in case of this type of partnership, the
public/local authorities are contractual partners but not
stakeholders. However, the financial crisis in Greece
that was started at 2010 had a major effect on the
development of the economy and so in public-private
partnerships.
The LQGLFDWRUV¶ levels of S1 confirm the fact that the
combustion based treatment can be profitable [22] when
the annual tonnage of the waste is lower than 50.000 tn
of waste. On the other hand, the S1 and S3 have negative
venture profits and venture worth. It has to be noted that
Venture profit takes into account only investment risk
and while Venture Worth takes into account investment
risk and the Net Present Value (NPV). Therefore from
these results it is understandable (TABLE 2) that the
investment risk of the incineration as well as of the
composting together with landfilling with production of
biogas found as very high in this study.
Finally, according to Peters et. al [18] ROI can be
compared with the Minimum Attractive Rate of Return
(MARR) that LV XVXDOO\ , this however only
showed in scenario S2.

Anaerobic digestion
9%
Biodrying
19%

N/A
12%

Incineration
Gasification Pyrolysis
7%
2%
5%

Landill
9%

FIGURE 8
Technology selection by the survey participants.
(N/A: no answer)
This survey revealed that there is a high public
awareness related to the effects of the waste
management methods on the environment and in
particular on the ground water as well as on human
health. Additionally, according to the survey more than
70% of the respondents will participate in a MSW
management based on biological methods and help on
the separation of waste at the source. The survey also
reveals that 63% of the citizens over the age of 50 years
are not well informed about the waste treatment
methods and they are sceptical on adopting new and
innovative management technologies.

FIGURE 9
Life cycle assessment indicators based on CML
2001 method
The LCA addresses a wide range of environmental
impacts. The abiotic matter indicator indicates that the
scenarios of recycling consumes less abiotic resources.
As far as acidification is concerned all scenarios display
approximately the same performance. However, due to
the significant emissions of ammonia and nitrogen
dioxide, incineration have the highest acidification
values among all scenarios assessed. Landfilling is
strongly correlated to the eutrophication effect as shown
by the results of the study, whereas incineration proves
to be the most environmentally sound option when only
this parameter is examined. The results revealed that
global warming impact of thermal treatment is much
higher than all other scenarios, while at the same time,
landfilling has an important impact to greenhouse effect
due to excessive methane emissions. The combined
recycling and biological treatment scenarios have a
considerable low global warming effect while the

TABLE 2
Financial indicators
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Scenario

*URVV3URILW ¼

ROI POT

Venture
3URILW ¼

Venture
:RUWK ¼

S1

2,200,000

0.10 3.9

-200,000

-1,000,000

S2

2,300,000

0.21 2.7

1,000,000 5,900,000

S3

1,200,000

0.08 4.2

-400,000

-2,200,000

S4

2,000,000

0.14 3.3

500,000

2,600,000
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[5] Handakas EJ, Sarigiannis DA. Solid waste
management: a systems approach; 2012. Parlar
Scientific Publications. pp. 3330-3336.
[6] Hill T, Westbrook R (1997) SWOT analysis: it's
time for a product recall. Long range planning 30:
46-52.
[7] Chandler AJ, Eighmy T, Hjelmar O, Kosson D,
Sawell S, et al. (1997) Municipal solid waste
incinerator residues: Elsevier.
[8] Higman C, Van der Burgt M (2011) Gasification:
Gulf professional publishing.
[9] Shafizadeh F (1982) Introduction to pyrolysis of
biomass. Journal of Analytical and Applied
Pyrolysis 3: 283-305.
[10] Gajalakshmi S, Abbasi S (2008) Solid waste
management by composting: state of the art.
Critical Reviews in Environmental Science and
Technology 38: 311-400.
[11] Zarkadas IS, Sofikiti AS, Voudrias EA, Pilidis GA
(2015) Thermophilic anaerobic digestion of
pasteurised food wastes and dairy cattle manure in
batch and large volume laboratory digesters:
Focussing on mixing ratios. Renewable Energy 80:
432-440.
[12] Velis C, Longhurst PJ, Drew GH, Smith R, Pollard
SJ (2009) Biodrying for mechanical±biological
treatment of wastes: A review of process science
and engineering. Bioresource Technology 100:
2747-2761.
[13] Bove R, Lunghi P (2006) Electric power generation
from landfill gas using traditional and innovative
technologies. Energy Conversion and Management
47: 1391-1401.
[14] G.Finnveden JJ, P.Lind, A. Moberg (2000) Life
cycle assessment of Energy from solid waste.
Stockholm: Stockholm University. fms 2000:2 fms
2000:2.
[15] Goedkoop M, Oele M, de Schryver A, Vieira M
(2008) SimaPro database manual methods library.
PRé Consultants, The Netherlands.
[16] Banar M, Cokaygil Z, Ozkan A (2009) Life cycle
assessment of solid waste management options for
Eskisehir, Turkey. Waste Management 29: 54-62.
[17] ISO E (2006) 14040: 2006. Environmental
management-Life cycle assessment-Principles and
framework
European
Committee
for
Standardization.
[18] Peters MS, Timmerhaus KD, West RE,
Timmerhaus K, West R (2003) Plant design and
economics for chemical engineers: McGraw-Hill
New York.
[19] Ranzi A, Fano V, Erspamer L, Lauriola P, Perucci
CA, et al. (2011) Mortality and morbidity among
people living close to incinerators: a cohort study
based on dispersion modeling for exposure
assessment. Environmental health : a global access
science source 10: 10.1186.

CONCLUSIONS
Interpretation of the results revealed that proper
combination of up-to-date waste management systems
can lead to substantial reduction of the environmental
burden of waste management. The results of the systems
approach indicated that the best MSW management
solutions, for the area under examination, is the
application of aerobic and anaerobic digestion combined
with recycling activities.
It is clear that the applied analytical framework
generates different conclusions when compared to
financial approaches or to the environmental impact
assessments, which are based only on estimated or
measured emissions. Nevertheless, the interaction with
national economy, the current economic depression and
the effect on the national development has to be
examined in combination with additional decision
support tools in order to be demonstrated the
completeness sustainability of an integrated approach.
The SWOT analysis is an extremely effective tool
that offering the ability to compare the advantages and
disadvantages of a venture that emanate from the
internal and the external environments. The LCA
addresses a wide range of environmental impacts. The
financial indicators could aid on the selection of optimal
solutions when the different systems are presenting
similar environmental scoring.
Finally, a systematized decision support tool can
provide a realistic description and assessment of an
integrated waste management solution.
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predicts that global water demand for manufacturing
will increase by 400% from 2000 to 2050 which is
much larger than any other sector [4]. Industrial
wastewater reclamation and reuse practices covering
the reuse of process wastewaters or others within the
same facility for various water input requirements, as
well as their applications in industrial parks are
documented [5]. A wide variety of cases dealing with
industrial premises ranging from textile mills, pasta
manufacturing, fish canning industries, breweries,
display manufacturing, metal finishing etc. can be
found in literature [6-14]
Metal coating industry which is usually
categorized under the metal finishing sector is one of
the industries that consume high amount of water.
Therefore, actions regarding the improvement of
wastewater treatment and reuse should be
undertaken on both economic and environmental
sustainability grounds. Process wastewater can be
reused for more purposes if the appropriate treatment
systems are installed to treat the wastewater to the
quality level required for reuse. Recent studies
published in the literature revealed that membrane
separation techniques may help in solving the
problem of attaining a suitable quality of water that
allows being recycled back to the process [15-18].
In this context the aim of this study is to
evaluate the production processes of a factory that is
manufacturing cookers in terms of wastewater
reclamation and reuse.

ABSTRACT
In this study, a metal finishing factory that is
one of the biggest white-goods manufacturers in
Turkey is investigated in terms of wastewater reuse.
Process and pollution profiles of the factory
manufacturing cookers indicate that three
wastewater generating processes namely enamel
coating, paint and styrofoam processes have
potential for wastewater reuse applications.
Relatively clean segregated wastewater streams
(reusable wastewaters) are separately collected.
After stream segregation, the reusable wastewater
generation capacity of paint, enamel and styrofoam
processes are assessed to be 126, 94 and 74 m3/day,
respectively. The reusable wastewater fraction has
an approximate amount of 340 m3/day that accounts
for 68% of the total wastewaters generated from the
processes. Application of membrane separation will
be adequate to obtain process water from segregated
paint wastewaters. Segregated enamel wastewaters
must be subjected to neutralization, organic carbon
removal and membrane processes prior to be reused
in processes. Neutralization followed by membrane
separation should be prescribed for the reusable
styrofoam effluents to get required process water
criteria.
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RESULTS AND DISCUSSION
INTRODUCTION
Production Processes and Water Balance.
The metal finishing factory, where this study is
conducted, is one of the biggest white-goods
manufacturers in Turkey. The sheet metal parts
either manufactured in the mechanical production
department or provided from other industries, are
directed to surface pre-treatment processes namely,
degreasing, rinsing, nano-ceramics coating and
deionization rinsing process. These surface pretreatment processes are applied consecutively. Metal

When considered within the perspective of
serious climate change we are facing, wastewater
reclamation and reuse practices appear as not an
option but a necessity [1]. Industrial wastewater reuse
is an inseparable part of sustainable production
concept. Following agricultural, industrial sector is
one of the largest users of water for development,
consuming 5-10% of global water withdrawals [2].
The OECD Environmental Outlook to 2050 [3]
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(92,350 m3/year).

sheets are encased in oil film in order to prevent the
oxidation of metals during the enamel and painting
processes. In the degreasing process the metal sheets
are cleaned to increase the efficiency of coating
process. In addition to degreasing process there are
two wastewater generating processes in the industry
namely enamel and painting processes. In the factory
there are two enamel coating units called as Enamel
Process I and Enamel Process II both targeting to
bring more thermal resistance to the product. There
are no major differences between the two Enamel
processes, but in case of necessity Enamel II
supports Enamel I. In the painting process, product
parts which are exposed to 200°C temperatures are
painted. Silver, white-black and anti-finger
processes are the specific painting processes that are
classified under the painting. Silver and white-black
processes are named according to the colour of the
paint, while anti-finger process is related to a paint
specialty. The products of anti-finger process
become stain proofed of fingerprints. The pieces that
passed through surface pre-treatment are painted in
powder coating process. In the facility, powder
painting is performed by automatic paint guns. Since
this is a dry process not generating any effluent, it is
beyond the scope of this study. There exists also a
styrofoam production unit where packaging
materials are manufactured. Quite a high amount of
wastewater, (26,500 m3/year) is generated from
styrofoam production.
General water balance of the factory is
illustrated in Figure 1. Annually 244,830 m3 of
process water is required and approximately 160,000
m3 of wastewater is generated. The water
requirement is supplied from a well. The well water
is subjected to softening. A part of the softened water
(102,755 m3/year) is directly used in the processes.
The other portion of it (142,075 m3/year) is passed
through a reverse osmosis unit to obtain required
water quality for certain production processes

Wastewater Characterization and Water
Quality for Reuse. Wastewater characterizations of
paint, enamel and styrofoam processes are given in
Table 1. When compared with enamel and styrofoam
processes, the paint process generates the most
polluted wastewater with suspended solids (SS) and
chemical oxygen demand (COD) levels of 89 mg/L
and 834 mgO2/L, respectively. These measurements
show that the organic matter is mostly in soluble form.
Another striking feature of paint process wastewater
is that it contains considerable amount of oil and
grease (approximately 186 mg/L).
The water requirements of paint, enamel and
styrofoam processes are 83,744; 53,140 and 58,220
m3/year, respectively. The paint process has the
highest water consumption.
Another important source of water that can be
considered as a potential water source is rainwater. It
is estimated to collect annually 3,660 m3 of
rainwater. Characterization of well water and rain
water are tabulated in Table 2. The collected rain
water has relatively high conductivity, calcium,
chloride and sulfate. This can be attributed to the
intrusion of surface water into rain water collection
system.
The well water has high hardness due to the
availability of high divalent cations (Mg and Ca).
The nitrate concentration of well water is around 43
mg/L due to intensive application of fertilizers in
agricultural areas in the vicinity of the factory.
Table 3 illustrates the required process water
qualities (soft and de-ionized, DI). It should be noted
that softened water is mostly used in pre-rinsing
baths, however the quality of DI water is crucial for
final rinsing steps prior to dying and enamel coating
processes.

FIGURE 1
General water balance
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TABLE 1
Process Wastewater Characterization
Parameter
Suspended Solids, SS
Volatile Suspended Solids, VSS
Chemical Oxygen Demand, COD
Total Organic Carbon, TOC
Total Fe
Total P
Oil-Grease
Calcium
Magnesium
Hardness
Chloride
Nitrate
Sulfate
Water consumption
Wastewater generation

Unit
mg/L
mg/L
mg O2/L
mg C/L
mgFe/L
mgP/L
mg/L
mg Ca/L
mg Mg/L
mg CaCO3/L
mg Cl/L
mg NO3/L
mg SO4/L
m3/year
m3/year

Enamel
23
19
440
137
2
3
17
15
41
50
40
12
18
53,140
50,395

All the manufacturing processes are evaluated
in terms of their wastewater reuse potential. To do so
the results of a detailed segregated wastewater
characterization are appraised by considering the
process water quality requirements. Relatively clean
segregated
wastewater
streams
(reusable
wastewaters) are separately collected. The results

TABLE 4
Characterization and Amount of Reusable Wastewater Streams
Unit
Paint
Enamel
7.7
9.2
μS/cm
147
615
mgC/L
2.3
162
mg Fe/L
<0.5
<0.5
mg Ca/L
13.5
6
mg Mg/L
3.1
0.6
46
18
mg CaCO3/L
mg Cl/L
12.2
4.3
mg NO3/L
4.8
<1.2
0.3
<2
mg PO4/L

Sulfate
Reusable Wastewater Generation

Styrofoam
12
<0.5
5
5
32
251
74
102
58,220
26,518

obtained are outlined in Table 4. After stream
segregation for reuse, the reusable wastewater
generation capacity of paint, enamel and styrofoam
processes are evaluated to be 126, 94 and 74 m3/day,
respectively. The reusable wastewater fraction has
an approximate amount of 340 m3/day that accounts
for 68% of the total wastewaters generated from the
processes.
TABLE 3
Required Process Water Quality
Parameter
Unit
Soft
DI
pH
6.5-10 5.5-8.5
Total Fe
mgFe/L
0-0.5
0-0.1
Calcium
mg Ca/L
<40
<0.2
Magnesium
mg Mg/L
<24
<0.12
<0.5
Hardness
mg CaCO3/L 179
Chloride
mg Cl/L
<75
0-5
Nitrate
mg NO3/L
0-30
0-5
Nitrite
mg NO2/L
0
Phosphate
mg PO4/L
0-30
0-5
Silisium
mg/L
0-10
<250
0-5
Sulfate
mg SO4/L

TABLE 2
Average Characteristics of Well and Rain Water
Rain
Well
Parameter
Unit
Water Water
pH
7.2
8.1
Conductivity μS/cm
862
777
Total Fe
mg Fe/L
<0.5
<0.5
Calcium
mg Ca/L
30
132
Magnesium
mg Mg/L
5
33
468
Hardness
mg CaCO3/L 97
Chloride
mg Cl/L
316
114
Nitrate
mg NO3/L
9
43
<2
<2
Phosphate
mg PO4/L
Sulfate
mg SO4/L
13
25

Parameter
pH
Conductivity
TOC
Total Fe
Calcium
Magnesium
Hardness
Chloride
Nitrate
Phosphate

Paint
90
67
835
403
3
1
186
6
1
18
5
0.32
5
83,744
80,124

mg SO4/L
m3/year
423

3.9
45,427

4
33,946

Styrofoam
10.8
1877
12.1
<0.5
5
5
32
251
74
<2
102
26,518
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wastewaters must be subjected to neutralization,
organic carbon removal and membrane processes
prior to be reused in processes. Neutralization
followed by membrane separation should be
prescribed for the reusable styrofoam effluents to get
required process water criteria.

One can infer from Table 1 and Table 4 that
although the most polluted composite wastewater is
originated from the paint process, the reusable part
of paint process wastewaters has the highest volume
with less pollution loads among other processes.
The parameters can easily be removed by
membrane systems for this segregated effluent. As a
result, application of membrane separation will be
sufficient to obtain process water from segregated
paint wastewaters. The reusable wastewater streams
arising from paint process has a neutral pH so
neutralization is not required
Another important finding is that the segregated
reusable wastewaters of enamel process has high
organic content. Hence, the removal of organic
matter is of great importance prior to treat the
reusable enamel effluents with membrane separation
processes. In order to obtain water quality
parameters indicated in Table 3, segregated enamel
process wastewaters must be subjected to
neutralization, organic carbon removal and
membrane processes.
The reusable effluent streams generated in
styrofoam process has relatively high pH and
conductivity levels of around 10.8 and 1,877 PS/cm,
respectively. So, in order to comply with required
water quality criteria tabulated in Table 3,
neutralization and membrane separation processes
should be prescribed for the reusable styrofoam
effluents.
It can be concluded that harvested rain water
has been contaminated in water collection system.
Thus, ions should be removed from collected rain
water before reuse, as well.
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by its crystal structure (polymorphs) and
morphology, respectively, as well as the crystal size
[8].
Typically, industrial sources of CaCO3 include
rocks (mainly limestone and marble), synthetic
calcium carbonate, and waste chicken eggshells. The
disposal of waste chicken eggshells is an important
environmental problem. The waste eggshells are a
product containing up to 94% calcite, so they are an
appropriate source of CaCO3, although their use
requires further processing. The requirement of
additional processing is originates from their very
low porosity [4, 8] and low reactivity as well [9].
Calcination is the most conventional method for
increasing the porosity. However, during this
process CaCO3 decomposes to CaO + CO2 [4, 6]. A
preferred alternative method is the high energy
milling (HEM) activation.
The HEM-activation is a well-known and
widely used method for improvement of material
properties [10, 11]. The chicken eggshells are
strongly affected by such activation with increase in
the specific surface area (SSA) of the material. The
latter is due to decreased particles size and improved
chemical activity of CaCO3 [12-14]. The main active
component remains crystalline CaCO3 and studies
on its polymorphs and crystals size are of importance
to explain the useful properties of the obtained
materials.
In this study we investigate the changes of
crystallite size in samples of HEM-activated
eggshells after various periods of treatment. The
level of activation determines the specific surface
area and crystallite size and it is important to study
the process stepwise.

ABSTRACT
In this work, we investigated how High Energy
Milling (HEM) activation is influencing changes in
the crystallite size of CaCO3 from eggshells.
Variation of the period of HEM activation results in
a formation of from nanosized- to microsized
crystallites. The properties of the materials obtained
by HEM activation of eggshells make them
appropriate for practical application.

KEYWORDS:
eggshells, CaCO3 polymorph, high energy milling
activation, microsized crystals

INTRODUCTION
Calcium carbonate (CaCO3) is a common
substance with inorganic and organic nature and can
be found in three polymorphs ± calcite, aragonite and
vaterite. Calcite is a trigonal polymorph of CaCO 3,
stable at ambient conditions, aragonite is
orthorhombic and vaterite is hexagonal and
thermodynamically metastable under 400 °C.
As inorganic material, CaCO3 is found in
different rock formations (mainly sedimentary),
some of which are built up to 95% of calcite. Organic
CaCO3 is commonly found in form of shells or
skeletal material. Calcite builds the skeleton of
animals and the shells of various species of molluscs,
crustaceans, and echinoderms. It is precipitated by
some algae and is the main constituent of eggshells.
Aragonite rarely forms biogenic materials, e.g. shell
of mollusks [1].
Calcium carbonate is used in a wide spectrum
of practical applications ± as a sorbent of heavy
metals and radioactive actinide elements from
contaminated waters and soils [2, 3], as a source of
CaO-based CO2 sorbents [4], filler in polymers [5],
source of Ca for synthesis of hydroxyapatite ±
essential component for teeth and bones [6, 7], etc.
The possibility of its application is strongly defined

MATERIALS AND METHODS
We investigated eggshells collected from a
local dining room in Kosice, Slovakia. The organic
matter was separated from the eggshell. The
eggshells were rinsed with distilled water, dried and
separated into a 160 μm fraction.
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HEM-activation was carried out in a planetary
mill Pulverisette 6 (Fritsch, Germany) using 50
tungsten carbide milling bodies with 10 mm
diameter, powder/ball mass ratio of 1/70, planet
carrier rotation speed of 500 rpm, working
atmosphere of air, sample weight of 5 g, and
activation times of 10 min (sample name ES10), 130
min (ES130) and 360 min (ES360).
The specific surface area measurements were
performed by the BET-method (adsorptive gas N2,
carrier gas He, heating temperature 423 K) using an
EMS-53 sorptometer and KELVIN 1040/1042
software (Costech International).
The morphology of the CaCO 3 particles in the
samples was observed using a scanning electron
microscope (SEM) Philips 515 working with
accelerating voltage of 25 kV. The samples were
double-coated in vacuum with carbon and then
thermally with gold.
The size of the particles was measured applying
Image Processing and Analysis in Java (IMAGEJ),
free software for determination of the area and
length of particles. We used SEM microphotographs
with magnification ×5000 for the measurements.
The methodology of measurements is described in
detail in [15].
Fourier Transformed Infrared (FTIR) spectra
were registered on Nicolet 6700 spectrometer

(Thermo Electron Corporation) in the far and
middle IR regions. The far-infrared spectra were
collected in transmission mode using KBr pellet
technique (1 % of the studied substance). Spectra
registered in the middle infrared region were
collected in diffuse reflectance mode through an
accessory Collector II (Thermo Spectra-Tech). The
measurements were performed using 100 % of the
studied substance.
Powder
X-ray
diffraction
(XRD)
measurements were made with a DRON 3M
diffractometer, using a Fe-filtered Cu-KĮ radiation in
the range 2ș = 8  60 ° at an accelerating voltage of
40 kV and a current of 25 mA.

RESULTS AND DISCUSSION
The particle size in HEM-activated materials is
one of the most investigated parameters, due to its
direct connection (through SSA) to the chemical
activity [12-14]. SEM images of the non-activated
(ES0) and HEM-activated ES10, ES130 and ES360
samples were used to determine particle size. The
microphotographs reveal that the samples consist of
CaCO3 crystals that form granular and blocky
aggregates (Fig. 1).

FIGURE 1
SEM microphotographs of samples ES0, ES10, ES130 and ES360
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FIGURE 2
Histograms and cumulative frequency curves of crystal aggregates for ES0, ES10, ES130 and ES360
samples.

We measured the sizes of single crystals and
crystal aggregates as well. The results in form of
histograms and their corresponding cumulative
frequency curve are shown in Figure 2 for crystal
aggregates, and Figure 3 for crystallites. Histograms
are chosen as the most suitable representation mode
used for large sets of data, especially when the data
has been grouped into classes. The frequency of the
data in the histograms is shown by the area of the
bars. Using a cumulative frequency curve we have
obtained mean values for each sample. The curve is
the corresponding measure of the mean tendency of
aggregate and crystallite size in the samples.
The calculated mean values for the crystals
(Mc) and crystal aggregates (Ma) are given in Table
1. The general tendency with increasing of HEMactivation time is obvious: size of the aggregates
increases linearly from ES0 to ES130 samples and
sharply decreases for ES360.

Figure 3 and Table 1 show the changes in
crystallite size for ES0, ES10, ES130 and ES360
samples. The crystallite size rapidly decreases
(approximately four times) after 10 min HEM
activation, but increasing the time of HEMactivation increases the crystallite size. Comparing
the changes of crystal aggregate size and crystallite
size (expressed as the ratio Ma/Mc) with the SSA of
samples (Table 1) shows a similar behaviour of these
parameters (Fig. 4).
The rapid increase in SSA from ES0 to ES10 is
accompanied by a sharp increase of the Ma/Mc value.
However, further HEM activation results in strong
and constant decrease of Ma/Mc for both ES130 and
ES360. However, the decrease in SSA is registered
only until after 130 min of HEM activation. Further
HEM treatment has practically no further effect on
SSA.
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FIGURE 3
Histograms and cumulative frequency curves of crystallites for ES0, ES10, ES130 and ES360 samples.
TABLE 1
Obtained values of median for crystal aggregates (M a) and crystallite sizes (M c) and measured values for
SSA.
Sample

Mean aggregate size (Ma) [nm]

Mean crystallite size (Mc) [nm]

Ma/Mc

ES0
ES10
ES130
ES360

2236
3288
4257
2112

423
98
182
214

5.3
33.5
23.4
9.9

SSA
[m2/g]
0.1
16.1
8.6
10.8

FIGURE 4
Trend of SSA and aggregate-to-crystallite size ratio, presented as mean (Ma/Mc) measured from
cumulative frequency curves (Figs. 2, 3) for ES0, ES10, ES130 and ES360.
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FIGURE 5
Powder XRD results for ES0, ES10, ES130 and ES360.

FIGURE 6
FTIR measurements ± a) IR spectra of samples ES0, ES10, ES130 and ES360, and b) the band at about
320 cm-1, showing decrease of crystallite size after 10 min HEM-treatment and a slow increase with
further activation

number of bands characteristic of organic substances
were registered in the mid-IR spectra, too, which
could be explained with some rests of the egg shell
membrane. A band at 1083 cm-1 is indicative for
aragonite (Ȟ1 symmetric vibration in CO3 group).
However, this band usually appears in IR spectra as
a weak one [22-25]. In our spectra its intensity is,
most probably, due to contribution of organic
substance.
In the HEM-activated samples a band at about
864 cm±1 appears and grows in intensity with time of
milling. The band at 1083 cm±1 also increases in
intensity. Simultaneously, a shift toward higher

Results from powder XRD and FTIR
measurements are given on Figures 5 and 6,
respectively. Powder XRD patterns prove the
existence of calcite phase only [16]. The intensity of
the main calcite diffraction intensity peak strongly
decreases for HEM activated samples ES10, ES130
and ES360 because of decreased size of the crystals
(Table 1).
The infrared spectra of untreated and HEMactivated egg shell material (Fig. 6a) demonstrate a
set of bands (711, 872, and 1400 cm±1) which is
indicative for the presence of the calcite
modification of calcium carbonate [17-21]. A
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wave numbers of the bands positioned at 711 and
872 cm-1 was registered accompanied by a shift
toward lower wave numbers of the band at 1400 cm1
. Comparison between the spectra of the treated
samples shows increasing in intensity and narrowing
of bands which is clearly dependent on the duration
of milling process. The far-infrared spectra are
characteristic of lattice vibrations and the observed
changes are in conformity with the essence of
milling process, which results in increased
dispersion of the CaCO3 particles.
One band at 315 cm1 is seen in the spectrum
of untreated eggshells in the far-IR region (Figure
6b). It grows in intensity after 10 min treatment and
shits to 323 cm1. It is worth to note that its intensity
is highest in the ES10 sample and lowest in the
ES130 sample. We assign this band to Ca-O
vibration in CaCO3, the band position and intensity
being sensitive to the size of particles. Thus, the
spectral changes can be directly related to the
crystallite size.
Based on our investigations on the process of
crystallite size alteration during HEM-activation, we
have acquired the following results:
(i) During the first period of HEM-activation
(10 min) the pressure increases rapidly for a short
time and the sample responses to the new condition
by mechanical crushing of the calcite crystals (i.e.
sharp reduction of the crystals sizes in comparison to
ES0 occurs).
(ii) HEM-activation for a longer period (130
min) the temperature in the system. At this stage, the
applied pressure is unchanged, but the temperature
increases with time, leading to an increase in particle
size. During the period 10-130 min HEM-activation
the aggregate size increases constantly. This can be
explained with insufficiently long time of activation
for the pressure and temperature to exceed the limits
of stability of the formed agglomerates (particles).
(iii)
After 360 min of HEM-activation
the temperature and pressure have been applied for a
significantly long period of time, which results in an
unchanged crystallite size, but a decrease in size of
the aggregates.

in SSA after 130 min of HEM activation is
registered, as future HEM activation no effect on
SSA. These results practically coincide with the
calculated values of crystallite to aggregate size
ratio.
After these findings we can conclude that:
- By HEM-activation of eggshells for a
period of 10 minutes it is possible to obtain nanosized crystallites.
- Longer periods of activation result in
formation of micro-sized crystallites.
- The changes of specific surface area are
controlled by the crystallite-to-aggregates size ratio.
- All samples of HEM-activated egg shells
are appropriate for practical use and the method has
been proven as useful for monitoring and
determination of the crystallite size of the material.
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[1-2]. In order to eliminate this problem, wastewater
should be treated appropriately before being
discharged into receiving waters. Therefore, in the
literature there are several studies conducted to focus
on nutrient removal from wastewater. Conventional
treatment processes are effective in the degradation
of organic content of the wastewater, however, most
of them are limited in terms of the nutrient removal
(i.e., nitrogen and phosphorus) at the satisfactory
level. Tertiary treatment processes as the
combinations of anaerobic, anoxic and aerobic zones
(i.e., Bardenpho process, Johannesburg process,
anaerobic/anoxic/aerobic (A2O) process, University
of Cape Town (UCT) process, and their
modifications) can be effective for the nutrient
removal. Nowadays, effluent discharge standards
become more stringent (<10 mg Total Nitrogen/L)
and even these processes may not meet the new
requirements [3]. Additionally, the operation as well
as energy consumption becomes more problematic
when these tertiary treatment processes are
considered rather than conventional activated sludge
process.
Recent studies focus on the microalgae-based
wastewater treatment where the production of algal
biomass and the removal of inorganic nutrients from
a wide variety of wastewaters are intended [4-5].
Microalgae-based wastewater treatment is an
economical technology for the nutrient removal if it
is integrated in the existing conventional wastewater
treatment plants [6]. This process becomes very
attractive for the treatment of secondary effluent
because of the lack of carbon requirement for
nitrogen and phosphorus removal. Besides, produced
algae using algal-based treatment process can be a
potential lipid source which can be transformed into
biodiesel [7-8]. Integration of algal treatment
technology into conventional wastewater treatment
process may transform an energy consuming process

ABSTRACT
The streams from domestic wastewater
treatment plants have been considered as a valuable
medium for mass cultivation of algal biomass. The
aim of this paper is to evaluate and compare the
performance of Chlorella vulgaris and Scenedesmus
dimorphus when domestic wastewater effluent after
sand filter-89GLVLQIHFWLRQDQG%ROG%DVDO¶V*URZWK
Synthetic Medium (BBM) are used as media. The
trials were carried out in an effective volume of 0.4
L erlenmeyer flasks, operated at constant aeration
with filtered air at a temperature of 26 ± 2 oC,
photoperiod of 16:8 light:dark cycles, and 35-40
ȝPROSKRWRQP2.s-1 light density. Runs were started
approximately with an optical density of 0.4 at 10
and 40 mg NO3-N/L concentration for BBM and
wastewater effluent. Algal biomass was assessed
daily by means of optical density (680 nm),
chlorophyll-a and dry weight. Nitrate nitrogen,
nitrite nitrogen, phosphate and pH were also
analyzed. The maximum cell growth rate of
Chlorella vulgaris was found to be nearly 2-folds of
Scenedesmus
dimorphus.
Chlorophyll-a
measurement had a parallel trend with optical
density. Effective nitrogen removals were achieved
at the end of the sets.

KEYWORDS:
Chlorella vulgaris, Scenedesmus dimorphus, nitrogen
removal.

INTRODUCTION
The effluent stream of the wastewater treatment
plants contains nutrients which is one of the potential
source of eutrophication problem in receiving waters
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reactors were monitored in-vivo by Tuner Designs
Aqua Fluor of which the linear range is 20-1000
μg/L. The calibration was checked daily with a solid
standard (Aqua Fluor 8000-952-500 μg/L) and if
required, the samples were diluted appropriately.
Microscopic examination was conducted using
an Olympus BX50 Model research microscope.

into an energy producing one.
The widely used microalgae cultures for
nutrient removal are species of Chlorella [9-12] and
Scenedesmus [13-14]. Remarkable nutrient removal
from wastewaters using Chlorella and Scenedesmus
species has been previously reported [15]. For
FXOWXUHGHYHORSPHQW%ROG%DVDO¶V*URZWK6\QWKHWLF
Medium (BBM) is suggested as the most suitable
medium for both microalgae in literature [16-18].
However, there are limited information in terms of
the growth rates of these species cultivated in the
synthetic medium and wastewater.
The main aim of this study was to determine
algae growth rates as well as the nitrogen removal
profile of both Chlorella vulgaris and Scenedesmus
dimorphus and to determine algal strains that grew
well on the wastewaters. Besides, multi-component
process modeling for analyzing the experimental
data of microalgal reactors was also made.

Growth Rate.The growth rates were calculated
by fitting the OD for the first 12 days of culture to an
exponential function (μ m = [ln ODt- ln ODini]/t)
where ODini is the optical density at initial day, OD t
LV WKH RSWLFDO GHQVLW\ IRU GD\ ³W´ DQG W LV WKH WLPH
between two measurements.

TABLE 1
Composition of Bold Basal Medium (BBM)

MATERIALS AND METHODS
Microorganisms and culture development.
The green algae Scenedesmus dimorphus and
Chlorella vulgaris obtained from UTEX, University
of Texas at Austin were used during the
experimental setup. The cultures were developed
XVLQJ %ROG %DVDO¶V *URZWK 6\QWKHWLF 0HGLXP
(BBM). Composition of BBM is shown in Table 1.
Experimental Setup. Experiments were
conducted in 500 mL borosilicate reactors with an
effective liquid volume of 400 mL. The cultures
were maintained at constant aeration and mixing
with filtered air (0.2 μm), photoperiod of 16:8
light:dark cycles, 35-40 ȝPRO photon m2.s-1 light
density and incubated at controlled temperature of 26
± 2oC. The cultures were initiated with an initial
Optical Density (OD) of 0.4. Initial NO3-N
concentration were adjusted to 10 and 40 mg/L.
Stock cultures were centrifuged before the
experimental setup in order to eliminate the
introduction of the excess nitrogen contained in the
algal growth medium. Wastewater sample was
collected from the effluent of sand filter-ultraviolet
(UV) unit in a municipal wastewater treatment plant
consisting of nitrification/denitrification units (A2O)
in Istanbul, Turkey. Wastewater effluent
composition was as follows: COD: 35±5 mg/L,
NO3--N: 0.2 mg/L, PO43--P: 1.5 mg/L and pH: 7.47.
The experimental setup is given in Table 2.

Chemical/Compounds

Unit Concentration

N content
CaCl2·2H2O

mg/L 10 or 40
mg/L 22.5

MgSO4·7H2O

mg/L 67.5

K2HPO4

mg/L 67.5

KH2PO4

mg/L 157.5

NaCl

mg/L 22.5

P-IV Metal Solution

mg/L

Na2EDTA·2H2O

mg/L 4.05

FeCl3·6H2O

mg/L 0.3618

MnCl2·4H2O

mg/L 0.2214

ZnCl2
CoCl2·6H2O
Na2MoO4·2H2O

mg/L 0.027
mg/L 0.0108
mg/L 0.0216

Soilwater: GR+ Medium mg/L
Green House Soil
CaCO3
Vitamin B12

mg/L 0.18
mg/L 0.18
mg/L

HEPES buffer pH 7.8

mg/L 10.8

Vitamin B12

mg/L 0.1215

Modeling Study. Recently, multi-component
process modeling has become a fashionable tool in
analyzing the experimental data of microalgal
reactors [20-21]. In this study, multicomponent
microalgal model of Decostere et al. [20] was
regarded as a base model for simulations. The
biokinetic model was introduced to AQUASIM
simulation program [22].

Analytical Methods. The algal biomass was
assessed daily by means of optical density (680 nm).
The samples were diluted appropriately to adjust to
the measurement range of 0.1-1. Algal dry weight
was determined gravimetrically according to
Standard Methods [19].
The chlorophyll-a (chl-a) concentration in the
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TABLE 2
Experimental Setup and Observed Growth
Rates for Chlorella vulgaris and Scenedesmus
dimorphus

1
2
3
4
5
6
7
8

Chlorella
vulgaris
Chlorella
vulgaris
Chlorella
vulgaris
Chlorella
vulgaris
Scenedesmus
dimorphus
Scenedesmus
dimorphus
Scenedesmus
dimorphus
Scenedesmus
dimorphus

BBM

40

0.27
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10
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FIGURE 1
Optical density and chl-a concentrations versus
time for Chlorella vulgaris

Experimental Studies. Performance of
Chlorella vulgaris and Scenedesmus dimorphus
ZHUH HYDOXDWHG IRU ERWK %ROG %DVDO¶V *URZWK
Synthetic Medium (BBM) and domestic wastewater
effluent after sand filter - UV disinfection with an
initial nitrogen content of 10 and 40 mg N/L.
Optical density and chl-a concentrations versus
time graphs for Chlorella vulgaris and Scenedesmus
dimorphus are provided in Figure 1 and Figure 2,
respectively.
For BBM experiments, independent of initial
nitrogen concentrations, optical density values were
found to be around 4 and 1.5 after twelve days for
Chlorella vulgaris and Scenedesmus dimorphus,
respectively. Chl-a concentration reached around
30000 μg/L for 40 mg N/L while for 10 mg N/L it
was around 20000 μg/L.
In the experiments where wastewater is used as
the media, until 7 days similar trend with BBM was
observed for both OD and chl-a. However, after 7
days a sharp decrease was observed for both
parameters.
Effective nitrogen removals were achieved at
the end of experiments and nitrogen concentrations
were less than 0.2 mg N/L. No nitrite accumulation
occurred in any set.
Microscopic examination of Chlorella vulgaris
and Scenedesmus dimorphus at the
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FIGURE 2
Optical density and chl-a concentrations versus
time for Scenedesmus dimorphus
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growth processes were linked to nitrate nitrogen
utilization due to the nutrient requirement of
microalgal growth. The biokinetic model was
introduced to AQUASIM simulation program [22].
All reactions were set as dynamic reactions.

 

beginning of the experiments are provided in Figure
3 and Figure 4, respectively. For both species no
contamination was observed, however, at the end of
the experiments floc formation occurred in
Scenedesmus dimorphus sets.
Optical density/suspended solids values were
around 0.005 for Chlorella vulgaris and 0.002 for
Scenedesmus dimorphus.
As can be seen from Table 1, calculated growth
rates (μ m) were between 0.19-0.27/day for Chlorella
vulgaris and 0.09-0.16/day for Scenedesmus
dimorphus which are similar values given in AlShatri et al. [18] and Wang et al. [23]. Thus, growth
rates for Scenedesmus dimorphus were found to be
smaller than Chlorella vulgaris.
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FIGURE 5
Modeling results for (a) Chlorella vulgaris and
(b) Scenedesmus dimorphus
FIGURE 3
Microscopic examination of Chlorella vulgaris at
the beginning of the experiment (40x)

Figure 5 illustrates the concentration profiles of
batch experiments for two different microalgae
species during 15 days of batch operation. Figure 5a
shows that the suspended solids which indicate cell
density of Chlorella vulgaris (CV) increased from
100 mg SS/L up to 800 mg SS/L within 12 days of
incubation period. The same trend can also be
observed in the measurements of chl-a recorded in
the range of 2000-30,000 Pg/L. According to the
model result, the maximum growth rate (μ m)
parameter was estimated to be 0.25 day-1 for
Chlorella vulgaris. On the other hand, the
experimental study conducted on Scenedesmus
dimorphus (SD) indicated that nearly 4-folds of
(initial) concentration could be obtained after 12
days of cultivation time. However, the chl-a
concentrations were only raised from 1500 up to
7500 Pg/L. Under these conditions, the maximum
growth rate (μ m) parameter for SD was calculated as
0.15 day-1. The simulation profile for cell density
together with experimental results of concentration
and chl-a measurements were given in Figure 5b.
The species had lower maximum growth rates
in wastewater probably due to the presence of other
heterotrophic microorganisms (protozoa etc.)
grazing on algal species. This was also evidenced in
sharp decline in OD and chl-a measurement
conducted with treated wastewater.
It should be noted that all batch experiments

FIGURE 4
Microscopic examination of Scenedesmus
dimorphus at the beginning
of the experiment (40x)

Modelling
Studies.
In
this
study,
multicomponent model of Decostere et al. [20] was
regarded as a base model. In addition, nitrogen
uptake was included in the model. In this respect, the
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initiated with 40 mg N/L of nitrate nitrogen. The
nitrogen content of algal biomass parameter (iN) was
set to 0.06 g N/g DW in accordance with process
stoichiometry [20, 24]. The mass transfer coefficient,
KLa is assumed to be 300 day-1 in all simulations.

[7]

CONCLUDING REMARKS
[8]
The species of Chlorella vulgaris (CV) and
Scenedesmus dimorphus (SD) were cultivated using
synthetic medium (BBM) and municipal wastewater
effluent. The maximum cell growth rate of CV was
found to be nearly 2-folds of SD. The chl-a
measurement had a parallel trend with real-time
optical density (OD) measurements.
The lower maximum growth rates observed in
wastewater for both species could be the result of
grazing of protozoa on algal species since a sharp
decrease was observed both for OD and chl-a
measurements conducted with treated wastewater.
The dynamic model simulation gave consistent
maximum growth rates with the simplified
calculation method. As a future work, the dynamic
model should be extended to include other biomass
fractions to elucidate the interaction between
biological reactions.

[9]

[10]

[11]
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water is assessed can be as much a policy decision as
a scientific decision.
$FFRUGLQJ WR KRZ WKH ³ZDWHU VFDUFLW\´ LV
defined, a special indicator is introduced. In frame
work of a review work of Gleick (2002) cited in
Rijsberman [3] it is highlighted that in case it is
known how much water is needed to satisfy a
SHUVRQ¶VQHHGVWKHQWKHZDWHUDYDLODELOLW\SHUSHUVRQ
can serve as a measure of scarcity. The water stress
index developed by Falkenmark known also as
Falkenmark Indicator is the most widely used
measure. 1700 m3 of renewable water resources per
capita per year is proposed as the threshold, based on
estimates of water requirements in the household,
agricultural, industrial and energy sectors, and the
needs of the environment. Countries whose
renewable water supplies cannot sustain this figure
are said to experience water stress. When supply
falls below 1000 m3 a country experiences water
scarcity, and below 500 m3, absolute scarcity [3].
In order to overcome some limitations which
are summarized by Rijsberman [3], Physical and
Economic Scarcity Indicators are developed by The
International Water Management Institute (IWMI).
Countries that will not be able to meet the estimated
water demands in 2025, even after accounting for
IXWXUH DGDSWLYH FDSDFLW\ DUH FDOOHG µµSK\VLFDOO\
ZDWHU VFDUFH¶¶ &RXQWULHV WKDW KDYH VXIILFLHQW
renewable resources, but would have to make very
significant investment in water infrastructure to
make these resources available to people, are defined
DVµµHFRQRPLFDOO\ZDWHUVFDUFH¶¶7KH,:0,PRGHO
is also still an aggregate, national analysis and does
not attempt to analyse whether individuals have safe
and affordable access to water to meet their needs.
In many countries in the Middle East and North
Africa Region where lack of water resources is
common, water scarcity has become an increasing
constraint to their economic development,
particularly agriculture which is the biggest water
user. Many countries in these regions have been
exploiting their non-renewable fossil water to relieve
the immediate pressure of water stress, depleting
their resource base and undermining their long-term
economic development and food security.
Besides availability of water the efficiency of
usage e.g. in the agriculture, the suitability of chosen
plants, yield values etc. plays also an important role

ABSTRACT
Water scarcity is among the main problems to
be faced by countries of the Middle East and North
Africa (MENA) region. Water use has been growing
at more than twice the rate of population increase in
the last century and, although there is no global water
scarcity as such, an increasing number of regions are
chronically short of water. Water scarcity is both a
natural and a human-made phenomenon. There is
enough freshwater on the planet for seven billion
people but it is distributed unevenly and too much of
it is wasted, polluted and unsustainably managed [1]
The situation is made worse by climate change and
poor governance. Agriculture is the biggest water
consuming sector in the region. More than 80% of
the available water is consumed by agriculture.
Therefore, managing agricultural water demand play
an important role in coping with water scarcity.
Demand managing by using water footprint
methodology proved to be a sustainable way. It is
obvious that academic community of a country have
to contribute to the efforts coping with water scarcity
with developing country specific management
proposals. In this study it is shown that the
contribution of the academic world in Mena region
to water related problems of the region is not very
significant in relation to the significance of the water
scarcity.

KEYWORDS:
Bibliometric analysis, Mena region, Water footprint,
Water governance, Water scarcity, Water stress.

INTRODUCTION
Water scarcity can be defined as a lack of
sufficient water, or not having access to safe water
supplies [2]. Characterization of water stress and
water scarcity was always an important issue and in
the past 20 years many indices have been developed
to quantitatively evaluate water resources
vulnerability (e.g. water scarcity or water stress).
The difficulty of characterizing water stress is that
there are many equally important facets to water use,
supply and scarcity. Selecting the criteria by which
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data obtained from World Bank [9, 10] the
calculated projection of the population for 2050 is
shown in Figure 1. It is obvious that the water
scarcity problem will worsen steadily during the
coming years.
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FIGURE 1
Population projection in MENA region
Water resources in the region depend mainly on
precipitation and transboundary waters. Lebanon
with the least population is the leading country with
the highest precipitation rate [11]. Whereas the
population richest country, Egypt, has the lowest
precipitation rate and depends solely on Nile the
biggest transboundary water resource in the region
(Figure 2).
Parallel with population increase, water
resources per capita will decrease as shown in Figure
3. It is apparent that except Turkey, almost all of the
countries of the region evaluated, already
H[SHULHQFLQJ ³ZDWHU VFDUFLW\´ 7KLV VLWXDWLRQ ZLOO
develop itself to a more serious one within the
coming decades and most of the countries will be
FODVVLILHG DV ³DEVROXWH ZDWHU VFDUFH´ (YHQ 7XUNH\
the relatively most water richest country of the
UHJLRQ ZLOO ILQG LWVHOI RQ WKH WKUHVKROG RI ³ZDWHU
VWUHVV´

MENA Region. The majority of the Middle
East ± North Africa Region (MENA) countries lay in
the the eastern & southern part of the Mediterranean
Sea Basin. The list of the countries varies based on
the sources: MENA region countries consist of 13
countries according to World Bank [6]; 19 countries
from the viewpoint of United Nations [7] and 20
countries according to UNICEF [8].
Within the scope of this study ten countries
were selected as representative for the whole region:
Morocco, Algeria, Tunisia, Libya, Egypt, Israel,
Lebanon, Syria, Jordan and Turkey. Besides water
scarcity high population increase rate is another
common characteristic of the region. Based on basic
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in decision making process. Water footprint
methodology developed by Hoekstra et.al. [4] can be
used as a tool by decision makers for managing
agricultural water demand in water scarce countries.
Comparing water footprints of different
management practices in agriculture can assist in
evaluating drought tolerance, water use efficiency,
the effective use of rainfall, and the significance of
irrigation. Presently, there is much discussion and
research concerning adaptation of agricultural
systems to a changing climate, but there are few
metrics that can compare the resilience of different
systems. Many of the risks agriculture faces from
climate change are the result of precipitation
changes, which makes the water footprint a useful
measure to compare resilience of agricultural
systems to droughts and dry spells [5].
Developing new and country specific solutions,
management practices are within the duties of the
academic world of the respective countries.
Bibliometric analysis can serve as a tool for the
evaluation of the contribution of the scientists to
water related problems in the Mena region. In this
study the contribution of the academic world to the
FKDOOHQJH³FRSLQJZLWKZDWHUVFDUFLW\´E\reducing
the agricultural water demand will be evaluated.
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FIGURE 2
Average precipitation in MENA countries
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FIGURE 3
Projection of the water resources and the scarcity level in MENA region
The background information summarized
above shows that the management of the scarce
water resources is vital and will be one the most
important issues during the coming years, as the
supply of the rapidly increasing population with
adequate food is a very important issue. Besides
agriculture, industrial development is also a very
important issue. The high rate of immigration and
WKH SUREOHP RI UHIXJHHV¶ VKRZ WKDW EHVLGHV WKH
political situation in the respective countries
economy also plays an important role. It is not
surprising that the refugee exporting countries are in
the same time the most water scarce countries in the
world. The main focus in this study will be given to

Based on the GDP values of the evaluated
countries [12], it can be concluded that no economic
scarcity is the case. The main handicap in the region
is and will remain the physical scarcity which makes
the management of the water resources in the region
more important and more difficult to handle.
The biggest consumer of scarce water
resources in the region is agriculture followed by
domestic consumption and the industry as shown in
Figure 4 [11]. The figure shows the dependence of
Mena countries on water resources very
dramatically. The most water arm country in the
region, Egypt, allocates 86% of its resources for
agriculture which contributes to the overall GDP of
the country with only 14.5% [13].
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FIGURE 4
Rate of water consumption of the main sectors
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the activities of the academic world in the respective
countries. It is important to find out the contribution
of the scientific world to a vital problem of their
countries.

RESULTS AND DISCUSSION
The total amount of SCI publications in the
world and in Mena region (research area) in relation
to the selected keywords are listed in Table 1. The
contribution of the scientific community in Mena
countries to overall publications varies between
1.53% and 11.18%.
,W LV LQWHUHVWLQJ WKDW ³FOLPDWH FKDQJH´, which
will affect the water resources in the region very
dramatically in the future, received the least interest
from the scientific community in Mena region. The
research began first in 2000s. The topic irrigation
received the most interest of the scientist in the
region. The result was more than 5000 publications
(7,43% of the ZRUOG¶V publications). The
SXEOLFDWLRQVEHJDQLQWKH¶VZLWKLQFUHDVLQJWUHQG
during the last 15 years. This issue is also in
accordance with the problematic of the water-arm
region. On the other hand, the interest of the
researchers to other keywords which would indicate
the sustainability of the water resources management
QDPHO\³ZDWHUGHPDQGZDWHUJRYHUQDQFHDQGZDWHU
IRRWSULQW´ ZHUH QRW VLJQLILFDQW $Q LVVXH ZKLFK
indicates that sustainability was not the focus point
of the water researchers during the last 40 years. It is
also interesting to see that publications containing
³GHVDOLQDWLRQ´ FRPSULVHV  RI ZRUOGV
publications, which is really high. This indicates that
a solution to overcome physical water scarcity is/was
YDOXH WR ZRUN RQ DQG VLQFH WKH ¶V Water stress
was also a topic with which the scientist worked on
since the last 45 years. On the other hand, research,
containing keywords, which will be related to
sustainable management of water resources such as
³demand management, water governance and water
pricing´ were almost

Contribution of the academic world to water
related problems in MENA region. Bibliometric
analysis. There are several studies in the literature
dealing with bibliometric analysis on water
resources related research [14, 15, 16, 17]. None of
them deal with the evaluation of the contribution of
the country owned scientist to the country specific
water related problems within the most water scarce
region of the world.
In order to assess the role of the scientific world
in countries of Mena region a bibliometric analysis
is conducted. In frame work of this survey, selected
keywords were searched in Web of Science (WoS)
databases. The survey is conducted for the time
period 1970-2015. The list of scientific publication
in science citation index journals were subsequently
refined using the country names and publication
years.
The main idea was to search for the academic
studies focusing to water related problems described
above. For this purpose, 11 keywords are
determined: ³&OLPDWHFKDQJH´³,UULJDWLRQ´³:DWHU
UHVRXUFHV´ ³:DWHU VWUHVV´ ³'HVDOLQDWLRQ´ ³:DWHU
GHPDQG´³:DWHUVFDUFLW\´³:DWHUUHXVH´´³:DWHU
JRYHUQDQFH´ ³:DWHU IRRWSULQW´ DQG ³ZDWHU
SULFLQJ´

TABLE 1
Selected keywords and total number of SCI publications (MENA vs. World)
MENA
1970-1979
1980-1989
1990-1999
2000-2009
2010-2015
Total
% of World

World
1970-1979
1980-1989
1990-1999
2000-2009
2010-2015
Total

Climate
change

Irrigation

Water
resources

0
1
56
428
1336
1982
1,55

74
220
753
2029
2187
5395
7,43

3
10
137
641
641
1476
5,68

Climate
change

Irrigation

Water
resources

36
187
7597
36026
81670
127372

2048
4174
13071
25627
27212
72626

380
459
2855
9589
12463
25990

Water
stress
18
34
199
438
510
1229
5,96
Water
stress
447
1068
4317
6803
7822
20615

Desalination
17
30
113
507
606
1285
11,18

Desalination
371
514
1200
3116
6189
11498

1



Water
demand
1
0
22
135
131
302
6,67
Water
demand
26
65
436
1679
2194
4528

Water
scarcity

Water
reuse

Water
governance

Water
footprint

Water
pricing

0
1
18
95
150
283
9,85

3
9
41
77
67
207
7,84

0
0
0
4
6
10
1,53

0
0
0
1
9
10
1,60

0
1
3
23
4
32
6,27

Water
scarcity

Water
reuse

Water
governance

Water
footprint

Water
pricing

2
16
115
923
1765
2874

88
122
335
924
1148
2640

0
0
0
122
512
653

0
0
0
44
563
625

11
13
44
249
190
510
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TABLE 2
Number of publications in the countries of the research area

Algeria
Egypt
Israel
Jordan
Lebanon
Libya
Morocco
Syria
Tunisia
Turkey
Research
Area
World

Climate
Change
74
169
697
69
54
0
119
0
141
659

Irrigation
124
689
1 562
264
89
0
300
192
400
1 775

Water
Resources
88
195
276
134
53
16
95
37
97
485

Water
Stress
32
179
355
23
14
0
86
43
146
351

Desalination
78
304
391
119
0
51
45
6
175
116

Water
Demand
22
40
48
38
12
4
13
6
35
84

Water
Reuse
7
36
71
19
6
3
11
4
15
35

Water
Governance
0
2
3
2
0
0
0
1
1
1

Water
Footprint
0
3
2
1
0
0
0
0
0
4

Water
Pricing
0
2
13
5
1
0
4
1
2
4

1982

5395

1476

1229

1285

302

283

207

10

10

32

127372

72626

25990

20615

11498

4528

2874

2640

653

625

510

accompanying steps a period of water scarcity will
occur again. Therefore, the measures will be not
sustainable. Demand management is a key
instrument and should be preferred. Water footprint
methodology can be used a Decision Support Tool in
managing valuable water resources as shown above.
The countries in the region, although having the
same scarcity problem, have their own
characteristics which require country specific
solutions. The finance needed for their realization
can be supplied externally but the solution proposals
should be developed within the country. This is a
main task of the scientists in those countries. They
have to deal with actual problems in the future more
than today and support national challenges on such a
YLWDO SUREOHP ³ZDWHU VFDUFLW\´ 7KH QXPEHU RI
publications in MENA countries is low in relation to
water related problems waiting to be solved.
Although there has been a promising major increase
in the number of annual publications since the early
2000 and 2006 respectively, the region produces
only 9.85 RIDUWLFOHVRQ³ZDWHUVFDUFLW\´EXWRQO\
1.  RI DUWLFOHV RQ ³ZDWHU IRRWSULQW´ DQG ³ZDWHU
JRYHUQDQFH´Some countries in the region ± namely
Israel, and Turkey ± have the most productive
scientific community compared to others, which
supports the idea that sustainable solutions dealing
with water resources require national knowledge in
order to be sustainable.
Based on research on climate change, the
average temperature in the region will continue
increasing in the future which will make the water
scarcity problem insoluble. These countries will not
be able to maintain the food security which in turn
can lead to increased migration towards water rich
and economically developed countries. Of course it
is not fair to expect from the scientist of the
respective countries to solve all these problems but
it is indeed possible to develop country specific
solutions for sustainable water management in the
region.

negligible. Water footprint methodology, if applied
properly, can assist to develop sustainable
management schemes especially in agriculture
sector. But unfortunately the total of 10 publications
during the last 15 \HDUVLQGLFDWHVWKDW³HQG-of-SLSH´
solutions attracted more interest of the scientific
community then sustainability. In order to be able to
highlight the contribution of each country, the
number of articles is evaluated using the WoS
databases and the results are presented in Table 2.
There are significant differences between the
productivity of the countries: The most water rich
country of the region, Turkey, is the leading country
UHJDUGLQJ WKH UHVHDUFK NH\ZRUGV ³LUULJDWLRQ ZDWHU
resources and water demDQG´2QHRIWKHPRVWZDWHU
scarce countries of the region and probably the
world, Israel, is the most productive country
UHJDUGLQJWKHUHVWRIWKHNH\ZRUGV³FOLPDWHFKDQJH
water stress, desalination, water scarcity, water
reuse, water governance and waWHU SULFLQJ´ ,Q
FRXQWULHVZLWKSK\VLFDOZDWHUVFDUFLW\³GHVDOLQDWLRQ
DQG ZDWHU UHXVH´ ZHUH WKH WZR PRVW UHVHDUFKHG
topics. The positive contribution of the scientific
world to these country-specific problems cannot be
overseen. The scientist in Egypt, Tunisia and Jordan
ZHUHPRVWSURGXFWLYHLQ³GHVDOLQDWLRQ´DIWHU,VUDHO
In addition, Egypt was the second most productive
FRXQWU\ UHJDUGLQJ ³ZDWHU UHXVH´ DIWHU ,VUDHO DQG
before Turkey.

CONCLUSIONS
The findings of the study indicate that
agricultural water consumption will be the most
problematic issue in Middle East Northern African
countries due to relatively high population growth
rates. The seriousness of the problem increases, as in
case of MENA region the countries mainly suffer
from physical water scarcity that makes it to be
solved even harder. It is generally possible to
increase the supply by taking engineering measures,
ZKLFK LV DQ ³HQG-of-SLSH´ VROXWLRQ :LWKRXW
2



Water
Scarcity
12
30
66
41
7
5
17
19
34
52
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branch of the Bulgarian national livestock for poultry
meat and eggs. All these farms are grown industrially
between 15 and 22 million birds, which produce
4000-6000 t excrement daily or 500 000 tyearly.
The advantage of chicken litter is determined
by the fact, that contains the all 13 of the essential for
plant nutrients [3, 4], so they can be used after
preliminary processing to improve health of soil [5]
and as fertilizer component when is mixed with other
substances [6,7]. The major plant nutrients in poultry
litter include nitrogen, phosphorus, potassium,
calcium, magnesium and sulphur. The total N and P
contents of poultry litters are among the highest of
animal manures [8].
There exist some disadvantages of the chicken
litter as a raw material for soil improver and fertilizer,
that must be taken into account:
- variable chemical composition depending
on the chicken diet and bedding material. For
example, the amount of total P in poultry litter varies
from 0.3 to 2.4 % of dry matter depending on these
factors [8].
- content of pathogens ± bacteria, that may
contaminate the new products and cause serious
diseases [9].
- content of volatile organic components
(methane) [3].
As one of the applicable methods to elimination
of the pathogens harmful effects is the treatment of
the chicken litter with mineral acids (H2SO4,
HNO3,H3PO4 etc.) [5,6,10-12] or doping with
chlorides of alkali and earth metals, Al and Fe
sulphates, ammonium salts etc. [13, 14, 15]. Using
the acids or dopants leads to transformation of
chicken litter biogenic elements to their suitable
forms for plant assessment as well.
Knowing that the possible application of
various organic wastes in agriculture depends on
concentration of nutrient and heavy metals, energetic
value,availability and benefits to agriculture [3,16]
we prepared a mixture samples from chicken litter
and biomass (wood ash). The application of wood
ash and chicken litter in agriculture is a new way to
recycle nutrients, to limit the consumption of nonrenewable resources and to obtainthe new soil

ABSTRACT
Poultry farming is a traditional branch of the
Bulgarian national livestock in recent years for
poultry meat and eggs. In a recent years industrial
farming of chickens is between 15 and 22 million
birds, of which 8-10 million hens, which produce
daily between 4000-6000 t excrement. In one year
aspect that defines an amount of about 500 000 t. As
in other areas of the industry, and in this case, a
major problem is the necessity to comply with
regulatory requirements in the EU and in current the
country as well. In Bulgaria there exist a few good
practices implemented in poultry farms for the use of
waste as raw material or energy source. Nevertheless,
this problem has not found the best solution locally
and globally too.
In this paper we proposed a new solution for
waste utilization, created on the basis of mixing of
chicken litterandbiomass (wood ash)± a waste
products from the other industry, in the order to make
integrated recovery of the wastes to obtain organic
products for agriculture. The properties of prepared
mixtures was investigated via spectroscopic method
with combination of chemical, X-Ray diffraction and
scaning electron microscopy methods to obtain their
possible application in organic agriculture.
It was found that the selected raw materials
have a structure and composition, which define them
as carriers of essential micro-nutrients without
excessive content of heavy and toxic elements,
which allows them to be classified as suitable
components for obtaining soil improvers.

KEYWORDS:
chicken litter, wood ash, soil improvers

INTRODUCTION
Chicken litter is a product of daily processes of
the poultry industry [1]. The amount of poultry litter
production in many countries shows a sustained
increased trend [2]. Poultry farming is a traditional
445



Volume 26 ± No. 1/2017, pages 445-452

© by PSP

Fresenius Environmental Bulletin




mixtures are presented in Table 1 as well. Sample 1.5
consists from PB and PE, without further NA
treatment, used as a control mixture [17, 18].

improvers. Wood ash contains the all mineral
nutrients (phosphorus, calcium, potassium, sodium,
magnesium), non-volatile under thermal combustion
process. To avoid and minimized the influence of
pathogens we treat the mixed samples with nitric acid.
The aim of the paper is to investigate the
chemical transformation in prepared mixed samples
(each samples has a different mass ratio of fresh
chicken litter and wood ash) after nitric acid
treatment. The valuation of these transformations
was made with spectroscopic analysis combined
with complex of the other methods:
- Chemical
analysis,
to
measured
concentration of chemical components and to clarify
the possibilities of subsequent treatment and
application.
- Spectroscopic method - to characterize
mainly the organic component in the samples and
inorganic component also. To evaluate the initial
mineralization of the organic component ensuring
under influence of nitric acid.
- X-Ray diffraction analysis to define the
crystalline inorganic phases.
- Scanning electron microscopy to visualize
the morphology of organic and inorganic phases.

Methods. Chemical analysis was performed
using atomic emission analysis type High Dispersion
ICP-OES Prodigy company Teledyne Leeman Labs
USA with dual monitor plasma. The design of the
optical system "Eshelle" detector and "L-PAD"
(Large Format Programmable Array Detector),
provide low limit of detection (ppm), high resolution
(0.007nm), continuous spectral range (from 165 to
1100 nm). The spectrometer is equipped with so
"Free running" RF generator that provides power to
2 kW at 40.68 MHz to prepare the most difficult
samples.
- Mechanical testing of static compressive
strength on hydraulic press at pressure = 125 kg/cm2
for d1 = 10×20 mm. For the purpose of investigation
we granulated the material from all mixtures.
- Powder X-Ray diffraction (XRD) patterns
were collectedon D2 Phaser - BrukerAXS
diffractometer using Ni-filtered copper X-ray
radiation (O = 0.15418 nm) in the range of 5 to 75q
2-theta and step 0.05°, under conditions 30 and 10
kV mA.
- The spectral distribution of infra-red
absorption was measured using Fourier Transformed
Infrared (FTIR) spectrophotometer Varian 660-IR
(Austria, 2009) covering the range of 400-4000 cm1
, KBr tableting.
- The morphology of the samples were
observed using Scanning ElectronMicroscope(SEM)
PhilipsPH, Model 515, mode of secondary electron
emission.

MATERIALS AND METHODS
Raw materials.Fresh chicken litter (PE) from
"Valentin Georgiev Valdis" poultry farm situated in
Kustendil town, Bulgaria;
- wood ash (PB) ± biomass waste, generated
in "Sviloza-AD", Svishtov town, Bulgaria, a company
for pulp and paper;
- concentrated nitric acid (NA).

RESULTS AND DISCUSSION

TABLE 1
Mass ratio of the raw materials in mixed
samples
No Samples PE
PB
NA
1.
2.
3.
4.
5.

1.5
1.1
1.2
1.3
1.4

1.0
1.0
1.0
1.0
1.0

1.0
0.1
1.0
1.5
1.5

Chemical analysis. Table 2 presents the
obtained results from chemical analysis of microand macro-nutrients, including heavy metals, for the
raw materials PE and PB, as well as for the mixture
1.5 and average value of mixtures 1.1, 1.2, 1.3 and
1.4.
The chemical analysis shows that all mixture
samples contain sufficient concentrations of
phosphorus [16, 19-21], potassium and calcium, all
introduced to the mixtures from the PE. The sulfur in
PE(measured as SO3) is presented as inorganic
sulphates and after NA treatment its contents
increased [3, 4]. The measured concentration of
heavy metals in the mixture is much lower than that
of limit value [22-31].
The all mixture samples contain the three
important components (P, K and Ca), required for
better growth of the plants and nourishing the

0.1
0.2
0.5
2.0

Sampling. The sampling includes mixing of the
two raw materials (PE and PB) withsubsequently acid
treatment. The acid treatment is well known approach
[5, 6,10-12], where the mixing of PE with PB is a
newly added to this technology. We prepared mixed
samples (named 1.1, 1.2, 1.3,1.4 and 1.5) from the raw
materials in different mass ratio, shown in Table 1.
The addition of PB reduce the moisture content in PE.
The samples 1.1, 1.2, 1.3 and 1.4 were treated with
NA and the mass ratio of NA, PB and PE in these
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Sample

P 2O 5

K2O

TABLE 2
Results of chemical analysis
Na2O CaO
MgO Cu

%

%

%

3.7
2.16 0.31
PE
0.02
0.48 0.4
PB
0.45
0.66 0.36
1.5 control
4.12
0.62 0.38
AM*
*Average value of forth mixtures

ʋ
1
2
3
4
5

Zn

B

SO3

%

%

%

%

%

%

%

10.47
3.35
3.33
3.11

0.6
0.5
0.4
0.43

0.006
0.009
0.007
0.007

0.12
3.2
1.77
1.83

0.03
0.03
0.02
0.03

0.007
0.01
0.007
0.007

0.17
0.17
1.25
0.55

TABLE 3
Identified inorganic phases with powder XRD analysis
Sample
Identified phases
1.5
SiO2, CaCO3, CaSO4.2H2O, K2SO4
1.1
SiO2, CaCO3, CaSO4.2H2O, KNO3, CaHPO4.2H2O
1.2
SiO2, CaCO3, CaSO4.2H2O, CaHPO4.2H2O, K2SO4
1.3
SiO2, CaCO3, CaSO4.2H2O, CaHPO4.2H2O
1.4
SiO2, CaCO3, CaSO4.2H2O, CaHPO4.2H2O, K2SO4

depleted soils [32, 33].They are all introduced in the
mixed samples from the PE. The measured
concentrations of trace elements are also important
for ion exchange in the soil (Table 2).

Powder XRD analysis. The powder XRD
analysis shows the level of crystallinity of the
samples as well as the type of inorganic phases.
Figure2 presents the obtained results of the
powder XRD patterns. The investigated samples
havevarying degree of crystalline and amorphous
phases. Sample 1.4 shows the highest degree of
crystallinity (with low background on the XDR
pattern, Fig. 2c), where sample 1.3 ± the lowest
crystallinity, having the higher background on the
XDR pattern (Fig. 2b).
Table 3 shows the all identified phases with the
XRD analysis - quartz - SiO2 (JCPDS [11] 46-1045:
3.34, 4.25), calcite - CaCO3 (JCPDS 24-0027: 3.03,
3.85, 1.87), gypsum - CaSO4.2H2O (JCPDS 330311: 7.63, 4.28, 3.06, 2.87), K2SO4 (JCPDS 701488: 2.90, 2.99, 2.88), KNO3 (JCPDS 48-0150:
2.80, 2.24, 2.74) and CaHPO4.2H2O (JCPDS 720713: 7.59, 4.23, 3.04).
In all mixed samples quartz and calcite phases are
detected, where in samples 1.1, 1.2, 1.3 and 1.4 ±
Gypsum - CaSO4.2H2O, K2SO4 and CaHPO4.2H2O
are found. Thus, we can divided the inorganic phases
to two groups: relict, preserved from the raw material
and new-formed during the sampling (as a result
from the reaction between PB and PE with the NA)
[37, 38]. The relict phases are quartz - SiO2 and
calcite ± CaCO3. The new-formed phases are
gypsum, K2SO4, KNO3 and CaHPO4.2H2O as a
result from the reaction between PE-inorganic sulfur
with CaO and K2O from PE, under the acidic impact
of NA. The most important of the new-formed
phases are CaHPO4.2H2O ± the water soluble salt of
calcium and phosphorus and KNO3 [37, 38], both
salts are analogues of fertilizer components. The
formation of gypsum is important, because of
possibility to be used as improver ofacidic soils [37,
38]. The obtaining of required components is
possible due to chemicalcomposition of the raw
materials and occurs by the following reactions:

Mechanical testing of static compressive
strength of the granules. To be tested the static
compressive strength of mixture, the prepared
granules was placed on the hydraulic press. The
pressure were measured at the time of granule
crushing under the power of press piston [34, 35]. To
calculate the actual pressure is using the following
formula:
S
P b .PM 0.475 kg/cm ,(1)
Sm
where: Sb± area of the piston, Sm± area of the
matrix (corresponding diameters are: db FPɢ
dm = 4.3 cm)

FIGURE 1
Static strength of granules
Figure 1 shows the obtained results for static
strength, recalculated with coefficient 0.475 and
averaged for each sample.
The static strength of the granules in mixtures
are changed from 22 to 80 kg cm-2, exceeding the
requirements of the standard [36]. So, the
investigated mixture are with good adhesion, good
granulation capability and excellent strength
characteristics.
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FIGURE 2b
XRD pattern for mixture1.3.

FIGURE 2c
XRD pattern for mixture 1.4.

FIGURE 2d
XRD pattern for mixture 1.5 (control sample).
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FIGURE 3
FTIR spectra of PB, PE, 1.3 and 1.5
of organic functional groups because of incomplete
aerobic fermentation processes. At the same
spectrum aredetected and inorganic compounds
bands - nitrates and carbonates. In PB sample, the
organic components missing and only functional
groups of inorganic compounds are identified
(mainly quartz and tri-calcium phosphate) as a result
from the combustion of wood. In the spectra of
sample 1.3 and 1.5 some bands of primary amines
are missing.
7DNLQJLQWRDFFRXQWWKHRULJLQRIWKHVDPSOHV
DQG WKH GLVWULEXWLRQ RI WKH DEVRUSWLRQ EDQGV LQ WKH
VSHFWUD ZH FDQ PDGH WKH IROORZLQJDQDO\VLVRIWKH
)7,5VSHFWURVFRS\UHVXOWV
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3417

3413

3546

FTIR Spectroscopy.The FTIR spectroscopy
characterize the mainly the organic component in the
samples but inorganic component also. Using this
method we can evaluate the initial mineralization of
the organic component ensuring under influence of
NA. The obtained results are presented on Fig. 3 and
Table 4.
Figure 3 show the FTIR spectra of the raw
materials: PB and PE and spectra of samples1.3 and
1.5, where the Table 4 ± the position and the
assignment of the vibration modes. The assignment
of the vibration modes indicate the presence of wide
variety of functional groups, wherein the organic and
inorganic components in the investigated samples methyl and methylene groups, carbonyl groups,
amino and amide groups, hydroxyl groups and
carboxyl groups.The inorganic component is
considered by the presence of carbonate and nitrate
groups, situated in two intervals: 1420-1430 cm-1
(for carbonate) and 1397-1398 cm-1 (for
nitrates).1LWUDWH LRQV DUH HYLGHQFH RI LQLWLDO
PLQHUDOL]DWLRQ PRGHOV >@ 7KH SUHVHQFH RI WKH
FDUERQDWH LRQ FDQ EH H[SODLQHG E\ WKH SURFHVV RI
PLQHUDOL]DWLRQDVZHOODVRIPL[HGFKDUDFWHU
There exist and absorption bands that identify
the incorporation of P and Si in oxygen compounds
[31, 32].The PE sample shows the biggest variety

3245

3542
3413
3254

2929

K2O + 2HNO3 ĺ.123 + H2O
Ca3(PO4)2 + 2HNO3ĺ&D 123)2 + 2CaHPO4

2852

FIGURE 2a
XRD patterns for mixtures 1.1. and 1.2
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TABLE 4
Band position, vibration modes and their assignment of PE, PB and mixtures 1.3 and 1.5

1.

Wave number, (cm-1)
PE
PB
-

1.3
3546

1.5
3542

2.
3.

3417
3276

3424
-

3413
3245

3413
3245

4.
5.
6.

2923
2852
2814

2878
-

2940
2892
2829

2929
2852
-

Qas (C-H)
Qs (C-H)

7.

1797

1768

-

1741

Qs (C=O)

8.

1648

-

1643

-

9.
10.

1506

1620
-

-

1619
-

Qs (C-O)
Qs ɋ Ɉ
Qs (C=C)
Gas Ɉ-ɇ
Qs (N-H)
Qs ɋ Ɉ

11.

1430

12.

-

1397

1398

-

13.

1322

-

-

-

14.

1110

1102

1105

1118

Qs (C-O-C)
Gas (C-ɇ
Qas (Si-O-Si)
Qas Ɋ Ɉ
Qas (S=O)

15.

1031

1056

1006

1021

Qas (Si-O-Si)
Qas Ɋ Ɉ
Qs(C±O)

16.

873

-

-

871

Gs (C-O out-of plane
bending mode)

17.

-

780

784

779

18.

711

-

744

-

19.

-

677

-

669

20.

-

-

593

607

21.

568

-

526

574

Gs C-ɇ
out of plane
(N-H)
Qs(S=O-Cl)
QasN-H
Gs ɋ-ɇ
Gs and L(O-H)
Qs (S=O)
Gs (PO3)

22.

-

462

462

457

Gas(O-Si-O)

No

1421

Vibration mode

Assignment

Qs (O-H)

Internally bonded Hydroxyl
groups[39]

Qas (N-H)
Ȟas (O-H)

R-NH2 ± Amine group
in Aromatic primary amine,
Absorbed water
-CH3 and -CH2 ± Aliphatic
methylene group in
Hemicellulose, Aldehyde,
Ketone, Carboxylic acids, Esters
[29, 40-43]
Carbonyl group in
Hemicellulose, Aldehyde,
Ketone, Carboxylic acids, Esters,
Acide halides [29, 40-46]
Aromatic ring modes, Alkenes,
Amides I, Carboxylates [29, 44]
Absorbed water

Gas Ɉ-ɇ
Qas (C-O)
Qas (COO-)
Qas (C=C)
Gas (C±H2)
Qas (N-O)
Qas (N-H)
Qas (S=O-Cl)
Qs (C-N)
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Amines I
Aromatic skeletal vibtarion of
Lignin and Lingo Cellulose,
Alcohols [30]
Carbonate
Carboxylic acides;
Lignin aromatic skeletal
vibration [30]
NO3- group in Nitrate
Primary Amines I [27, 29, 46]
SO2-Cl in sulfonyl chlorides
Aromatic primary and secondary
amines
Secondary aliphatic alcohol,
Organic Silicon in Oxy
compands [34]
Lignocelluloses [23,24]
ɊɈ43- LQȕ&D3(PO4)2
Sulphates [39]
Organic Silicon in Oxy
compands,
ɊɈ43- LQȕ&D3(PO4)2
Symmetric stretching (cellulose;
hemicellulose; methoxy groups
of lignin [23, 24]
Carbonates [39]
Aromatic compounds,
R-NH2 in Primary amines
SO2-Cl in sulfonyl chlorides [38]
Alkynes, Alcohols
Sulphates [38]
ɊɈ43- LQȕ&D3(PO4)2[39]
Quartz SiO2[39]
Sulphates [39]
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7KHLQGLFDWLYHIRUWKHVDPSOHVFRPSRVLWLRQDUH
WKHDEVRUSWLRQEDQGVLQWKHUDQJHRIFP
GHVFULEHGDVDVVRFLDWHGDQGQRQDVVRFLDWHGK\GUR[\O
JURXSV DQG ZDWHU ,Q PL[WXUHV DSSHDU D QHZ
DEVRUSWLRQ EDQGV  FP GHWHUPLQLQJ WKH
H[LVWLQJRILQWHUFRQQHFWHG2+JURXSLQWKHVDPSOHV
7KH SUHVHQFH RI PHWK\OHQH JURXSV LV D PDUNHU RI
IUHVKELRPDVVPL[WXUH FP $QRWKHU
RQH PDUNHU RI IUHVK ELRPDVV PL[WXUH LV WKH
DEVRUSWLRQ EDQGV DW  FP FKDUDFWHUL]HG WKH
RVFLOODWLRQRIWKH DPLQR JURXSLQSULPDU\DURPDWLF
DPLQHV:KHQWKHRUJDQLFPDWWHUVWDUWVWRVWDELOL]H
LHPLQHUDOL]HGWKLVDSSHDUVLQWKH VSHFWUXPRIDOO
PL[HGVDPSOHV ZLWK WKHRFFXUUHQFHRIDOLSKDWLF
PHWK\OHQHJURXSVRIEDQGVLQWKHUDQJHRI
FP WKHGLVDSSHDUDQFHRIWKHEDQGDW
FPDQG WKHDSSHDUDQFHRIQHZEDQGVLQWKHUDQJH
RIFP7KHVWDELOL]DWLRQLVLQGLFDWLRQRI
WKHHDUO\DHURELFSURFHVVHVUXQQLQJZLWKLQLWLDWLRQRI
RUJDQLF ZDVWH PLQHUDOL]DWLRQ WUDQVIRUPDWLRQ RI
VRPHUHOLFWRUJDQLFFRPSRXQGVLQWRWKHRWKHUDQGWKH
DSSHDUDQFH RI WKH LQRUJDQLF IXQFWLRQDO JURXSV >
@ (YLGHQFH IRU WKH WUDQVIRUPDWLRQ RI WKH
PHWK\OHQH JURXSV XQGHU WKH HIIHFW RI DHURELF
SURFHVVHV LV WKH DSSHDUDQFH RI DEVRUSWLRQ EDQGV RI
VXOIRFDUERQ\O DQG FDUERQ\O JURXSV LQ DOGHK\GHV
NHWRQHV DQG FDUER[\OLF DFLGV DQG HVWHUV 7KH HDUO\
PHWDEROLFSURGXFWVDSSHDUZLWKDZHDNVKRXOGHULQ
WKHIUHVKPDWHULDOLQWKHEDQGFP7KHVWURQJ
ERQG PD\ EH DVVLJQHG ZLWK D SULPDU\ DPLQH
FDUER[\ODWHV RI & & DURPDWLF FRPSRXQGV 7KH
SHDNV VLWXDWHG DW  FP DUH XVXDOO\ PRUH
SURQRXQFHG LQ WKH UDQJH  FP )LJ  
>@,WLVHYLGHQFHRIWKHSUHVHQFHRIOLJQLQDQG
OLJQRFHOOXORVHDVDQLQGLFDWRURIELRZDVWH

FIGURE 4a
SEM microphotograph of wood ash-biomass
with spherical shape and destroyed fragments of
chicken litter.

FIGURE 4b
SEM microphotograph of cement ± gypsum
crystals
transformations occurring in the samples after nitric
acid treatment.
The acid treatment leads to formation of new
phases in inorganic and organic components as well.
In inorganic component we prove the new-growing
phases CaHPO4.2H2O (the water soluble salt of
calcium and phosphorus) and KNO3. Both salts are
analogues
of
fertilizer
components.FTIR
measurements prove that after the acid treatment in
organic component (fresh chicken litter), the
stabilization and beginning of mineralization
processes occurred. The stabilization process
indicate the running of early aerobic processes with
initiation of organic waste mineralization,
transformation of some relict organic compounds
into the other and the appearance of the inorganic
functional groups like carbonates and nitrates.
It was found that the selected raw materials
have a structure and composition, which define them
as carriers of essential micro-nutrients without
excessive content of heavy and toxic elements,
which allows to be classified as suitable components
for preparation of soil improvers.

Scanning electron microscopy. Figure 4
shows SEM microphotographs of mixture samples.
One can see the PB with spherical shape and PE as
individual destroyed particles (Fig. 4a), both
cemented with crystals (Fig. 4b). The PB is present
as typical spherical morphology as published in
literature [37]. The PE usually consist of lignin and
hemicellulose with polygonal shape and multiple
conchoidal fracture surfaces [47-48]. After acid
treatment, they destroyed and the single fragments
can be seen only. The chemical analysis (Table 1)
show existence of SO3 and CaO, the water are
present in the mixture as well. All these compounds,
after acid treatment, formed the elongated gypsum
crystals, described as cement in the samples. The
monoclinic morphology of cemented crystals (Fig.
4) corresponds to gypsum [49].The gypsum phase is
proved by powder XRD and FTIR measurements as
well.
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sewage and ground waters [3-4]. Although sorption
occurs quickly, biodegradation is the primary
removal mechanism for estrogens in wastewater. 17
alpha-ethinylestradiol removal efficiencies vary
from 34% to almost 100% [5-6]. Variations in
wastewater treatment units and operational
conditions are generally regarded as the reason for
fluctuations in removal efficiencies and effluent
concentrations [7]. The studies showed that the
treatment process and the seasonal changes leads to
variable removal efficiencies of EE2 compared to the
other endocrine disrupters [8].
All available models incorporate all substrate
and biomass fractions as model components; with
the currently available respirometric techniques, the
Oxygen Uptake Rate (OUR) profiles are extensively
used to calibrate these models for the assessment of
process kinetics and stoichiometry [9-11].
In this study, the co-metabolism of EE2 and
peptone mixture was investigated to evaluate the
chronic inhibition effect and biodegradability
potential of EE2 under aerobic conditions. For this
purpose, respirometric analyses were used to
determine the impact of EE2 on process kinetics of
microbial growth, storage of substrate and hydrolysis
rate.

ABSTRACT
This study investigated the impact of 17 alphaethinylestradiol, a significant compound among
endocrine disrupter on the biodegradation of a
synthetic organic substrate - a peptone/meat extract
mixture - under aerobic conditions. A laboratoryscale sequencing batch reactor was sustained at
steady state at a sludge age of ten days with substrate
feeding. The reactors were started with the
amendment of peptone mixture (600 mgCOD/L) and
17 alpha- ethinylestradiol (EE2) with a concentration
of 1 mg/L. Experimental profiles of oxygen uptake
rates and polyhydroxyalkanoates (PHAs) were
evaluated by calibration of a selected model. 1 mg/L
of 17 alpha- ethinylestradiol had no acute effect on
process kinetics. However, at the fortieth day of
acclimation period to EE2, model simulation results
showed that the maximum heterotrophic growth rate
and the maximum hydrolysis rate for slowly
hydrolysable products increased due to the
stimulated enzyme activity.

KEYWORDS:
Synthetic estrogen, 17 alpha-ethinylestradiol, peptone
mixture, aerobic conditions, oxygen uptake rate

MATERIALS AND METHODS
INTRODUCTION
An activated sludge sample taken from a
domestic wastewater treatment plant located in
Istanbul, was acclimated to synthetic peptone
mixture of 600 mg COD/L. A laboratory-scale
sequencing batch reactor of 12 liters was operated at
steady-state at a sludge age of ten days and fed with
peptone mixture for five months. In order to
investigate the biodegradation kinetics of 17 alphaethinylestradiol and its impact on peptone mixture
utilization, the culture was amended with a mixture
of 17 alpha-ethinylestradiol and peptone mixture.
Batch experiments were conducted with the
acclimated biomass and oxygen uptake rates (OUR)
were measured with a respirometer. Peptone and 17
alpha-ethinylestradiol mixture was added at the

The existence and persistence of estrogenic
chemicals in aquatic environments may affect both
public and ecosystem wellness. Estrogenic
compounds are known to cause endocrine disruption
in wildlife and humans, including 17 alphaethinylestradiol (or Ethinylestradiol), a widely used
pharmaceutical [1-3]. Ethinylestradiol (or 17 alphaethinylestradiol) is a synthetic hormone, which is a
derivative of the natural hormone estradiol. Studies
on the biodegradability of estrogens receive high
attention from scientists. 17 alpha-ethinylestradiol,
the main ingredient in the contraceptive pill, is not
easily detected in the environment due to its low
FRQFHQWUDWLRQLQWKHUDQJHRIȝJ/OHYHOVLQVXUface,
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Crushed sludge samples (0.5 g) were extracted with
acetone ± methanol (1:1) mixture in an ultrasonicator
(Bandelin Sonoplus HD 2200, Germany). Then the
mixture was centrifuged at 4000 rpm for 5 minutes.
Supernatant was separated and the solid phase was
subjected to the same procedure at least 3 times. For
each time, supernatant was filtered through 0.22 μm
membrane filter and collected aliquots were
concentrated by rotary evaporator for SPE. The same
SPE procedure was applied to the sludge samples
after this step. Quantification of EE2 was done with
isotope dilution method and 13 C labelled EE2 was
spiked to all EE2 samples as surrogate standard. All
samples were injected for three times and relative
standard deviations were below 20%. The regression
coefficient in calibration curves was higher than
99%.
A mechanistic model was developed involving
model components and kinetic parameters for both
substrates. Model calibration and implementation
with the experimental data was performed using the
AQUASIM simulation program to define the
appropriate values of kinetic and stoichiometric
parameters [19].

desired S0/X0 (initial substrate/biomass) ratios. 1
mg/L of 17 alpha-ethinylestradiol was added into the
reactors during the chronic experiments.
In the studies related with biodegradation of
EE2; concentrations of 5 ng/L to 10 mg/L were
selected [1-2, 12-14]. In this study, 1 mg/L of EE2
was applied to the biodegradation experiments to
detect and evaluate the acute and chronic effect of
EE2 on activated sludge.
Soluble COD samples were preserved with
H2SO4, filtered through 0.45 μm Millipore
membrane filters and analyzed according to ISO
6060 [15]. Total suspended solid (TSS) and volatile
suspended solids (VSS) measurements were
performed as defined in Standard Methods [16]
using the Millipore AP40 glass fiber filters with an
effective pore size of approximately 1.2 μm. PHA
measurements were performed as the method
described by Braunegg et al. [17]. The extracted
propylesters was analyzed by Agilent 6890N gas
chromatograph equipped with a flame-ionization
detector and capillary column (INNOWAX 19095N123) by use of an internal standard (benzoic acid)
and a PHB/PHV (88%/12%) solution standard,
purchased from Sigma±Aldrich Chemical Company
(USA). OUR measurements were performed with a
Ra-Combo (Applitek Co., Nazareth, Belgium)
continuous respirometer. Samples were analyzed in
duplicate for each parameter. Standard deviations of
measurements were all around 3-4%.
TSQ Quantum Access triple quadruple mass
spectrometer (Thermo Electron Cooperation)
coupled with Accela Ultra Performance Liquid
Chromatograph (UPLC) with a Thermo Hypersil
Gold column (1.2mm×100mm; 1.9 μm; Thermo
Scientific, Germany) and an electrospray ionization
interface were used to measure EE2 by applying the
LC±MS/MS method of Aydinli and Talinli [18]. 250
ml of wastewater was taken from the mixed liquor
and centrifuged at 7000 rpm. Supernatants were
filtered through 0.22 μm of membrane filters
(Whatman, Mainstone, UK) and stored at +4 °C for
aqueous phase analysis. The remaining part was used
as sludge samples and was preserved at -20 °C for
extraction. SPE was applied to aqueous phase
samples for EE2 measurement. Oasis HLB
cartridges (6 cc/200 mg) were conditioned with 5 ml
of acetonitrile, 5 ml of methanol and 5 ml of distilled
water, respectively, and filtered samples were passed
through conditioned SPE cartridges. SPE cartridges
were washed with 3 ml of distilled water before 1
hour of vacuum drying. Finally, samples were
collected in a glass tube by passing 8 ml acetoneitrile
through the SPE cartridge and were concentrated to
dryness under a gentle N2 flow at 25 °C and 30 bar
pressure. The residuals were re-dissolved in 1.0 ml
methanol, filtered through 0.22 μm membrane filter
and then transferred to glass vials for LC-MS/MS
measurement. Sludge samples were freeze-dried for
at least 48 hours (ThermoSavant, Modulyo D, USA).

RESULTS AND DISCUSSION
The average biomass concentrations in the
acclimated reactors were 2500 mg SS/L and 2000 mg
VSS/L with a VSS/SS ratio of 0.80. COD removal
efficiency was 93%. In order to investigate the
biodegradation kinetics of 17 alpha-ethinylestradiol
and its impact on peptone mixture utilization, the
culture was amended with a mixture of 17 alphaethinylestradiol and peptone mixture. The batch
experiment intended to investigate the chronic
impact of EE2 was conducted 40 days after
continuous EE2 feeding of 1 mg/L in the reactor,
together with peptone mixture, a period four times
longer than the selected sludge age of 10 days,
therefore sufficient time was sustained for the
acclimation and adjustment of the microbial
community to continuous EE2 exposure.
Conventional parameters such as; COD, SS,
VSS and pH were measured during 40 days of
acclimation period to EE2. COD removal efficiency
was calculated as 95% and the average pH was 7.2.
The average VSS of the reactor during 40 days of
accliamtion periodwas measured as 1960 mg/L
(Figure 1).
Figure 2 illustrates the storage capacity of
biomass during chronic period. It was observed that
the average PHA storage was around 10 mg COD/L
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mechanism for 17 alpha-ethinylestradiol removal
efficiencies [5-6].
Respirometric experiments showed that
amendment of the culture with 1 mg/L of 17 alphaethinylestradiol did not affect COD removal
efficiency. OUR profile in the culture amended with
only peptone mixture is given in Figure 1. Higher
initial OUR was observed in the culture after 40 days
of incubation period with 17 alpha-ethinylestradiol
(Figure 4).

FIGURE 1
SS, VSS and effluent COD values
during acclimation to EE2

FIGURE 3
OUR profile of the peptone mixture

FIGURE 2
PHAs values during acclimation to EE2
TABLE 1
EE2 amounts in aqueous and solid
phase in acclimation reactor to EE2
Effluent
Solid Phase
Day
EE2
(μgEE2/g sludge)
(μgEE2/L)
0
1000
3
667
12
84
4.0
22
279
3.8
36
100
3.7
38
165
3.7

FIGURE 4
OUR profile of the peptone mixture
and 17 alpha-ethinylestradiol addition
after 40-day incubation

until 25th day of the operation. After 25th day, the
average PHA storage was reached to 99 mg COD/L.
The results showed that the biomass in the reactor, ,
could only store 17 % of the total COD
approximately.
Table 1 shows aqueous and solid phase
concentrations of EE2 in the lab-scale reactor. The
average solid phase concentration of EE2 was 3.8
μg/g. EE2 biodegradation efficiency was always
higher than 85% in the effluent and there was no
accumulation in sludge phase. The EE2 was reported
as more resistant and refractory to biodegradation
compared to natural estrogens [20]. Weber et al. [14]
investigated the aerobic biodegradation of EE2 for
the concentrations of 3.5 and 5.5 mg/L and reported
a very low biodegradation potential. On the other
hand, Gray and Sedlak [21] observed 41% of
removal efficiency for EE2 in wetland whereas
Qiang et al. [8] reported 70% of removal efficiency
for EE2 in CAS process. Similar to literature
findings biodegradation is the primary removal

The model was calibrated with related
experimental data (i.e., oxygen uptake rate and
COD) and the biodegradation characteristics and
kinetics of both peptone and 17 alphaethinylestradiol mixture was estimated (Table 2).
Model simulations of the respirometric results
proved that kinetic parameters in the culture
amended first time with 17 alpha-ethinylestradiol did
not change. This indicates that 17 alphaethinylestradiol addition has no negative effect on
microbial kinetics. However, at the fortieth day of
acclimation period, model simulation results showed
that the maximum heterotrophic growth rate and the
maximum hydrolysis rate for slowly hydrolysable
products increased due to the stimulated enzyme
activity (Table 2).
17 alpha-ethinylestradiol is a synthetic estrogen
hormone having hydrophobic structure and low
volatility. Estrogens are primarily removed from
wastewater via sorption, biodegradation or both.
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TABLE 2
Estimated kinetic and stoichiometric parameters
Peptone
First amendment
Model Parameters
Unit
Mixtur
with EE2
e
0D[LPXPJURZWKUDWHȝH
1/day
6.8
6.8
Half saturation constant, KS
mg COD/L
24
24
1/day
0.1
0.1
Endogenous decay rate, bH
1/day
6.3
6.3
Max.hydrolysis rate for SH, khs
mgCOD/mg
0.20
0.20
Hydrolysis half sat.const. for SH, Kx.
COD
Maximum hydrolysis rate for Xs, khx
1/day
0.50
0.50
mgCOD/mg
0.01
0.01
Hydrolysis half sat.const. for Xs, Kxx.
COD
Max. storage rate, kSTO
1/day
1.60
1.60
State variables
Total biomass
mg VSS/L
1130
1240
mg COD/L
1100
1215
XH
Activity
%
69
69

It is reported in the literature that natural estrogens
are more biodegradable than the synthetic estrogen
17 alpha-ethinylestradiol [22]. 17 alphaethinylestradiol is adsorbable to the solid phase due
to its hydrophobicity [23]. It was also reported that
EE2 hydrophobic interactions were not dominant
driving forces and EE2 sorption to biomass was
primarily physisorption and low-level chemisorption
[24]. In contrast, experiments conducted in this study
demonstrated that 17 alpha-ethinylestradiol is
biodegradable by heterotrophic microorganisms to
some extent and heterotrophs can readily degrade 17
alpha-ethinylestradiol by using it as a carbon source.
The experimental results showed that 17 alphaethinylestradiol is neither adsorbable to the solid
phase nor stored as PHAs; it is biodegraded under
aerobic conditions with a removal efficiency of 84
%.

After 40-day
acclimation
9.0
24
0.1
6.3
0.20
0.72
0.01
1.60
1330
1300
69
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and helminths), thus limiting the use of water
resources [4]. The indicator micro-organisms of
fecal pollution are the fecal coliforms, Escherichia
coli, enterococci and Clostridium perfringens. Fecal
coliforms are part of the intestinal flora of mammals
and other animals [5, 6]. Wastewater effluents are a
major source of fecal contamination of aquatic
ecosystem [7, 8].

ABSTRACT
In this study; SASKI Urban Wastewater
Treatment Plant has been researched. Wastewater
samples were taken periodically from the raw
wastewater influent, physical treatment wastewater
effluent, and plant wastewater discharge points of
Urban Wastewater Treatment Plant. BOD
(Biochemical Oxygen Demand), COD (Chemical
Oxygen Demand), SS (Suspended Solids), pH
physical and chemical parameters and coliform and
fecal coliform (FC) analyses were conducted on the
wastewater. Also, eukaryotic microorganisms in the
active sludge were determined. Effects of physical
and biological treatment processes on removal of
coliform and fecal coliform (FC) bacteria were
investigated with regression model.

The FC bacteria removal in the municipal
wastewater treatment plants may vary in the range of
90%±99%. Although high removal efficiency may
be achieved, FC bacteria are still discharged in
treated effluents to receiving water bodies due to
abundance in raw influents [8, 9].
Wastewaters treated at SASKI Urban
Wastewater Treatment Plant are discharged to Cark
Stream and afterwards they mix into Sakarya River.
Since the Wastewater Treatment Plant serves a
region with a very high population, it is important to
investigate its microbial removal performance. In
this study, effects of chemical parameters and
eukaryotic microorganisms on coliform and FC
removal at SASKI Urban Wastewater Treatment
Plant were statistically investigated.

KEYWORDS:
Urban Wastewater Treatment Plant, coliform, fecal
coliform, removal efficiency

INTRODUCTION
Nowadays, chemical pollution has been widely
reduced, and there are discharge criteria for many
chemical parameters. However, there are not
mandatory regulations for the microbiological
pollution of discharged treated wastewater. The
Drinking Water Directive (98/83/EEC), the Bathing
Water Directive (76/160/EEC), and Council
Directive (75/440/EEC) established critical values
for the occurrence of total coliforms and E. coli. The
Council Directive 91/271/EEC is concerned with
urban wastewater treatment, but does not establish
critical values for the occurrence of coliform and FC
criteria [1, 2]. In our country, as discharge criteria in
Urban Waste Water Treatment Regulation, there are
no coliform and FC criteria. In Water Pollution
Control Regulation, discharge criteria of domestic
quality waste water to receiving environments are
restricted with COD, BOD, SS and pH parameters
[3]
Municipal wastewater contains a variety of
pathogenic organisms (bacteria, viruses, protozoa

MATERIALS AND METHODS
SASKI Urban Wastewater Treatment Plant
consists of physical treatment, biological treatment,
and sludge dewatering units. Long-term aerated
activated sludge system is utilized in biological
treatment. The plant is capable of treating 198.800
m3/h of wastewater per day in dry weather conditions
and 271.941 m3/h of wastewater per day on rainy
days.
Facility is operated with two fundamental
treatment processes as physical and biological.
Wastewater that enters the facility first goes through
rough grids with 50 mm gaps and thin grids of 6 mm
gaps and goes to sand and grease holders. Physical
treatment process is completed in this section. After
that, there are aeration basin and sedimentation basin
which are in biological unit. Excess sludge drawn
from the return activation station is taken away by
sludge intensifying tanks. Wastewater, treated in the
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Highest coliform count in samples obtained
from the influent wastewater of facility aeration unit
was measured as 16,09x106 MPN/100 ml in January,
lowest coliform number was measured as 0,9x10 6
MPN/100 ml in March and highest FC count was
measured as 10,9x106 MPN/100 ml on the first week
of February, lowest FC count was measured as
0,2x106 MPN/100 ml on the second week of
February.
Lastly, at the treatment plant wastewater
discharge point, highest coliform count 3,9x10 4
MPN/100 ml was measured in June, lowest coliform
count 0,2x104 MPN/100 ml was measured in
February and April, highest FC count 3,3x104
MPN/100 ml was measured in February, lowest FC
count 0,2x104 MPN/100 ml was measured in
February, March and April.
Eukaryotic microorganisms contribute to COD,
BOD, SS and bacteria removal in wastewater. As
the result of examining the eukaryotic
microorganisms living in active sludge, 8 protozoa
and 2 rotifer types, namely Euplotes sp., Arcella sp.,
Vorticella sp., Peranema sp., Trachelophyllum sp.,
Spirostomum sp., Euchlanis sp., Philodina sp.,
Habrotrocha sp., Notommata sp. were observed.
Effects of physical and biological treatment
processes on removal of coliform and FC bacteria
were investigated with regression model. Dummy
variable was used for this and regression model was
formed [13].

facility discharged to Cark Stream through
wastewater effluent channel. Wastewater samples
were taken periodically from the raw wastewater
influent, physical refinement wastewater effluent,
Plant wastewater discharge points of SASKI Urban
Wastewater Treatment Plant [10] and wastewater
analyses of BOD, COD, SS, pH physical and
chemical parameters were conducted [11].
Counting of coliform group bacteria was done
by using most probable number (MPN) method.
MPN method is an improved version of tube dilution
method. In this method, FTS (distilled water
containing 0,85% NaCl) and standard 1:9 ration
dilution is done from the material. After culturing is
done on suitable liquid mediums from dilutions,
reproduction results are checked and number was
calculated.
After specimens were diluted
accordingly, according to MPN method, 10 ml
specimen was inoculated to 5 tubes that had Durham
tube and 10 ml double dose lactose broth medium in
them and 1 ml was inoculated to 5 tubes that has that
had Durham tube and 10 ml single dose lactose broth
medium, and 0,1 ml was inoculated to 5 tubes that
has that had Durham tube and 10 ml single dose
lactose broth medium and were left to incubation at
36,5 C for 24-48 hours. At the end of the indicated
period existence of coliform and gas formation were
detected from the observed samples.
Samples that showed positive development
were taken with a loop and were inoculated into
experiment tubes that have Durham tube and
brilliant green lactose both in them. Tubes were
incubated at 36,5 oC for coliform and at 44,5 oC for
FC for 24-48 hours. At the end of the indicated
period positive result was determined by looking at
gas formation. Bacteria count results were evaluated
according to MPN table and number of coliform and
FC bacteria in 100 ml was calculated [11, 12].

Analyses on the Effects of Physical and
Biological Treatment Processes on Coliform
Bacteria Removal with Regression Model. Effects
of physical and biological treatment processes on
coliform removal were investigated with regression
analyses and model on Table 1 and Table 2 was
obtained. Dummy variables were used in the model
to define refining level.
It is seen that explanation power of the model
coliform removal is obtained in it 45% (Adjusted
R2=0,449). According to regression model, while
there is average of 660434782,6 MPN/100ml
coliform in the raw wastewater influent the plant, it
is seen that total of 656317826,1 MPN/100ml
coliform is abolished in physical treatment and total
of 660407913 MPN/100ml coliform is abolished at
the treatment plant wastewater discharge point.
Thus, average of 4090087 MPN/100ml coliform
removal was ensured in biological treatment.

Eukaryotic microorganisms in the active sludge
taken from SASKI Urban Wastewater Treatment
Plant determined at Olympus Modal BX50 light
microscope by using 40X objective.

RESULTS AND DISCUSSION
Samples were obtained from SASKI Urban
Wastewater Treatment Plant for 7 months almost
every week and they were analyzed and examined.
In the samples, the highest coliform count in
raw wastewater at the plant influent was measured in
June as 17,2x108 MPN/100 ml, the lowest coliform
count was measured in February as 0,8x108
MPN/100 ml. Highest FC count in raw wastewater
at plant influent was measured in January as
5,42x108 MPN/100 ml, lowest was measured in
February and March as 0,2x108 MPN/100 ml.

Analyses on the Effects of Physical and
Biological Treatment Processes on FC Removal
with Regression Model. Effects of physical and
biological treatment processes on FC removal were
investigated with regression analyses and model on
Table 3 and Table 4 was obtained.
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TABLE 1
Regression Modal Results of Effects on Physical and Biological Treatment Process for Coliform Removal
Model

R

R Square

Adjusted R
Square

Std. Error of the
Estimate

1
,682a
,465
,449 340305715,41
Predictors: (Constant), D2, D1 (D1 and D2 Dummy variables)

F
F

Durbin-Watson
Sign

28,69

0,000

1,15

TABLE 2
Regression Modal Factors of Effects on Physical and Biological Treatment Process for Coliform Removal
Model

Unstandardized Coefficients

B
(Constant)
660434782,61
1
D1
-656317826,09
D2
-660407913,04
Dependent Variable: Coliform influent

Std. Error
70958646,85
100350680,74
100350680,74

Standardized
Coefficients
Beta

t

Sig.

9,307
-6,540
-6,581

-,680
-,684

,000
,000
,000

TABLE 3
Regression Modal Results of Effects on Physical and Biological Treatment Process for FC Removal
Model

R

R Square

1
,708a
,501
Predictors: (Constant), D2, D1

Adjusted R
Square

Std. Error of the
Estimate

,485

F
F

81850380,07 33,079

Durbin-Watson
Sign.
0,000

1,777

TABLE 4
Regression Modal Factors of Effects on Physical and Biological Treatment Process for FC Removal
Model

Unstandardized Coefficients

Standardized
Coefficients
Beta

B
Std. Error
(Constant)
170956521,739
17066984,041
1
D1
-169073913,043
24136360,299
D2
-170945565,217
24136360,299
Dependent Variable: Coliform bacteria count (raw wastewater influent)

Bacteria

Coliform
FC

Sig.

10,017
-7,005
-7,082

,000
,000
,000

TABLE 5
Urban Wastewater Treatment Plant Removal Performance
Physical Treatment Removal
Biological Treatment Removal
Total Removal
Performance
Performance
Performance
%
Log10
%
Log10
%
Log10
99,4
2,2
99,3
2,19
99,996
4,39
98,9
1,96
99,4
2,35
99,994
4,19
average of 1871652 MPN/100ml FC removal is
ensured in biological treatment.
The urban wastewater treatment plant removal
performance is given in Table 5.

It is seen that explanation power of regression
model for FC removal is approximately 49%
(adjusted R2=0,485). According to regression
analyses, it is understood that physical and biological
treatment has an important impact. While there is
average of 170956521,7 MPN/100ml FC bacteria in
the raw wastewater influent the plant, it is seen that
169073913 MPN/100ml FC is removed in physical
treatment, and at wastewater discharge point total of
170945565,2 MPN/100ml is removed.
Thus,

Investigation of Coliform and FC Removal
Effects on Physical and Chemical Parameters.
Effect of Coliform and FC removal on change of
physical and chemical parameters is determined with
correlation analyses and correlation factors were
obtained (Table 6).
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TABLE 6
Correlation Factors for Effects of Coliform and FC Removal on Physical and Chemical Parameter
Changes
Coliform and FC Bacteria Counts (MPN/100 ml)
BOD5 (mg/l) COD (mg/l)
SS (mg/l)
Coliform bacteria count difference (raw wastewater influent,168
,167
-,215
treatment plant wastewater discharge)
Coliform bacteria count difference (raw wastewater influent-,168
-,167
,215
physical treatment wastewater effluent)
Coliform bacteria count difference (physical treatment wastewater
-,169
-,168
,213
effluent± treatment plant wastewater discharge)
FC count difference (raw wastewater influent-treatment plant
-,030
-,030
,430*
wastewater discharge)
FC count difference (raw wastewater influent-physical treatment
,110
,108
,239
wastewater effluent)
FC bacteria count difference (physical treatment wastewater
,108
,107
,235
effluent± treatment plant wastewater discharge)
(*)
Meaningful correlation for 5% significance level
TABLE 7
Correlation Factors for Effects of Eukaryotic Microorganisms on Coliform and FC Removal
Eukaryotic Microorganisms
Vorticella sp.
Euchlanis sp.
Arcella sp.
Peranema sp.
Euplotes sp.
Philodina sp.
Habrotrocha sp.
Notommata sp.
Spirostomum sp.
Trachelophyllum sp.
(*)
(*)

Coliform

FC
,052
-,098
-,037
,111
-,089
,297
,457**
,416**
-,308
-,498**

,156
-,160
-,379*
,120
-,137
,247
,376*
,333
-,350**
-,481**

Meaningful for 10% significance level
Meaningful for 10% significance level
removal of coliform and FC.
Results were
summarized on Table 7.
It is understood that, while Habrotrocha sp.
and Notommata sp. positive are effective in coliform
removal, Habrotrocha sp. is positive effective in FC
removal.
Regression models, formed with the objective
to analyze effects of Eukaryotic microorganisms on
removal of coliform and FC are given below:
On Table 8 and Table 9 all eukaryotic
microorganisms in the regression model independent
variable that effect coliform removal were handled.
It is understood in the model that all eukaryotic
microorganisms are not effective on coliform
removal.

On Table 6, it is understood that coliform and
FC removals do not have important impacts in
general on physical and chemical parameters. As the
result of biological plant, it is understood that change
in FC amount is effective on SS parameter
statistically at 5% significance level. In other words,
while FC amount is decreasing SS is also decreasing.
Investigating Eukaryotic Microorganisms
Effective on Coliform and FC Removal During
Biological Treatment Process
Correlation analyses was done first to
investigate which of the eukaryotic microorganisms
in biological treatment are effective at what level to

TABLE 8
Regression Model Results of Coliform Removal Depending on Biological Treatment
Model
1

R

R Square
,887a

,787

Adjusted R Square

Std. Error of the
Estimate

,61

368168219,28

F
F
4,438

Durbin-Watson
Sign
0,009

2,962

Predictors: (Constant), Trachelophyllum sp., Arcella sp., Euchlanis sp., Philodina sp., Peranema sp., Euplotes
sp., Vorticella sp., Notommata sp., Habrotrocha sp., Spirostomum sp.
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TABLE 9
Regression Model Factors of Coliform Removal Depending on Biological Treatment
Model

Unstandardized Coefficients
B
981430973,478
-369133,275
-202037,777
365304,530
-228039,674
-611919,565
-6271682,252
22199982,613
14196125,519
2738708,016
-2880714,520

(Constant)
Vorticella sp.
Euchlanis sp.
Arcella sp.
Peranema sp.
Euplotes sp.
Philodina sp.
Habrotrocha sp.
Notommata sp.
Spirostomum sp.
Trachelophyllum sp.

1

Std. Error
387996740,319
358439,377
1484532,776
216068,686
379238,039
240153,197
6231923,547
9436185,986
10107161,693
1264958,148
843821,816

Standardized
Coefficients
Beta

t

Sig.

2,529
-1,030
-,136
1,691
-,601
-2,548
-1,006
2,353
1,405
2,165
-3,414

-,253
-,023
,374
-,108
-,517
-,379
,782
,420
,769
-1,194

,026
,323
,894
,117
,559
,026
,334
,037
,186
,051
,005

Dependent Variable: Coliform bacteria count difference (biological treatment plant wastewater influent- treatment
plant wastewater discharge)
TABLE 10
&ROLIRUP5HPRYDO¶V5HJUHVVLRQ0RGHO5HVXOWV 6WHSZLVH5HJUHVVLRQ0HWKRG 'HSHQGLQJRQ%LRORJLFDO
Treatment
Model

R

R Square

Adjusted R
Std. Error of the
F
Durbin-Watson
Square
Estimate
F
Sign
1
,85a
,723
,642
352719240,24 8,886 0,000
2,779
a. Predictors: (Constant), Vorticella sp., Spirostomum sp., Euplotes sp., Habrotrocha sp., Trachelophyllum sp.
TABLE 11
&ROLIRUP5HPRYDO¶VRegression Model Factors (Stepwise Regression Method) Depending on Biological
Treatment
Model

Unstandardized Coefficients

Standardized
Coefficients
Beta

t

Sig.

B
Std. Error
(Constant)
1364492829,742
231384841,81
5,897
Trachelophyllum sp.
-3427357,192
746959,945
-1,421
-4,588
Habrotrocha sp.
19113081,316
4322074,979
,674
4,422
Euplotes sp.
-395413,907
169415,990
-,334
-2,334
Spirostomum sp.
3430390,995
1110769,041
,963
3,088
Vorticella sp.
-714649,729
244881,601
-,491
-2,918
a. Dependent Variable: Coliform bacteria count difference (biological treatment plant wastewater influenttreatment plant wastewater discharge)

,000
,000
,000
,032
,007
,010

TABLE 12
)&5HPRYDO¶V5HJUHVVLRQ0RGHO5HVXOWV'HSHQGLQJ2QBiological Treatment
Model

1

R

R Square

,788a

,62

Adjusted R
Square
,304

Std. Error of the
Estimate
118279358,54

F
F
1,96

Durbin-Watson
Sign.
0,134

2,22

a. Predictors: (Constant), Trachelophyllum sp., Arcella sp., Euchlanis sp., Philodina sp., Peranema sp., Euplotes sp., Vorticella sp., Notommata sp., Habrotrocha sp., Spirostomum sp
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TABLE 13
)&5HPRYDO¶V5HJUHVVLRQ0RGHO)DFWRUV'HSHQGLQJ2Q%LRORJLFDO7UHDWPHQW
Model
Unstandardized Coefficients
Standardized
t
Sig.
Coefficients
B
Std. Error
Beta
(Constant)
502499283,560 124649557,345
4,031
Vorticella sp.
-119121,326
115153,827
-,340
-1,034
Euchlanis sp.
-609139,717
476927,598
-,283
-1,277
Arcella sp.
-94521,083
69415,186
-,402
-1,362
Peranema sp.
8850,417
121835,698
,017
,073
Euplotes sp.
-90922,757
77152,683
-,319
-1,178
1
Philodina sp.
1847814,108
2002095,458
,464
,923
Habrotrocha sp.
1405373,036
3031511,052
,206
,464
Notommata sp.
-2566195,401
3247071,689
-,316
-,790
Spirostomum sp.
318383,262
406386,077
,372
,783
Trachelophyllum
-567756,304
271089,947
-,979
-2,094
sp.
a. Dependent Variable: FC count difference (biological treatment plant wastewater influent- treatment
wastewater discharge)

,002
,321
,226
,198
,943
,261
,374
,651
,445
,449
,058
plant

TABLE 14
)&5HPRYDO¶V5HJUHVVLRQ0RGHO5HVXOWV %DFNZDUG0HWKRG 'HSHQGLQJRQ%LRORJLFDO7UHDWPHQW
Model

R

R Square
,727

a

,529

Adjusted R
Square
,424

Std. Error of the
Estimate
107542575,17

:F
F
5,055

Durbin-Watson
Sign.
0,007

1,765

Predictors: (Constant), Trachelophyllum sp., Euchlanis sp., Philodina sp., Euplotes sp
TABLE 15
5HPRYDO¶V5HJUHVVLRQ0RGHO)DFWRUV %DFNZDUG0HWKRG 'HSHQGLQJRQ%LRORJLFDO7UHDWPHQW
Model

Unstandardized Coefficients

Standardized
Coefficients
Beta

t

Sig.

B
Std. Error
(Constant)
404481954,067
75502334,961
5,357
Euchlanis sp
-676039,856
358106,952
-,314
-1,888
Euplotes sp.
-160780,699
54830,536
-,564
-2,932
Philodina sp.
1646221,187
728183,211
,413
2,261
Trachelophyllum sp.
-359679,080
100573,770
-,620
-3,576
Dependent Variable: FC count difference (biological treatment plant wastewater influent- treatment
wastewater discharge)

Spirostomum causes 3410538 MPN/100ml coliform
removal.
In order to determine effective eukaryotic
microorganisms in FC removal, regression model in
Table 12 and Table 13 was formed.
Model on Table 12 and Table 13, formed by
considering all eukaryotic microorganisms did not
come out sufficiently clear. (F=1,96, sign=0,134). In
addition, as seen on Table 13, some factors came out
to be meaningless. Backward regression method is
applied to determine eukaryotic microorganisms
effective in FC removal and the model in Table 14
and Table 15 was obtained.

Therefore, stepwise regression method and
regression
model
formed
to
determine
microorganisms effective in coliform removal are
given in Table 10 and Table 11.
Explanation power of the model in Table 10
and Table 11 is 64.2% and the model was found
statistically meaningful (F=8,886). According to
formed regression model, it is understood that five
eukaryotic microorganisms are effective in coliform
removal and especially Habrotrocha sp. and
Spirostomum sp. show positive effects. Each
increased Habrotrocha sp.
causes 18993025
MPN/100ml coliform removal, and each increased
464
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Most suitable model formed to determine FC
removal and relation between eukaryotic
microorganism variety and numbers is given above.
Explanation power of the model is 42,4% and it has
been seen that the model is statistically valid
(F=5,0055 and its probability is 0,007). According to
created regression model, it is seen that 4 eukaryotic
microorganisms are effective in FC removal.
However, out of these microorganisms, Philodina
sp. shows positive effect on FC removal. According
to his, each increasing Philodina sp. ensures
approximately 1646221 MPN/100ml FC removal.
In the study done, it is seen that total bacteria
removal performance of SASKI Urban Wastewater
Treatment Plant for coliform is 99,996% (4,39 log10) and for FC 99,994% (4,19 ± log10). Philodina
sp. shows positive effect on FC removal. Despite
this, certain amount of bacteria load is given to the
recipient environment at the plant effluent.

CONCLUSIONS
In the study done, it is seen that total bacteria
removal performance of SASKI Urban Wastewater
Treatment Plant for coliform is 99.996% (4.39 log10) and for FC 99.994% (4.19 ± log10). Despite
this, although small, certain amount of bacteria load
is given to the recipient environment at the plant
effluent.
In our country, as discharge criteria in Urban
Waste Water Treatment Regulation, there are no
coliform and FC criteria. In Water Pollution
Control Regulation, discharge criteria of domestic
quality waste water to receiving environments are
restricted with COD, BOD, SS and pH parameters.
Therefore, in order to protect the streams, lakes and
seas waste waters are discharged to without polluting
them, it is a must to determine microbiological
discharge criteria besides physical and chemical
parameters.
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ABSTRACT

INTRODUCTION

Besides being used, for their dense root system,
to consolidate embankments subject to erosion, the
aquatic macrophytes play an important role at
removing contaminants from the rhizosphere by
filtration, adsorption, cation exchange and through
chemical changes induced by plant organisms. They
have been identified as a group potentially useful for
bioremediation and biomonitoring.
The Sarno River is the most polluted river in
Italy (Campania region) because of many important
tanneries and leather factories located along its
course, and large agricultural and industrial
discharges untreated waste made. Additionally, the
area is also disturbed by frequent flooding and
mudslides; in the last 20 years, the embankments
have ruptured two or three times a year, causing
spillover of polluted waters into the adjacent
countryside with all the risk to the public health.
Therefore, the aim of this work was to quantify the
trace metals accumulation in Phragmites australis
(Cav.) (roots, stolons, stems and leaves) sampled
along the Sarno River. The data obtained were
compared to the metal concentrations assayed in the
rhizosphere sediments and the interstitial water to
assess the bioaccumulation in different organs and
bio-extraction. The data showed a decreasing metals
content in the following order: root> stolon> leaf>
stem highlighting the metal block at the root level.
Significant and positive correlations were found
between rhizosphere and roots metals, suggesting a
common origin. Besides, significant correlation
found between Ni assayed in interstitial water and
roots suggested this as the other pollution source.

The aquatic macrophytes play an important
role at removing contaminants from the rhizosphere
by filtration, adsorption, cation exchange and
through chemical changes induced by plant
organisms. There are numerous studies, which show
that these (a) can accumulate metals in their tissues
[1-5], and (b) can concentrate them and so they
provide an integrated framework of the contaminant
concentrations in the time [6]. Therefore, the
macrophytes can be used in environmental
investigaWLRQVDVELRLQGLFDWRUV³in-situ´RIWKHZDWHU
quality due to their ability to accumulate chemical
substances [7]. According to this characteristic,
researchers identified them as a group potentially
useful for bioremediation and biomonitoring [8, 9,
10, 11]
Phragmites australis is a perennial emergent
macrophyte with underground rhizomes widespread
and is a dominant plant species in many aquatic
ecosystems. It forms dense stands that are among the
most productive ecosystems in temperate areas [5].
[12] summarized some roles of reed communities,
such as preventing wave and current erosion of river
and lake banks.
The Sarno River is the most polluted river in
Italy (situated in the Campania region) because of
many important tanneries and skins factories located
along its course and large dumping of untreated
agricultural and industrial waste. The Sarno is 24 km
long and his basin covers 500 sq. km. That area is
densely populated, containing 750,000 in habitants.
Additionally, the area is also disturbed by frequent
flooding and mudslides; in the last 20 years, the
embankments have ruptured two or three times a
year, causing spillover of polluted waters into the
adjacent countryside with all the risk to the public
health. Therefore, the aim of this work was to
quantify the trace metals accumulation in
Phragmites australis (Cav.) (root, stolon, stem and
leaf) sampled along the Sarno River. The data
obtained were compared to the concentrations of the
metals assayed in the rhizosphere, sediment and the

KEYWORDS:
Phragmites australis (Cav), rhizosphere sediment, trace
metal, traslocation
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interstitial water to assess the bioaccumulation in
different organs and bio-extraction.

tanneries and plastics, chemical, pharmaceutical,
metallurgical and mineral products) activities as well
as by urban-municipal waste and landfill of all the
basin municipalities. Agriculture is carried out using
the river waters; in addition, agricultural wastewater,
containing high levels of nitrates, phosphates and
pesticides, promotes eutrophication [13]. The textile,
tanning, metallurgical, pharmaceutical and paper
industries, agricultural and domestic effluents
introduce into the environment large quantities of
organic compounds (current use pesticides (CUPs),
PCBs, PAHs, pharmaceuticals and personal care
products (PPCPs) and detergents/surfactants) that
contain metals, as well as Cu, Cr, Cd, Ni, Pb and Zn.

MATERIALS AND METHODS
Study area and sample collection. Five sites
(Fig. 1) were chosen along the River Sarno at the
following locations: site S1, about 1 km from the
source of the Sarno River in the town of Foce (GPS:
40 ° 49'54 "N / 14 ° 35'33" E); site S2 is located in
the town of Sarno (GPS 40 ° 48'52 "N / 14 ° 37 '04"
E). In the site 2 the water of the river become more
turbid and riparian vegetation is poor. Site S3 is
located in the countryside of San Marzano,
downstream of the Cavaiola confluence and of the
town, (GPS 40 ° 46'48 "N / 14 ° 34'24" E); water in
this site is turbid and muddy, the embankments are
high with dense riparian vegetation, and deposits of
solid and special waste are visible; site S4 is located
in the vicinity of Scafati (GPS 40 ° 44'36 "N / 14 °
31'01" E), downstream of the town. Its waters are
turbid and on its banks can be found discharges of
different kinds of wastes; the site S5 (GPS 40 ° 43'41
"N / 14 ° 28'23" E) is situated about 300m from the
delta. The river at this point is wide and water is
turbid; there are numerous industrial discharges in
the area while on the banks there are abundant
Phragmites australis and other aquatic plants.
In the study area, the greatest contamination is
caused both agricultural (e.g. tobacco crops,
sunflower, wheat, corn, grapes, olives and
vegetables), industrial (food, textile, paper, rubber,

Sample collection and analytical methods.
Phragmites australis, rhizosphere and sediment
samples were collected simultaneously in September
and October 2011 (at the end of the summer dry
season) with the purpose of comparing the
differences in the accumulations along the river. The
rationale to select this sampling period was due to
the fact that, as is known, during floods, sediment
and pollutants their associated are re-mobilized and
transported further downstream, or to the final
receptor or, in the event of floods deposited on
floodplain. In this regard, it is important to note that
pollutant concentrations contained in the river
sediments after a flood event are generally lower
than those measured in the low water periods.
Consequently, the most representative sampling was
made at the end of a lean period in which there was
a more or less continuous material deposition [14].

FIGURE 1
Map illustrating the sampling sites along Sarno River (Italy).
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Correlations were determined using the simple
Pearson correlation coefficient. The significance of
differences was tested by analysis of variance
(ANOVA) followed by a Tukey test (MINITAB INC
13).

Sediment and rhizosphere samples (data object
of study of a previous paper [15]) were collected
simultaneously to the P. australis sampling.
In the laboratory, the P.australis samples were
cleaned with deionized water and the roots, stolons,
stems and leaves were separated. After oven-drying
at 70°C until a constant weight, the samples was
achieved, then they were ground to powder by a
Fritsch pulverisette 6 with an agate pocket, to
prevent element contamination.
Metal (V, Cr, Mn, Fe, Ni, Cu, Zn, Cd and Pb)
analyses were carried out in triplicate by atomic
absorption spectrometry (SpectrAA 20 Varian) and
quantified using standard solutions (STD
Analyticals, Carlo Erba). Aliquots of the powdered
the rhizosphere, sediment, roots, stolons, stems and
leaves samples (250 mg) were mineralized in a
Milestone Microwave Laboratory Systems Ethos
900 labstation, endowed with temperature control,
using a combination of hydrofluoric and nitric acid
(HF 50% : HNO3 65% = 1:2). After digestion the
solutions were diluted with deionized water to a final
volume of 50 ml. Nikel, Cr, Pb, Cu, V and Cd
concentrations were measured using a graphite
furnace AAS and the Fe, Zn and Mn concentrations
with a flame AAS [3, 16].
Accuracy was checked by the concurrent
analysis of standard reference materials by the
Resource Technology Corporation, Laramie, WY;
the recovery ranged from 91 to 102% [15].

RESULTS
Cadmium, Cr, Cu, Fe, Mn, Ni, P, Pb, V and Zn
concentrations, related to the aboveground tissues
(roots and stolons) were reported in Figure 2; those
of the belowground tissues (stems and leaves) in
Figure 3.
Trace metal concentrations (Cd, Cr, Cu, Fe,
Mn, Ni, Pb and V) assayed in the roots, generally,
increased progressively and significantly from S1 to
S5 sites; the only exception was for P where it was
observed a progressive and significant decrease from
S2 to S5 (Fig.2).
Besides, independently of sampling sites, the
each metal concentrations appeared significantly
higher in roots than in stolons (Fig.2).
As regards the belowground tissues and in
particular trace metal concentrations assayed in the
stems, it was observed a progressive and significant
increase for Cr, Cu, Fe and Ni from S1 to S5, Cd and
Mn from S1 to S4, V from S2 to S5 and a progressive
and significant decrease was observed for P from S1
to S4 site. For the other elements was not noticeable
a clear trend, in fact, Zn showed the highest values
in S2 and S4 and Pb in S5 (Fig.3).

Statistics. All data measurements were
performed in triplicate for each sample ± SD.

FIGURE 2
Trace metals content in the aboveground tissues (root and stolon) of P.australis sampled along the Sarno
River
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FIGURE 3
Trace metals content in the belowground tissues (stem and leaf) of P.australis sampled along the Sarno
River
Trace metal concentrations assayed in the
leaves did not show the similar trend. Only Fe, Ni
and Cu contents had a progressive and significant
increase from S1 to S5; Cr and V from S1 to S4; Cd
from S2 to S4; instead Pb and Zn showed a
progressive and significant decrease from S2 to S5.
Phosphorous content decreased progressively and
significantly from S1 to S3; then its concentration

increased to reach values of about two times more
than in S1 (Fig.3).
By comparing the concentrations in different
organs, it was found a metals decrease in the
following order: root> stolon> leaf> stem.
Metals concentration assayed in the
rhizosphere sediments and those in interstitial water
were reported in Table 1 and 2.

TABLE 1
Trace metal contents (μg/g d.w) in the rhizosphere sediment from different sampling sites along Sarno
River.
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TABLE 2
Metal concentrations, expressed in μg/L, found in the above and interstitial water in the different sites of
the Sarno River. The limits set by Italian Legislative Decree 152/2006 showed in parentheses.

TABLE 3
Correlation between trace metals content in rhizosphere sediment and root.

In order to understand what was the
contamination source for the bioaccumulation at root
level, metal concentrations, assayed in the roots,
were compared with those in the rhizosphere
sediments. Significant and positive correlations
between them suggested a common origin (Tab. 3).
Where these correlations were negative (Tab. 3), the
trace metals concentrations in the roots and those in
interstitial water were correlated (Tab. 4). The
results showed a positive and highly significant
correlation, suggesting the water as the
contamination source.
Table 5 showed the trace metal concentrations
found in the roots compared to those in the
rhizosphere sediment (%), for each sampling site.
High percent of Fe and Mn confirms the ability of P.
australis to form a plaque of Fe oxides and Mn
around the roots, which acts as a filter for the metals
movement in the roots. In addition, the translocation
rate of metals from the roots to the stolons and the
leaves showed very low values, confirming the metal
block at the root level.
Total trace metals concentration, assayed in P.
australis, for each element tested and in all sites was
also calculated (Tab. 6). The data showed that the P.
australis, collected in S5 site, near the delta, had the
significantly higher concentrations for most of the
elements assayed except for Pb, P, and Mn, for
which the higher contents were found in S2, S1 and
S4 sites, respectively.



DISCUSSION
The aquatic macrophytes, like P.australis, are
generally more affected by metals in sediments
rather than those present in the water; therefore,
bioaccumulation is greater when the sediments are
contaminated by trace metals [16]. In a substrate
with high concentrations of nutrients and trace
metals, a key factor is the ability of plant roots to
explore the sediment and to interact with it.
Growing, the roots are able to expand, in the middle
exploring, increasing volumes of sediment and,
together with the extrusion process of exudates, to
make the metals bioavailable favoring the
accumulation process [17].
With the exudates extrusion, the root system
strongly modifies the rhizosphere characteristics and
the metals bioavailability contained in it and exerts a
strong influence on pH variation; moreover, the
favorable conditions for the microorganisms,
involved to change the metals and nutrients
bioavailability, are created but they can also interact
with the roots in order to increase the absorption
potential of the metal [18]. According to [19], the
roots and rhizomes of P. australis can accumulate a
large amount of heavy metals due to the parenchyma
cortex that offers large intercellular air spaces. In the
present study, the roots showed a higher metals
accumulation (Fig.2) than belowground tissues
(Fig.3) and this could involve a higher availability of
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under study, species-specific ability for uptake,
translocation and compartmentalization of trace
elements, could contribute to a differential
bioaccumulation [20]. The metals accumulation in
different organs of the plant organs can depend,
therefore, from a specific source. In this study, it was
found a metals decrease in the following order:
roots> stolons> leaves> stems, showing a metal
block at the root level (Tab. 5).

these in the sediment. Significant and positive
correlations assayed, in this study, between trace
metals in the rhizosphere sediment and roots
suggested, in fact, a common origin (Tab.3). At the
same time, where correlations were negative, a
positive and highly significant correlation, between
trace metals in interstitial water and those in roots
(Tab.4) were found, suggesting the water as the other
contamination source. All this indicated that P.
australis reflects the cumulative effects of
environmental pollution from water and sediment; in
agreement with several authors who showed that
aquatic macrophytes register heavy metal temporal
fluctuations [20-22].
As concern the belowground tissues, the
leaf/stem ratio >1 for most of studied metals could
be due to the fact that, in aerial organs, metals are
usually accumulated in leaf vacuoles [23].

TABLE 6
Total trace metals content, for each element
tested, of P. australis collected in the five sites of
the Sarno River.

TABLE 4
Correlation between trace metals content in the
roots and in interstitial water.

*** p<0.001; **p<0.01; * p<0.05; NS not significant
The degree of metals solubility is controlled
especially by (a) its reaction (pH), (b) the amount
and type of adsorption sites and (c) the concentration
of the same elements [24]. When the pH drops below
6.5 and 5, Cd and Zn solubility increases
respectively, while Cu and Pb increase their
availability significantly at pH between 4.5 and 3.5
[25]. Generally, the metals solubilization decreases
in the following order Cd> Ni> Zn> Cu> Pb. In the
present study, the rhizosphere sediments showed an
alkaline pH with values ranging between 7.71 and
7.92 [15] and in this range, as reported by [26], there
was only Mn release.

As is known, one of the major factors that limits
the absorption in the roots is the slow transport of
metal ions from the sediment [27]. From the
rhizosphere, the water is absorbed by the roots to
replace transpired water by the leaves. The water
uptake from the rhizosphere creates a hydraulic
gradient directed from the sediment to the root
surface. Some ions are absorbed by the roots faster
than the capable of supply through of the sliding of
the mass and a concentration gradient toward the
solution in contact with the rhizosphere is generated.
For all considered elements and for all sites, the
concentrations determined in sediments outside the
rhizosphere were significantly higher than the
concentrations of the rhizosphere (data not shown).
This concentration gradient driving the ions
diffusion toward the depleted layer around the roots.
In conclusion, this study showed the ability of
P.australis, located along the Sarno River, to absorb
and accumulate micro- and macroelements in the
environment and that these two processes depend
significantly on the kind of organ. The aboveground
tissues showed a greater storage capacity than the
belowground. The positive correlations found
between trace metals concentrations in the different
plant organs and those in the water and sediments
have further confirmed that all four organs of P.
australis reflect not only the cumulative effects of
environmental pollution but that they can be
identified as "biomonitors", in other words
potentially useful for detecting changes in

TABLE 5
Trace metal concentrations found in the roots
compared to those in the rhizosphere sediment
(%), for each sampling site.

Synergies and conflicting processes may
originate the metal interactions, which may concern
the metabolism of more than two elements. Thus,
these interactions could affect the uptake and
translocation of a particular element, regardless of its
availability in the water and sediments. In addition,
several factors, apart from water and sediment
pollution, such as atmospheric deposition on the leaf
surfaces, seasonal physiology, the different organs
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biological aspects. Botany Department,
University of Durham.
[7] Lewis, M.A. (1995) Use of freshwater plants for
phytotoxycity testing: a review. Environmental
Pollution 87, 319±336
[8] Biernacki, M., Lovett-Doust, J., Lovett-Doust,
L. (1997) Temporal biomonitoring using wild
celery, Vallisneria americana, Journal of Great
Lakes Research, 23(1), 97-107, ISSN 03801330,
http://dx.doi.org/10.1016/S0380-1330
(97)70888-8.
[9] Salt, D.E., Smith, R.D., Raskin, I. (1998)
Phytoremediation, Annual Review of Plant
Physiology and Plant Molecular Biology, 49,
643±668,
DOI:
10.1146/annurev.arplant.
49.1.643
[10] Brix, H. and Cizkova. H. (2001) Introduction:
Phragmites-dominated wetlands, their functions
and sustainable use. Aquatic Botany, 69, 87-88
[11] Vymazal, J. (2007) Removal of nutrients in
various types of constructed wetlands. Science
of the Total Environment, 380 (1-3), 48-65.
[12] Batty, L.C. and Younger, P.L. (2004) Growth of
Phragmites australis (Cav.) Trin ex. Steudel in
mine water treatment wetlands: effects of metal
and nutrient uptake. Environmental Pollution.
132, 85-93.
[13] ARPAC (2014) Relazione sul monitoraggio
delle acque superficiali del fiume Sarno.
Tommaso Di Meo. 1-20.
[14] EPA (2001) Methods for Collection, Storage
and Manipulation of Sediments for Chemical
and Toxycological Analyses: Technical
Manual. Appendix G Physico-chemical
Sediment Characterization, EPA-823-B-01002.
[15] Papa, S., Bartoli, G., Barbato, G., Vitale, A.,
Fioretto, A. (2015) Effects of Metal
Contamination on Physical-Chemical Properties
and Microbial Activities in Phragmites australis
Cav. Rizosphere along the Sarno River (Italy). J
J Environ Sci, 1(1), 1-10 ISSN 2381-280X.
[16] Bonanno, G. and Lo Giudice, R. (2010) Heavy
metal bioaccumulation by the organs of
Phragmites australis (common reed) and their
potential use as contamination indicators.
Ecological Indicators 10, 639±645.
[17] Prasad, M.N.V. and Freitas, H.M.D. (2003)
Metal
hyperaccumulation
in
plants²
Biodiversity prospecting for phytoremediation
technology. Electron J Biotechnol, 93(1), 285±
321.
[18] Zaccheo, P. and Crippa, L. (2004)
Fitoestrazione dei metalli: aspetti relativi alla
biodisponibilità dei metalli nei suoli agrari. In
Zerbi G. e Marchiol L. eds. Fitoestrazione di
metalli pesanti, contenimento del rischio
ambientale e relazioni suolo-microrganismipianta. Ed. Forum, Udine. 77-104.

environmental conditions linked, in particular, to
trace metals.
Besides,
the
continuous
process
of
urbanization, the incorrect management of urban and
industrial waste water, the increasing use of
fertilizers and pesticides in agriculture and especially
the alteration produced by the erroneous
management of the river area with serious and, in
some cases, total vegetation destruction, were the
key elements of the alteration of the Sarno river. This
has lost its ability to self-purification that under
conditions of greater naturalness characterized it.
The data obtained and integrated with those
already present in the multidisciplinary literature
will allow us to establish and apply a planning ecocompatible method. This provides the translation of
the analysis results in environmental procedures and
standards for planning, redevelopment, use, and
operations that are compatible with the area
development, with the defense of the hydraulic risk
and the preservation of self-purifying capacity of
River and riparian areas.
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b

and are reported to be exceptionally toxic [3]. The
trace metals are the most dangerous pollutants for
both human health and environment because they are
not biodegradable and they tend to bio-accumulate
having a long biological half-life. It is well known
that plants take up them from soil as well as from air
particulate but also from contaminated water [4-6].
Contamination of fruit, in fact, with trace metal
may be due to irrigation with contaminated water,
the addition of fertilizers and metal-based pesticides,
industrial emissions, transportation, the harvesting
process, storage and/or at the point of sale.
Naturally ingestion of fruits grown in soils
containing elevated metal concentrations have been
suggested as a possible risk to the health of humans
and wildlife [7]. These health risks will depend on
the chemical composition of the waste material, its
physical characteristics, the fruits cultivated, and the
consumption rate. Fruits are highly recommended
foods for humans. Generally a recommended
consumption of vegetables is three to five servings
per day [8].
The goal of this study was to assay the trace
metal contents in Fragaria ananassa. Samples were
collected from 14 sites located in Campania and
Lazio regions (Italy). In particular, eight sites were
located in Caserta province (C1-C8), four in Naples
province (N1-N4) and two in Latina province (L1L2). The sites selection was made considering their
different human impact in order to evaluate the
possible role of Fragaria ananassa as
bioaccumulator. The characteristics of the areas
surrounding sampling sites are shown in Table 1.
These areas (sites located in Campania region),
according to a document from the Civil Protection
Department in 2007, were reported like a high risk
of exposure and mortality due to an important human
impact. Instead, ARPA Lazio reports classified the
two sites selected in the Lazio region as polluted and
not for air pollution. In order to evaluate the possible
contamination source, the content of these elements
in the soil and in irrigation water has been studied.

ABSTRACT
The goal of this study was to assay the trace
metal contents in Fragaria ananassa. Samples were
collected from 14 sites located in Campania and
Lazio regions (Italy). The sites selection was made
considering their different human impact in order to
evaluate the possible role of Fragaria ananassa as
bioaccumulator.
The areas located in Campania region,
according to a document from the Civil Protection
Department in 2007, were reported like a high risk
of exposure and mortality due to an important human
impact. Instead, ARPA Lazio reports classified the
two sites selected in the Lazio region as polluted and
not for air pollution. In order to evaluate the possible
contamination source the content of these elements
in the soil and in irrigation water has been analysed.
The data showed that Cd contaminated the
strawberries sampled in several sites located in the
Caserta province and in one of the two sites located
in Latina province in accordance with FAO/WHO.
Besides, the enrichment factor evidenced an
anthropic origin in several sites.

KEYWORDS:
Fragaria ananassa, trace metal, bioaccumulation

INTRODUCTION
For human beings, food is the major intake
source of toxic trace elements. In particular, fruits
are an essential component of human diet, by
contributing proteins, vitamins, iron, calcium and
other nutrients in short supply [1]. However, this
may contain both essential and toxic elements
such as trace metals at a wide range of
concentrations [2]. Metals, such as lead,
chromium, cadmium and copper are cumulative
poisons. These metals cause environmental hazards
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TABLE 1
Characteristics of the areas surrounding sampling sites

the difference between the total carbon and the
inorganic carbon evaluated treating the microsamples at 550°C for 2h before the combustion into
Elemental Analyser.
Soil pH in water was measured by shaking an
aliquot of soil in distilled water for 10 min (10 g of
dry soil in 25 ml of water). The suspension was left
to stand for 10 min and the supernatant was used to
measure the pH with an electronic pH meter (HI
8424 HANNA Instruments. Sarmeola di Rubano
PD. Italy).
The soil water holding capacity was measured
via the gravimetric method after soil water saturation
[10]. All measures were performed in triplicate for
each soil subsample.
To evaluate the total Cd, Cr, Cu, Pb, K, Na, Fe,
Mg, Ca, Zn, Mn, P, Pt and V concentration, the
vacuum oven dried soil and edible fruit samples were
ground into a fine powder by an agate pocket, to
prevent element contamination, (Fritsch Pulverisette
type 00.502. Oberstein, Germany) and mineralised
(250 mg) using a combination of hydrogen peroxide
and nitric acid (H2O2 50% v/v: HNO3 65% v/v = 1:3)
in a microwave oven (Milestone²mls 1200²
Microwave Laboratory Systems). After digestion,
the solutions were diluted by deionised water to a
final volume of 50 ml. The concentration of each
element was measured by atomic adsorption
spectrometry (SpectrAA 20 Varian) via graphite
furnace and flame. Accuracy was checked by
concurrent analysis of standards (Resource

MATERIAL AND METHODS
Soil physico-chemical characteristics and trace
elements contents were determined in the samples to
assess the translocation of them from soil to plants.
The soil has been sampled under the Fragraria
ananassa canopies near the plant at a depth of 0±15
cm layer by cylindrical soil cores (15 cm depth and
5 cm diameter). In each site, five subsamples were
collected and separately processed.
A representative portion (500 g) of each sample
was used for the determination of the sand, silt and
clay composition in accordance with the USPRA
(U.S. Public Roads Administration) classification
[9]. A second portion of each sample, oven-dried at
75°C until constant weight, was sieved (pore
diameter 2 mm and nylon sieves) and ground to a
fine powder using a Fritsch Germany pulverisette 6
with an agate pocket to prevent trace element
contamination. On each sample sieved (<2 mm), soil
water content, pH, soil water holding capacity,
organic matter and metal were determined.
Analytical methods. Chemical parameters.
The soil water content was measured via the
gravimetric method after oven drying to constant
weight at 75°C. Total carbon soil content was
determined by combustion of micro-samples (10
mg) of finely ground-dried soil in an Elemental
Analyser NA 1500 (Carlo Erba Strumentazione.
Milan. Italy). Soil organic carbon was determined as
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Technology Corporation. Laramie. WY) and the
recovery was in a range 90±110% for each element.
The enrichment factor (EF) was calculated in
according to [11].

As expected, the soil in all sampling sites
appeared rich in nutrients as classified for
agricultural soils [12, 13] (Tab. 2).
This showed that, from the agronomic point of
view, in these soils, the oxidative processes
prevailed and the organic substance was mineralized
quickly. Therefore, there was a quite low content in
humus and its declining trend was certainly a
negative factor for the overall fertility of the soil.

Statistics. All data measurements were
performed in triplicate for each sample ± SD. The
significance of differences was tested by analysis of
variance (ANOVA) followed by a Tukey test
(MINITAB INC 13).

Trace metals in soil and irrigation water.
Generally, the soil trace metal concentrations were
higher in L1 site than the others, except for Pb that
showed higher values in C8 and for Cu that showed
higher values in N1.
Analyzing the data separately it was observed
that: a) the V highest concentrations were found in
N1, N2, N3 and in C1, C8 sites, in addition to L1
site. These sites were located in heavily
anthropogenic areas subject to vehicular traffic and
close to an incinerator and industrial zones. (Tab. 1);
b) Ni and Cr contents showed similar values between
sampling sites and the significantly higher values
were found in L1 sites; as regards Pt, the only
detected values were found in the N1, N2, N3, L1 as
well as in C2; the Cd, once more, showed
significantly higher values in L1.

RESULTS
Soil physical-chemical properties. Table 2
showed the physical-chemical characteristics of the
soil surface layer (0-10cm) where the strawberries
were grown under study.
All soil samples considered showed similar
characteristics to the parameters tested. In particular,
they were all franc-sandy soils, typical for
agricultural use; besides, they showed sub-alkaline
pH values, which provide high solubility of the
nutrients. Organic matter did not present very high
values because we are dealing with agricultural land
subject to a continuous remixing.

TABLE 2
Soil chemical-physical properties (0-15cm)

Nutrients (mg/g d.w.)

Texture (%)

Sampling sites
C1

C2

C3

C4

C5

C6

C7

C8

N1

N2

N3

N4

L1

L2

pH

7.4

7.44

7.46

7.4

7.44

7.42

7.47

7.43

7.37

7.41

7.41

7.44

7.45

7.4

Sand

82.65

89.12

87

85.9

89

85

85.7

86.6

82.12

84. 5

84.3

85

85

88

Silt

15.1

9.1

11.1

11.88

9.1

12.78

12.15

11.37

15.58

13.69

13.57

12.94

13.1

10.1

Clay

2.25

1.81

1.9

2.22

1.9

2.22

2.15

2.03

2.3

1.8

2.1

2.06

1.9

1.9

S.O. %

3.2

3.1

2.73

2.6

2.4

2.1

1.34

1.5

1.72

1.76

1.8

1.77

2.63

2.91

C.I.M % 67
Water
20.8
content%
64.92
K

67

69

67

68

69

71

72

69

71

71

73

69

70

17

13.9

5.3

17.4

19.3

11.1

3.1

8.4

18.6

17.3

16.9

21.6

7.4

39.75

52.66

45.29

40.09

35.38

38.49

41.36

47.2

42.12

41.82

49.09

37.42 51.59

Na

5.93

6.49

7.15

5.26

5.2

4.95

4.98

8

5.5

7.35

6.94

5.39

0.93

Ca

8.51

8.65

3.39

4.98

6.76

4.34

5.16

7.97

17.85

18.74

18.54

7.58

2.49

4.62

Mg

6.3

4.52

1.54

3.04

2.67

1.73

4.59

3.36

7.1

8.33

9.78

4.41

2.84

2.01

Fe

22.19

13.45

10.68

14.09

12.48

10.5

12.59

19.65

15.36

17.94

20.18

14.18

25.65 13.14

Zn

0.19

0.13

0.12

0.14

0.11

0.09

0.13

0.12

0.12

0.09

0.16

0.13

0.17

Mn

40.26

26.35

26.24

28.55

24.63

20.87

24.29

32.29

28.47

25.91

28.86

31.71

24.97 34.3

P

1.23

2.51

2.49

3.96

2.35

1.81

3.68

2.98

3.34

3.54

3.27

2.48

3.05
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FIGURE 1
Trace metals concentration in soil cultivation of strawberries. The red line represents limits set by Italian
Legislative Decree [14] for soils to use green public, private and residential.

FIGURE 2
Trace metals concentration in irrigation water. The black line represents limits set by Italian Legislative
Decree [15].
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concentrations, instead, were above the limits set by
Italian Legislative Decree [18] in C1, C2, C8, N1 and
N3 (Fig.3).
In order to evaluate the origin of the trace metal
contaminations, the enrichment factor was calculate
(EF) (Tab.3). In particular, the EFs higher than 10 is
indicative of anthropogenic metals; instead, the EFs
between 5 and 10 indicate a mixed origin related to
soil and atmospheric pollution. Generally, in this
study the EFs evaluated on Fragraria ananassa
showed an anthropic origin for Cd in all sites and for
Cr in almost sites.
For the strawberries sampled in C1, C8, N4, L1
e L2, it was evidenced a manly anthropic origin for
Ni; instead, in C2, C3, C5, N2 and N3, its origin was
mixed.

If the data obtained were compared to the
Italian limits set [14] for soils "to use public parks,
private and residential", it was observed that V
concentrations were above in all sites; instead of Cr
and Pb only in L1 and C8 sites, respectively. The Cu
concentrations were above the limits set in N1, L1,
C1 and C4 (Fig.1).
As regards the irrigation water, (Fig.2) all trace
metals, except Pt contents that were below the
detection limits of the assay, showed values under
the Italian limits set [15] in all sites.
Trace metals in Fragraria ananassa. Trace
metals determinated in Fragraria ananassa had
shown that, generally, Pb and Cd concentrations
were above the limits set [16, 17]; the Cr values were
above the limits set in C8 and N4 sites. The Cu

FIGURE 3
Trace metals content in Fragraria ananassa samples assayed in the different sampling sites. The black line
represents the limits set by [16, 17] and the dashed black line those by Italian decree [18].
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TABLE 3
The enrichment factor (EF) calculated for each metal in the different sampling sites. The EF >10
(anthropic origin) are highlighted in bold underlined and in bold those between 5 and 10 (mixed origin)

The higher Pt contents detected in some sites
could be due by the fact that these sites were located
close to both of highly trafficked roads and industrial
plants. Pt, in fact, is used as a catalyst in the catalytic
converter, an optional component of the discharge
system of the automobiles gasoline-exhausted, in the
chemical industries and in the glass industry for the
optical fibers and in the glass of the liquid crystal
displays, particularly for laptops.
Higher concentrations of Cr and Cu found in
strawberries (Fig.3) could also depend on the
fertilizers and fungicides application containing both
metals and which can increase their presence and
thereby increase the alarm threshold [21].
Many studies reveal carcinogenic effects of
various metals such as Cd, Co, Cr, Ni, Pb, As and Se
[22-24]. The Cd assimilation, for long periods, in
particular, may cause cancer of kidney, prostate and
ovarian [25, 26]. Animal studies and investigations
on industrial workers showed carcinogenic effects of
Cr+6 in particular to the lungs. Similarly, increases in
the Cu concentration increase the risk of hepatic and
renal carcinoma [27, 28].
Furthermore, contamination levels in fruits and
vegetables in general and especially in strawberries
object of this study, could be linked not only by an
intake air pollution but also by their presence both in
the irrigation water and in soil [21]. In this case, the
analysis carried out on the irrigation water (Fig.2)
did not seem to suggest a contamination by these
metals. As regards, instead, the contribution due
possibly to a soil cultivation contamination (Fig.1),
the enrichment factors (Tab.3), calculated for each
metal and in each sampling site, had highlighted that
both Cd and Cr, found in strawberry samples
collected in different sites, had anthropogenic origin.
This showed, once again, that the vehicular traffic,
combustion, waste incineration authorized and not,
industrial plants (chemical, petrochemical, galvanic,
pharmaceutical, gas turbines... etc.) were the main

DISCUSSION
The trace metal contents, determined in
strawberries (Fig.3), showed high values in most
sites, especially in those localized near roads with
high traffic and in the adjacent areas were several
waste treatment plants and abandonment sites.
Similar data were also reported in typical Arab fruits
sampling in areas with higher human impact [19].
As it is known, the dangerous elements, that
reflect environmental pollution, are Cd, Pb and Cr.
In this study, Cd (except in C3, N4 an L2) and Pb
concentrations were above the limits set [16; 17] and
Cr were above the limits set by [16, 17] (Fig.3) in C8
and N4.
The toxic elements, Cd and Pb, are natural
FRQVWLWXHQWV RI WKH HDUWK¶V FUXVW WKH\ DUH WDNHQ XS
from the soil by plants and tranferred further through
the food chain.
The Cd presence, above the limits set, could be
related to the presence of industrial working plastic
materials and of neglect of waste, which were often
burned. In fact, one of the issue forms of Cd in the
environment comes through the incineration
processes of the plastic materials and other materials
containing this element in the form of pigment or as
a stabilizer. Besides, Cd is found predominantly in
phosphoric fertilizers and many agricultural soils
have heavy doses of phosphate fertilizers [20]. The
high Pb contamination found might be closely
related to the pollutans in farm soil or due to
pollution from the highway traffic [4].
Regardless, the metals higher contents were
found for V and Ni in the sites which are most
exposed to human impact (C1, N1, N2, L1) (Fig.3).
These sites, in fact, were located in areas subject to
vehicular traffic and close to industrial plants and
waste disposal sites (Tab.1), which, as it is known,
release into the atmosphere also V and Ni.
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[5] Duran, A., Tuzen, M., Soylak, M. (2007) Trace
element levels in some dried fruit samples from
Turkey. Int J Food Sci Nutr, 59, 581-589.
[6] Akan, JC, Abdulrahman, FI, Ogugbuaja, VO,
Ayodele, JT. (2009) Heavy metals and anion
levels in some samples of vegetable grown
within the vicinity of Challawa industrial area,
Kano State, Nigeria. American Journal of
Applied Sciences, 6 (3) 534-542.
[7] Cobb, G.P., Sands, K., Waters, M, Wixson, B.G.,
Dorward-Kingzz, E. (2000) Accumulation of
heavy metals by vegetables grown in mine
wastes. Environmental Toxicology and
Chemistry, 19 (3) 600±607.
[8] Federal Drug Administration (1992) The Food
Guide Pyramid. Home and Garden Bulletin 252,
August. U.S. Department of Agriculture,
Washington, DC.
[9] Hiller, D. (1982) Introduction to Soil Physics.
Academic Press, Inc. Harcourt Brace,
Jovanovich Publishers, Orlando. San Diego,
New York, Austin, London, Montreal, Sydney,
Tokyo, Toronto.
[10] Aceves, M.B., Grace, C., Hart, M., Lin, Q.,
Brookes, P.C. (1994) Laboratory manual of the
soil microbial biomass group, 8-9. Harpenden:
Rothamsted Experimental Station, Soil Science
Department.
[11] Puckett, K.J. and Finegan, E.J. (1980) An
analysis of the element content of lichens from
the Northwest Territories. Canada. Can. J. Bot,
85, 2073-2089.
[12] Tarabbia, E. (2005) Le analisi chimiche del
suolo: uno strumento indispensabile per
XQ¶DJULFROWXUDGLTXDOLWj1RWL]LH%LHWLFROH94,
10-14.
[13] APAT (2004) Guida tecnica su metodi di analisi
per il suolo e i siti contaminati. Utilizzo di
indicatori biologici ed ecotossicologici, 1-161.
[14] Decreto Legislativo 152/06. TESTO UNICO
AMBIENTALE ± Parte III - Gazzetta Ufficiale
della Repubblica Italiana n.88 ± Supplemento
Ordinario
[15] Decreto Legislativo 30/09. Decreto Legislativo
del 16 marzo 2009 n.30 in Attuazione della
Direttiva 2006/118/CE ± Protezione delle acque
sotterranee. Gazzetta Ufficiale della Repubblica
Italiana n. 79 del 4 aprile 2009.
[16] FAO/WHO (2001) Food additives and
contaminants. Joint Codex Alimentarius
Commission. FAO/WHO Food standards
Programme. ALINORM 01/12A.
[17] FAO/WHO, (2011) Evaluation of certain
contaminants in food: Seventy-second report of
the Joint FAO/WHO Expert Committe on Food
Additives. Edited by Jack C. Ng. Seventysecond report of the Joint FAO/WHO Expert
Committee on Food Additives, Rome, Italy.
[18] Regolamento (CE) n. 149/2008 della
Commissione del 29 gennaio 2008 che modifica

source of contamination in these areas. Site N4, in
particular, appeared strongly compromise, showing
enrichment factors which were significantly higher
than 10. In this site, in fact, there is a higher
incidence of the different human impacts (Tab.1),
which, of course, affect the E.F. (Tab. 3).
In conclusion, this work showed also that
Fragaria ananassa could be used like
bioaccumulator in study of biomonitoring. Moreover
it is pointed out that a careful and constant
monitoring of trace metals contamination in
Fragaria ananassa samples might not only help
assess the risk of exposure by the consumer, but also
can be used as an instrument for environmental
biomonitoring in areas subject to high human
impact.
The exceeding the limit set for Cd and also the
very high values of the enrichment factor, suggests
the need to increase and investigate the research to
provide high quality of food and to prevent, or at
least to limit, the risk associated with contamination
metal food consumer. For items where there is not a
normative (V, Ni and Pt), in any case, higher values
in the different sampling sites were found. It is clear
that the cultivation near to landfills, waste treatment
plants and industries, induces an increase in the
contamination risk.
The integrated analysis soil-strawberry and the
opportunity to be able to assess the enrichment factor
has also enabled us to identify the impact origin that
for most of the analyzed metals was anthropogenic.
The hypothesis, then, of using the strawberry
as environmental bioaccumulator proved to be an
interesting choice, since the analysis of more
environmental media gave a comprehensive
framework of the contamination level, highlighting
also the different issues related to the studied areas.
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internal constructions. In the process of MDF
production, wastewaters with high pollution loads are
generated at different places. These wastewaters show
very high suspended solid (SS) concentrations and
chemical oxygen demand (COD) [1]. The wastewater
also contains highly toxic substances because of the
wood preservatives that are used against fungi and
insects [2]. Since the generated MDF wastewaters can
be dangerous and potentially toxic to aquatic life, it
should be effectively treated before being discharge to
the environment [3, 4]. Studies dealing with the
treatment of MDF wastewaters are limited to a few
case studies [3, 5] among them biological treatment
processes have been extensively studied in the
scientific literature. Biological treatment processes are
often ineffective for the treatment of MDF wastewater
due to non-biodegradable and refractory compounds
[1, 2, 5, 6].
There is a continuously growing interest in
applying so called Advanced Oxidation Processes
(AOPs) to treat biologically-difficult-to-degrade
and/or even toxic chemicals typically encountered in
industrial wastewaters. So far, traditional hydroxyl
radical (HOx) based AOPs have been successfully
applied for the degradation and mineralization of
refractory pollutants found in water or wastewater due
to the fact that HOx-based oxidation is extremely fast
and thus non-selective [7]. The most often
investigated HOx-based AOPs include the Fenton [6],
Photo-Fenton [8], Ionizing radiation [9], and
UV/H2O2 [10] processes as well as a variety of
combinations thereof. The application of AOPs based
on sulfate radicals (SO4x-) due to its high efficiency in
the degradation and mineralization of recalcitrant
and/or toxic organic pollutants has been the subject of
recent interests because SO4x- (E0 = 2.5±3.1 V vs.
NHE) possesses higher oxidation potential than HOx
(E0 = 2.8 V vs. NHE) [11-14]. In some cases SO4x- can
be more efficient than HOx in the degradation of
specific refractory pollutants due to its more selective
oxidation [15]. Persulfate (PS), is a water-soluble, safe
to handle, strong and stable oxidizing agent, thus
having a good potential for application. SO4x- are
typically being produced from potassium persulfate
(K2S2O8) via OH- at high pHs, radiolytic, thermal and
photochemical (UV) activations, or alternatively by

ABSTRACT
The present work highlights the novel approach
of combination of hydrodynamic cavitation (HC) and
Fe2+/persulfate (PS) processes to develop a feasible
and effective process for the post treatment of
biologically treated wastewater obtained from a
medium density fiberboards (MDF) industry (COD =
448 mg/L; TOC = 243 mg/L; pH = 7.7). Fe2+/PS and
Fe2+/PS enhanced HC treatment processes were
evaluated and compared on the basis of chemical
oxidant demand (COD) and total organic carbon
(TOC) removals as well as PS consumption rates. In
the first part of the study Fe2+/PS oxidation
experiments were performed at different initial PS
concentrations (5, 10, 20 and 30 mM) in the presence
of 0.5 mM Fe2+ catalyst at pH = 3. Fe2+/PS process
was rather inefficient, resulting in 12% and 10% COD
removals and 12% and 9% in TOC abatements after
75 min treatment for 5 mM and 10 mM initial PS
concentrations, respectively. Increasing the PS
concentration did not significantly enhance the
organic carbon removal efficiencies, therefore, HC
process was applied in order to enhance the treatment
efficiency for selected initial PS concentrations (5 and
10 mM). Under the investigated reaction conditions,
after 75 min Fe2+/PS enhanced HC treatment,
approximately 60% COD and 40% TOC removals
were achieved for 5 mM initial PS concentration. The
calculated average oxidation state (AOS) values
suggested that more oxidized organic intermediates
were formed during Fe2+/PS enhanced HC treatment
of biologically treated MDF wastewater.

KEYWORDS:
Average Oxidation State, Fe2+/persulfate process,
Hydrodynamic cavitation, Medium density fiberboard
wastewater, Sulfate radical

INTRODUCTION
Medium density fiberboards (MDF) are consist
of glued wood fibers. Nowadays it seems impossible
to do without fiberboards in the field of furniture and
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redox reactions with transition metals as in the case of
WKH)HQWRQ¶s reagent [16]. Among these combinations,
PS coupled with transition metal ions especially with
ferrous (Fe2+) ions shows efficient degradation of
organic pollutants found in water and/or wastewater
[17]. In Fe2+ activated PS oxidation (Fe2+/PS process)
Fe2+ ions can rapidly activate PS to form SO4x-. Fe2+
ions can be also converted simultaneously by both PS
and SO4x-, and the final reaction product (SO42-)
remained in the system. The reaction equations are as
follows [18].
ήǦ
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MATERIALS AND METHODS
Materials. Wastewater sample which is used in
the present study was taken from the downstream of
the conventional biological process of a MDF factory
located in Gebze/Turkey. Biologically treated MDF
wastewater was stored in plastic carboys in the cold
room at 4qC prior to its use in treatment experiments.
Characteristics of the MDF wastewater used in the
present study are given in Table 1.
Potassium persulfate (K2S2O8   ZDV
purchased from Sigma-Aldrich, Inc. (USA) and
ferrous sulfate (FeSO4.7H2O, >99%) from Merck
Chemical Co. (Germany). All other reagents and
solvents were of at least analytical grade.

(1)
(2)

As well as in a PS-water system, HOx could
also be formed via following reactions, and might
participate in the oxidation of pollutants [19].
At all pHs:
ήǦͶ  ʹ ՜

ǦͶ 

ή



TABLE 1
Characterization of MDF wastewater
Parameter
pH
Conductivity
COD
TOC
DOC*
Cl32

12

(3)

At alkaline pHs:
ή
ήǦͶ  Ǧ ՜ʹǦ
Ͷ  

(4)

Recently, hydrodynamic and acoustic cavitation
has been widely applied as an advanced oxidation
technology along with other AOPs for wastewater
treatment as a hybrid treatment technique [20-22].
Hydrodynamic cavitation (HC) has the potential to
become energy efficient technique that can reduce
currently necessary use of expensive chemical
reagents for enhanced treatment process, which on the
other hand also pose additional concerns, when
deposited into environment [23]. Degradation of
organic pollutants by HC occurs by both thermal
decomposition due to the generation of hot spot
resulting out of cavity collapse and chemical
oxidation due to the generation of reactive free
radicals (i.e. HOx) [24-26]. The use of AOPs and
combinations with HC for the treatment of wastewater
has been demonstrated in the some of the recent works
[27-32]. The research done so far on the application of
combination of HC and other AOPs is primarily based
on the HC + Fenton process, hydrogen peroxide,
ozonation and photocatalysis. To the best of our
knowledge, no study has been reported in the
scientific literature dealing with the treatment of real
industrial wastewater with combination of HC and PS.
The motivation of the present work was to study
the treatability of the biologically treated MDF
wastewater with Fe2+/PS and Fe2+/PS enhanced HC
processes. The treatment performances were
evaluated and compared on the basis of COD, Total
Organic Carbon (TOC) removals and PS consumption
rates. The results can provide valuable information for
the post treatment of biologically treated MDF
wastewater by both processes.

Value
7.67
3.78
448
248
243
<0.4
0.69
47

*filtered through 0.45 μm pore size membranes

Methods. Fe2+/PS Experiments. Fe2+/PS
experiments were run at constant room temperature
(25±2°C) in 500 mL glass beakers that were
continuously stirred. Before starting the experiments,
the pH of the sample was adjusted to 3.0+0.2 with 6N
H2SO4. Thereafter, PS was directly added to the
wastewater sample to obtain an initial PS
concentration range of 5 mM to 30 mM. Then, the
reaction was initiated by the addition of Fe2+ from a
freshly prepared FeSO4.7 H2O stock solution
(10%w/v) under a continuous stirring speed of 100
rpm. The study was performed at a fixed Fe2+
concentration of 0.5 mM. Samples were taken at
regular time intervals for up to 75 min for analyses. In
order to cease the reaction, the pH of the samples were
elevated to 7.0-7.5 with 1N NaOH. Iron hydroxide
flocs were removed with 0.45 μm-cutoff filters. COD,
TOC and residual PS concentration analyses were
done in pH-adjusted and filtered samples. All
experiments were done at least twice.
Fe2+/PS enhanced HC Experiments. All the
experiments of combination of HC and Fe2+/PS were
performed with 11 L MDF wastewater sample with
the 0.5 mM concentration Fe2+ and initial PS
concentrations of 5 and 10 mM at pH 3.
At the beginning of the experiments, pH of the
sample in the tank was adjusted to 3.0±0.2 by using
H2SO4. Afterwards desired amount of PS (5 or 10
mM) was added to the reactor. At this point, the
reaction was initiated by adding 0.5 mM Fe2+ catalyst
484
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treatment time is also shown in the insert of Figure 2.
Upon comparison of the results achieved in the
absence of PS (data not shown), where no COD
removal was observed, with those achieved in the
range of 5-30 mM PS, it can be deduced that as
expected, the presence of PS enhanced the Fe2+/PS
treatment performance. COD removal efficiencies
which obtained at the end of 75 min treatment time,
for initial PS concentrations of 5, 10, 20 and 30 mM,
were 12%, 10%, 9% and 6%, respectively. As can be
seen from Figure 2, increasing the initial PS
concentration from 5 to 30 mM did not improve the
COD removal efficiencies. PS is a source of SO4x- in
the system, and more reactive radicals are generated
to degrade organic pollutants at higher PS
concentrations. On the other hand, the side reaction
between PS and SO4x- become more significant as the
PS concentration increased. This is a well-known
phenomenon from scientific literature [16], and
known as the free radical scavenging effect of
excessive oxidant concentration. The respective
scavenging reaction is given in Eq. (5)

and turning on the HC reactor. Samples were taken at
regular time intervals and analysis were done in the
same manner as Fe2+/PS process.
Schematic diagram of the HC reactor that was
used in the experiments is given in Figure 1. The
closed system consists of a water tank with a 20 L
capacity. The water was prepared into a cavitation
chamber. HC began by switching on the pump and
controlling the valves. After switching on the pump,
water could be sucked in by the pump and then
discharged to the holding tank by a centrifugal pump
at a pressure of 7 bar. The solution was circulated at a
highest flow rate of 4.1m3/h in the mainline when
bypass line was closed completely. Bypass line is
provided to control the liquid flow through the main
line. Control valves and pressure gauges are provided
at appropriate places to control the flow rate through
the lines and to measure the pressures respectively
during the operation. Venturi tube with 5 mm
diameter was used in all experiments as a cavitation
device.

(5)
Based on these results 5 and 10 mM initial PS
concentrations were selected as the effective oxidant
concentrations for the Fe2+/PS treatment of MDF
wastewater and results were compared with Fe2+/PS
enhanced HC process.

FIGURE 1
Schematic representation of experimental set-up
Analysis. COD was determined by the closed
reflux titrimetric method according to ISO 6060 [33].
The TOC values of all filtered samples were analyzed
on a Shimadzu TC (total carbon) VPCN Carbon
analyzer (Japan) equipped with an autosampler. The
pH was measured with a Thermo Orion model 720A
pH equipped with an Orion model pH electrode
(9102BN) at any stage of the experiments. Residual
PS concentrations were traced by employing the
iodometric method according to Wahba et al [34].

FIGURE 2
Changes in normalized COD concentrations
during Fe2+/PS treatment of MDF wastewater at
varying PS concentrations. The figure insert
contain COD removal efficiencies obtained after 75
min treatment. Experimental conditions: initial
COD = 448 mg/L, initial pH = 3.0, initial Fe2+ = 0.5
mM


RESULTS AND DISCUSSION
Fe2+/PS process. The effect of PS concentration
on the Fe2+/PS oxidation efficiency was evaluated by
conducting experiments at 0, 5, 10, 20 and 30 mM.
The Fe2+ concentration was 0.5 mM and the initial pH
value was 3.0 at these experiments. Figure 2 depicts
changes in normalized COD values during 75 min
Fe2+/PS treatment of MDF wastewater. The COD
removal efficiencies obtained at the end of 75 min

Although COD is regarded as an appropriate
indicator for the degree of oxidation, complex
molecules cannot be completely destroyed during the
standard procedure of COD analysis [35]. Hence, it is
important to follow TOC together with COD removal
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during the treatment processes. As is evident in Figure
3, depicting normalized TOC concentrations versus
treatment time, there was limited TOC removal during
Fe2+/PS oxidation. At the end of the treatment (=75
min) TOC removal efficiencies were 12% and 9% for
initial PS concentrations of 5 and 10 mM,
respectively. The above results implied that under the
investigated reaction conditions Fe2+/PS treatment
process was ineffective for the mineralization.

of reactive free radicals (SO4x- and HOx) . From Figure
4 (a) and (b) it is apparent that COD and TOC
removals were negatively affected by increasing the
initial PS concentration causing a significant
reduction in the COD and TOC removal efficiencies
from 60% and 40% at 5 mM to 40% and 19% at 10
mM, respectively, after 75 min treatment. This
efficiency decrease could mainly be attributed to the
free radical scavenging effect of excessive PS
concentrations which is shown in Eq. (5) [29].

FIGURE 3
Changes in normalized TOC concentrations
during Fe2+/PS treatment of MDF wastewater at 5
mM and 10 mM initial PS concentrations.
Experimental conditions are as in Figure 2.

(a)

Fe2+/PS enhanced HC process. The two key
mechanisms responsible for the degradation of
organic pollutants using HC are, the thermal
decomposition/pyrolysis of organic pollutant
entrapped in the cavities due to the generation of
transient temperature pressure conditions (localized
hot spots) and secondly, the reaction of free radicals
with the organic pollutant occurring at the cavitywater interface [36]. The combination of HC and
different AOPs (in our case Fe2+/PS process) is
considered to obtain an improved degradation
efficiency attributed to the higher production of free
radicals [28].
This part of the study evaluated the performance
of Fe2+/PS enhanced HC process on the treatment of
MDF wastewater when using 5 and 10 mM of PS, 0.5
mM of Fe2+ at pH 3.0. The results obtained are
depicted in Figure 4 (a) and (b) for COD and TOC
abatements, respectively. Upon comparison of the
results achieved for Fe2+/PS and Fe2+/PS enhanced
HC processes, it can be deduced that as expected,
COD and TOC removal efficiencies were increased
appreciably when HC was combined with Fe2+/PS
process. COD removals increased from 12%
(Fe2+/PS) to 60% with Fe2+/PS enhanced HC process
after 75 min at 5 mM initial PS concentration, whereas
under the same treatment conditions TOC removals
increased from 12% to 40%. The enhanced
degradation due to combination of Fe2+/PS process
with HC might be attributed to intensified production

(b)
FIGURE 4
Changes in normalized COD (a) and TOC (b)
concentrations during Fe2+/PS enhanced HC
treatment of MDF wastewater at 5 mM and 10
mM initial PS concentrations. Experimental
conditions are as in Figure 2.
Comparison between oxidation systems. The
observed TOC removals after 75 minutes of treatment
were found to be lower than the COD removals in the
all oxidation experiments, which indicated that the
organic content of MDF wastewater did not
completely mineralized to carbon dioxide and water
[35]. The efficiency of the oxidative process can be
shown more clearly by the average oxidation state
(AOS) parameter, which is calculated by Eq. (6):
AOS=
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where TOC and COD are expressed in moles of
C/L and of O2/L, respectively, at different treatment
times [37]. AOS constitutes a potentially valuable
parameter that can be used to estimate the degree of
oxidation in a complex solution consisting of the
initial compound and its oxidation by-products [38].
AOS is between +4 for CO2, the most oxidized state
of C, and -4 for CH4, the most reduced state of C [39].
COD and TOC percent removals as well as the
calculated AOS values for the 75 min treatment have
been reported in Figure 5. The initial AOS value of
the MDF wastewater was calculated as -3.4. As can
be followed from the Figure 5, by the end of the
Fe2+/PS enhanced HC treatment, the oxidation states
were higher in comparison to those after the Fe2+/PS
treatment, confirming the stronger oxidation (higher
removal efficiency for COD and TOC) with Fe2+/PS
enhanced HC process. These results suggested that
more oxidized organic intermediates were formed
during the Fe2+/PS enhanced HC treatment, changing
the average chemical nature of the mixture.

CONCLUSION
In the present study, the performance of
Fe2+/persulfate (PS) and Fe2+/PS enhanced
hydrodynamic cavitation (HC) processes for the
treatment of biologically treated wastewater obtained
from a medium density fiberboards (MDF) industry
was comparatively evaluated. The effect of initial PS
concentration on chemical oxygen demand (COD)
and total organic carbon (TOC) removals rates was
examined. The following conclusion could be drawn
from the obtained experimental results:
x
Fe2+/PS process appeared to be rather
ineffective in COD (6-12%) and TOC (9-12%)
removals.
x
Results confirmed that the treatment
performance of Fe2+/PS process could be significantly
enhanced by HC. The effectiveness of this process
might be attributed to the additional free radical (SO4xand HOx) formation due to the HC.
x
Increasing the initial PS concentration
negatively affected the COD and TOC removals for
both Fe2+/PS and Fe2+/PS enhanced HC processes.
Free radical scavenging can cause this reduced
degradation and mineralization efficiency.
x
With the Fe2+/PS enhanced HC process it
was possible to remove 60% COD removal
accompanied with 40% TOC removal under the
investigated reaction conditions (Initial pH=3.0,
initial Fe2+=0.5 mM, initial PS =5 mM).
From the above mentioned findings it is evident that
more intensive efforts are required on the
experimental front (optimization of the initial Fe2+
concentration and pH, operating cavitation numbers
etc.) before economically feasible applications of
Fe2+/PS enhanced HC process for the treatment of
industrial wastewaters.

FIGURE 5
Percent COD and TOC removal efficiencies as well
as corresponding AOS values for 75 min Fe2+/PS
and Fe2+/PS enhanced HC treated MDF
wastewater. Experimental conditions are as in
Figure 2.
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complexation of metals and adsorption of organics
with its various functional groups. During aeration
Fe(II) turn to iron oxides and it can be readily
removed [1]. Complexation of iron and manganese
with NOM prevents oxidation. Beside it became
quite difficult to remove by conventional filtration
method. Also in the presence of NOM, harmful
disinfection by-products (DBPs) components can be
formed such as trihalomethanes (THMs), haloacetic
acid (HAAs), and other halogenated DBPs in the
presence of NOM and chlorine [2, 3, 4].
For manganese removal pH range is essential.
If pH under 9, reaction rate of Mn(II) is very slow
[5]. Choo et. al., investigated the removal of iron and
manganese along with chlorine dosages from lake
water using different pressurized UF systems and
oxidized manganese claimed a greater responsibility
for membrane fouling during chlorination [6]. In
another study, of a new immersed microfiltration
membrane application presented [7]. Hollow fibre
membrane immersed into a process tank and aerated
continously. Without sophisticated process control,
a treated manganese level of 0.02 mg/L was
achieved with highly variable feed values of up to
1.5 mg/L.
In this paper, iron and manganese removal in
the presence of fulvic acid by an aerated-submerged
membrane system is nvestigated without using any
oxidants. In that case, the effect of catalytic iron
oxide particles is also investigated to improve
manganese removal.

ABSTRACT
The aim of this study is to assess the effects of
fulvic acid and iron oxide on the Fe2+ and Mn2+
removal by an aerated-submerged membrane
system. To construct empirical models for the
relationship, polynomial regression method is
applied. Ultrafiltration hollow fiber membrane
module is submerged into aeration tank. The
pressure changes in the membrane system are
continuously monitored by means of pressure gauge.
Dissolved organic carbon, UV254, iron and
manganese concentrations are measured in the raw,
unfiltered and filtered waters. :KLOH LURQ R[LGH¶V
presence increases the removal efficiency of Fe 2+
and Mn2+, high concentration of fulvic acid affects
adversely. The relationship between these
contaminants and membrane fouling is investigated.
Also, in order to model the relationship, regression
analysis using least squares (LS) approximation
method is performed. This method is based on a
polynomial of degree n to compute the best
approximation to data. Mathematical models are
evaluated and compared to identify an adequate
model to represent the flux data collected with
different ingredients. The results obtained by LS
show that the method is feasible.

KEYWORDS:
Fulvic acid, iron, manganese, submerged ultrafiltration
membrane, polynomial regression, least squares method.

MATERIAL AND METHOD
INTRODUCTION
Materials. FeSO4.7H20 and MnCl2.2H20 were
used to prepare 1 g/L Fe2+ and Mn2+ stock solutions
respectively. Suwannee River fulvic acid (SRFA)
was supplied from International Humic Substances
Society, University of Minnesota. Ferric hydroxide
stock solution was obtained as 50 mg/L by aerating
Fe(II) with the alkalinity 8x10-3 eq/L for 3 or 4 hours.
The properties of ZW-1 membrane were given
in Table 1.

Iron and manganese are commonly found
together in many natural water sources. They may
cause unpleasant aesthetic and economic problems,
offensive taste, appearance and staining. Natural
organic matter (NOM) are also ubiquitous
components of water sources. NOM affects many
chemical and biological processes at drinking water
treatment plants and their design, mostly through
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added to the distilled water to obtain a solution with
an alkalinity equal to 8x10-3 eq/L. The pH of the
solution was measured by JENWAY model 3040
type of ion analyser with sensitivity of 0.001 pH unit
and kept constant at pH 8.5 during a day-aeration and
experiment. To minimize membrane fouling
backwash maintained with filtered water a minute
per hour. The pressure data was measured by Hach
Lange SC 1000 data logger and transferred to the
computer in every five minutes. The samples were
taken from feed tank, raw water and inside the
reactor and permeate every day, regularly. DOC and
UV254 were measured in the raw and treated water to
evaluate fulvic acid removal. DOC was measured
with Schimadzu TOC-VCPH instrument with the
high-temperature combustion method (5310B) [8].
UV254 absorbance was measured at 254 nm
wavelength by Perkin Elmer Lambda 25 UV visible
spectrophotometer. ICP-OES was used to determine
iron and manganese concentrations.

TABLE 1
The properties of ZW-1 membrane
Membrane type
Surface area, m2
Membrane material
Nominal membrane pore size, nm
Capillary outer diameter, mm
Module length, cm
Module width, cm
Module inner diameter volume, ml
Transmembrane pressure
Flux, L/m2h

Capillary, hydrophilic
0.047
PVDF
40
2
17.5
5.8
10
max. 62 kPa at 40 C
15-35

Method. Synthetic solutions were fed into
10x20x45 cm-sized Plexiglas reactor by a peristaltic
pump. During the experiment air was given at the
bottom of the reactor. Backwash was maintained
through feedback of filtered water with a backwash
pump. Pressure changes were continuously
monitored by means of pressure gauge.
Experimental set up which was used in this study is
shown schematically in Figure 1.

TABLE 2
Combination of iron, manganese, fulvic acid and
iron hydroxide
Trial
no

Fe(II),
mg/L

Mn(II),
mg/L

Fulvic
Acid, mg/L

1
2
3
4
5
7
8

5
5
5
5
5
5

1
1
1
1
1
1

1
7
1
7

Iron
hydroxide,
mg/L
50
50

Least squares regression. For a dataset  ܦൌ
ሼሺݔ ǡ ݕ ሻሽே
ୀଵ the linear regression model is given as:
ෝ ൌ  ࢼ் ࢞  ߝ
࢟
ߝ ̱ܰሺͲǡ ߪ ଶ ሻ

(1)
(2)

with the independent variable ࢞ ܴ א which
is m-dimensional and the related response variable is
ෝ  ܴ אand referred to as the least squares fit to the
࢟
data. ࢼ is the vector of population parameters (i.e.,
regression coefficients) and ߝ represents the vector
of errors. Equation (1) becomes unbiased estimator
of the true or expected values of the respective
parameters when ࢞ values have no measurement
error.
In least squares estimation, the unknown values
of the parameters ߚ ǡ ߚଵ ǡ«ǡ ߚ in the regression
ෝ ൌ ݂ሺ࢞ Ǣ ࢼሻǡ are estimated by finding
function, ࢟
numerical values for the parameters that minimize
the sum of the squared deviations between the
observed responses and the functional portion of the
model. Mathematically, the least squares criterion
that is minimized to obtain the parameter estimates
is:

FIGURE 1
Experimental set up: UF membrane set up.

Experiments were conducted with synthetic
solutions. Every experiment lasted for three days.
The concentrations of iron, manganese and fulvic
acid were chosen as 5 mg/L, 1 mg/L and 1-7 mg/L
respectively. Iron oxide was used to increase of iron
and manganese removal and obtained from aeration
of solution containing 50 mg/L of Fe(II).
In order to evaluate independent impact of
fulvic acid and iron oxide, combinations of iron,
manganese, fulvic acid and iron hydroxide which
were used for the experiments were given in Table
2.
Solutions were prepared into the feed tank and
aerated for a day before filtration. NaHCO 3 was
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ܳ ൌ ሾݕ െ ݂ሺ࢞ Ǣ ࢼሻሿଶ

acid, iron and manganese, these results were taken as
a reference. Iron and manganese were found around
1 mg/L, but iron concentration were chosen 5 mg/L
to observe the effect better. UV254 were found
between 0.034 and 0.247 which is equal to almost 1
and 7 mg/L concentration of fulvic acid.

(3)

ୀଵ

As previously noted, ߚ ǡ ߚଵ ǡ ǥ ǡ ߚ are treated as
the variables in the optimization and the predictor
variable values, ݔଵ ǡ ݔଶ ǡ ǥ ǡ ݔ are treated as
coefficients.

Pressure Change. Pressure change is the
instantaneous indicator of the membrane fouling.
Fouling increases pressure change. As it can be seen
in Figure 2, Mn2+ was the most important pollutant
and made the most important effect on membrane
fouling. ZW-1 membrane yielded to |170 mbar at
1mg/L Mn2+ concentration. On the contrary, 40- 60
mbar pressure change was obtained with 5 mg/L
Fe2+concenration. The experiments lasted three days
and, in spite of the air was given under the membrane
to avoid membrane fouling during the filtration,
pressure change was continued to increase in the
case of 5 mg/L iron, 1mg/L manganese and 7 mg/L
fulvic acid concentrations.
Fulvic acid was indicated as second most
important pollutant on membrane fouling, yielded
|150 mbar at 7mg/L fulvic acid concentration and
|60 mbar at 1mg/L fulvic acid concentration. But
when 7mg/L fulvic acid was added to the iron and
manganese combination, the pressure change was
decreased to |70 mbar. This phenomenon was
explained by iron oxide formation from as low as 5
mg/L initial concentration of Fe2+ and possibly floc
formation with fulvic acid.

RESULTS AND DISCUSSION
'DQDPDQGÕUD9LOODJHJURXQGZDWHUVRXUFHDQG
Omerli Dam surface water source were considered
as reference point to determine the concentrations of
Fe2+, Mn2+ and Fulvic acid. Seasonally sampling was
done and relevant parameters were illustrated in
Table 3.
TABLE 3
The results of characterization of Omerli Intake
Stucture (OIS 'DQDPDQGÕUD Village (DV).
ÖIS
(Mean)
5,051
0,972
1,14
0,284

Parameters
DOC (mg/L)
Total Fe (mg/L)
Total Mn (mg/L)
UV254 (1/cm)

DV
(Mean)
2,75
1,124
1,41
0,048

To minimize the number of experiments and
select the best representative concentrations of fulvic

Fe(II) 5mg/L
Mn(II) 1mg/L
Fe(II) 5mg/L; Mn(II) 1mg/L
Fulvic Acid 1mg/L
Fulvic Acid 7mg/L
Fe(II) 5mg/L; Mn(II) 1mg/L; Fulvic Acid 1mg/L
Fe(II) 5mg/L; Mn(II) 1mg/L; Fulvic Acid 7mg/L
Fe(II) 5mg/L; Mn(II) 1mg/L; Fulvic Acid 1mg/L; Fe(OH)3 50mg/L
Fe(II) 5mg/L; Mn(II) 1mg/L; Fulvic Acid 7mg/L; Fe(OH)3 50mg/L

Pressure Change, mbar

200

150

100

50

0
0

6

12

18

24
30
Time, hour

36

42

FIGURE 2
Membrane pressure changes, resulted from iron and manganese.
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The addition of iron oxides (Fe(OH)3) into the
solution prevented the membrane fouling and
pressure change was measured between 40 - 50
mbar. These results demonstrated that iron oxide did
not allow complex formation with fulvic acid.

obtained with fulvic acid 7 mg/L as 25 % (Figure 3).
As expected the iron oxide affected removal
efficiency in a positive way. Increment in fulvic acid
concentration decreased DOC removal efficiency.
As shown in Figure 4, same UV254 removal
trend was observed like DOC removal. UV removal
was found more substantial than DOC removal,
because aromatic groups of FA have strong UV
absorbance at 254 nm [9].

Removal of DOC and UV254. Maximum DOC
removal efficiency was obtained with Fe2+:5 mg/LMn2+:1 mg/L- Fulvic acid:1mg/L- Fe(OH)3:50 mg/L
as 75 % and minimum DOC removal efficiency was

Fulvic Acid: 1mg/L
Fulvic Acid: 7mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L
Fe(II):5mg/L; Mn(II):1mg/L;Fulvic Acid:7mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L; Fe(OH)3:50mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:7mg/L; Fe(OH)3:50mg/L

Removal efficiency of DOC, %

100
80

62

60

62

60
46

45

45
37

40

30

30

26

39

45

45

40

43

28 25

26

20
0
Day 1

Day 2

Day 3

FIGURE 3
Removal rate of DOC

Removal efficiency of UV254, %

Fulvic Acid: 1mg/L
Fulvic Acidt: 7mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:7mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L; Fe(OH)3:50mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:7mg/L; Fe(OH)3:50mg/L
100
80

69

60
45
40

68
50

47 45

41

31 28

68
51

30 29

47 47
30

26

20
0
Day 1

Day 2

FIGURE 4
Removal rate of UV254
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Fe(II):5mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:7mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L; Fe(OH)3:50mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:7mg/L; Fe(OH)3:50mg/L
Rempval efficiency of Fe (II), %

100
80
60
40
20
0
Day 1

Day 2

Day 3

FIGURE 5
Removal efficiencies of Fe2+

Removal efficiency of Mn(II), %

100

Mn(II):1mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:1mg/L
Fe(II):5mg/L; Mn(II):1mg/L;Fulvic Acid:7mg/L
Fe(II):5mg/L; Mn(II):1mg/L;Fulvic Acid:1mg/L; Fe(OH)3:50mg/L
Fe(II):5mg/L; Mn(II):1mg/L; Fulvic Acid:7mg/L; Fe(OH)3:50mg/L

80
60
40
20
0
Day 1

Day 2

Day 3

FIGURE 6.
Removal efficiencies of Mn2+
Figure 6, at 8.5 pH removal efficiency of Mn 2+ was
found extremely low, about 10-15 %. But at the 1
mg/L Mn2+ and 5mg/L Fe2+ combination removal
efficiency of manganese was increased up to 50 %
on the 3th day. Because of the given air during the
experiment, iron oxides increased and enhanced the
removal efficiency of Mn2+.
It is clearly seen from Figure 6 that adding iron
oxides have a powerful effect on removal efficiency
of Fe2+. NOM is known to bind Fe(II) or Fe(III), may
be retained in solutions as ferric complex and retard

Removal of Fe(II)and Mn(II). The oxidation
efficiency of iron can be followed clearly at pH of 67. Above this pH, oxidation rate is considerably
high. In this study pH was kept at 8.5 and at this pH
oxidation of Fe2+ is extremely fast. As can be seen
from Figure 5, Fe2+ removal was very high even raw
ZDWHUGLGQ¶WILOWHUHG
Oxidative removal of Mn2+ with O2 occurs in
initially homogeneous solutions at pH 8. But at this
pH, the half-life for Mn2+ may be estimated to be as
long as 200 to 300 days [10]. As it can be seen from
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X variable, i.e., time). Therefore, the smaller the SSE
and hence, the MSE (or the RMSE, i.e., the standard
error of regression), the better is the fit of the data to
the regression equation. The metrics that are applied
to the estimators are the coefficient of determination
ܴଶ and root mean square error RMSE.

oxidation [1]. But according to result, at 8.5 pH
fulvic acid had negligible effect on removal of Fe2+
and Mn2+. As expected removal of Mn2+ was very
low at 8.5 pH. But adding iron oxides had significant
effect on removal rate of Mn2+. Removal efficiency
of Mn2+ increased up to almost 90%.
The removal efficiency of iron was found high,
almost 92-98 % in every conditions. Since the
oxidation rate of iron is considerably high at this pH
value, it is impossible to observe any significant
effects neither fulvic acid nor iron oxides on the
removal efficiency of iron.

ܴଶ ൌ ͳ െ

Size
596
593
579
596
592

Dataset 6

595

Dataset 7
Dataset 8

586
573

Dataset 9

530

(4)

(5)
σିଵሺݕ െ ݕො ሻଶ
݊
where ݕ is the measured value, ݕො denotes the
predicted value and n stands for the number of
samples. Polynomials are widely used in situations
where the response is curvilinear, as even complex
nonlinear relationships can be adequately modeled
by polynomials over reasonably small ranges of the
x's. Through the datasets that are obtained from the
experiments
explained
before,
polynomial
regression using least squares approximation is
performed and the results are discussed.
It is important to keep the order of the model as
low as possible. Keeping that in mind, given datasets
which shows the effect of various ingredients on the
membrane fouling is investigated. Although the
models clearly catch overall trend as seen from
Figures (7- 16), the corresponding metrics ܴଶ ൌ
ͲǤͷͳͻʹ for dataset 3 and ܴଶ ൌ ͲǤͷʹͶ for dataset 4
VKRZV WKH PRGHO¶V ZHDN SHUIRUPDQFH 7KH UHDVRQ
for the performance decline is the noisy data.
ܴ ܧܵܯൌ ඨ

TABLE 4
Summary of the observation data.
Data
Dataset 1
Dataset 2
Dataset 3
Dataset 4
Dataset 5

σିଵ
ො ሻଶ
ୀ ሺݕ െ ݕ
ିଵ
σୀ ሺݕ െ ݕത ሻଶ

Contents
Fe2+ 5mg/L
Mn2+ 1mg/L
Fe2+ 5mg/L; Mn2+ 1mg/L
Fulvic Acid 1mg/L
Fe2+ 5mg/L; Mn2+ 1mg/L; Fulvic Acid 1mg/L
Fe2+ 5mg/L; Mn2+ 1mg/L; Fulvic Acid
1mg/L; Fe(OH)3 50mg/L
Fulvic Acid 7mg/L
Fe2+ 5mg/L; Mn2+ 1mg/L; Fulvic Acid 7mg/L
Fe2+ 5mg/L; Mn2+ 1mg/L; Fulvic Acid
7mg/L; Fe(OH)3 50mg/L

Model. After first impression of the
experimental data, the goal is to find the real model
behind the noisy data points. Modelling pressure
versus time with the specified ingredients will in turn
helps optimizing the filtration monitoring procedure
through reduction of the time and costs required. The
models are the simplified theoretical approximations
of complex reality. As such there is always some
inferiority involved, also called approximation error.
This error will guide selection of right model among
the numerous choices and is calculated as squared
GLVWDQFH RI WKH PRGHO¶V SUHGLFWLRQ WR WKH UHDO GDWD
(Table 4).
The standard error of the regression, also
referred to as the standard error of estimate or the
residual standard error, provides a measure of how
closely the regression equation fits the observed
data. It is used in computing the standard errors of
the regression coefficients, which in turn are used for
computing the t values and confidence intervals for
the coefficients.
The standard error of the regression is obtained
as the square root of the MSE, where the mean
square error (MSE), which is computed as the sum
of the squares of the residuals or errors (often
symbolized as SSE) divided by the degrees of
freedom (dof) for the SSE. Based on these
definitions, the standard error of the regression is
also referred to as the root mean square error
(RMSE). The SSE represents the remaining
variation or variability of the Y or response variable
(i.e., pressure in this study) that is unexplained by the
regression (or more specifically, by the predictor or

TABLE 5
Parameters and performance metrics
for regression.
Data
Dataset 1
Dataset 2
Dataset 3
Dataset 4
Dataset 5
Dataset 6
Dataset 7
Dataset 8
Dataset 9

R2
0.8901
0.9102
0.5192
0.5624
0.8079
0.7674
0.9192
0.8365
0.8262

RMSE
6.9345
14.2356
7.6381
5.0451
5.0152
4.6235
12.9672
4.0182
3.5491

For datasets 4, 5, 8 and 9, the pressure values
increase linearly with time at the first couple of
hours. In order to achieve better regression model
performance on given data, we separated the linear
part, which approximately corresponds to the first 20
values for each dataset, and applied the polynomial
model with the 3/5 of the remaining nonlinear data.
In the meantime, for the linear part, linear regression
method is applied and corresponding regression
coefficients are obtained. Since the linear part does
not reflect the nonlinear structure of the remaining
data, this procedure increased the overall
performance and the results are given in Table 5.
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FIGURE 7
Dataset 1 - Effect of 5 mg/L Fe2+ on membrane
fouling. Poly. least squares reg. of order 1, 2 and
10 is applied.


FIGURE 8
Dataset 2 - Effect of 1 mg/L Mn2+ on membrane
fouling. Poly. least squares reg. of order 2, 3 and
10 is applied.


FIGURE 9
Dataset 3 - Effect of 5 mg/L Fe2+ and 1 mg/L Mn2+
on membrane fouling. Poly. least squares reg. of
order 1, 2 and 10 is applied.


FIGURE 10
Dataset 4 - Effect of 1 mg/L FA on
membrane fouling. Poly. least squares reg. of
order 3, 4 and 10 is applied.




FIGURE 12
Dataset 5 - Effect of 5 mg/L Fe2+, 1 mg/L Mn2+
and 1 mg/L FA on membrane fouling. Linear
least squares regression fit for the first 10 data.
The rest of the data is modeled with another
linear function.

FIGURE 11
Dataset 4 - Effect of 1 mg/L FA on membrane
fouling. Linear least squares regression fit for the
first 10 data. The rest of the data is modeled with a
polynomial of degree 4.

496

© by PSP

Volume 26 ± No. 1/2017, pages 490-498

Fresenius Environmental Bulletin

FIGURE 13
Dataset 6 - Effect of 5 mg/L Fe2+, 1 mg/L Mn2+,
1 mg/L FA and 50 mg/L Fe(OH)3 on membrane
fouling. Poly. least squares reg. of order 2, 3
and 10 is applied.

FIGURE 14
Dataset 7 - Effect of 2 mg/L Mn2+ on membrane
fouling. Poly. least squares reg. of order 1, 2 and 10
is applied.

FIGURE 15
Dataset 8 - Effect of 5 mg/L Fe2+, 1 mg/L Mn2+,
7 mg/L FA on membrane fouling. Linear least
squares regression fit for the first 10 data. The
rest of the data is modeled with another linear
function.

FIGURE 16
Dataset 9 - Effect of 5 mg/L Fe2+, 1 mg/L Mn2+, 7
mg/L FA and 50 mg/L Fe(OH)3 on membrane
fouling. Linear least squares regression fit for the
first 10 data. The rest of the data is modeled with a
polynomial of degree 3.

aeration, besides adsorptive removal. Iron oxide
reduced the increase of vacuum pressure which is an
indicator of membrane fouling and increased the
removal efficiency. Accordingly, it can be said that
iron oxide is found to be tend to improve membrane
useful life and provide important removal
efficiencies for iron, manganese and DOC at these
working condition.

CONCLUSION
In this study, the effect of fulvic acid on the
removal
of
iron
and
manganese
at
aerated/submerged
membrane
system
was
investigated at pH 8.5 which is a common pH in
almost all natural waters. Because of manganese
removal is very low at this pH, iron oxide effect on
the removal efficiency was also investigated.
Mathematical models are evaluated and compared to
identify an adequate model to represent the flux data
collected with different ingredients. To construct
empirical models for the relationship, polynomial
regression using least squares approximation is
performed on the data from the experiments.
According to the results of the analysis, it was
determined that iron oxide had catalytic effect on
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REMOVAL OF NATURAL ORGANIC MATTER FROM
DRINKING WATER BY HYBRID COAGULATION/
ADSORPTION-MEMBRANE FILTRATION
Oyku Mutlu, Guler Turkoglu Demirkol*, Ender Çetin
Istanbul University, Faculty of Engineering, Department of Environmental Engineering, Istanbul, Turkey.

dissolved and colloidal fragments passing through an
0.45ȝP filter [3,4].
NOM can affect water quality in several ways
by causing either aesthetic concerns (i.e., colour,
taste and odour) or affecting human health with
disinfection by-products (DBPs) formed after water
chlorination [5,6,7]. 
Thus, removal of NOM from drinking water
has drawn great attention worldwide. Coagulation
[8, 9], membrane filtration [10,11], advanced
oxidation processes [12] and adsorption [13] are the
most common techniques that researchers have
extensively studied.
Using ferrous and alum salts for coagulation
and flocculation are more widely applied and
researched due to their low cost and ease of use for
NOM removal [14,15]. NOM can be removed with
aluminum sulphate and ferric chloride coagulants by
two general mechanisms: in the first, NOM adsorbs
onto aluminum and ferric hydroxide flocs, while in
the latter, insoluble complexes are formed to remove
flocs from water [16,17]. 
The other effective method used for NOM
removal is adsorption in which activated carbon,
zeolites, chitosan, biochars, and vegetable and
animal charcoals are used as adsorbents. Clay was
used in this study because of its low cost and to
investigate its potential to improve the efficent
removal of NOM. Tufekci et. al. [18], investigated
adsorption and permeability of clay in their study
[15, 18í21]. 
Membrane processes have rapidly become an
efficient alternative to conventional methods in
drinking water treatment methods because of their
low energy consumption and the low chemical dose
[10, 22]. However, the major limitation is membrane
fouling where foulants accumulated on membrane
surfaces and within the pores. Membrane fouling
causes flux decline and hence increases the cost of
treatment. NOM is generally accepted as the primary
factor in membrane fouling [23]. Microfiltration
(MF) and ultrafiltration (UF) membranes alone are
not adequate for the removal of NOM, but the
efficiency can be enhanced greatly by using pretreatment methods such as coagulation and
adsorption. 

ABSTRACT

The aim of this study is to determine both the
changing value of dissolved organic carbon (DOC)
LQZDWHUVDPSOHVWDNHQIURPLQIOXHQWRI.D÷ÕWKDQH
Drinking Water Treatment Plant in Istanbul, and
determine the removal efficiency of DOC, by
separately applying coagulation, adsorption and
membrane filtration methods to obtain the desired
limits these methods are capable of producing.
In this study, alum and FeCl3 were chosen as
the coagulant, and clay as the adsorbent. For
membrane filtration, an UF polypropylene (PP)
hollow fiber membrane was used. The removal
efficiencies of DOC and UV254 were compared using
alum and FeCl3 and the results showed that FeCl3 is
more effective for removal in comparison to alum. In
the adsorption section of the study, removal
efficiencies of 30 to 40% were observed. In the
membrane filtration section DOC removal efficiency
was determined to be 32%.
The result of this study showed that applying
the coagulation method using FeCl3 is more
effective and economical for the removal of organic
matters compared to the adsorption and membrane
filtration method. Applying both coagulation and
membrane filtration methods were shown to be the
most effective way for efficient removal of organic
matter.

KEYWORDS:
DOC, UV254,
filtration.

coagulation,

adsorption,

membrane

INTRODUCTION

Natural organic matter (NOM) is widely found
in drinking water, which leads to contamination of
drinking water supplies [1]. NOM is the
heterogeneous mixture of macromolecular humic
substances, low molecular weight hydrophilic acids,
proteins, fats, carboxylic acids, amino acids,
carbohydrates and hydrocarbons [2]. The most
abundant form of NOM in natural water are the
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The results of chemical analysis of the clay and
the characterization studies conducted on the
OHDFKDWHIURPWKHùLOH Area site are shown in Table
2.

This study investigates the removal efficiencies
of DOC and UV254 by using seperately coagulation
with FeCl3 and alum, adsorption with clay, and a
hollow fiber UF membrane, and then comparing it
with
combined
coagulation/membrane
and
adsorption/membrane processes. 


MATERIALS AND METHODS

Raw water characteristics. Coagulation,
adsorption and membrane experiments were
conducted using Kagithane Drinking Water
Treatment Plant samples. Table 1 shows the
characteristics of raw water.

TABLE 1
Raw water characteristics.

Parameters
Turbidity(NTU)
&RQGXFWLYLW\ ȝVFP 
TempeUDWXUH Û& 
pH
Total hardness (mg/L CaCO3)
Total alkalinity(mg/L CaCO3)
Chloride (mg/L Clí)
Chlorophyll-$ ȝJ/ 
Total Organic Carbon, TOC (mg/L)
UV254 absorbance (cmí)

TABLE 2
The chemical analysis of the clay used in
Sile Area [24-26].
Chemical Analysis (%)

Values
3
664
19.3
8.35
240
108
90
20
5.3
0.110

51í54
27í29

Fe2O3

2.5í2.7

TiO2

1.1í1.2

CaO

0.1í0.2

MgO

0.7í0.8

Na2O

0.0í0.1

K3O

2.7í2.9

SO3

----

Membrane filtration Membrane filtration
experiments were carried out with a single
polypropylene hollow fiber membrane using the
filtration apparatus shown in Figure 1. 
The fibers had a nominal pore size of 0.1 x 0.5
ȝPDQGDOHQJWKRIP7KHILEHUVKDGDQRPLQDO
surface area of 2.262 mm2 and a nominal pure water
flux of 150 L/m2h at 1 bar and 15°C. The surface
area of the membrane was calculated as 47.12 mm2
and 25 fibers were used to prepare the membrane
module. The fibers were wetted and degreased with
ethanol for 15 mins and flushed thoroughly with
distilled water. The feed water was prepared in a
tank, and pumped onto the membrane at 60 mL/min
flow rate with a peristaltic pump. The feed was
forced through the hollow fiber membrane under
pressure and the permeate was taken from the
opened ends. The permeate was collected in the
vessel and the feed flow rate was adjusted with the
peristaltic pump (Medorex). The permeate flow rate
data were monitored every minute by an electronic
balance and recorded on a computer via a PCI card
and an RS 232 line. Hollow fiber membranes were
submerged in the raw water reactor during the
twenty-four-hour experiments.

Jar test. Coagulation experiments were carried
out with 500 mL raw water effluent samples using
Jar Test apparatus (WiseStir Digital Feedback
Control Programmable Digital Timer) equipped with
six mixers and zero to 300 rpm stirring speed modes.
Aluminum sulphate (Al2(SO4)3.18(H2O)) and ferric
chloride (FeCl3.6H2O) were used as the coagulants
in a concentration range of 10 to 60 mg/L. The
coagulation was adjusted to pH 6.0 and 5.0 for
aluminum sulphate and ferric chloride, respectively,
using a 0.1N HCl and 0.1N NaOH solution.
Coagulation experiments were conducted in the
following manner: coagulant addition, pH
adjustment, flash mixing (stirring for 1 min at 100
rpm), flocculation (stirring for 30 mins at 20 rpm)
and settling for 60 mins. Thereafter the effluent
upper phase was filtered with an ȝPPHPEUDQH
and the UV254 and DOC values of the permeate were
measured.

Analytical methods Water samples were
analysed before and after coagulation for DOC
content using a Shimadzu brand, VCPH modeled,
72& DSSDUDWXV DIWHU ILOWUDWLRQ WKURXJK DQ  ȝP
membrane
filter.
The
UV254 absorbance
measurements were performed in accordance with
standard methods using by a UV spectrophotometer
(WTW Photolab 6600 UV-VIS series) at a
wavelength of 254 nm with a 1 cm quartz cell. The
pH was measured by a portable instrument, WTW
pH 7110. Turbidity was determined using a
turbidimeter, (WTW Turb 430T).

Adsorption expriments In this study, clay
taken from the ùLOHArea RIøVWDQEXOchanging color
from yellow to brown was used as an adsorbent
[24í26]. Adsorption experiments were carried out
via lab scale batch system. The shaking process was
carried out at a 100 rpm spin rate using a Zhicheng
=+:<í% PRGHO VKDNLQJ LQFXEDWRU 250 mL
samples at pH 4 were shaken for 5 hours at 100 rpm.
After 5 hours, samples were allowed to settle.



SiO2
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FIGURE 1
Submerged hollow fiber membrane system.

removal efficiencies were determined as a function
of pH as shown in Figure 2.
Figure 2 shows the DOC removal was greater
than 50% for a pH range of between 6 to 7 whereas
greater than 60% removal for UV254 at pH 5 to 6 for
alum. Maximum DOC removal (67%) and
maximum UV254 removal (69%) were obtained at
pH 6. The UV254 and DOC removal efficiencies
slightly decreased with increasing pH, which is in
complete agreement with former studies; the highest
color removal occurred in the pH range 5 to 7 where
aluminum is predominantly in the form of
amorphous Al(OH)3 [27].
For FeCl3 the maximum removal of DOC and
UV254 was achieved at pH 5 measuring 70% and
80%, respectively. Because removal efficiencies
were decreased at the higher and lower pH values,
pH 5 was selected as the optimum pH for FeCl 3
coagulation. At this pH, the destabilization
mechanism of organic matter is the charge
neutralization mechanism. Fe(III) ions dissociate to
Fe(OH)2 and Fe(OH)2+ positively charged
polyvalent hydroxymetallic complexes and these
destabilize negatively charged colloids; the
destabilized particles then adsorb onto the
hydroxymetallic complexes and create flocs. Beside
this, the effect of Van der Waals forces and the
results of gravity make particles aggregate and form
flocs [28].
To determine the optimum dose of coagulants
at the selected pH 5 and 6 for FeCl3 and alum,
respectively, different coagulant doses were applied.
The results of the DOC and UV254 removal

TABLE 3
The properties of PP hollow fiber membrane.

Membrane type
Hollow fiber-P5
4.52
Surface area, cm2
Polypropylene
Membrane material
150 Lm2h
Typical flux
[ȝP
Pore size
ȝP
OD/ID
ޓEDU
Fiber burst pressure
Fiber collapse pressure ޓEDU
Membrane characterization Membrane
fouling on the pores and surfaces was observed with
scanning electron microscopy equipment (SEM /
FEI-Quanta FEG 250) and attenuated total
reflection-Fourier transform infrared spectroscopy,
FT-IR/ATR (Perkin Elmer - Spectrum 100) analysis.


RESULTS AND DISCUSSION
Coagulation experimentsThe value of DOC
and UV absorbance at 254 nm wavelength was
observed to determine the quantity of organic matter
at optimum coagulation conditions for the
coagulants used in this study. The initial raw water
pH was adjusted to a range of between 4.5 to 8.5 for
FeCl3 and from 5.0 to 9.0 for alum, at a 30 mg/L
coagulant dose, via selected acid and base solutions
to determine the optimum conditions for coagulation
performance using a jar test. The DOC and UV254
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efficiencies are shown in Figure 3, based on the
coagulant dose in the range of 10 to 60 mg/L. As
seen in the figure, the maximum removal of DOC
and UV254 was obtained for a 40 mg/L FeCl3 dose
giving 54% and 75%, respectively. 
With increased doses of alum, UV254 removal
efficiencies were increased in direct proportion,
while DOC removal efficiencies varied. At up to a
40 mg/L alum dosage the efficiency was increased
but, with the increasing doses of alum, the efficiency
was decreased. DOC removal efficiency was 44%
and UV254 was 69% at the optimum coagulant dose
of 40 mg/L. 
In this study, almost 70% UV254 removal and
more than 40% DOC removal efficiencies were
obtained for both coagulants at 40 mg/L dosages,
and increasing the dose did not improve the
treatment performance. Similar results were
measured by Zheng et al. [29], who investigated the
DOC removal from both Otonabee River and
Ottowa River water by using alum coagulationa at
which contains respectively 5.03 and 5.85 mg/L



DOC concentration, respectively. They observed
35% DOC removal for the Otonabee River water at
42 mg/L alum dosage and 45% DOC removal
efficiency at 28.7 mg/L alum dosage for the Ottowa
River water.
Adsorption experimentsIt is very important
that the adsorbent used in the adsorption process has
a low cost, that it is abundant, that it can be used
several times and provides high removal efficiency
with clay, as preferred in this study. The adsorption
studies were carried out under several different
conditions to find the optimum set. To determine the
retention time, adsorption studies were carried out at
different periods changing between 1 to 72 hours, as
seen in Figure 4 a. The results showed that after 5
hours the removal efficiencies of both DOC and
UV254 decreased. Longer periods did not enhance the
adsorption, in fact desorption occurred. So, 5 hours
was selected as the optimum retention time for this


FIGURE 2
Optimum pH running with Alum and FeCl 3.



FIGURE 3
Optimum dose running with Alum and FeCl3.
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study. Figure 4 b shows the effect of the clay dosage
on adsorption removal efficiencies. Clay dosages
were selected between 0.2 and 3 g/L. The removal
efficiencies were about 26% for 0.2 and 0.5 g/L clay
dosages, while higher than 30% for 1 g/L dosages.
The removals decreased with increasing clay doses
of more than 1 g/L, which was selected as the clay
dose for adsorption experiments carried out in this
study. Also, the pH effects the adsorption
mechanism as well as removals. As the results of pH
tests shown below in Figure 4 (c), removals
LQFUHDVHG DV S+ LQFUHDVHG IURP  WR  E\ ௗ WR
ௗDQGௗWRௗUHVSHFWLYHO\ IRU89 254 and
DOC. Removals decreased as pH increased from 4
WRE\ௗWRௗIRU89254 DQGௗWRௗ
for DOC. Temperature is also an important
parameter affecting adsorption. Below, the ambient
temperature adsorption was shown not to be as
effective as adsorption at room temperature. The
removal efficiencies of DOC and UV254 increased
ZLWKLQFUHDVLQJWHPSHUDWXUHIURPௗ&WRௗ&$W
WHPSHUDWXUHV KLJKHU WKDQ ௗ& D gradually
decreasing in removal efficiencies was observed


with increasing temperature. Following these
experiments, the optimum conditions determined for
DGVRUSWLRQ ZHUH IRXQG WR EH KRXUV S+  ௗ&
DQGௗJ/ clay.
IsothermsTo determine the different amount
of humic acid (HA) concentrations on adsorption,
isotherm experiments were carried out. During the
period of study the pH level of the sample was
adjusted to 4. The data derived from the adsorption
isotherm experiments was applied to the Freundlich
and Langmuir isotherm models, which are given as
follows:

where qe is the adsorbed HA concentration
(mg/g); Ce is the concentration of HA in the solution
at equilibrium (mg/L); and Kf, the Freundlich
affinity coefficient (mg/g). Based on the linear form
of the adsorption isotherm obtained from plots of
logCe versus logqe, constants were calculated from
the slope of the graph.

a

b

c

d

FIGURE 4
The effect of a) retention time, b) clay dosages, c) pH, d) temperatures on removal efficiencies during
adsorption with clay.
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adsorption pre-treatments. 
Water flux for each process was measured and
is shown in Figure 6 as a function of time.
Filtration through a PP hollow fiber membrane
ZDV SHUIRUPHG RQ WKH 120 IRU WKH .D÷ÕWKDQH
Drinking Water Treatment Plant samples. Figure 6
shows the permeate flux of the PP hollow fiber
membrane after treating the raw water with different
coagulation and adsorption processes. It can be seen
that the raw water, pre-treated by the FeCl3
coagulation process, shows a very rapid initial flux
decline compared to the other pre-treatment and
membrane process. After around 5 hours of
filtration, the flux decline decreased and became
almost constant. On the other hand, for the other pretreatment and membrane treatment processes, the
flux decline became less and remained constant
within this filtration time. The highest permeate flux
result was obtained from pre-treatment with the
adsorption process (J=80 L/m2h). It was observed
that the pre-treatment with the FeCl3 coagulation
process produces a similar permeate flux to the pretreatment with the alum coagulation process. The
reduction of DOC and UV254 after coagulation with
the combined FeCl3/alum-membrane process could
be caused by aggregation of the particles,
incorporation of particles into flocs or adsorption or
precipitation of dissolved material into flocs [30,
31]. The rates of fouling pre-treatments with FeCl3
and alum coagulation were similarly efficient, with
a decreasing of filtration resistance due to settleable
particles and flocs, and comparable to membrane
filtration. 

The other equation conforming to the results of
the adsorption isotherm is given as:

where qe is the amount of adsorbed HA
concentration (mg/g); Ce is the concentration of HA
in the solution at equilibrium (mg/L); qm is the
capacity parameter (mg/g); and K, the Langmuir
constant (L/mg). 
Based on the linear form of the adsorption
isotherm obtained from plots of Ce versus Ce/qe,
constants were calculated from the slope of the
graph.
These Freundlich and Langmuir isotherm
models have been widely used by researchers to
account for the dosage effects when observing the
adsorption of NOM [29]. Figure 5 shows Langmuir
and Freundlich type adsorption isotherms of clay
WDNHQIURPùLOH$UHD (HA at pH 4, 5 hours retention
time, 250 mL solution contacted with 0.25 g
adsorbent).
R2, the correlation coefficient, of Langmuir is
(0.994) higher than the Freundlich isotherm
(0.9668). This study, carried out with HA based on
the R2 values shows that the, Langmuir isotherm fits
the experimental data better than the Freundlich
isotherm.
Membrane
experiments
Membrane
experiments were conducted as post-treatment of the
supernatant water, which was produced with the use
of optimum dosages of both coagulation and

a

b

FIGURE 5
Linearized a) Langmuir isotherm b) Freundlich isothermRIùLOHArea clay for humic acid.
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FIGURE 6
Membrane permeate flux of PP hollow fibre membrane.

FIGURE 7
DOC, turbidity and UV254 removal efficiencies of different treatment processes.


Results of all experiments. The DOC, UV254
and turbidity values of the permeates produced by
the combined coagulation±membrane processes
were measured, and the removal efficiencies are
shown in Figure 7 for each process. 
As seen in this figure, clearly the hybrid
process efficiencies are higher than just pretreatment, which means applying the membrane
process after coagulation or adsorption enhanced the
removal efficiencies of DOC, UV254 and turbidity. 
DOC removal efficiency in alum coagulation



was about 44% while applying both alum
coagulation and the membrane process increased it
to 59%. For FeCl3 coagulation, DOC removal was
54% and for the FeCl3 plus the membrane process it
was 65%. Similar results were observed for the
adsorption part of the study. DOC removal
efficiencies achieved for the water samples taken
from adsorption effluent were comparable with
those obtained for effluent that was subjected to
adsorption and UF, as seen in Figure 7, those
efficiencies were 58% for effluent subjected to both
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901 cmí1 is due to CH3 asymmetric rocking and C±
C asymmetric and symmetric stretching vibrations.
The bands at 840 and 809 cm-1are attributed to CH2
rocking vibrations [32, 33]. The bands at 1631, 1131
and 1011 cm-1 disappeared after the membrane
experiments and the band at approximately 899 and
809 cm-1 in the fouled membrane indicated
degradation of the polymer chain.
Fouling of the membrane surface was
characterized using SEM. The SEM images of the
membranes are shown in Figure 9. Comparing the
porosity of the clean and fouled PP hollow fiber
membrane, it can be clearly observed that the
membrane pores have shrunk and the surface
porosity has decreased with foulants. As the FeCl3
coagulation effluent was filtered, the FeOH2 flocs
deposited on the surface of the membrane and
formed a cake layer that adsorbed the neutral
fraction of NOM [22] It is seen as the accumulation
of FeOH2 flocs on the surface of the membrane in
Figure 9 (b) and (d).

adsorption and membrane filtration and 40% for just
the adsorption effluent. Also, effluent DOC
concentrations were measured in this study with
effluent not subjected to any pre-treatment. Results
in our study showed that adsorption is not as
effective as coagulation for organic matter removal.
This result shows that this type of clay is not
adequate for adsorption.
Membrane characterization The FTIR/ATR spectra of a clean PP hollow fibre
membrane and PP hollow fibre membrane after
FeCl3 coagulation are shown in Figure 8. Both
spectra are normalized by equalizing the height of
the absorption band at 2951 cm-1, which represents
the CH2-group vibration in the main PP polymer
chain. A very broad absorption peak at 3435 cm-1 can
be attributed to OH stretching vibrations. The PP
membrane can be affected by the moisture in the air.
The FT-IR/ATR spectrum also shows two intense
bands at 1456 and 1376 cm-1; the band at 1456 cm-1
is caused by CH3 asymmetric deformation vibrations
or CH2 scissor vibrations, while the band at 1376 cm1
is due to CH3 symmetric deformation vibrations.
The FT-IR/ATR spectrum of the PP membrane also
shows numerous small bands in the wave number
range 1200 to 688 cm-1. The band at 1168 cmí can
be attributed to C±C asymmetric stretching, CH 3
asymmetric rocking and C±H wagging vibrations,
while the band at 998 cm-1 is due to CH3 asymmetric
rocking vibrations. The band at 973 cm-1 can be
indicated to CH3 asymmetric rocking and C±C
asymmetric stretching vibrations, while the band at



CONCLUSION
This study investigated NOM removal from the
influent of the KagÕWKDQH'ULQNLQJ:DWHU7UHDWPHQW
Plant by using seperately the methods of
coagulation, adsorption and membrane filtration.
The experimental studies of membrane filtration
followed by adsorption and coagulation were also
carried out, since MF and UF membranes alone are
not adequate for the removal of NOM.


FIGURE 8
FTIR spectra for a) clean PP hollow fiber membrane b) PP hollow fibre membrane after FeCl 3
coagulation.
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a

b

c

d
FIGURE 9
ESEM for a) clean PP hollow fibre membrane b) PP hollow fibre membrane after FeCl 3 coagulation.

surface along with a dissolved fraction deposited on
the floc cake layer.

This study investigated, NOM removal from
the influent of the Kagithane Drinking Water
Treatment Plant both before and after coagulation
using ferric chloride and alum, adsorption using
clay, and membrane filtration. In the coagulation
experiments, both FeCl3 and alum were used as
coagulants and the optimum doses at optimum pH
were determined to be 40 mg/L. Experimental results
achieved 54 % DOC
removal with FeCl3
coagulation and 65% with FeCl3 coagulation and
UF. DOC removal efficiency in alum coagulation
was about 44% while applying both alum
coagulation and the membrane filtration process
increased it to 59%. Optimum conditions were
determined for adsorption experiments with clay (5
hours, pH 4, 20°C and 1 g/L clay). Adsorption + UF
filtration was required to reduce the ultimate effluent
DOC of the sample water more than adsorption
alone. DOC removal with adsorption and UF was
58%, and 40% removal efficiency was obtain with
adsorption. For FeCl3 coagulation + UF, DOC and
UV254 removal efficiencies were higher than the
other treatment methods. This result showed that the
cake consists of flocs formed on the membrane
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TREATMENT OF SOME METAL IONS IN LEACHATE IN
COMPACTED AND CONSOLIDATED CLAYS AND
VARIABILITY PERMEABILITY
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account of deformations that the leachate causes on
the clay soil.
In general, when examining the experimental
results of Fe(II), Mn(II), Zn(II), Cu(II), Pb(II)
parameters, the removal rate of
clay soil,
compressed
with
standard
methods
and
consolidated, was higher than that of clay soil that
was compressed by standard compaction method.

ABSTRACT
In solid waste materials landfill sites leachate
is the most significant problem in terms of
environmental pollution. It is essential to block
leachate before it reaches saturated layer or ground
water level. To prevent this storage soil is made
impermeable. Natural and crumpled clay used in
sanitary landfill areas is usually used as ceiling or
floor cover or in formation of side banks. Clay soil
layers are employed effectively in blocking
polluters such as leachate and organic liquids.
According to previous researches the structure of
soil is destroyed due to the leachate through and
thus there have been alterations in permeability of
the soil.
This study has determined variations in the
permeability of clay soil and removal rate of
present ions in leachate on the clay soil. For this
purpose, leachate, collected from Sanitary Landfill
DWùLOH± Kömürcüoda in Istanbul, was subjected to
compaction via standard methods of compacted
clay sample used in the same facility. It passed
through consolidated reaction and thus the
experimental permeability of samples was
determined. In order to detect removal rate of clay,
soil alterations of Fe(II), Mn(II), Zn(II), Cu(II),
Pb(II) ions in influent and effluent of reactor have
been analyzed. As a result of permeabilty
experiments conducted with leachate, permeability
alterations have been observed in clay soils to
which standard compaction is apllied and clay soils
to which compaction and consolidations are applied
together. Pores between particules at clay soil to
which standard compaction is applied is less than
the pores between the particules on the clay soil to
which standard compaction and consolidation are
applied due to compression. When the results of
clay soil permeability experiments are analyzed,
existence of solid particules and microorganisms in
the leachate at the beginning lead to dicrease of
permeability, however, it has been observed that by
the time being the permeability increases on
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INTRODUCTION
The solid waste materials increase due to the
industrialization, urbanization, rapid economic
growth, technological advancements and population
growth. The main component of the solid waste
management system contains the disposal of
municipal solid waste. Some solid waste disposal
methods are being used such as landfilling,
incineration, composting, and recycling. Sanitary
landfill is the most common municipal solid waste
disposal method with the advantages like simple
disposal procedure, low cost, and landscaperestoring effect on holes from mineral workings [1].
Since then, a large number of sanitary landfills have
been constructed worldwide. The practice of
compacted clay soils have been used since the last
three decades for non-permeability [2]. Even
though the permeability of clay soils is usually
assumed to be low, the permeability of compacted
clay soils may vary in large intervals depending on
the clay soil composition and conditions under
which they are compacted [3, 4, 5]. Some authors
[6] state that the infiltration of contaminants in a
compacted clay soils usually comprises one or more
of the following processes; advection, diffusion and
interactions between the leachate and the clay soils,
such as adsorption, ion exchange dissolution,
510
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Permeability Tests. Constant ± head tests
have been performed to find the permeability of the
clay soil which is calculated using the following
equation:

biochemical processes and precipitation.
The compacted clay soils must have a low
permeability to control leachate from the waste,
because it may lead to adverse and harmfull
impacts on the environment, strict specifications are
imposed on the selection of a lineer material, design
and construction of the compacted clay soils [7].
Some authors reported that leachate may also
cause changes in the clay soils chemical
composition, mineral composition and physical
properties of compacted clay soils. Because of that
the permeability of compacted clay soils increases
[8, 9].
In the past two decades, several studies were
conducted to evaluate how soil and liquid properties
control the permeability of soil liners [4, 10, 11,
12]. In general, the permeability of soils decreases
with increasing fine particle content [13]. The
decrease in permeability could also be related to the
exposure to domestic waste leachate due to
bacterial clogging, layer expansion, some ions
adsorption and changes in the arrangement of the
soil particles due to the effect of ion charges [14].
This study evaluates effects of leachate on
permeability and the removal rate of contaminants
(Fe(II), Mn(II), Zn(II), Cu(II), Pb(II) ions) in
compacted clay soils by compacted, compacted and
FRQVROLGDWHG FOD\ VRLOV XVHG DV OLQHUV LQ ùLOH ±
Kömürcüoda Sanitary Landfill Sites.

where k is the permeability coefficient (cm/s),
A is the surface area of specimen (cm2), L is the
distance between the manometers (cm), Q is the
total discharge (cm3/s), and t is the elapsed time (s).
Standard Proctor Compaction Test.
Standard Proctor Compaction Testing can be
performed in the lab. The testing first determines
the maximum density achievable for the soil and
uses it as a reference for field testing. It is also
effective for testing the effects of moisture on the
soil' s density. For soil with higher densities a
Modified Proctor Compaction Test which uses
higher values will be necessary. The experiment of
compaction is done using clay from Kömürcüoda
taken in large pieces with the method ASTM D 698
[16].
Consolidation Test. A cylindrical soil
specimen with cross-sectional area of 20, 35 or 50
cm2 and typical height of 20 mm is enclosed in a
stainless steel ring. Top cap and base plate are
provided with porous stones to which two drainage
tubes are connected. Oedometer specimens are
always mounted with dry filter stones to prevent
swelling of the unloaded specimen. The commonly
used test procedure includes an unload-reload loop
to account for the effects of sampling disturbance
and two overnight loadings under constant effective
stress to determine points on the 24-hour virgin
compression line. It is then possible to determine
the 24-hour preconsolidation stress value.

MATERIALS AND METHODS
Experimental
Setup.
Constant-head
permeameters experimental methods were used in
this study [15]. Reactors which were made of
plexiglass materials (Fig.1-2) were prepared and
filled with compacted clay soil and compacted and
consolidated clay soil. Using distilled water as a
permeant, permeabilities (k) were determined in 3-4
week to ensure proper column behavior.
Permeability (k) was found to be: water, 8.123x1011
, leachate, 1.112x10-10 m/s. Samples were taken
by driving a specific sampler from the soil and
transferred to the laboratory and then pressed into
the permeability reactor. In order to prevent the
swell (expansion) of the clay in the apparatus,
pieces of gravel were placed upon it. Meanwhile a
perforated plexiglass filter has been placed on and
under the soil sample together with the filter papers.
The mold reactor tests were performed by flowing
the liquid downward through the 100 mm diam
compacted,
compacted
and
consolidated
specimens(Fig.1). Height of the clay soil specimens
were 110 mm. Clay soil specimens were saturated
under 0.3 bar pressure. Permeability tests were
performed with water. After 3-4 weeks, water was
replaced by leachate. Experimental setup figure and
photograph were given in Fig.1-2.

FIGURE 1
Experimental setup

FIGURE 2
Experimental setup photograph
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TABLE 1
Properties of the Leachate
Fe (II)
Mn (II)
Zn (II)
(mg/L)
(mg/L)
(mg/L)
65.3
1.33
2.38

Parameter/Averages
2014

Sample
Place

Volume of
container
(cm3)

Kömürcüoda

995

Fresenius Environmental Bulletin

TABLE 2
Compaction Study Results
Number
Weight
Diameter Height
of
of
(cm)
(cm)
layers
hammer
10.47

11.56

3

2.5

Cu (II)
(mg/L)
1.5

Pb (II)
(mg/L)
0.54

Height
of
drop

Number of
strike

30.5

25 strikes for
every layer

landfill site is 60 cm thick with a permeability
coefficient from 1x10-7 to 1x10-8 cm/s [18, 20]. Soil
samples color was brownish-JUD\ 7KH ùLOH ±
Kömürcüoda landfill site soil samples contained
kaolinite 68-71 %, free quartz 6-9 %, illite 15-18 %,
others 2-5 %. The kaolinite and illite are considered
to be true clay soil minerals. The soil samples have
the permeability k=1x10-8 cm/s and a discharge loss
of 8.5-9 %, and water of 0,2-0,4 % [15, 18, 19].

The duration of the other load increments are
usually in the range 1.0 to 2.5 hours, depending on
soil type. Constant head permeability tests are
carried out before unloading, as a routine for the
incremental loading oedometer test. For constant
rate of strain tests, direct permeability
measurements are made occasionally to check the
back-calculated values from the measured pore
pressures. The coefficient of consolidation is
determined from the coefficient of permeability and
the tangent constrained modulus on the stress-strain
curve both for incremental and constant rate of
strain (CRS) tests. For incremental tests, the
coefficient of permeability is based on direct
measurements and the time compression curves.
Procedures have been developed to correct for the
effects of sampling disturbance [16].

Properties of the Leachate. The properties of
the leachate have been determined. The results of
the characterization studies conducted on the
OHDFKDWH IURP WKH ùLOH-Kömürcüoda Landfill Site
are presented in Tables 1. Leachate has dark brown
color and very small granules and also contains
large amounts of organic, inorganic contaminants
and metals in high concentrations.

Effluent Analysis. In order to determine the
attenuation capacity of the compacted clay soil and
compacted and consolidation clay soil Fe(II),
Mn(II), Zn(II), Cu(II), Pb(II) have been measured
according to Standart APHA Methods both in the
influent and effluent of the continuous reactor [17].

Results of the Permeability, Compaction
and Consolidation Tests. Compaction Tests.
Laboratory compaction, which experimentally
determines the variability of dry unit weight with
water content, indicating the degree of packing
obtained by the application of a specified
compaction energy, was conducted for the soil to be
used in fillin. There are two types of widely used
compaction (i.e., Proctor) tests: standard and
modified. A relationship between the water content
of the soil and compacted dry density was
determined experimentally and the results were
shown in Table 2 and Figure 3.

RESULTS AND DISCUSSION
Chemical, physicochemical and sieve analyses
of clay soil have been taken from previous studies
[15, 18, 19].
Physico-Chemical Properties of the Clay.
The clay soil was taken from Kömürcüoda Landfill
Site which is situated in partially or totally
abandoned mine quarry areas with damaged native
soil surfaces. The site is in a slightly sloped valley
covered with Neogene aged layers of clay soil,
sand, gravel and coal lenses. The clay soil is
chemically compatible with the fill area. Typical
clay liners have been constructed with natural soils
having low permeabilities and they have been built
up with heavy soil compaction equipments or
cylinders. The clay liner underlying domestic solid
wastes stored in the Kömürcüoda solid waste

Consolidation and Permeability Tests.
Values, obtained as a result of the permeability
experiments conducted on the compacted clay
samples by different energy application prepared in
the laboratory, were shown in Figure 4.
Permeability experiment was performed on the
samples obtained as a result of the standard
compaction application. Samples were prepared at
the optimum water content, over 3% and under 3%
of the optimum water content. The stress and strain
curves of the samples, in which consolidation was
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FIGURE 3
Moisture Content and Dry Density Relation
applied, were included in Figure 5. Then
permeability measurements were carried out, where
waste water was passed through the samples. The
same procedures were repeated on the samples
prepared by applying consolidation with the
standard compaction. In the study, changes in
permeability over time, monitored for 194 days, are
shown in Figure 6.

FIGURE 6
Permeability and Time Relation
The permeability decreased significantly with time
(up to 29 days), since the permeating liquid
microorganism growth inside the soil pores causing
pore clogging and suspended solids and precipitated
some metal ions fills the void spaces among the
particles of the compacted clay soils. However
some deformations occur in the structure of clay
soil due to the presence of very high concentration
and variety of pollutants in leachate. These
deformations lead to an increase in the permeability
of clay soils over time (after the 29th day).
In addition, it was also observed that water
passed faster through samples to which standard
compaction only was applied and passed with more
difficulty through samples compacted and
consolidated. While the permeability of samples, to
which standard compaction was applied, was seen
to be at the level of 10-10 m/s, that of samples, to
which standard compaction and consolidation were
applied, was at the level of 10-11 m/s. The reason for
this was considered to be the difficulty in the
passage of leachate due to decrease in spaces
among the samples under increased loading.

FIGURE 4
Permeability and Water Content Relation

FIGURE 5
Oedometer Stress and Strain Test Relation
As seen in Figure 6, changes were observed in
the permeability of the compacted and consolidated
clay samples through which leachate was passed.
Initally, the suspended solids, some metal ions and
microrganisms within leachate, were seen to
decrease the permeability by filling the void spaces
among the particles of the clay soil.

Effluent Analysis Results of the Landfill
Leachate in The Clay Soil. In this study, the
removal efficiency for Fe (II), Mn (II), Zn (II), Cu
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following days. This change can be explained by
adsorption until the 31st day followed by
desorption. Fe(II) removal efficiency was observed
to be quite high in the study examining removal in
clay soil compacted by standard compaction
method.
The first passage of leachate from the clay
soil, in which standard compaction and
consolidation were applied, lasted for 11 days.
Fe(II) effluent value was obtained as 8.4 mg/L and
removal efficiency as 87% on the 11th day. Fe(II)
effluent value obtained as 2.79 mg/L and removal
efficiency as 96% on the 39th day in the reactor,
which contained the compacted and consolidated
sample with with 21% humidity (optimum humidity
rate) (Figure 8). Fe(II) effluent value was obtained
as 12.5 mg/L and removal efficiency as 81% on the
11th day in the reactor that housed the compacted
and consolidated sample with 18% humidity.
Similarly, Fe (II) effluent value obtained as 4.19
mg/L and removal efficiency as 93.5% on the 39th
day in the reactor, which housed the compacted and
consolidaed sample with with 18% humidity. Fe(II)
effluent value was obtained as 9.1 mg/L and
removal efficiency as 86% on the 11th day and
Fe(II) effluent value obtained as 3.83 mg/L and
removal efficiency as 94 % on the 39th day in the
reactor which contained the compacted and
consolidated sample with 24% humidity. The
average removal efficiency was higher in the
optimum humidity rate as can be seen in the results.
Fe(II) removal value of the soil with 21% humidity
(optimum), which was compacted by standard
compaction method and to which consolidation was
applied, was observed to be 96%, whereas Fe(II)
removal value of the soil with 21% humidity
(optimum), which was compacted by standard
compaction method and to which consolidation was
applied, was observed to be 94%.

(II), Pb (II) was examined in the leachate samples
WDNHQIURPùLOH.|PUFRGD6DQLWDU\/DQGILOO6LWH
and the disturbed clay soil samples taken from the
same place and to which only standard compaction
was applied as well as the samples prepared by
compaction and consolidation. The results are
shown below in Figures 7-10.

FIGURE 7
Fe (II) and Time Relation (Standard
Compaction opt 21 %)


 
  

Removal Rate of Ferrous Iron In Reactors
From Soil Compacted and Consolidated. The
initial Fe(II) value of leachate was measured as
65.30 mg/L and the first passage of leachate
through standard clay soil required 8 days. As can
be seen in Figure 7, there was a decrease in Fe(II)
value of leachate coming out of reactor in the 8th
day and, therefore, an increase in the efficiency was
observed. Fe(II) effluent value was obtained as 3.84
mg/L and removal efficiency as 94% on the 31st
day in the reactor where the sample compacted by
standard compaction with 21% humidity (optimum
humidity rate) can be located. Fe(II) effluent values
were obtained as 3.84 mg/L, 5.41 mg/L, and 4.42
mg/L and removal efficiency as 94%, 92%, and
93% respectively on the 31st day in the samples
whose optimum water content was 21%, 18% and
24%. The average removal efficiency of clay
sample compacted by standard method was seen to
be 93%. Removal was monitored for 194 days.
However, as can be seen in figures, the removal
efficiency of Fe(II) was seen to increase generally
until the 31st day and began to decrease in the

FIGURE 9
Mn (II) and Time Relation
(Standard Compaction opt 21 %)
Removal Rate of Manganese In Reactors
From Soil Compacted and Consolidated. The
initial Mn(II) value of leachate was measured as
1.33 mg/L and the first passage of leachate through
standard clay soil lasted for 8 days. As can be seen
in Figure 9, there was a decrease in Mn(II) value of
leachate coming out of reactor in the 8th day.
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applied, was observed to be 67%, whereas Mn(II)
removal value of the soil with 21% humidity
(optimum), which was compacted by standard
compaction method and to which consolidation was
applied, was observed to be 63%.

Mn(II) effluent value was obtained as 1.09 mg/L
and removal efficiency as 18% in the reactor where
the sample compacted by standard compaction with
21% humidity (optimum humidity rate) can be
located. Mn(II) effluent values were obtained as
0.49 mg/L, 0.59 mg/L, 0.52 mg/L mg/L and
removal efficiency as 63%, 56%, and 61%
respectively on the 31st day in the samples whose
optimum water content was 21%, 18% and 24%. As
can be seen in results, the average removal
efficiency of clay sample compacted by standard
method was seen to be 60% and the removal
efficiency of Mn(II) was seen to increase generally
until the 31st day and began to decrease in the
following days. This change can be explained by
adsorption until the 31st day and desorption after
then. Mn(II) removal efficiency was observed to be
higher in the clay soil compacted by standard
compaction method as a result of the adsorption
method monitored for 194 days.

FIGURE 11
Zn (II) and Time Relation (Standard
Compaction opt 21 %)
Removal Rate of Zinc In Reactors From
Soil Compacted and Consolidated. The initial
Zn(II) value of leachate was measured as 2.38 mg/L
and the first passage of leachate through standard
clay soil lasted for 8 days. As can be seen in Figure
11, there was a decrease in Zn(II) value of leachate
coming out of reactor in the 8th day and, therefore,
an increase in the efficiency was observed. Zn(II)
effluent value was obtained as 2.30 mg/L and
removal efficiency as 3% in the reactor where the
sample compacted by standard compaction with
21% humidity (optimum humidity rate) can be
located. Zn(II) effluent values were obtained as
0.64 mg/L, 0.72 mg/L, and 0.63 mg/L and removal
efficiency as 73%, 70%, and 73% respectively on
the 31st day in the samples whose optimum water
content was 21%, 18% and 24%. The average
removal efficiency of clay sample compacted by
standard method was seen to be 72%. Adsorption
was monitored for 194 days. However, as can be
seen in figures, the removal efficiency of Zn(II) was
seen to increase generally until the 31st day and
began to decrease in the following days. This
change can be explained by adsorption until the
31st day and desorption after then. Zn(II) removal
efficiency was observed to be quite high in the
study examining removal in clay soil compacted by
standard compaction method.
The first passage of leachate from the clay soil
in which standard compaction and consolidation
were applied lasted for 11 days and Zn(II) effluent
value was obtained as 1.22 mg/L and removal
efficiency as 49% on the 11th day in the reactor
where the sample, compacted by standard
compaction method with 21% humidity (optimum
humidity rate) and applied consolidation (Figure
12). 81% of removal efficiency with 21% humidity
(optimum), 76% of removal efficiency with 18%
humidity (optimum) and 76% of removal efficiency
with 24% humidity (optimum) were obtained on the
39th day. The average removal efficiency was

FIGURE 10
Mn (II) and Time Relation (Standard
Compaction and Consolidation opt 21 %)
As can be seen in Figure 10, there was a
decrease in Mn(II) value of leachate coming out of
reactor in the 11th day. Mn(II) effluent value was
obtained as 1.01 mg/L and removal efficiency as
24% in the reactor where the sample, compacted by
standard compaction method with 21% humidity
(optimum humidity rate) and applied consolidation.
Mn(II) effluent value was obtained as 1.10 mg/L
and removal efficiency as 17% on the 11th day in
the reactor where the sample, compacted by
standard compaction method with 18% humidity
and applied consolidation, was located. Mn(II)
effluent value was obtained as 0.75 mg/L and
removal efficiency as 44% on the 11th day in the
reactor where the sample, compacted by standard
compaction method with 24% humidity and applied
consolidation, was located. Similarly, 67% of
removal efficiency with 21% humidity (optimum),
59% of removal efficiency with 18% humidity
(optimum) and 62% of removal efficiency with
24% humidity (optimum) were obtained on the 39th
day. The removal efficiency was higher in the
optimum humidity rate as can be seen in the results.
Mn(II) removal value of the soil with 21% humidity
(optimum), which was compacted by standard
compaction method and to which consolidation was
515
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higher in the optimum humidity rate as can be seen
in the results. Zn(II) removal value of the soil with
21% humidity (optimum), which was compacted by
standard compaction method and to which
consolidation was applied, was observed to be 81%,
whereas Zn(II) removal value of the soil with 21%
humidity (optimum), which was compacted by
standard compaction method and to which
consolidation was applied, was observed to be 73%.
FIGURE 14
Cu (II) and Time Relation (Standard
Compaction and Consolidation opt 21 %.
There was a decrease in Cu(II) value of leachate
water coming out of reactor in the 11th day. Cu(II)
effluent value was obtained as 0.69 mg/L and
removal efficiency as 54% in the reactor where the
sample, compacted by standard compaction method
with 21% humidity (optimum humidity rate) and
applied consolidation. In a similar manner, 82% of
removal efficiency with 21% humidity (optimum),
80% of removal efficiency with 18% humidity
(optimum) and 78% of removal efficiency with
24% humidity (optimum) were obtained on the 39th
day. The average removal efficiency was higher in
the optimum humidity rate as can be seen in the
results. Cu(II) removal value of the soil with 21%
humidity (optimum), which was compacted by
standard compaction method and to which
consolidation was applied, was observed to be 82%,
whereas Cu(II) removal value of the soil with 21%
humidity (optimum), which was compacted by
standard compaction method and to which
consolidation was applied, was observed to be 69%.

FIGURE 12
Zn (II) and Time Relation (Standard
Compaction and Consolidation opt 21 %)

FIGURE 13
Cu (II) and Time Relation (Standard
Compaction opt 21 %)
Removal Rate of Copper In Reactors From
Soil Compacted and Consolidated. The initial
Cu(II) value of leachate was measured as 1.5 mg/L
and the first passage of leachate through standard
clay soil lasted for 8 days. As can be seen in Figure
13, there was a decrease in Cu(II) value of leachate
coming out of reactor in the 8th day. Cu(II) effluent
value was obtained as 1.06 mg/L and removal
efficiency as 29% in the reactor where the sample
compacted by standard compaction with 21%
humidity (optimum humidity rate) can be located.
Cu(II) effluent values were obtained as 0.46 mg/L,
0.54 mg/L, 0.71 mg/L and removal efficiency as
69%, 64%, and 53% respectively on the 31st day in
the samples whose water content was 21%, 18%
and 24%. As can be seen in results, the average
removal efficiency of clay sample compacted by
standard method was seen to be 62% and the
removal efficiency of Cu(II) was seen to increase
generally until the 31st day and began to decrease
in the following days.The first passage of leachate
from the clay soil in which standard compaction
and consolidation were applied lasted for 11 days.

FIGURE 15
Pb (II) and Time Relation (Standard
Compaction opt 21 %)
Removal Rate of Lead In Reactors From
Soil Compacted and Consolidated. The initial
Pb(II) value of leachate was measured as 0.54 mg/L
and the first passage of leachate through standard
clay soil lasted for 8 days. As can be seen in Figure
15, there was a decrease in Pb(II) value of leachate
coming out of reactor in the 8th day and, therefore,
an increase in the efficiency was observed. Pb(II)
effluent value was obtained as 0.46 mg/L and
removal efficiency as 14% in the reactor where the
sample compacted by standard compaction with
21% humidity (optimum humidity rate) can be
516
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located. Pb(II) effluent values were obtained as 0.19
mg/L, 0.25 mg/L, and 0.30 mg/L and removal
efficiency as 65%, 53%, and 44% respectively on
the 31st day in the samples whose optimum water
content was 21%, 18% and 24%. The average
removal efficiency of clay sample compacted by
standard method was seen to be 54%. Adsorption
was monitored for 194 days. However, as can be
seen in figures, the removal efficiency of Pb(II) was
seen to increase generally until the 31st day and
began to decrease in the following days. This
change can be explained by the beginning of
desorption after the 31st day.
The first passage of leachate from the clay soil
in which standard compaction and consolidation
were applied lasted for 11 days and Pb(II) effluent
value was obtained as 0.25 mg/L and removal
efficiency as 53% on the 11th day in the reactor
where the sample, compacted by standard
compaction method with 21% humidity (optimum
humidity rate) and applied consolidation. Pb(II)
effluent value was obtained as 0.30 mg/L and
removal efficiency as 44% on the 11th day in the
reactor which housed the compacted and
consolidated sample with the humidity of 18%.
Pb(II) effluent value was obtained as 0.40 mg/L and
removal efficiency as 25% on the 11th day in the
reactor that contained the compacted and
consolidated sample with 24% humidity. In a
similar manner, 81% of removal efficiency with
21% humidity (optimum), 53% of removal
efficiency with 18% humidity (optimum) and 53%
of removal efficiency with 24% humidity
(optimum) were obtained on the 39th day. The
average removal efficiency was higher in the
optimum humidity rate as can be seen in the results.
Pb(II) removal value of the soil with 21% humidity
(optimum), which was compacted by standard
compaction method and to which consolidation was
applied, was observed to be 81%, whereas Fe(II)
removal value of the soil with 21% humidity
(optimum), which was compacted by standard
compaction method and to which consolidation was
applied, was observed to be 65%.

structure of clay soil particles used in this study is
amorphous, and that they are closer to each other in
clods. After permeating the clay soil with Fe(II),
Mn(II), Zn(II), Cu(II), Pb(II) the particles of the
clay soil have changed to a needle-like crystal
structure caused by the adsorbed permeant on the
particles.
The images of clean and polluted clay samples
UHFHLYHG IURP ùLOH .|PUFRGD 5HJXODU :DWHU
Storage Area magnified 2500 times by scanning
electron microscope (SEM) were given in Figures
17-18.

FIGURE 17
Clean Clay

FIGURE 18
Polluted Clay
The image of clean clay used in the study was given
in Figure 17, whereas that of polluted clay was
given in Figure 18. The structure of clay particles is
amorphous as seen from Figures. The accumulation
of leachate among and on the surface of clay pellets
in polluted samples (black sections between pellets)
can be clearly seen in photographs.
Different mechanisms prove to be effective in
changing the permeability of the soil during the
passage of leachate through compacted clay soil as
well as in the removal of existing pollution in
leachate. These are: mechanical filtration,
sedimentation, adsorption, chemical reaction and
biological activities. Mechnical filtration process
occurs as witholding of certain pollutants by clay
materials while used water passes through the clay

FIGURE 16
Pb (II) and Time Relation (Standard
Compaction and Consolidation opt 21 %)
SEM Results. The SEM results at a
magnification of 2500 are shown in Fig. 17 IRUùLOHKömürcüoda clay soil. It can be seen that the
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by standard compaction method at optimum
humidity (21%) was observed to be 63% whereas
Mn(II) removal efficiency of soils, which was
compacted by standard compaction method and to
which consolidation applied, was observed to be
67%. Zn(II) removal efficiency of soils compacted
by standard compaction method at optimum
humidity (21%) was observed to be 73% whereas
Zn(II) removal efficiency of soils, which was
compacted by standard compaction method and to
which consolidation applied, was observed to be
81%. Cu(II) removal efficiency of soils compacted
by standard compaction method at optimum
humidity (21%) was observed to be 69% whereas
Cu(II) removal efficiency of soils, which was
compacted by standard compaction method and to
which consolidation applied, was observed to be
82%. Pb(II) removal efficiency of soils compacted
by standard compaction method at optimum
humidity (21%) was observed to be 65% whereas
Pb(II) removal efficiency of soils, which was
compacted by standard compaction method and to
which consolidation applied, was observed to be
81%. The removal efficiency of the soils, which
was compacted by standard compaction method and
to which consolidation applied, was seen to be
higher than that of the soils compacted by standard
compaction method when generally examining
Fe(II), Mn(II), Zn(II), Cu(II), and Pb(II) parameters
and results of experiments.
It was seen in this study that the removal
efficiency of Fe(II), Mn(II), Zn(II), Cu(II), and
Pb(II) was obtained after passing the leachate from
compacted clay that proved to be a natural
treatment mechanism.

layer. Major pellets were formed as a result of
contact of some particles with each other during the
filtration and thus, contaminants were kept in clay
layer. Therefore, the materials sedimented during
mechanic filtration decrease the pore size and the
permeability decreases as a result. One of the most
important processes in the removal of colloids and
small particles from water is adsorption. Transfer,
intersection, inertia, gravity, diffusion and hydrodynamic mechanisms assist the adsorption process.
Some reactions occur during the filtration process
from the clay layer. Thus, the contaminants in
dissolved state are disintegrated, turn into less
hazardous or insoluble substances, and move away
from water through adsorption. Deformations occur
in the structure of clay soil due to the presence of
very high concentration and variety of pollutants in
leachate. These deformations lead to an increase in
the permeability of clay soils over time.

RESULTS DISCUSSION
Silty clay, whose color shows a change from
yellowish-gray to brownish-gray, was used in this
study examining the permeability and Fe(II),
Mn(II), Zn(II), Cu(II), Pb(II) treatment capacity of
FOD\ VRLO WDNHQ IURP ùLOH .|PUFRGD 5HJXODU
Water Storage Area. Separate permeability changes
were observed in the samples to which standard
compaction applied and in the samples to which
standard compaction and consolidation applied
together as a result of the permeability experiments
conducted with leachate. It was seen that the spaces
among particles in the soils, to which standard
compaction and consolidation were applied, were
lesser than the spaces among particles in the soils to
which standard compaction was applied due to the
effect of compaction and therefore, the permeability
of consolidated clay soil was lower.
In the beginning,the permeability decreases,
since the void spaces in the clay soil were filled by
the suspended solids, some metal ions and
microorganisms within the leachate. The pore
clogging caused by the growth of the
microorganisms inside the soil pores, suspended
solids and precipated metal ions fill the void spaces
of the clay soil, so the permeability decreases
significantly up to the 29th day. Then, the
permeability increases due to some deformations in
the structure of the clay soil caused by the presence
of very high concentration and variety of pollutants
in leachate.
Fe(II) removal efficiency of soils compacted
by standard compaction method at optimum
humidity (21%) was observed to be 94% whereas
Fe(II) removal efficiency of soils, which was
compacted by standard compaction method and to
which consolidation applied, was observed to be
96%. Mn(II) removal efficiency of soils compacted

CONCLUSIONS
In this study, high removal efficiencies have
been obtained in the chemical parameters after
leachate passes through compacted clay samples
and it has been observed that the clay has a natural
purification capacity. In general, the removal rate
of clay soil, compressed with standard methods and
consolidated, was higher than that of clay soil
compressed by standard compaction method when
examining the experimental results of Fe(II),
Mn(II), Zn(II), Cu(II), Pb(II) parameters. It was
observed that the suspended solids, some metal ions
and microorganisms in leachate, filled the spaces
between clay particles
and growth of
microorganisms inside soil pores caused by pore
clogging, led to a decrease in permeability. In the
long term, it was observed that this variation took
place in reverse direction, in other words, it
increased permeability. It is considered that this
variation would be the result of the certain chemical
and physical deteriorations caused by the
contaminative components in the leachate.
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THE USE OF SOIL AND WATER RESOURCES AT THE
MEDITERRANEAN REGION IN TURKEY
Hayri Hakan Denli*, Gaye Onursal Denli
Istanbul Technical University, Civil Engineering Faculty, Geomatics Dept., Istanbul, TURKEY

agricultural resources. Fertile soils and a warm
Mediterranean climate make the area ideal for
growing citrus fruits and grapes, cereals and, in
irrigated areas, rice and cotton. The main
uncertainties in the thermal regime are the potential
for damage by radiation, frosts and high
temperatures during grain filling of crop [1].

ABSTRACT
Natural resources provide the basis for the three
pillars of sustainable development, economic, social
and environmental. However, physical reserves can
become depleted and scarce, and this can then
undermine future economic and social development.
Moreover, the way in which resources are used can
reduce the quality of the environment to an extent
that can threaten ecosystems and the quality of
human life. Humans have changed ecosystems more
rapidly and extensively over the past 50 years than
in any comparable period of time in human history.
From the land and soil resources perspectives,
degradation has been well documented over recent
decades as the primary threat to the sustainability of
the earths ecosystems and declining stock of
productive natural resources. Natural resources
include environmental media such as air, water and
soil. These resources sustain life and produce
biological resources. In contrast with raw materials
it is their declining quality that causes concern. The
biological diversity of natural resources is of vital
importance. The relations between resource use and
environmental impact are only partially known at
present. Furthermore they change with time, for
example, as a result of technical or social
developments. Differences in regional conditions
and use patterns need also to be considered. In this
study, the current status of soil and water usage and
management in Turkey, which is important and plays
a vital role for human life and the environment, has
been examined.

FIGURE 1
Mediterranean Region in Turkey
Agricultural production is increasingly faced
with environmental constraints. In particular,
drought, salinity and desertification are among
important environmental factors resulting in reduced
agricultural productivity and limiting agricultural
production areas and showing a widespread on a
global scale. Approximately one-third of the world
land area is located in arid and semi-arid regions. In
these
regions,
lack
of
rainfall,
high
evapotranspiration rate and mismanagement of
limited water resources brings along drought,
salinity and desertification problems. Especially
drought, salinity and erosion are two widespread
environmental problems induced by climate change
and improper applications in agriculture and have
important adverse effects on agricultural production
[2]. 7KLV VWXG\ ZLOO JLYH 7XUNH\¶V DFWXDO VRLO DQG
water recourses, characteristics and their
management together with these problems in order
to improve or sustain the present situation. Further
on for avoiding damages because of the predicted
future environmental changes, precaution strategies
have been given.

KEYWORDS:
water, irrigation, soil, agriculture, rural area, natural
resources.

INTRODUCTION
Mediterranean region occupies about 15% of
the total area of Turkey and is under the influence of
a typical Mediterranean Climate. Summers are hot,
and droughts are not uncommon. Main industrial and
agricultural products of the area are wheat, barley,
tobacco, green houses, oranges, mandarins and
bananas. The plains of this region are rich in

Soil Management. Human activities are
increasingly polluting soils and groundwater through
applied agrochemicals and deposition of
atmospheric pollutants. Consequently, numerous
soils around the world have lost their fertility or their
capacity to perform their functions due to processes
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that are applied directly by human activities. Among
these processes, the most widespread at the
worldwide level are erosion, Organic Matter (OM)
loss, compaction, salinization, flooding and
landslide phenomena, contamination, and reduction
in biodiversity [3]. This chapter focuses on main soil
properties as its depth, drainage, salinity, slope and
texture with the interaction of water management in
the mediterranean region of Turkey.
Generalized Soil Map of Turkey was created
between 1966-1970 using 1:25000 scaled base maps.
+HUH 7XUNH\¶V VRLOV ZHUH LQWHUSUHWHG LQ land use
capability based on soil characteristics. Figure 2
clearly shows that the general distribution of soil
usage according to intended use in Turkey.

TABLE 2
Soil drainage distribution of the Turkish
soils.
Drainage
Area (ha)
%
Groups
Very
Poorly 1 689 358
2.1
Drained
Poorly Drained
776 312
1.0
Somewhat
283 381
0.4
Poorly Drained
Excessively
26 063
0.1
Drained
Total
2 775 3.6
115
over 800 million hectares. Salinization is mainly a
regional problem, but in the areas where it occurs,
such as the Mediterranean basin, it severely
endangers agriculture, forestry, and the sustainable
use of water resources. In Turkey, the salinity
problem is in 1.5 million hectares of soils due to
improper management of irrigation and inadequate
drainage. As a result of unsustainable and faulty
agricultural practices, a considerable amount of
agricultural land is put out of production each year.
Increased salinization of arable land is expected to
cause a land loss of 50% in 2050 [2]. Salinity rates
in soil plays also an important role in soil
management. Distributed in different land parts,
large areas adjacent to Mediterranean Sea are effect
by salinity (Table 3). The latest soil surveys indicate
that 1517695 ha of land has some degree of salinity
and sodicity problems and 2775115 ha of land have
both salinity and water logging problems. The
distributions of the salt-affected arable lands are:
60% slightly saline, 19.6% saline, 0.4% alkali and
8% saline-alkali respectively. Although sodium salts
are one of the main components of the salt-affected
soils like magnesium or potassium-nitrate-alkali
soils. Distribution of the salt affected soil is
presented in Table 3 [4].

FIGURE 2
Distribution of soil usage in Turkey.
The mean soil physical properties used to
FKDUDFWHUL]HWKHVRLOTXDOLW\LQFOXGH³VRLOGHSWK´DQG
³VRLOWH[WXUH´Soil depth and its drainage is of high
importance associated with the productivity and
plant health and are the binary requirements for
sustainable soil management. ³6RLOGHSWK´XVHVWKH
PHDVXUHRIWKHVRLO¶VWKLFNQHVV FP WRHYDOXDWHWRWDO
nutrient, water, and oxygen availability. When we
take into consideration Table 1, it is seen that 67.7%
of Turkey is less than 50 cm deep. The amount of
medium and deep soils is 26.1%. Most of the arable
lands are well drained and only 3.6% of the arable
lands have drainage problems [4].
TABLE 1
Soil depth distribution of the Turkish soils.
Depth (cm)
Area (ha)
%
Very Shallow (0
± 20)
Shallow (20 ±
50)
Medium Deep
(50 ± 90)
Deep (> 90)

28 908 455

37.2

23 696 973

30.5

9 299 614

11.9

11 108 114

14.2

TABLE 3
Distribution of the salt affected soils.
Salinity
Land
Area
%
Degree
Classification
(ha)
Slightly
558 550 60.0
Saline
I-V
Saline
176 874 19.6
Alkali
37 236
0.4
Slightly
111 710 12.0
Saline
Alkali
Saline
46 548
8.0
Alkali
Total
I-V
930 918 100
Total
VI - VII
586 777 100
General
1 517 100
Total
695

Well drained tillage areas are most of desired
arable lands. The soil drainage distribution of the
Turkish soils is given Table 2 [4].
The use of drainage waters for irrigation
purposes causes salinity and pollution problems in
the areas where irrigation water is insufficient.Salt
affected area throughout the world is estimated at
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silt DQGFOD\WRHYDOXDWHWKHVRLO¶VFDSDFLW\IRUZDWHU
and nutrient retention and transport. The texture of
Turkish soils is clearly seen that loamy and clay loam
soils constitute the main texture classes (Table 6).
Loamy soils form 50.49% and clay loam soils
41.44% of the Turkish soils respectively [4].
Not only soil threats like drainage/salinity
problems or due to the use of chemical fertilizer and
pesticides damages the agricultural areas, also the
increases of the non-agricultural uses of the
agricultural soils threat the valuable soils. In order to
create the new industrial, residential and commercial
areas in the cities because of the rapidly growing
population, many of the agricultural areas have been
converted (sealed) to non-agricultural areas
irreversibly. The area of agricultural lands converted
to non-agricultural uses and vice versa between 2001
and 2010 were presented in Table 7.
It can be seen from Table 7 that between 2001
and 2005, a total of 424 994 ha agricultural land were
converted to non-agricultural lands. During this
period there were only regulations for protecting
soils. The legislative framework of the agricultural
sector in Turkey has made impressive progress
during the last decade and various legislations have
EHHQ LQWURGXFHG DV D UHVXOW RI WKH JRYHUQPHQW¶V
attempts to restructure the agricultural sector [6]. In
order to meet the actual requirements for soil
preventioQDQHZODZ´6RLO3URWHFWLRQDQG/DQG8VH
/DZ 63/8 ´QXPEHUHGDVZDVOHJLVODWHGLQ
2005 [4]. The conversion from agricultural land to
non-agricultural land seems to be continuing after
the SPLU law with 402 013 ha, but the revers
conversion has risen from 233 927 ha to 350 862 ha
with about 117 000 ha. This positive effect is partly
due to urban transformation. One of the most acute
social problems of developing countries like Turkey
is to meet available, accessible and affordable
housing demand for the ever-increasing populations
of the urban settlements which have migrated from
rural areas. Lack of housing lead those immigrants
to make up a new solution named squatters house.
These illegal constructions occupying areas of about
70 % of building stock of the cities. Urban
transformation processes of these mostly for
agriculture appropriate areas have positive effects to
land use [7].

Soil erosion is also a part of the biggest
problems of Turkey. Soil erosion is a physical
phenomenon involving the removal of soil and rock
particles by water, wind, ice, and gravity. Therefore,
climate, topography, and soil characteristics are
important physical factors affecting the amount of
erosion [3].The soil erosion distribution of Turkish
soils is given in Table 4.
TABLE 4
Soil erosion distribution of the Turkish
soils.
Soil Erosion
Area (ha)
%
None
5 166 627
6.6
Slight
5 611 892
7.2
Total
10 778 519
13.8
Moderate
15 592 750
20.0
Severe
28 334 933
36.4
Very Severe
17 366 463
22.3
Total
61 294 146
78.7
Rock Surfaces
2 930 933
3.7
Wind Erosion
506 309
0.7
The climate regime and poor vegetation
coverage in Mediterranean areas leads to high
erosion rates. Drainage basin properties, like runoff
capacity or sediment yield are in context with the
vegetation cover and land use management changes.
It can be seen from Table 4 that 58.7% of lands is
exposed to severe and extremely severe soil erosion.
In these tillage areas soil fertility will decrease and
they caQ¶W EH XVHG HFRQRPLFDOO\ 750 ha of
total land are faced to moderate soil erosion. Only
6.6% of the total lands do not have a soil erosion
problem. Urgent precautions should be taken in
63.1% of the land where erosion is a serious
problem. Another subject associated with soil
erosion is high slopes, which is also one of the major
problems in Turkey (Table5) [4].
TABLE 5
Slope distribution of Turkish soils.
Slope Groups
Very Steep
Steep
Moderate
Gently Sloping
Undulating
Level

Slope %
> 30
20-30
12-20
6-12
2-6
0-2

Area (ha)
23 015 699
13 368 866
10 747 597
10 514 253
8 476 067
9 705 097

%
30.4
17.6
14.2
13.9
11.2
12.8

Water Management. The total water volume
in the world amounts to 1.4 billion km3, 97.5% of
which is saline water in the oceans and seas, 2.5% of
which is fresh water in the rivers and lakes. Due to
fact that 90% of fresh water exists in the South Pole
and North Pole, human beings have very limited
readily exploitable fresh water resources. Under
current technical and economic constraints,

The ecosystem of Turkey with an elevation of
1500 m and higher, and the slope range of 15-40%
equals to about 26-34% of the total land area of
759978 km2 respectively [5].
³6RLOWH[WXUH´PHDVXUes the percentage of sand,
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Regions

Mediterranean
Total in
Turkey

TABLE 6
Regional soil texture distribution of Turkish soils.
Saturation Sandy
Loamy
Clay
Clayey
Clay
(%)
(<30)
(30±50)
Loam
(70±110) (>110)
(50±70)
Area (ha)
29 529
787 559
829 081
107 992
3 147

1 757 308

%
Area (ha)

1.68
1074367

44.82
16566568

47.18
13599422

6.15
1556953

0.18
16229

100.00
32813541

%

3.27

50.49

41.44

4.74

0.05

100.00

Total

TABLE 7
Agricultural land use transformation applications between 2001±2010.
Transformed To Transformed To
Years
Non-Agricultural
Agricultural Areas Difference (Ha)
Areas (Ha)
(Ha)
2001
31 843
11 824
20 019
2002
198 817
74 576
124 241
2003
81 116
50 665
30 451
2004
57 020
46 449
10 571
2005
56 198
50 413
5 785
Total
424 994
233 927
191 067
2005
41 998
14 196
27 802
2006
128 311
167 265
-38 954
2007
62 224
38 978
23 246
2008
116 331
62 526
53 805
2009
33 848
44 668
-10 820
2010
19 301
23 229
-3 928
Total
402 013
350 862
51 151
General
827 007
584 789
242 218
Total
to increase the water use efficiency and to use
marginal waters (reclaimed, saline, drainage) for
irrigation. Generally supplemental irrigation (SI) is
widely practiced to solve this problem. The water
used for SI is mainly from shallow groundwater
aquifers and surface sources. Turkey will suffer from
water scarcity in the next years. 74% of the total
water supply of Turkey is used for agricultural
irrigation, remaining 15% and 11% are used for
drinking-domestic
and
industrial
purposes,
respectively [8, 9, 10].
µµ1RQ-UHQHZDEOH JURXQGZDWHU¶¶ GHQRWHV
groundwater gained by abstraction in excess of
recharge. The amount
of non-renewable
groundwater abstraction that contributes to gross
irrigation water demand has been calculated for a
large number of countries, allowing for a global
overview. Non-renewable groundwater abstraction
globally contributes nearly 20% or 234 km3
annually, to the gross irrigation water demand (for
the reference year 2000) and has more than tripled in
size since the year 1960. From 1960 to 2000 an
increased dependency was shown of irrigation on
non-sustainable groundwater with time. Thus,
irrigation is more and more sustained by an
unsustainable water source. The contribution (%) of
non-renewable groundwater abstraction to gross

the annual exploitable water potential in Turkey has
been calculated as 112 billion m3 of net water
volume, as 95 billion m3 from surface water
resources, as 3 billion m3 from neighboring
countries, as 14 billion m3 from groundwater safe
yield. Turkey is one of the most water rich countries
of the Mediterranean, but due to an enormous
SRSXODWLRQLQFUHDVHIURPPLOOLRQLQWKH¶VWR
77.5 million in 2014 the availability of water
resources has already decreased from around 4000
m3 to 1500 m3 per capita/year today. Water demand
in Turkey approximately has doubled in the second
half of the last century and continues to increase
under the effects of drought. It can be said that, water
is the most critical resource for sustainable
development in Turkey. It is essential not only for
agriculture, industry and economic growth, but it is
also the most important component of the
environment, with significant impact on health and
nature conservation. Water shortage is the major
constraint to agricultural production with
Mediterranean
climate.
Sustainable
water
management in agriculture aims to match water
availability and water needs in quantity and quality,
in space and time, at reasonable cost and with
acceptable environmental impact. In order to
overcome water shortage in agriculture it is essential
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efficient and will, despite this increased efficiency,
probably still decline as a source of employment [9].

irrigation water demand was calculated for Italy
(15%), Spain (7%), Turkey (7%) and Greece (2%).
Projected increases in irrigation demand in southern
Europe will serve to stress limited groundwater
resources further.Studies indicate that Turkey has
some of the highest levels of water security threat of
the countries in Europe. It is densely populated and
most areas of the country face high or very high
levels of water stress. This problem is likely to
increase with the rapidly rising population and the
potential drying associated with rising temperatures.
The changes in runoff are going slowly down
between 52-61%, and reductions of surface waters in
the Turkish basins of 20%, 35% and 50% for 2030,
2050 and 2100 have been reported. By 2100 Turkey
could experience an expansion of arid areas that
could lead to increased water stress around the
southern Mediterranean area and basins. Sustainable
basin management has gained great importance, and
it is now necessary to understand vital function of the
region as well as its natural, physical, chemical and
ecologic process [11].
7XUNH\¶VODQGDUHDLVDERXWPLOOLRQKDDQG
about one thirth of it (~28 million ha) is used as
agricultural land. According to the surveys of
General Directorate of State Hydraulic Works, the
irrigable land area with the existing water potential
have been calculated as 8.50 million hectare. Until
now, only 5.90 million hectare within this calculated
area could be irrigated. Agricultural soil resources of
Turkey is given in Table 8.

TABLE 9
Water resource potential in Turkey
The average annual
643 mm/year
precipitation
Annual rainfall
501 billion m3
Evaporation
274 billion m3
Leaking underground to
41 billion m3
surface water
Annual surface runoff
186 billion m3
Usable available surface
98 billion m3
waters
Retractable annual amount of
14 billion m3
underground water
Total available water
112 billion m3
Annual mean precipitation in Turkey is 643
mm, which corresponds to 501 billion m3 of annual
water volume in the country. The actual
evapotranspiration is generally calculated for by the
Food and Agriculture Organization (FAO) using the
data gathered in the meteorological stations. A
volume of 274 billion m3 water evaporates from
water bodies and soils to atmosphere. 69 billion m3
of volume of water leaks into groundwater, whereas
28 billion m3 is retrieved by springs from
groundwater contributing to surface water. Also,
there are 7 billion m3 volume of water coming from
neighboring countries. Thus, total annual surface
runoff amounts to a volume of 193 billion m3 of
water (Table 9) [10, 13].

TABLE 8
Agricultural soil resources in Turkey.
Agricultural area
28.05 million ha
Irrigable area
25.75 million ha
Dry tillage area
7.25 million ha
Planned
area
for 8.50 million ha
irrigation
Irrigated area
5.90 million ha
Despite of 25.75 million ha irrigable area, there
exists some different regional irrigation problems in
agricultural areas in Turkey [10].

FIGURE 3
Irrigation problems in agriculture areas [12].

FIGURE 4
Seasonal and Annual climate evolution in the
Mediterranean region between 1950 and 2002.
Colors show the magnitude of changes in
precipitation (left) and potential
evapotranspiration (right), in mm [14].

Turkey has a large rural population, with 43%
of its economically active (nearly 15 million people),
working in agriculture. 7XUNH\¶VDJULFXOWXUDOVHFWRU
will therefore be forced to become more water
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Except for the application that the law brought,
the following measures will reduce or prevent some
more encountered problems:

Figure 4 summarizes the climate evolution in
the second half of the 20th century over the
Mediterranean region.

x To prevent scarcity of water; modern and
proper irrigation techniques should be used, which
will also reduce the salinity of soils.
x To prevent evaporation; open irrigation
systems should be avoided. Drip irrigation systems
for tillage should be encouraged and low-cost loans
should be provided to farmers.
x Irrigation should be performed in a
systematically order instead of simultaneously
irrigation.
x Crop production must be done consciously.
Farmers should be educated about soil, crops, yield
and environmental effects.
x For agricultural irrigation treated marginal
water should be used instead of fresh water.
x Climate, topography and soil characteristics
should first be considered for planting crop in order
to prevent possible soil erosion. Methods of
agriculture are also significant for erosion.

CONCLUSIONS AND RECOMMENDATIONS
The soil promotes water flow and retention,
transport nutrients or soluble materials and keeping
them, buffer and filter potentially toxic materials,
and maintenance the biodiversity. Water resources
are decreasing rapidly. As water is one of the main
parameters for protecting land areas against erosion,
the first step should be a sustainable water
management in agriculture. This can be achieved by
x Reduction of water losses
x Improving the efficiency of irrigation
systems used
x Water price regulations
x Reuse of marginal (recycled) waters for
irrigation
x Use of biological wastewater treatment
plants
x Wider and more effective participation of
the public

Thus, the protection of available soil and water
sources and the effective use of them would be
possible.

Losing of usable soil by converting it to nonagricultural land occurs mainly through the
development of technical, social, and economic
infrastructures, especially in urban areas. Erosion is
mainly due to the inadequate use of soil by
agriculture but also through building development
and uncontrolled/unconscious
water
usage.
Salinization is also one of the main regional
problems. In order to control and eliminate these
main threats to soil and water for preventing the loss
of biodiversity in the soils of agricultural systems
management, possible hazards should be highlighted
on a global scale
In order to protect soil, to prevent soil
degradation and land use changes from agricultural
to non-agricultural use in Turkey, to develop
agricultural productivity and quality, WKH ´6RLO
3URWHFWLRQDQG/DQG8VH/DZ´ ZDVOHJLVODWHG7KH
aims of the law can be summarized as follows:
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LEAD TREATMENT ALTERNATIVES BY CHEMICAL
PRECIPITATION
Isik Kabdasli*, Olcay Tunay, PÕnar Teymur
østanbul Technical University, Civil Engineering Faculty, Environmental Engineering 'HSDUWPHQW0DVODNøstanbul, TURKEY.

living organisms. They also interfere with chemical
and biological treatment. Hence they have been
included in the lists of priority pollutants. Heavy
metals can be controlled and treated by various
methods including ion exchange, membrane
processes, and evaporation. Additionally new and
advanced methods have also been developed and
proposed for the removal of heavy metals. For
instance, magnetic magnetite nanoparticle method
was tested for Pb2+ removal [1], the supported liquid
membrane based technique was also used for the lead
and cadmium treatments [2]. On the other hand,
adsorption using activated carbon and a variety of
substances obtained from new materials such as
alginates as well as natural materials and plant
residues was another commonly tested method for
lead control [3-5]. Yet, majority of these methods
requires lower initial metal concentrations calling for
some kind of pretreatment. Interesting enough,
precipitation may help application of some methods
as a supporting mechanism, for instance lead was
precipitated as carbonate in supported liquid
membrane process [2]. Therefore, chemical
precipitation has been frequently adopted as the
method of choice, at least for pretreatment, due to its
advantages such as efficiency, economy and ease of
operation. Chemical precipitation is based on
formation of sparingly soluble metal salts. For this
purpose hydroxide and sulfide precipitation are
appropriate alternatives since they provide the
formation of common sparingly soluble salts of a
number of metals that may co-exist in wastewaters.
Sulfide precipitation is not commonly used due to its
limitations for the sludge removal as well as
difficulties involved in the operation. Therefore,
hydroxide precipitation is the most common means
of heavy metal precipitation, being an effective and
a proven method and accepted for most cases as the
best available technology for heavy metal control [68]. The method is based on precipitation of metals at
their optimum pH where the solubility of the metal
is minimum. There are just a few metals for which
the hydroxide precipitation may be inadequate for
satisfying the discharge standards. Lead is one of the
most important exceptions in that its hydroxide
solubility is not low enough and necessitates the
formation of another sparingly soluble salt for an
effective treatment [9]. The alternative means of lead
precipitation are the formation of, in the order of

ABSTRACT
Heavy metals are among the most important
pollutants due to their effects on living organisms.
While hydroxide precipitation is the most common,
efficient and practical method for the control of
heavy metals, its performance is not adequate for a
few heavy metals. Lead is among these exceptions.
While a broad literature is available for hydroxide
precipitation, sources for lead control by chemical
precipitation are rather limited. In this paper lead
control by chemical precipitation using lead sulfate,
lead carbonate and lead hydroxide is theoretically
and experimentally investigated and results are
comparatively evaluated. A wide range of initial lead
concentrations between 10-4 and 2u10-3 M was
considered for the evaluation. The results were tested
through a series of experiments. Results of the study
indicated that hydroxide precipitation could reduce
the lead concentration down to 17 mg/L which is not
sufficient for attaining the present discharge
limitations. Lead sulfate precipitation is found to be
an appropriate method as a pretreatment and lead
recovery at the source. Sulfate precipitation works in
acid pH and its highest performance could be
obtained at high lead concentrations of 10-3 to
2u10-3 M using excess sulfate concentration. The
minimum residual lead concentration reached was
3.5 mg/L at pH 5 and for sulfate dose of twofold that
of stoichiometric. The carbonate precipitation is the
best method as the final and polishing treatment of
lead ensuring meeting the discharge standards. The
method is applicable at reasonable high pH and
enables suitable operation as the performance
remains practically unchanged between pH 8 - 9. The
best performance was obtained as 0.12 to 0.22 mg/L
residual lead at pH 8 - 9 for all initial lead
concentrations.
KEYWORDS:
Lead, lead sulfate, lead carbonate, chemical precipitation,
solubility diagram

INTRODUCTION
Heavy metals are among the most important
pollutants exhibiting a number of deleterious effects
such as toxicity, inhibition and accumulation on
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TABLE 1
Equilibrium constants [15, 16]
Species
PbSO4 (s)
PbCO3 (s)
Pb(OH)2 (s) (PbO (s))
+ &2
+&2

R

ି


10.33
± 3.00


.D >+62 @ൣ62
 ൧îൣ+ ൧
ȕ >3E2+ @ൣ3E ൧îሾ2+ ሿ
ȕ ൣ3E 2+ ୭ ൧ൣ3E ൧îሾ2+ ሿଶ
ȕ ൣ3E 2+ ି
൧ൣ3E ൧îሾ2+ ሿଷ

ȕ ሾ3E62୭ସ ሿൣ3E ൧îൣ62
൧
ȕ ሾ3E&2୭ଷ ሿൣ3E ൧îൣ&2
൧

± 1.99
6.30
10.90
13.90
2.62
6.88

Nitric acid was included only for sulfate
precipitation. Three hydroxocomplex species of lead
were considered in the solutions. Sulfato lead and
carbonato lead complexes were accounted for sulfate
and carbonate precipitations, respectively. These
models represent all the main components
encountered in the practice. Organic complexes of
lead rarely exist in application and for sourceseparated lead containing wastewaters except for
lead tetraethyl [14]. Therefore the solutions will
reflect a close simulation to real cases. Table 1
summarizes all the species and their thermodynamic
constants employed in the solutions. A wide range of
initial lead concentrations from 10-4 to 2u10-3 M has
been selected for solutions to assess the system
responses at the extremes as well to evaluate the
dependency of the performance to initial conditions.

decreasing solubility, lead sulfate (PbSO4), lead
carbonate (PbCO3) and lead phosphate (Pb3(PO4)2).
Among them, although the most advantageous in
terms of lower solubility, the phosphate precipitation
has not been commonly practiced. One of the reasons
for that the phosphate is itself a pollutant. On the
other hand its application requires a fine pH
adjustment and recovery of lead from the phosphates
is not easy. The precipitation of lead by carbonate or
sulfate is relatively easier and recovery of lead from
these salts is possible. The performance of lead
carbonate precipitation is high and even comparable
with those of advanced methods. Marani et al. [10]
treated 10 mg/L initial Pb2+ concentration which
also contained 10-2 M sulfate using carbonate
concentrations 3×10-5±1.5×10-2 M as inorganic
FDUERQ DQG UHDFKHG HIIOXHQW OHDG FRQFHQWUDWLRQV 
0.1 mg/L after aging of the precipitate. Macchi et al.
[11] obtained lead concentrations below 0.2 mg/L
after precipitation with total carbonate concentration
of 1.5×10-4 M at pH 9 -10.
The recovery of lead with a high efficiency has
been realized in battery manufacturing industry
using sulfate precipitation [12, 13]. Another
advantage of sulfate precipitation is the use of acid
pH which is common to lead containing wastewaters
instead of alkali pH values.
The purpose of this study is to evaluate
performance of the lead precipitation by carbonate
and sulfate ions and to compare with that of
hydroxide precipitation and to assess the application
basis of these applications. The processes have been
evaluated by theoretical models developed and the
results have been experimentally tested and
discussed.

pH
0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

-3.00

log [ Pb]

-3.50

PbO(s)

PbSO4 (s)

-4.00
PbCO3(s)

-4.50

-5.00

-5.50

FIGURE 1
Solubility diagram obtained for CT, Pb= CT,SO4 =
CT,CO3 = 0.001M

Theoretical Approach. The theoretical
solutions were obtained for equilibrium conditions,
therefore, ionization equations for acids, formation
equations for complexes and solubility products for
precipitating ions were employed. Mass balances
and charge balance were other conditions used.

Theoretical Solutions. Three phase diagrams
for 10-3 M Pb2+ containing solutions have been
constructed and shown in Figure 1. These diagrams
are for PbSO4 precipitation at stoichiometric sulfate
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The picture is different for sulfate dose of
twofold that of stoichiometric. While no
precipitation is obtained for 10-4 M initial lead
concentration, a minimum lead concentration of
15.97 mg/L is reached at pH 5 for 2u10-4 M lead
concentration. The process performance is almost
unchanged between pH 3 to 7. Residual lead
concentrations are between 5.76 and 6.14 and 3.72
and 3.91 mg/L for 10 -3 and 2u10-3 M initial lead
concentrations,
respectively.
The
process
performance is increasing with increasing initial lead
concentration however the optimum pH range and
the residual lead concentrations within this range
remain almost unchanged.

dose, PbCO3 precipitation at stoichiometric
carbonate dose and hydroxide precipitation. Figure 1
indicates that solubility controlling solid phases vary
with pH. These are PbSO4 in the pH interval of 15.5, PbCO3 in the wide pH interval of 5.5-10.5 and
PbO for pH greater than 10.5. The minimum
solubility calculated for PbSO4 precipitation is a
relatively high value of 10-3.84 M (30 mg Pb/L) within pH
interval of 3.5-5.5. This value is comparable to that of
hydroxide solubility minimum lead concentration of
18.25 mg Pb/L obtained at pH 10.5. Lead carbonate
solubility reached its minimum value of 1.58 mg/L
between pH 8 to 9. This picture clearly shows the
inability of hydroxide precipitation for the control of the
lead at levels required by direct discharge standards.
Carbonate precipitation at stoichiometric carbonate dose
however worked well providing less than 2.0 mg Pb/L
effluent concentration which is good enough to satisfy
most of the discharge standards. The optimum pH value
for lead precipitation at stoichiometric dose is not high
and does not necessitate a neutralization step before
discharge. The minimum lead concentration can be kept
below 2 mg/L for a relatively wide pH range enabling
ease of operation.
Another diagram was prepared for twofold
sulfate and carbonate doses that of stoichiometric
and is shown in Figure 2. As seen from the figure
only sulfate and carbonate phases are of importance.
The further analysis of this diagram together with
other results will be given in the following
discussion.
Sulfate precipitation performance is found to
vary with the initial lead concentration and sulfate
dose applied. Figure 3 displays these variations. For
all initial lead concentrations between 2u10-4 and
2u10-3 M and stoichiometric sulfate dose the
performance of the process varied at a minimum
yielding a lead residual around 30 mg/L between pH
3 to 7. No precipitation occurs for 10-4 M initial lead
concentration.
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-3.00
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-3.20
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log [ Pb]
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FIGURE 3
PbSO4 solubility diagrams
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FIGURE 4
PbCO3 solubility diagrams

-6.00
-6.50

The carbonate precipitation performance for
stoichiometric dose of carbonate, also does not
change between initial lead concentrations 10-4 to
2u10-3 M (Fig. 4). Residual lead concentrations are

FIGURE 2
Solubility diagram obtained for CT, Pb: 2×CT,SO4
=2× CT,CO3 (0.001M:0.002M)
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between 1.55 ± 1.58 mg/L for pH 8 to 9. As the
carbonate dose is doubled the performance is
increased. However this increase is not as
pronounced as those of sulfate precipitation due to
very low residual lead concentrations. The variation
of performance between the initial lead
concentrations is very low. The minimum lead
concentrations obtained between pH 8 to 9 changed
only within the narrow band of 0.13 ± 0.22 mg/L
indicating the high performance and stability of the
process.

used as lead, sulfate and carbonate sources.
NaOH and HNO3 were used for pH adjustment. All
chemicals used were of analytical grade. Solutions
were prepared using distilled water produced using
Millipore MilliQ-plus model apparatus and boiled
and cooled before use. The experiments were
conducted at room temperature and the reactors were
tightly covered to simulate closed system conditions.
pH measurements were made using Orion 720A pH
meter. Lead was measured using Rank Hilger H1550
model atomic absorption spectrophotometer. All
analyses were made according to Standard Methods
[17].

EXPERIMENTAL
Experimental Study Results. Table 2 presents
the results of lead sulfate precipitation at
stoichiometric sulfate dose between pH 2 to 5. The
table also includes the result of the experiment where
the sulfate dose is twofold that of stoichiometric at
pH 5. Carbonate precipitation experiments were
conducted at stoichiometric carbonate doses between
pH 6 to 10.5. Results of these experiments are also
given in Table 2. Hydroxide precipitation
experiments were conducted between pH 7 to 10.3,
and the results are presented in Table 2. Table 3
shows the results of experiments which are
conducted using 10-3 M Na2CO3 together with 10-3
Na2SO4 for pH values between 4.0 and 9.0.

Materials
and
Method.
Chemical
precipitation experiments are conducted on synthetic
samples containing 10-3 M Pb(NO3)2. After the
addition of reactants and pH adjustment the solutions
were stirred continuously with a magnetic stirrer and
equilibrium conditions were ensured by pH controls
with extended durations which were 8 days for
hydroxide precipitation and 5 days for sulfate and
carbonate precipitations. After the equilibrium is
attained solution samples were taken and filtered
through 0.45 Pm Millipore filters before
measurements. Pb(NO3)2, Na2SO4 and Na2CO3 were

TABLE 2
Experimental Study Results
Precipitation
Lead (mg/L)
Solid
pH
Model
Experiment
PbSO4
2.0
41.36
47.85
PbSO4
3.0
31.23
31.76
5.0
29.92
29.75
PbSO4
5.0
5.47
2.05
PbSO4*
PbCO3
6.0
15.11
12.7
7.0
3.28
2.97
PbCO3
9.0
1.55
0.28
PbCO3
PbCO3
10.5
7.81
15.48
PbO
7.0
207
207
PbO
8.0
207
207
PbO
10.0
17.68
15.50
PbO
10.3
17.33
15.00
* Twofold sulfate dosage
TABLE 3
Experimental Study Results for Pb-Na2SO4-Na2CO3 System
Lead (mg/L)
pH
Model1
Model2
Experiment
5
28.32
14.40
6
28.55
15.11
13.66
8
1.70
1.50
9
1.67
0.20
(PbSO4)1, (PbCO3)2
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flows. Carbonate precipitation is a very
efficient method for lead control. The model results
indicated that the process performance can be
controlled by dose and pH adjustments. The method
is suitable for operation since the pH interval where
minimum residual lead concentrations are obtainable
is wide enough. For stoichiometric carbonate dosing
being independent of initial lead concentration
around 1.6 mg/L lead residual can be obtained. This
is also tested by the experiment. As the carbonate
dose is increased to twofold that of stoichiometric
residual lead concentrations are between 0.12 to 0.22
mg/L at pH 8 to 9 for the initial lead concentrations
10-4 to 2u10-3 M. These performances approach to
those of newly developed lead adsorption methods
magnetic magnetite [1] and CMC gel bead [3]. For
all cases residual lead concentrations are below 1.0
mg/L between pH 7 to 10. The carbonate
precipitation is quite suitable as the final step of
effluent treatment, however it can also be used for
pretreatment and recovery at the separated flows.

DISCUSSION AND CONCLUSIONS
The theoretical solutions and experimental results
exhibit a satisfactory fit. There are deviations which
can be originated from a number of causes. The
effect of ionic strength, thus the need for the use of
activities instead of concentrations may be
accounted for high concentrations. The lead sulfate
precipitation at pH 2 where hydrogen ion
concentration is high may be such a case. Accuracy
of the thermodynamic constants selected for
theoretical solutions, adsorption of precipitating ions
onto the solid phase, co-precipitation are other
sources of deviations.
Experimental errors also take part in the
differences between theoretical and experimental
results. In general theoretical solutions and
experimental results are consistent for hydroxide and
carbonate
precipitation
except
carbonate
precipitation at pH 10.5. This pH is critical in
carbonate precipitation in that around pH 10.5 the
phase diagram is almost a vertical line and a small
shift in pH may result in a significant concentration
difference. The experimental results obtained for
carbonate precipitation as 0.28 mg/L at pH 9 is quite
consistent with the 0.2 mg/L lead concentration for
carbonate precipitation at pH 9-10 obtained by
Macchi et al. [11]. On the other hand, 0.2 mg/L lead
concentration obtained for carbonate- sulfate system
at pH 9 is also quite consistent with the value of lead
FRQFHQWUDWLRQPJ/REWDLQHGE\Marani et al.
[10] for also sulfate- carbonate system. Sulfate
precipitation also yielded consistent results with
those of the model between pH 3 to 5. A difference
at pH 5 for over stoichiometric precipitation may be
due to the above-mentioned implications during the
experiments. The experiment for the mixed sulfate
and carbonate precipitation further tested the model,
and all results in the carbonate precipitation zone of
pH 6-9 yielded a quite satisfactory fit. pH 5 is on the
intersection of the two phases and very sensitive to
experimental conditions.
The modeling of the precipitation provided
results by which an analysis of the lead removal and
reuse alternatives can be evaluated depending on the
case. Hydroxide precipitation removes only excess
lead leaving a significantly high lead residual.
Sulfate precipitation at stoichiometric dose results in
around 30 mg/L lead remaining in solution for all
concentrations between 10-4 to 2u10-3 M for pH 3 to
7. As the dose of sulfate is twofold that of
stoichiometric residual lead concentrations are 16 to
24 mg/L for 2u10-4 and 10-4 M initial lead
concentration and between pH 3 to 7, respectively.
For higher initial lead concentrations of 10-3 and
2x10-3 M the lead concentrations remaining in
solution are between 3.53 to 6.14 mg/L between pH
3 to 7. This performance indicated that sulfate
precipitation can be used only as a means of excess
lead removal and reuse on separated wastewater
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ABSTRACT

INTRODUCTION

The Southwestern Black Sea region has an
intense city life where swimming, fishery and shipping
are widespread practices. It is crucial to determine and
trace the levels of microbiological contamination of
such places in terms of public health. Within the scope
of this study, we collected samples from the surface
water of the sea in 10 different areas (St1-10) between
ø÷QHDda-Kilyos seasonally and analyzed them in terms
of fecal coliform (FC), total coliform (TC), fecal
streptococci (FS), total mesophilic heterotrophic
bacteria (TM), Pseudomonas spp. (P) and Aeromonas
spp. (A) through bacterial isolation. The antibiotic and
heavy metal resistance profiles of the isolated bacteria
were also investigated. According to results, the most
polluted stations are St5, St7 and St10. When the
results were evaluated on a seasonal basis, the highest
TC, TM, P and A counts were observed in the summer
while the maximum FC and FS counts were observed
in the winter and autumn, respectively. When FC/FC
ratios were examined, it was detected that the
contamination in St1-3 was of only animal origin, but
the contamination in the other stations was of both
animal and human origin. In this study, we isolated 153
bacteria of 43 different species, notably E. coli (25%),
Fecal streptococci (15%), Pseudomonas fluorescens
(9%) and Aeromonas hydrophila (8%). When the
antibiotic and heavy metal resistance profiles of the
isolated bacteria were examined, it was observed that
the stations had been exposed to a serious
contamination stemming from human activities in
relation to fecal and industrial wastes.

The Black Sea, which is linked with the
Mediterranean Sea and the Azov Sea by several straits
and seas, has always been remarkable due to its unique
features and great economic and geopolitical
importance. The sea with a high degree of urbanization
in the coastal area involves a permanent marine
pollution due to industrial wastes, fishery and sea
trades [1]. The Black Sea environment has been
exposed to a disastrous contamination due to the
waterborne waste originating from 17 countries.
Therefore, the reason behind the microbial pollution in
the Black Sea is not any kind of natural deficiency, but
the contaminated rivers and human activities [2].
Microbial pollution in marine coastal zones that
are located near densely populated areas and used for
recreation is a severe ecological and public health
concern [3]. The whole surface runoff and
inadequately treated urban, municipal, domestic and
industrial waste may be the sources of pathogens when
discharged into the sea [4]. Because of the health risks
that the sea carries for people using the beaches, it is
necessary to estimate the quality of the coastal waters.
Pathogens can be divided into the categories of
bacteria (such as E. coli O157:H7, Salmonella,
Shigella), protozoans (e.g. Cryptosporidium, Giardia
lamblia) and viruses (including Enterovirus,
Rotavirus, Hepatitis A). Due to the difficulties for the
detection of specific pathogens, indicator organisms,
especially fecal coliforms (FC), total coliforms (TC)
and fecal streptococci (FS), have generally been
preferred to estimate the persistence of enteric
pathogens in the environment [5].
Microbial contamination in coastal waters is
likely to change from season to season because of
temperature, rainfall and other influences (tourism,
fishery, shipping, etc.) [4,6]. In coastal areas, heavy
metal contamination is as important as microbial
contamination. The resistance profiles of isolates can
help detect the levels of contamination. At the same
time, heavy metal and antibiotic resistance genes can

KEYWORDS:
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Pseudomonas spp. (P), and Aeromonas spp. (A). All
the experiments were performed in triplicate.
TC, FC and FS were enumerated by using a
membrane filtration method. Following the filtration
of 100 mL water sample, the membrane filters (0.45
μm pore size, 45 mm filters) were transferred onto
Endo-NKS, m.FC or Azide-NKS (Sartorius, Germany)
hydrated nutrient pads, respectively. All the plates
were incubated for 24h at 37 ºC for TC or FS and 44.5
ºC for FC [9, 10].
TM were analyzed by serial dilution and plating
on R2A agar (Oxoid, Basingstoke, UK) by using a
SRXU SODWH PHWKRG  ȝ/ RI GLOXWHG VDPSOHV ZHUH
aseptically plated on R2A agar and incubated at 28 ºC
for 96h [11]. After the incubation period, the colonies
were counted with a Colony Counter Device (aCOLyte
Super Colony Counter, Synbiosis) and recorded as
CFU (colony forming unit) mLí1.

be transported from certain bacteria to others which
cause the serious epidemiologic outbreaks [7]. This
study aims to determine the bacteriological
contamination of the Southwestern Black Sea coast
.LO\RV.DUDEXUXQ<DOÕN|\.Õ\ÕN|\DQGø÷QHDGD on
the basis of TC, FC, FS, Pseudomonas, Aeromonas,
and total mesophilic heterotrophic bacteria. Besides in
order to be able to determine the extension of pollution,
we also aimed to define the antibiotic and heavy metal
resistance of the isolated bacteria.

MATERIALS AND METHODS
Study area and sampling. In the current study,
the sea water samples were collected from the coast
and sea surface water of Igneada, Kiyiköy <DOÕNöy,
Karaburun and Kilyos (Figure 1 and Table 1) once a
season. None of the residential areas which were
selected as station has sewage treatment plants.
)UHVKZDWHULQSXWVRI<DOÕNöy (St8), Kiyiköy (St9) and
Igneada (St10) coasts are high due to the Kuzulu,
Kazan and BulanÕk Streams, respectively. All the
samples were collected (depth of 0.5 m) with sterile
polyaniline bottles. During the sampling, temperature,
salinity (%o), dissolved oxygen (DO), and pH were
detected. The temperature was measured with a
Ruttner bottle thermometer, while salinity and DO
were measured using the Mohr±Knudsen and the
Winkler (1888) methods, respectively [8].

TABLE 1
Coordinates of sampling areas
Stations
1
2
3
4
5
6
7
8
9
10

Bacteriological analyses. All the samples were
analyzed for the levels of indicator microorganisms
such as [total coliform counts (TC), fecal coliform
counts (FC) and fecal streptococci counts (FS)], total
mesophilic heterotrophic bacteria counts (TM),

Longitude
(E)
Û'07"
Ûࡋ'17"
Û'55"
Û'27"
Û'14"
Û'21"
Û'48"
Û'42"
Û'08"
Û'58"

FIGURE 1
The sampling sites along the Southwestern Black Sea
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concentration of the metal salt where growth was
inhibited as indicated by the lack of turbidity. Then, 10
μL of the samples from the unproductive wells were
dropped on the MHA plates to determine the minimum
bactericidal concentration (MBC). The isolates were
considered resistant when the MBC values exceeded
the E. coli K-12 control strain [6, 14]. The multiple
heavy metal resistance (MHMR) indexes were
determined as having the same formula with the MAR
index.

In order to define the levels of Pseudomonas spp.
and Aeromonas spp. bacteria, 100 μL of diluted
samples were plated on Pseudomonas CN selective
agar (Oxoid, Basingstoke, UK) and also on Aeromonas
medium base (Ryan) with Ampicillin selective
supplement (Oxoid, Basingstoke, UK). All the plates
were incubated at 28 ºC for 48h [12].
The suspicious colonies were isolated from all
media, except for R2A.On the other hand, only Gram
negative isolates were identified by using API 20E and
20NE test strips (BioMérieux, France).

Statistical analyze. The nature of bacterial
groups was analyzed with the Detrended
Correspondence Analysis (DCA) by using CANOCO
4.5 for Windows [15]. The relationship between
bacterial groups and environmental variables was
investigated with a direct analysis (RDA) by using the
Monte Carlo permutation test (with 499 permutations)
(p<0.05) with automatic forward selection [16]. The
group average clustering from the Bray±Curtis
similarity index according to abundance was
performed for the sampling stations with Primer v6
software [17]. The significant differences between the
groups on clustering dendrogram were tested by using
ANOSIM(R). The similarity percentage analysis
(SIMPER) was used to detect responsible bacterial
groups for dissimilarities within and between groups.

Detection of resistance profiles of isolates. The
antibiotic and heavy metal resistance of the isolates
were examined by the Kirby-Bauer disc diffusion
susceptibility test protocol and serial dilution method,
respectively. For the determination of antibiotic
resistance profiles of the isolates, cephalothin30 μg
(CF), imipenem10 μg (IMP), gentamicin10 units
(GM), tobramycin10 μg (NN10), chloramphenicol 30
μg (C), nalidixic acid30 μg (NA), streptomycin 10 μg
(S), erythromycin 15 μg (E), ceftazidime 30 μg (CAZ),
carbenicillin100 μg (CB), ampicillin 10 μg (AM),
tetracycline 30 μg (TE), norfloxacin10 μg (NOR),
cefoxitin30 μg(FOX30), cefoperazone75 μg (CFP),
nitrofurantoin 300 μg (F/M), amikacin 30 μg (AN),
penicillin 10 μg (P), cefotaxime 30 μg (CTX),
vancomycin 30 μg (VA) were inserted on the plates
after 100 μL of the bacterial suspensions (108 CFU mL1
) were spread on the Mueller Hinton agar (MHA)
plates. After the incubation of the plates at 37 ºC for 24
h, the inhibition zone diameters were measured. The
strains were classified as resistant or susceptible
according to the criteria recommended by the National
Committee for Clinical Laboratory Standards.
The multiple antibiotic resistance (MAR) was
determined by following the procedure described by
Krumperman[13].
MAR Index = y/nx
Where y = Total number of resistance scored; n
= number of isolates; x = Total number of antibiotics
tested. If the MAR index value is higher than 0.2, it
means that the pollution probably has an
anthropogenic origin where antibiotics are frequently
used.
In terms of heavy metal resistance, different
concentrations (6400-1.56 μg/mL) of chromium
(K2CrO4), nickel (NiCl2·6H2O), zinc (ZnSO4·7H2O),
cobalt (CoCl2·6H2O), copper (CuSO4·5H2O),
manganese (MnSO4·H2O) and mercury (HgCl2) were
studied in U-well micro-titer plates.
After all the heavy metal concentrations were
mixed with the same volume of bacterial suspensions
(105 CFU mL-1) in the Mueller Hinton broth, the plates
were incubated at 37 ºC for 18h. The minimum
inhibitory concentration was determined as the lowest

RESULTS AND DISCUSSION
The levels of temperature, salinity, dissolved
oxygen, and pH are shown in Table 2. The temperature
ranged from 6.71 to 26.17ºC according to the season.
The lowest temperature (6.71ºC) was recorded at St10
in the winter, while the highest temperature (26.17 ºC)
was detected at St4 in the summer. The salinity rates
ranged from 11.95 (at St10 in the winter and in the
spring) to 26.17%o (at St4 in the summer). On the other
hand, the highest and lowest dissolved oxygen levels
were detected in the winter at St3 and St8, respectively.
pH values ranged from 4.67 (at St8 in the winter) to
9.86 (at St3 in the autumn). It was found that the shore
stations had lower pH. In the DCA analyses, the length
of the gradients was 1.34 and 1.55 for the first and
second axes, indicating that the bacterial groups
showed linear variation and were suitable for direct
analysis (Redundancy Analysis-RDA). The first
Ȝ  DQGWKHVHFRQG Ȝ  D[HVH[SODLQHG
62.7% of the total variance in the bacterial groups. The
selected environmental variables are seawater
temperature (P-value 0.61, F-ratio= 0.66), salinity (Pvalue 0.03, F-ratio= 3.62), DO (P-value 0.09, F-ratio=
2.05) and pH (P-value 0.004, F-ratio= 6.30.)
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TABLE 2
Physicochemical parameters of samples
Stations
1
2
3
4
5
6
7
8
9
10
Stations
1
2
3
4
5
6
7
8
9
10

Temperature (°C)
Spring
Summer
Autumn
10.34
25.42
14.34
9.01
24.28
13.58
9.23
25.11
14.4
9.46
26.17
15.2
9.14
25.7
14.51
20.37
25.03
9.72
23.62
24.63
10.77
20.00
23.03
9.16
21.21
23.75
11.01
23.75
25.02
9.90
Dissolved Oxygen (mg/L)
Winter
Spring
Summer
Autumn
9.73
15.98
10.82
10.27
10.43
8.02
10.57
10.94
6.00
9.51
10.46
11.70
8.78
7.81
10.37
12.87
7.79
7.38
10.23
10.83
10.82
12.67
10.86
11.75
14.55
14.61
7.53
13.41
17.08
13.70
8.21
11.52
12.27
13.42
6.95
12.74
14.20
11.98
10.86
11.90
Winter
13.77
13.02
13.87
14.17
14.76
7.86
9.51
6.73
7.02
6.71

Winter
15.05
15.05
15.52
15.29
15.17
15.32
14.99
14.01
13.25
11.95
Winter
8.22
8.21
8.25
8.32
8.19
5.07
4.72
4.67
5.32
5.15

6DOLQLW\ Å
Spring
Summer
13.91
25.42
13.58
24.28
14.34
25.11
14.56
26.17
15.75
25.7
13.25
16.17
13.04
16.29
12.60
16.17
12.49
16.54
11.95
15.92
pH
Spring
Summer
6.78
7.41
6.61
7.40
6.21
7.89
6.28
7.92
6.01
7.69
6.03
5.78
6.55
5.59
7.28
6.49
6.86
6.50
6.55
6.23

Autumn
14.34
13.58
14.4
15.2
14.51
15.59
15.24
14.28
15.19
14.28
Autumn
8.72
8.89
9.86
9.74
8.68
6.35
6.02
5.91
6.76
6.69

FIGURE 2
Redundancy Analysis (RDA) illustrates relationships between environmental variables and bacterial groups
(DO means dissolved oxygen).
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CFU/100 mL

On the RDA diagram (Figure 2), salinity and
seawater temperature positively correlate with axes 1
and 2. There is a strong negative correlation between
pH and dissolved oxygen on the RDA diagram. The
RDA axes scores allow us to distinguish two bacterial
assemblages. The first (TM, TC and A) and second
(FC, FS and P) bacterial groups positively correlate
with temperature, salinity and dissolved oxygen. The
first bacterial group predictably links with the summer
period for St1-5 and the autumn period for St9 while
the second bacterial group links with the winter and the
spring for St6-10.
The bacterial distributions of the stations are
represented in Figure 3 and 4. When the bacterial count
results were evaluated, it was observed that St7 and
St10 were the most polluted area in terms of FC, TC
and FS. At the same time, the highest pollutant stations
were St10 for TM, St5 for Pseudomonas spp. and St5
and St10 for Aeromonas spp. The results showed that
TC, TM, Pseudomonas spp. and Aeromonas spp.
counts increased in the summer since FC and FS
concentrations reached the highest values in the winter
and the autumn, respectively.

In the study that they have conducted in the
Georgian coasts, Janelidze et al. [3] reveal that FC and
TC counts rise particularly in the warm seasons.
However, in our study, FC counts are higher in the
samples collected in the autumn (Figure 3). The
fundamental reason behind this situation may be that
the increasing rainfall is transported through water
resources. Another reason may be the effect of sunlight
in the summer months on the indicator
microorganisms. Studies demonstrate that E. coli and
coliforms may die under sunlight in a short period of
time [18, 19]. On the other hand, the highest TC counts
were detected in some stations (1, 2, 3, 7, 8, and 10) in
the summer season. These results show that these
stations maybe exposed to too much waste water entry
especially in the summer period. The EU Bathing
Water Directive (2006/7/EC) [20] recommends FC and
FS counts should not exceed to 100 CFU per 100 mL.
At the same time the criteria limits to TC count as 500
CFU per 100 mL. According to 2006/7/EC the
contamination of St1, St3, St7 and St10 are over the
standards for TC while all stations are below the limit
value for FC. Only the FS counts of St7 are over the
limits.

FC

80
70
60
50
40
30
20
10
0
Winter

Spring

Summer

Autumn

Winter

150
100
50
0
Winter

Spring

Summer

Autumn

FIGURE 3
Distribution of indicator bacteria
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TM

10000

P

2000

CFU/mL

8000
1500
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1000
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0
Winter
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Summer

0
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Winter

CFU/mL

600
400
200
0
Winter

Spring

Summer
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St1
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A

800

Spring

Summer

Autumn

FIGURE 4
Distribution of TM, Pseudomonas (P) and Aeromonas (A) counts

When the TM, A and P counts were examined, it
was observed that the samples collected in the summer
had a pollution problem stemming from high counts of
these bacteria (Figure 4). This is in parallel with many
studies which examine samples of sea water in terms
of bacteriological quality [3, 10, 22, 23].
The Bray±Curtis similarity cluster analysis
divided the sampling stations into three main groups at
the cut-off level of 70% (Figure 5). Group I consists of
St.1 and 3, Group II consists of St.2, 4 and 8, and
Group III consists of St. 6, 7, 9 and 10. The analysis of
similarity (ANOSIM) demonstrated a significant
difference (R=0.742, p<0.05) among the bacterial
groups within the three clusters. The SIMPER analysis
computed three statistically significant groupings
among the nine sampling stations (Table 3). Group I,
II and III have the similarity levels of 80.15%, 80.33%
and 76.22%, respectively (Table 4), with Sp-P, W-A,
A-A, Sp-A, Su-P, A-P and Su-A being important in all
three groups. The results of SIMPER analysis
indicated that the percentage of the important bacterial
groups contributing to dissimilarity among three
groups changed between 23.66-37.85% (Table 4). SpP, W-A, A-A, Sp-A, A-P, Su-P and Su-A were the
bacterial groups which contributed most to the
dissimilarity among the groups.

The FC/FS ratio is very useful for differentiating
between animal and human fecal pollution. In the fecal
contamination of human origin, the coliform count is
higher than streptococci. The FC/FS ratio greater than
4.00 indicates that the pollution is of human origin. If
the ratio is between 2.00 and 4.00, it points to the
predominance of human wastes in mixed pollution.
While values between 0.7 and 2.00 are caused by the
predominance of domestic animal wastes in mixed
pollution, FC/FS ratio less than 0.7 indicates that
pollution is of animal origin [21]. The human origin
fecal contamination comes from waste waters of
houses, hospitals, etc., while the fecal contamination of
animal origin is due to agricultural or livestock
activities. When the FC/FS ratios were examined, it
was observed that while the contamination in St1, St2,
St4 and St8 was of animal origin, St2 and St3 had been
exposed to a predominance of human wastes in mixed
pollution and St5, 7, 9 and 10 have been exposed to a
predominance of domestic animal wastes in mixed
pollution. On the other hand, it was found that the
FC/FS ratios of summer and autumn were 0.76 and
0.77 respectively, while the FC/FS ratios of winter and
spring were 1.39 and 0.93, respectively. These results
show that the bacterial contamination was
predominantly of animal origin.

538



© by PSP

Volume 26 ± No. 1/2017, pages 533-532

Fresenius Environmental Bulletin



FIGURE 5
The cluster dendrogram of the sampling stations based on Bray±Curtis similarities according to the bacterial groups
abundance.
TABLE 3
The SIMPER analysis of the bacterial groups from the southwestern Black Sea.
Group I
Group II
Group III
Average similarity = 80.15
Average similarity = 80.33
Average similarity = 76.22
Species Contrib% Cum.%
Species Contrib% Cum.%
Species Contrib% Cum.%
Su-TM 16.5
16.5
Su-TM 16.72
16.72
A-TM
10.98
10.98
A-TM
15.28
31.78
A-TM
14.71
31.43
Su-TM 10.97
21.95
Su-A
15.1
46.88
Sp-TM 13.56
44.99
Sp-TM 9.93
31.88
Sp-TM 14.46
61.34
W-TM
12.93
57.93
W-TM
9.28
41.17
W-TM
11.24
72.58
Su-A
10.39
68.32
W-A
8.71
49.87
Sp-P
10.38
82.96
Sp-A
9.74
78.06
A-A
8.45
58.32
Cum.:cumulative; Contrib.:contribution; Su: summer; A:Autumn; Sp:Spring; W:Winter
TABLE 4
The SIMPER analysis of the bacterial groups from the southwestern Black Sea indicates the dissimilarities
among groups and percentage contributions of the groups.
Group I and II
Group I and III
Group II and III
Average dissimilarity = 23.66
Average dissimilarity = 37.85
Average dissimilarity = 33.88
Species Contrib% Cum.%
Species Contrib% Cum.%
Species Contrib%
Cum.%
Sp-P
13.47
13.47
W-A
11.43
11.43
A-A
12.33
12.33
Sp-A
11.99
25.46
A-A
11.01
22.44
A-P
9.97
22.31
Su-P
9.72
35.18
A-P
8.9
31.35
W-A
9.14
31.44
Su-A
7.05
42.23
Su-A
8.56
39.91
Su-A
6.14
37.59
W-A
6.78
49.01
Sp-A
7.06
46.97
Sp-P
5.66
43.25
Su-TC
4.88
53.89
Su-P
6.48
53.45
Su-P
5.39
48.63
W-TC
4.87
58.76
Sp-P
5.29
58.74
W-P
4.31
52.94
Cum.:cumulative; Contrib.:contribution; Su: summer; A:Autumn; Sp:Spring; W:Winter
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FIGURE 6
Percentages of the gram negative rod isolates
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FIGURE 7
Antibiotic susceptibility test results of isolates

Pseudomonas fluorescens, Pseudomonas luteola,
Pseudomonas oryzihabitans, Pseudomonas putida,
Pseudomonas stutzeri, Raoultellaornithinolytica,
Salmonella spp., Serratiaficaria, Serratialiquefaciens,
Serratiaodorifera,
Serratiaplymuthica,
Shewanellaputrefaciens, Sphingomonaspaucimobilis,
Stenotrophomonasmaltophila, Vibrio alginolyticus,
Vibrio parahaemolyticus, Vibrio vulnificus, and 23
gram positive cocci were isolated (Figure 6).
The Black Sea has a very rich content in terms of
bacterial diversity [24, 25]. It is known that various
proteobacteria species such as E. coli, Pseudomonas
spp., Aeromonas spp. and Vibrio spp. have been

In the current study, 130 gram negative rods,
which are Achromobacterxylosoxidans, Acinetobacter
bouranii, Aeromonascaviae, Aeromonashydrophila,
Aeromonassalmonicida,
Alcaligenesfaecalis,
Burkholderiacepacia,
Citrobacterfreundii,
Citrobacterkoseri,
Commomonas
testosterone,
Enterobacter cloacae, Enterobacter sakazakii,
Escherichia coli, Klebsiellaoxytoca, Klebsiella
pneumoniae ssp. pneumoniae, Kluyvera spp.,
Methylobacteriummesophilicum, Moraxella lacunata,
Ochrobactrum anthropic, Pantoea spp., Proteus
vulgaris, Providencia rettgeri, Providencia stuartii,
Pseudomonas aeruginosa, Pseudomonas alcaligenes,
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bacteria are resistant to Cu ions (Table 6). And it is
followed by respectively Co (60%), Ni (50%), Mn
(49%), Zn (30%), Hg (29%) and Cr (28%). This result
implies that there may be some mining and/or
industrial activities notably in relation to Cu in the
region. Other studies conducted in the region on the sea
water or organisms living in it also show that heavy
metal concentrations can be variable. Topcuoglu et al.
[32] have conducted Cd, Co, Cr, Ni, Zn, Fe, Mn, Pb
and Cu analyses in the macroalgae, sea snail, mussel,
fish and sediment samples. The researchers reveal that
heavy metal concentrations vary by region and species.
In their study conducted with the samples from the
Western Black Sea, Bat et al. [33] come up with the
similar results in relation to the heavy metals such as
Cu, Pb, Zn, Ni, Mn, Fe, As, Cd, Cr, Hg and Co.
Heavy metals are essential micronutrients for
bacteria and many other organisms. When they exist in
nature in high concentrations, they come to have a
toxic effect [34]. Bacteria can develop resistance to
high concentrations of such toxic materials thanks to
their capacity to adapt to the environment in which
they exist. They are able to survive and reproduce in
these kinds of stressed environments through their
various mechanisms. Bacteria generally use their
plasmids in order to be able to develop resistance to
heavy metals. Since these plasmids are also effective
in the mechanisms of antibiotic resistance, multiple
resistance profiles have an importance in
environmental microbiology studies [35]. It should
also be remembered that the bacteria which have
developed these kinds of resistance mechanisms can be
used in the removal of pollution sources from nature
[36]. If the MHMR indexes are examined, it is possible
to see a high resistance to multiple heavy metals in all
the stations (Table 7). This proves that the region has
been exposed to industrial pollution. The highest
MHMR value (0.66) was detected in St3 and it is
followed respectively by St9, St2, St1, St4, St10, St6
and St8, St5 and St7. If the MAR index results are
compared to the MHMR index results, it can be seen
that there is no similarity among the stations. This
shows that the pollution sources are different. As for
the influence of heavy metals, the highest results are
related to Cu (Table 7). It is known that the region
contains copper ore and appropriate areas for mining
activity. However, it is possible to say that all the
stations have a multiple resistance to all heavy metals.
Not with standing, it can also be seen that bacteria in
each station have variable MHMR values. This may be
due to the differences created by various sources such
as atmospheric pollution, streams, waste discharges,
ground water and rivers [32].

observed in the surface water of the Black Sea which
has a great biodiversity in terms of both bacteria and
archaea [3, 26]. It is also known that its anoxic
sediment medium abounds in sulfur bacteria [27],
methanotrophic bacteria and archaea [28, 29].
The antibiotic resistance profiles of the isolates
were demonstrated in Figure 7. When the results were
examined, it was determined that the highest resistance
was against to P with 93%, which was followed by CF
(60%), CTX (58%), E (51%) and AM (48%).
Considering the sensitivity, the ranking changed as
NOR (95%), NN (92%), F/M (91%), GM and AN
(90%).
TABLE 5
The MAR index values of isolates

Stations
1
2
3
4
5
6
7
8
9
10

Gram
negative
bacilli
0.32
0.07
0.21
0.08
0.09
0.03
0.06
0.16
0.03
0.02

Fecal
streptococci
0.33
0.11
0.44
0.4
0
0.55
0.33
0.44
0.55
0.48

When the MAR indexes of the isolated bacteria
are examined, it can be seen that St1 and St3 yield
results that are higher than the limit value in terms of
both gram negative bacilli and FS (Table 5). The MAR
indexes of the fecal coliforms isolated from St4, St6,
St7, St8, St9 and St10, however, have higher results
than the threshold value. Some studies claim that high
MAR indexes point at contaminations stemming from
human fecal wastes [3]. Considering the widespread
use of antibiotics in the livestock industry, it is more
appropriate to state that the pollution has come about
as a result of human activities [6]. The spread of
bacteria with multiple antibiotic resistance from
hospital circles to nature may cause nosocomial
infections. To determine the multiple resistance
profiles of environmental isolates is an effective
method to detect diseases which may be caused by
microbial contaminations whose extent is tried to be
found [14]. Our study shows that the antibiotic
resistance of FS is particularly high. However, it has
also been observed that multiple resistance varies by
region. This is in parallel with other studies conducted
in the Black Sea [30, 31].
Considering the heavy metal resistance of the
standard E. coli strain, it can be seen that 93% of the
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TABLE 6
Percentages of minimum bactericidal concentrations of heavy metals
Concentrations
(μg/mL)
Cr
Ni
9
3
6400
21
18
3200
8
29
1600
18*
31*
800
16
12
400
10
5
200
10
1
100
4
0
50
2
0
25
0
0
12,5
0
0
6,25
1
1
3,125
1
0
1,5625
*:MBC of standard strain E. coli K12.

Heavy Metals
Co
Cu
4
4
19
13
18
24
19
26
14*
26
11
4*
9
2
4
0
0
0
1
0
0
1
0
0
1
0

Zn
4
14
12
16*
24
16
8
5
0
0
0
0
1

Mn
16
33
19*
16
11
3
0
1
0
0
0
1
0

Hg
8
0
2
2
4
13
16*
10
9
15
13
1
7

TABLE 7
The MHMR index values of isolates
Stations
1
2
3
4
5
6
7
8
9
10

Cr
1.00
0.56
0.17
0.50
0.29
0.25
0.31
0.44
0.36
0.35

Ni
0.00
0.61
0.67
0.50
0.29
0.50
0.31
0.22
0.56
0.70

Zn
0.33
0.28
0.17
0.42
0.43
0.21
0.69
0.33
0.28
0.17

Heavy Metals
Co
Cu
1.00
1.00
0.72
0.83
0.50
1.00
0.67
0.92
0.57
0.86
0.58
0.96
0.23
0.85
0.44
1.00
0.84
0.92
0.48
1.00

Hg
0.00
0.22
0.83
0.17
0.57
0.25
0.23
0.22
0.40
0.22

Total
0.52
0.54
0.66
0.51
0.45
0.48
0.45
0.48
0.55
0.50

future. Under the toxic pollutants, the heavy metal
resistance mechanisms of bacteria develop quite fast.
Because some resistance features can be carried on the
plasmid, antibiotic or heavy metal resistance profiles
are able to transfer between bacteria. In the future
studies, we plan to investigate this property for a better
understanding of the mechanisms of heavy metal and
antibiotic resistance.

CONCLUSION
Defined as an inland sea, the Black Sea has a
global significance with its coastal strip that involves
many countries and the important commercial cities
and harbors that it hosts. It is known that microbial and
ecological pollution in this region has been
increasingly intensifying. In this study, we analyzed
the level of microbial pollution in the Northwestern
Black Sea coasts. Isolating some opportunist pathogen
bacteria such as E. coli, P. fluorescens and A.
hydrophila, we have revealed especially on the basis
of the MAR profiles that the stations in this coastline
have been polluted as a result of human activity. The
heavy metal resistance profiles of the bacteria also
show that industrial pollution has increased
considerably, too. The isolates which have heavy metal
resistance can be used in bioremediation studies in the
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K
Kirklareli/Turkey.
Kozani
L
land cover
land use
land use distribution
Land use/cover Change
LANDSAT
landscape evaluation
landslide hazard
land-use classification
Leachate
Lead
lead carbonate

M
macro/microplastic
Macroalgae
manganese
Marmara Region
measurement
Mediterranean countries
Medium density fiberboard wastewater
membrane filtration.
MENA region
metal
metal cored wire

263
405
392
375

273
151
146
156
216
383
327
533
188
237
196
156, 323
392
93
237

69
69, 369
118
39
352
84
237
352
510
527
527

204
46
490
310
332
188
483
499
439
162
125

549

industry
in-vehicle.
Ionic Species
Ions
iron
irrigation
Istanbul
ITU campus
kriging

lead sulfate
least squares method.
Lemna minor
life cycle assessment
Life Saving Kiosk.
Lipid
liver injury
logistic model
LUCIS
LULC Change

metal ions
Meteorological data
Metric entropy method
microbial biomass
Microbial contamination
microsized crystals
mitigation strategy
MMA welding
multiple antibiotic and heavy metal
Multiple Criteria Decision Analysis (MCDA)

multivariate linear regression

196
327
273
292
490
520
39, 375
140
64

527
490
216
177, 413
225
46
208
375
369
113

510
64
118
8
533
426
237
133, 318
533
399
64
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N
natural resources.
nitrogen removal.
NO2

520
433
237

noise mapping
Nuclear Fusion

O
Object-oriented
occupational health
occupational health and safety
offices
Oncorhynchus mykiss

383
196
133
292
405

operating parameters
Organic carbon
organic molecular marker
overlay analyses
oxygen uptake rate

345
8
255
69
453

Planning
plastic
PM
PM2.5
PMx
pollution
Polycyclic Aromatic Hydrocarbons
polynomial regression
Protein
Pseudomonas
Public Participation

369
204
338
255
263
162
338
490
46
533
225

residences
Resource Consumption
Reuse
rhizosphere sediment
risk assessment
rural area

156
369
421
467
237
520

P
PAHs
Paint
painting
particle composition
particulate matter
Particulate Matter PM2.5
peptone mixture
permeability
Photovoltaic Systems
Phragmites australis (Cav)
Piraeus
Q
QA/QC
R
radon
Rainbow trout
reactive oxygen species
recreation areas
remote sensing
removal efficiency

273, 292
421
177
133
183, 255, 273, 292, 327
310
453
510
80
467
162

69
75

263
332
405
183
204
39, 188, 352
459

S
Sarno River
Sazlidere Basin
Scenedesmus dimorphus
sea
sediment.
shipbuilding
shipbuilding steel
Shipping emissions
shore line extraction
shortest path algorithms
Simulation
soil
soil improvers
soil profile
soil salinity
Solar Energy Potential
solid waste management
solubility diagram

216
39
433
162
162
177
133
177
383
107
113
520
445
8
188
80
413
527

spatial data
spatial interpolation methods
spatial model comparison
spectral bands.
spillage
Spirulina- Ȗ-radiation- carbon
stainless steel electrodes
standard compaction
structural steel
Styrofoam
submerged ultrafiltration
Suitability Analysis
Sulfate radical
Sustainability
sustainability indicators
SWAT
SWOT
Synthetic estrogen

T
Taguchi

318

TN-TP

550

107
100
107
188
196
208
345
510
125, 318
421
490
369
483
369
413
360
413
453

405
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Taguchi and ANOVA
tear gas
TEM
terrestrial laser scanner
Thematic Map

125
146
216
19
151

toxicity
Trace elements
trace metal
traslocation
Turkey

U
Unmanned Aerial Vehicle
unmanned aerial vehicle (UAV)
urban complexity
urban environmental sustainability

80
383
118
118

Urban Growth Model
Urban Wastewater Treatment Plant
UV254

V
9HKLFOHRFFXSDQWV¶H[SRVXUH
ventilation mode

327
327

Vertical Characteristics
VOCs

W
wastewater treatment plant
water
Water consumption
Water footprint
Water governance
Water stress
welding fume
«
17 alpha-ethinylestradiol

56, 399
520
375
439
439
439
125

453

551

146
301
467, 475
467
29, 204, 352, 375, 405

113
459
499

273
237, 292

Western Black Sea
wetland.
winter wheat
WOFOST
wood ash
ZRUNHUV¶KHDOWK
ZRUNHUV¶KHDOWKDQGHQYLURQPHQW

301
352
29
29
445
318
125

Ȗ-radiation carbon tetrachloride

208
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FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution.
In: Title of the book or proceeding. Volume
(Edition
of klitor-s, ed-s) Publisher, City, first and last page

Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORALTHESIS:
3. Author, N.N. (Year) Title of the thesis,
University and
Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
FDVHV UHIHUHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
word length of the introduction should be 150 to
300 words.

Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Corresponding author: The name of the
corresponding author with complete postal address

Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.

Precondition for publishing:
A minimum number of 25 reprints must be
ordered and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in our
journal layout (not on the page numbers of the
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT
registration number exists) we may be obliged to
charge 7% VAT on sales to other EU member
countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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