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ADSORPTIVE CATHODIC STRIPPING VOLTAMMETRIC
DETERMINATION OF ANTIMONY IN THE PRESENCE OF
COPPER AND BISMUTH BY USING HEMATOXYLIN
İbrahim Şahin1 and Nuri Nakiboglu2,*
1

Chemistry Education Division, Necatibey Education Faculty, Balıkesir University, 10100 Balıkesir, Turkey
2
Chemistry Department, Sciences and Arts Faculty, Balıkesir University, 10145 Balıkesir, Turkey

ABSTRACT
This study describes a new adsorptive cathodic stripping voltammetric method using hematoxylin as complexing reagent for determination of antimony in the presence
of Cu(II) and Bi(III). The method is based on the accumulation of Sb(III)-hematoxylin complex onto a hanging mercury drop electrode (HMDE), and reduction of the antimony
in the adsorbed complex by using square wave cathodic
stripping voltammetry. The effects of chemical (pH, supporting electrolyte, concentration of hematoxylin) and
instrumental (accumulation potential, accumulation time,
stripping mode and scan rate) parameters on the measured
current as response are discussed. The linear relationship
was obtained in the concentration range of 2.7-80 µg L-1
(r = 0.998, n = 10). The detection (3s) and the quantification
(10s) limits were estimated to be 0.8 µg L-1 and 2.7 µg L-1,
respectively. The method was applied to determination of
Sb(III) in water samples.

KEYWORDS: Antimony, hematoxylin, adsorptive cathodic stripping voltammetry, water

1. INTRODUCTION
Antimony is a natural element and used in various industrial fields. The Agency for Toxicological Substances
and Diseases Registry (ATSDR) in the United States
accepted that antimony and its compounds are pollutants
(http://www.atsdr.cdc.gov/mrls.html). The antimony value
in drinking water is recommended to be 0.02 mg/L by
The World Health Organisation [1] Therefore, accurate
determination of antimony is important in various samples and matrices.
Antimony has been determined using many methods in
various matrices. Among these, hydride generation atomic
absorption spectrometry (HGAAS) [2] and inductively
* Corresponding author

coupled plasma optical emission spectrometry (ICP OES)
have been favoured to minimize the problems associated
with matrix interferences for the determination of antimony at trace and ultra-trace levels. Advantages and disadvantages of these techniques have been discussed in the
literature [3]. Additionally, review articles including analytical methods for the speciation and determination of
antimony are available [4-7]. On the other hand, a variety
of electroanalytical methods, such as anodic stripping voltammetry (ASV) [8-11], adsorptive cathodic stripping voltammetry (AdCSV) [12-14], and adsorptive anodic stripping voltammetry (AdASV) [15], have also been used for
determination of Sb(III) in various samples. Sb(III) is preconcentrated in acidic medium as Sb(0) at the electrode
for a particular time period, and subsequently oxidized to
Sb(III) in ASV methods. Morin [12], chloranilic acid [13],
pyrogallol [14] and alizarin red s [15] have been used as
complexing agents in AdSV determination of Sb(III). The
detailed information about electroanalytical determination
of antimony can be found in the review reported by
Toghill et al. [16]. Generally, the main interfering ions in
voltammetric determination of Sb(III) are Cu(II), Bi(III)
and As(III). Therefore, alternative voltammetric procedures,
free from these interferences, are needed.
Hematoxylin (HMT,) widely used in the field of histology and pathology as a staining agent, is a natural
compound obtained by extraction from the logwood tree,
Haematoxylon campechianum [17]. The interactions between HMT and various metal ions, such as aluminum (III),
chromium (III), iron (III), copper (II), lead (II), nickel (II),
osmium (III) and tin (II), have been known. These complex compounds have a variety of colours, depending on
the metal ions (http://stainsfile.info/ StainsFile/stain/ hematoxylin /hxintro.htm). There are few reports for developing new analytical methods using HMT. One of these,
reported by Niazi et al. [18], is a spectrophotometric method
using HMT as complexing agent for simultaneous determination of Al(III) and Fe(III). The other one is a voltammetric method using a HMT modified carbon paste electrode for determination of nicotinamide adenine dinucleotide (NADH) [19]. However, there is no study using HMT
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as complexing agent for the determination of Sb (III) and
other metal ions by voltammetry.
The aim of the study is to develop an alternative
method, free from interference of common ions, using a
new complexing agent for the determination of Sb (III) by
adsorptive stripping voltammetry.
2. MATERIALS AND METHODS
2.1 Equipments and chemicals

A Radiometer Pol 150 Polarographic Analyzer connected with a Radiometer MDE 150 polarographic stand
were used in voltammetric measurements. A combination
consisting of a hanging mercury drop electrode (HMDE),
Ag/AgCl (satd. KCl) reference electrode (Radiometer,
B18C003) and platinum wire auxiliary electrode (Radiometer) were used as a three-electrode system. Hexa-distilled
mercury (Radiometer-Copenhagen) was employed for
HMDE. Measurements of pH were carried out using a WTW
pH-meter with combined glass electrode. Standard buffer
solutions were used for adjusting the meter prior to measurements. Titrisol ampoules were purchased from Merck
for antimony and the other metal ions (1000 mgL-1). HMT
(Fig. 1) was obtained from Merck and used without purification. The other chemicals used throughout the study
were of analytical grade. All of the solutions were prepared daily. Deionized water (18.2 MΩ) was obtained
from an Sartorius Arium 611 ultrapure water purification
system, and used for preparing all of the solutions

3. RESULTS AND DISCUSSION
Figure 2 displays the SW voltammograms of 8.2 ×
10-8 mol L-1 Sb(III) in the absence of HMT (curve a), 1 ×
10-6 mol L-1 HMT in the absence of Sb(III) (curve b), and
the mixture of 8.2 × 10-8 mol L-1 Sb(III) and 1 × 10-6 mol
L-1 HMT (curve c) in acetic acid-phosphoric acid mixture
(pH 5), after 120 s of accumulation time at -0.600 V.
Comparison of the voltammograms shows that a new
peak appears at -0.520 V when Sb(III) is added to the
solution containing HMT, which gives us an idea about
the formation of Sb(III)-HMT complex in the solution.
The peak current proportionally increases with the Sb(III)
concentration (curve d). Cyclic voltammograms obtained
affirm that the electrochemical reduction process of the
antimony in the complex is irreversible. Additionally, logIlogv plot was drawn (see Fig. 3) using the data obtained
from cyclic voltammograms recorded for 10, 20, 50, 100
and 200 mV/s scan rates (not shown herein). The slope of
the linear graph is 0.9243, and this value is very close to 1
suggesting the adsorption process.

2.2 Procedure

FIGURE 2 - SW voltammograms obtained in acetic acid-phosphoric
acid mixture at pH 5: (a) 10 µg L-1 Sb (III) in the absence of HMT, (b)
1×10-6 mol L-1 HMT in the absence of Sb (III), (c) 10 µg L-1 Sb(III) in
the presence of 1 × 10-6 mol L-1 HMT, and (d) c +10 µg L-1 Sb (III).
Other conditions: Eac=-600 mV, tac = 120 s, scan rate = 50 mV/s.

If not otherwise stated, the required aliquots of Sb(III)
stock solution (or water sample), 1 × 10-4 mol L-1 HMT,
and 1 mol L-1 acetic acid-phosphoric acid mixture (pH 5)
were transferred into a 10-ml volumetric flask, and the
volume was completed with deionized water. Then, the
solution was decanted to a voltammetric cell and purged
with nitrogen for 5 min. Accumulation at a new mercury
drop was carried out with stirring the solution at a deposition potential of - 600 mV for 120 s. After a waiting time
for 10 s, the potential was scanned from -200 mV toward
the cathodic direction by using square wave (SW) modulation. Step duration, step amplitude and pulse amplitude
were 0.04 s, 2 mV, and -25 mV, respectively. Measurements were carried out at room temperature.

FIGURE 3 - LogI-logv plot for 10, 20, 50, 100 and 200 mV/s scan
rates.

FIGURE 1 - Structure of HMT
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Preliminary experiments were performed for pH 4, 7
and 9 by using acetate, phosphate and ammonia buffers,
respectively. Our previous studies indicated that boron
can form a stable complex with polyhydroxy compounds,
such as HMT. For this reason, Britton Robinson buffer
was not preferred for avoiding complex formation between boron and HMT. The peak of Sb(III)-HMT complex overlaps with the free HMT, due to the competitive
adsorption, at higher pHs more than pH 7, deteriorating
the peak resolution. Therefore, further pH experiments
were planned in neutral and acidic medium. The pH of the
solution containing Sb(III)-HMT complex was varied in
the range of 3.0 and 7.0 for examining the effect of pH on
the peak current. No signal related to the complex was
obtained below pH 3.0. The peak current gradually increases with pH and reaches a maximum value at pH 5.0,
but then decreases (Fig. 4). Therefore, pH 5.0 was preferred
as optimum. Additionally, sodium acetate, ammonium
acetate and sodium acetate-phosphate mixture at pH 5 were
tested, and a slightly high peak current was obtained in
the case of acetate-phosphate mixture. The peak potential
of both the free HMT and Sb(III)-HMT complex shifted
linearly to negative values as the pH increases. A linear
relationship between peak potential and pH for Sb(III)HMT complex was observed (Ep = - 92, pH 5, R2 = 0.9914).

peaks overlap at the potentials more positive than - 500 mV
and more negative than - 900 mV resulting in bad peak
resolution and low sensitivity. The peak current was maximum at - 600 mV, then decreased at more negative potentials because of competitive adsorption of the free ligand
and the complex at the electrode surface.

FIGURE 5 - The variation of complex peak current with accumulation potential (Conditions: CSb(III): 10 µg L-1, CHMT:1 × 10-6 mol L-1,
pH 5, pulse amplitude:- 25 mV, scan rate: 50 mV/s).

The dependence of the peak current on the accumulation time, tac, is presented in Fig. 6. The peak current increases with the accumulation time up to 120 s, and then,
slightly decreases for longer accumulation times. This is
attributed to both saturation of the electrode surface and
competitive adsorption of free HMT and Sb (III)-HMT
complex on the electrode surface.

FIGURE 4 - The variation of complex peak current with pH (Conditions: CSb(III): 20 µg L-1, CHMT: 1 × 10-6 mol L-1, tacc = 120 s, Eacc = -600
mV, pH 5, pulse amplitude: - 25 mV, scan rate: 50 mV/s).

The concentration of HMT is the other important solution parameter with respect to both complex formation
degree and competitive adsorption on the electrode surface. For this reason, the effect of HMT concentration
was studied. The peak current of Sb(III)-HMT complex
rapidly increases with concentration of HMT up to 1 × 10-6
mol L-1 (not shown herein), and then, remains almost constant in the higher concentrations more than 1 × 10-6 mol
L-1. Therefore, this concentration was selected for subsequent measurements.
The accumulation potential, accumulation time, stripping mode and scan rate are the important instrumental
parameters affecting the peak current and, hence, sensitivity of the method. Figure 5 shows the effect of accumulation potential on the peak current of the Sb - HMT complex. Both the free HMT and the Sb(III) - HMT complex

FIGURE 6 - The variation of complex peak current with accumulation time (Conditions: CSb(III): 10 µg L-1, CHMT :1 × 10 6 mol L-1,
pH 5, Eacc = - 600 mV, pulse amplitude: - 25 mV, scan rate: 50
mV/s).

The effect of the stripping modulation was investigated by using differential pulse and square wave (SW)
potential scanning. SW modulation was chosen taking
into account the highest peak current and the speed of the
measurements. Additionally, the influences of scan rate
on the peak current were studied while the other selected
optimum conditions were kept constant. Scan rate was
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varied from 10 to 50 mV/s. The results showed that the
peak current increased by increasing scan rate; therefore,
50 mV/s was selected.
3.1 Validation and application of the method

As a result of the studies above, the optimum conditions for determination of antimony in the presence of
HMT are as follows:
Supporting electrolyte and pH: acetic acid-phosphoric
acid mixture and 5.0; concentration of HMT: 1 × 10-6 mol
L-1; accumulation potential: - 600 mV; accumulation time:
120 s; stripping mode: SW; scan rate: 50 mV/s.
Figure 7 shows some voltammograms used for drawing the calibration curve. The linear relationship was obtained in the concentration range of 2.7 - 80 µg L-1 (22 657 nmol L-1). The regression line equation (r = 0.998, n
= 10) is Ip = 0.954 (±0.029) CSb + 7.570 (± 1.054) where
Ip is the peak current (in nA) and CSb is the concentration
of Sb(III) (in µg L-1). The standard error of slope and
intercept of the regression line are given in paranthesis.
The estimated limit of detection (3s) and the limit of quantification (10s) based on the standard deviation of blank data
(n = 7) were 0.8 µg L-1 (6.6 × 10-9 mol L-1) and, 2.7 µg L-1
(2.2 × 10-8 mol L-1), respectively. The relative standard deviation for 5 µg L-1 Sb (III) (n = 9) was calculated as 3.2 %.

into account as interference criterion. The results showed
that B(III), Bi(III), Cr(III) and Cu(II) did not affect the
peak current. The obtained voltammograms in the absence
and presence of Cu(II) and Bi(III) are given in Fig. 8. The
peak current and the peak potential remain almost constant in the presence of 1800 µg L-1 of Cu(II) and Bi(III)
suggesting the selectivity of the proposed method in point
of these ions (Fig. 8). Additionaly, 30-fold Al(III), 10-fold
Co(II) and 10-fold Ni(II) did not interfere but 2-fold
Fe(III), Pb(II) and Zn(II) decreased the peak current while
Cd(II) increased the signal because of overlapping its
peak with the signal. EDTA (2 × 10-3 mol L-1) was added
to the sample solution for eliminating the interference of
the Cd(II), Fe(III), Pb(II) and Zn(II) ions.

FIGURE 8 - SW voltammograms obtained in the absence and presence of Cu(II) and Bi(III) ions: (a) 1 × 10-6 mol L-1 HMT in acetic
acid-phosphoric acid mixture (pH 5) and 30 µg L-1 Sb(III), (b) a + 30
µg L-1 Cu(II) and 30 µg L-1 Bi(III), and (c) a + 1800 µg L-1 Cu(II) and
1800 µg L-1 Bi(III)).

FIGURE 7- SW voltammograms of various concentration of antimony; (0) 1 × 10-6 mol L-1 HMT in acetic acid-phosphoric acid mixture (pH 5), (1) (0) + 3 µg L-1 Sb (III), (2) (0) + 5 µg L-1 Sb (III), (3)
(0) + 10 µg L-1 Sb (III), (4) (0) + 20 µg L-1 Sb (III), (5) (0) + 30 µg L-1
Sb (III), (6) (0) + 40 µg L-1 Sb (III), (7) (0) + 60 µg L-1 Sb (III), and
(8) (0) + 80 µg L-1 Sb (III).

The influence of various ions on the determinations
of antimony was investigated in the presence of 20 µg L-1
of Sb (III). ± 5 % changing in the peak current was taken

FIGURE 9 - Standard addition voltammograms for fortified drinking water sample: (a) 1 × 10-6 mol L-1 HMT in acetic acid-phosphoric
acid mixture (pH 5), (b) water sample spiked with 20 µg L-1 Sb(III),
(c). b + 10 µg L-1 Sb(III), (d) b + 20 µg L-1 Sb(III), and (e) b + 30 µg L-1
Sb(III)).
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TABLE 1 - The obtained results in water samples spiked with Sb(III).
Sb(III) found
Bias
R
Sb(III) added
(µg L-1±s, N=3)
(%)
(%)
(µg L-1)
c
n.d.
2.63 (±0.28)
12.3
88
DW 1[a]
3.0
9.18 (±0.40)
8.2
92
10.0
20.0
21.10 (±1.10)
5.5
106
DW 2[b]
20.0
21.65 (±1.60)
8.3
108
[a] DW 1: Drinking water; [b] DW 2: Drinking water fortified with 50 µg L-1 Cu(II), Bi(III), Co(II), Zn(II), Pb(II), Fe(III), Cr(III), Mn(II), Ni(II),
Mo(VI), Hg(II), Al(III), Se(IV) and 500 µg L-1 Na(I), K(I), Ca(II), Mg(II); [c] n.d. = not detected.
Water Samples

The proposed method was applied to the drinking water and fortified drinking water samples. Standard addition voltammograms obtained for the fortified drinking
water sample are shown in Fig. 9. The accuracy check of
the method in water samples was characterized by the use
of recovery tests, and the results obtained were summarized in Table 1.
4. CONCLUSIONS
A new, selective, sensitive and accurate voltammetric
method for the determination of Sb(III) in the presence of
HMT was described. As far as we know, this is the first
time that HMT is used in voltammetry for the determination of a cation. The method has advantages over some
existing voltammetric methods [9, 12, 15] as it is free
from the interference of Cu(II) and Bi(III). The method
can be used with satisfactory results for the trace determination of Sb(III) in water samples, and is particularly
recommended for the samples containing Cu(II) and
Bi(III).
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SOIL ORGANIC MATTER USING SEQUENTIAL
EXTRACTION PROCEDURE AND THE DETERMINATION BY
ELECTROTHERMAL ATOMIC ABSORPTION SPECTROMETRY
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ABSTRACT
The five-step sequential extraction procedure for fractionation of lead has been applied to reference materials
of soils with certified total lead contents. The extractant
solutions were 1 mol L-1 ammonium acetate, 1 mol L-1
hydroxylammonium chloride in 25 % acetic acid (1:1),
0.1 mol L-1 hydrochloric acid, 0.5 mol L-1 sodium hydroxide, and 8 mol L-1 nitric acid. The residue was decomposed by HF and HNO3. Using this procedure, the metal
fraction bound to the organic matter can be distinguished.
The determination of lead in the soil extracts was performed
by ETAAS. The measurement conditions were optimized for
every individual soil extract in the presence of various
matrix modifiers (NH4H2PO4; NH4H2PO4+Mg(NO3)2;
NH4H2PO4+Pd(NO3)2; and Mg(NO3)2+Pd(NO3)2). Accuracy was assessed by comparing the sum of the contents
of lead in individual soil extracts and in the residual fraction with the total certified values used (certified reference materials (CRMs) of soils). The overall recovery
values for lead were 101-112%.

KEYWORDS:
Lead; sequential extraction; fractionation; soils; organic matter;
electro-thermal atomic absorption spectrometry (ET AAS)

1. INTRODUCTION
Lead is one of the ubiquitously distributed and most
abundant toxic elements in the soil. Lead in the environment may derive from either natural (mainly volcanic
emissions, geochemical weathering, and emissions from
sea spray) or anthropogenic sources (mainly mining and
smelting activities, sewage sludge usage in agriculture,
and contamination from vehicle exhausts). When lead is
* Corresponding author

released into the environment, it has a long residence time
compared with most other pollutants. As a result, lead and
its compounds tend to accumulate in soils and sediments
where, due to their low solubility and relative freedom
from microbial degradation, they will remain accessible to
the food chain and to human metabolism far into the future
[1, 2]. However, potential risk for the environment is not
determined by its total concentration or by its origin. In this
case, differentiation of its geochemical forms helps to estimate bioavailable, potentially bioavailable, and not available fractions to either plants or micro-organisms [3, 4].
For the chemical fractionation study in a solid phase,
selective extraction methods are generally used. They can
be used in one step, or in a sequence. Sequential extraction procedures (SEPs) are operationally defined methodologies, based on the rational use of a series of selective
reagents chosen to successively dissolve the different
mineralogical fractions [4, 5]. One of the first SEPs was
developed by Tessier et al. [6]. Since that time, different
SEPs have been proposed, modified, and widely applied.
Over three decades, SEPs became important tools that
have provided considerable insights into the environmental behaviour of toxic and potentially toxic elements
[7-9]. There is a scarcity of literature reports to the fractionation of soil, with respect to the organic matter [10].
The understanding of heavy metal accumulation in soil is
an important requirement in environmental science. Sorption of heavy metals in soil is influenced by soil factors
and, among others, also organic matter.
The aim of this work was to apply a 5-step SEP,
originally designed for sediment analysis by Campanella
et al. [10], but slightly modified by the authors of [11]
and applied to soil samples for fractionation of Cu and Ni,
to the certified reference materials (CRMs) of soils of various origin (Soil Eutric Cambisol; Soil Orthic Luvisols; Soil
Rendzina) for lead fractionation. The applied SEP enabled
to differentiate the fractions as follows: exchangeable and
carbonate-associated, Fe-Mn oxide-associated, organic matter-associated, humic compounds-associated, extractable
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with 8 mol L-1 HNO3, and residual fraction. For the determination of lead in the soil extracts, electrothermal
atomic absorption spectrometry (ETAAS) was used. The
main attention was paid to the metal fraction bound to
humic substances.
2. MATERIALS AND METHODS
2.1. Instrumental

The determination of lead in soil and soil extracts was
carried out with a Perkin-Elmer Model 1100B atomic absorption spectrometer (Norwalk, Connecticut, USA),
equipped with electrothermal atomizer HGA-700 and automated sampler AS-70. A KS 125 basic IKA-Shaker (IKA
Labortechnik, Germany) and a K70D centrifuge (MLW,
Germany) were used for extraction procedures and centrifugation. Autoclave vessels (JZD Zahnašovice, Czech
Republic) and a drying box KBCG (Premed, Poland)
were used for the decomposition of soil samples. A PHM
64 pH-meter (Radiometer Copenhagen, Germany) and analytical balances Sartorius 1702 (Germany) were used for
other analytical procedures.
2.2. Soil Samples

Certified soil reference material S-VM No. 12-1-07
Soil Eutric Cambisol – from Vyšný Medzev near the town
Košice (Hills of Medzev), certified soil reference material
S-MS No. 12-1-08 Soil Orthic Luvisols – from Šarišské
Podolie near the town Prešov (Interhill of Šariš), and
certified soil reference material S-SP No. 12-1-09 Soil
Rendzina – from Silica near the town Rožňava (Plateau of
Silica) were obtained from the Institute of Radioecology
and Applied Nuclear Techniques, Košice, Slovakia [12].
2.3. Reagents

All reagents used were of p.a. grade. Ammonium acetate and hydroxylammonium chloride were from Lachema
(Brno, Czech Republic). Acetic acid, hydrochloric acid,
sodium hydroxide and nitric acid were from Merck (Darmstadt, Germany). Standard lead solutions were prepared by
serial dilution of 1000 mg L-1 lead stock solution (Merck,
Darmstadt, Germany) in 0.2% (v/v) HNO3. Stock solution
of 10 g L-1 for Pd (Pd(NO3)2 in 0.5 mol L-1 HNO3),
Mg(NO3)2.6H2O, NH4H2PO4 were from Merck (Darmstadt, Germany). Deionized water (Water Pro PS, Labconco, USA) was used for all dilution procedures.
2.4. Extraction Procedure

The procedure used for the sequential extraction was
basically the same as that proposed for sediments [10]
with some modifications.
Step one. (Solution A: metals present in ion-exchange
form and bound to the carbonate). 2.00 g of the sample
was put into a Teflon vessel. 40 ml of ammonium acetate
(1 mol L-1 adjusted to pH 5.0 with acetic acid) was added,
and the vessel was shaken for 6 h at ambient temperature

on a mechanical IKA shaker (500 mot min-1). After centrifugation (3000 rpm) for 20 min, the solution was decanted and the residue washed with 2 ml of deionized
water. The washings were added to the solution and diluted to 50 ml. The solution was filtered (Whatman 42) to
the polyethylene flask and refrigerated (4 °C) until lead
analysis.
Step two. (Solution B: metals present in the reductive
phase bound to manganese-iron oxide). 40 ml of a 1:1
(v/v) solution of 1 mol L-1 hydroxylammonium chloride
and 25% (w/v) acetic acid was added to the residue of
step one and shaken for 6 h. Extraction and separation
procedures were as described in step one. The solution
and washings were diluted to 50 ml.
Step three. (Solution C: metals bound to organic matter, exchanging for acid – base effect at pH 1.0). 10 ml of
0.1 mol L-1 HCl was added to the residue from step two.
Extraction and separation were as described in step one.
The extract and washings were diluted to 25 ml.
Step four. (Solution D: metals bound to humic compounds). The remaining solid phase was kept in contact
with 10 ml of 0.5 mol L-1 NaOH, extracted, and separated.
The solution and washings were evaporated on a sand
bath to a small volume (1–2 ml), then digested with 4 ml
of concentrated HNO3 and 2 ml of concentrated HF in the
PTFE autoclave vessel at elevated pressure in the drying
box, as it is described by total decomposition. HF was
employed to solubilize the silica bound to the structure of
humic acids. The acidic solution was diluted to 25 ml.
Step five. (Solution E: metals extractable with 8 mol L-1
HNO3). To the residue from step four, 10 ml of 8 mol L-1
HNO3 was added. The Teflon vessel was Teflon-covered,
and the content was digested in a water-bath with occasional manual shaking for 3 h at 85 oC. After separation of
the solution and washing, the solution was diluted to 25 ml.
Step six. (Solution F: metals in residue). After these
extraction procedures, the residue was decomposed using
the following procedure for the dissolution of the soil sample at elevated pressure. To the residue of soil sample in
PTFE autoclave vessel, 10 ml of an acid mixture (5 ml of
conc. HF and 5 ml of conc. HNO3) were added. The sample was destructed at 160 °C in a drying box for 6 h. Then,
the sample was evaporated to dryness on a sand-bath. After
the addition of 5 ml of 10% (v/v) HNO3 , the sample was
evaporated for a while; then, the solution was made up to
50 ml volume with deionized water and filtered. The
extraction procedure was repeated three times.
3. RESULTS AND DISCUSSION
3.1. Optimization of temperature program

The concentrations of lead were determined in the
soil extracts by ETAAS. To obtain an efficient pyrolysis
temperature for the determination of Pb in soil extracts,
pyrolysis curves of lead in every soil extract and in aque-

2225

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

ous standards, without or in the presence of chemical
modifier NH4H2PO4, were compared. From the obtained
results, pyrolysis temperature of 700 °C was suitable for
all soil extracts as well as for the aqueous standard of Pb in
the presence of this modifier. Instrumental parameters and
temperature program for ETAAS are given in Table 1.
TABLE 1 - Instrumental parameters and temperature program for
the determination of lead by ETAAS.
Wavelength (nm)
Slit (nm)
Background correction
Charring temperature (°C)
Atomization temperature (°C)

283.3
0.7
Deuterium
700
2000

ture. In this case, evaluation by the method of standard
addition is necessary to overcome interferences in the
determination of lead in soil extracts. However, in order
to increase the robustness of the method, and reduce
variations between laboratories which may employ sequential extraction in the study of different soil matrices,
it may be preferable to use the method of standard addition in all cases. Determined amounts of lead in solutions
after sequential extraction procedure of soil samples are
given in Table 2.
3.3. Method Evaluation

3.2. Determination of Pb in soil extracts

Interference effects associated with the soil components extracted at each stage in the procedure were investigated by comparison of calibration and standard addition
curves. The most distinctive difference between the evaluation using calibration curve and standard addition method
was in solution D (using 0.5 mol L-1 NaOH for extraction); therefore, the effects of further modifiers were studied. The pyrolysis curves of soil extracts of soil S-SP in
solution D without and in the presence of NH4H2PO4,
NH4H2PO4 and Mg(NO3)2, NH4H2PO4 and Pd(NO3)2 as the
modifiers were investigated. Finally, no improvement was
achieved in the presence of the studied modifier admix-

The limits of detection LOD (3σ sample blank value) for
lead in each extraction step (using NH4H2PO4 as the
modifier) are introduced in Table 3, and comparison of
limits of detection LOD (3σsample blank value) for lead using
various modifiers in extraction step D (0.5 mol L-1 NaOH)
is shown in Table 4.
The accuracy of the sequential extraction method is
much more difficult to estimate than that of total metal
contents. In order to assess the accuracy, the sum of the
concentrations in every extraction step was compared
with certified values for the total contents. Table 5 shows
a comparison between the sum of concentrations in five
fractions from the 5-step sequential extraction scheme
with the residue and certified total values of certified
reference materials (CRMs) S-VM, S-MS and S-SP. The
overall recovery rates for lead were 101-112%.

TABLE 2 - Lead contents (µg g-1)a in various extract solutions of soil samples A-F.
Soil
samples
S-VM(3)
S-VMb

A

B

C

D

E

F

1.65±0.23
2.08±0.17

7.99±0.56
7.78±0.14

2.86±0.08
2.54±0.15

0.126±0.025
0.165±0.031

4.43±0.14
4.63±0.57

4.51±0.47
4.72±0.84

S-MS(3)
S-MSb

1.30±0.26
1.38±0.35

6.53±0.24
6.51±0.14

1.54±0.10
1.06±0.24

0.070±0.025
0.130±0.036

5.13±0.12
5.12±0.30

5.64±0.97
6.10±0.35

S-SP(3)
2.72±0.22
7.59±0.16
2.81±0.29
0.147±0.040
23.5±2.2
4.85±0.53
S-SPb
2.78±0.36
7.57±0.39
2.27±0.33
0.193±0.060
23.8±0.6
5.03±0.60
a
Data are expressed as means ± one standard deviation; b Method of standard addition; number of extraction procedure replicates is in parentheses.

TABLE 3 - The limits of detection LOD (3σ sample blank value) for lead in each extraction step (using NH4H2PO4 as the modifier).
Extraction stepa
A
B
Solution (µg L-1)
2.49
1.35
Solid (µg g-1)
0.062
0.034
a
Following the sequential extraction steps as described in the text.

C
0.848
0.011

D
0.917
0.012

E
0.632
0.008

F
0.746
0.009

TABLE 4 - Comparison of limits of detection LOD (3σsample blank value) for lead using various modifiers in extraction step D (0.5 mol L-1 NaOH).
Modifier used

NH4H2PO4

NH4H2PO4+Mg(NO3)2

NH4H2PO4+Pd(NO3)2

Solution (µg L-1)
Solid (µg g-1)

0.917
0.012

1.48
0.019

0.974
0.013
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TABLE 5 - Comparison of the lead sum contents of the six fractions (µg g-1) with the certified values of the soil CRMs S-VM, S-MS and S-SP.
Soil Sample

Sum (µg g-1)

Certified Value (µg g-1)

Recovery (%)

S-VM
S-VMa

21.6
21.9

19.6
(17.5-21.9)b

110
112

S-MS
S-MSa

20.2
20.3

18.9
(16.7-21.2)b

107
107

41.3
(36.9-45.7)b

101
101

S-SP
41.6
S-SPa
41.6
a
Method of standard addition; b 95% confidence interval

60
50
40
%

30
20
10
0

A B C D E F

A B C D E F

A B C D E F

S-VM

S-MS

S-SP

FIGURE 1 - Percentage comparison of Pb amounts in soil extracts A-F.

The histogram of percentage partitioning of lead in
every extract in comparison to total amounts (100%) is
shown in Fig. 1.
The bioavailability of the metals in soils is thought to
decrease approximately in the order of the extraction
sequence, from readily available to unavailable, because
the strength of used extraction reagents increases in the
sequence. The exchangeable fraction may indicate the
form of the metals that are the most available for plant
uptake. The metals bound to carbonate, and specifically
adsorbed phases, can easily become mobile and available
under conditions of lower pH. This fraction of lead represents the content in solution A (6-10%). The remaining
fractions are generally strongly held and normally unavailable to plants. Lead is more strongly sorbed by both organic and mineral soil constituents. Lead bound to organic matter was distinguished between lead exchanging
for acid-base effect at pH 1.0, using 0.1 mol L-1 HCl and

that bound to humic compounds with 0.5 mol L-1 NaOH
as extractant. The results show that 0.5-0.8% is bound to
humic compounds; 6-13% to organic matter, and 24-58%
of lead is leachable in 8 mol L-1 HNO3.
4. CONCLUSIONS
The used sequential extraction procedure permits the
evaluation of the various chemical forms present in the
soils. The purpose of this work was to apply a five-step
sequential extraction procedure, originally designed for
sediment analysis, to CRMs of soils of various origin (SVM -Soil Eutric Cambisol; S-MS -Soil Orthic Luvisols;
S-SP Soil Rendzina), and to differentiate the fractions as
follows: exchangeable and carbonate fraction; reducible
fraction (Pb bound to Fe and Mn oxides); Pb bound to
organic matter; Pb bound to humic compounds; Pb con-

2227

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

tents extractable with 8 mol L-1 HNO3; residual fraction.
In the residual fraction, lead was determined after dissolution procedure using HNO3 and HF.
After the ammonium acetate and hydroxyl-ammonium
chloride steps, using the treatment with the sequence HCl,
NaOH and HNO3, it is possible to evaluate and to differentiate the metal fraction bound to humic substances
(soluble in HCl and NaOH) and those in inorganic form
(leachable with 8 mol L-1 HNO3).
Accuracy was assessed comparing the sum of the
contents of lead in soil extracts and in the residual fraction
with the total certified values used (CRMs of soils).

[11] Žemberyová, M., Zwaik, A. A., and Farkašovská, I. (1998).
Sequential extraction for the speciation of some heavy metals
in soils. J. Radioanal. Nucl. Chem. 229, 67 – 71.
[12] Barta, Š., Kalinčák, M., and Kladeková, D. (1992). Report on
Intercomparison S-VM of the Determination of Essential and
Toxic Elements in Soil Eutric Cambisols No. 12-1-07; S-MS
Soil Orthic Luvisols No. 12-1-08; S-SP Soil Rendzina No.
12-1-09, Institute of Radioecology and Applied Nuclear
Techniques, Košice, Slovakia.
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Mahmut Tepecik1,*, Fatih Şen2, Mehmet Eşref Irget1, Ismail Karaçali2, and Ömer Lütfi Elmaci1
1

Ege University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, 35100, Izmir-Turkey
2
Ege University Faculty of Agriculture, Department of Horticulture, 35100, Izmir-Turkey

ABSTRACT
The objective of the study is to investigate the effect
of foliar Ca and B application in autumn on re-translocation
level of Ca from senescent apple leaves. In this context, it
was hypothesized that foliar B application together with
Ca would enhance the translocation of Ca via synergistic
relation between Ca and B. To study the hypothesis, an
experiment was conducted for two years in two ‘Starking
Delicious’ apple (Malus domastica Borkh.) orchards established on seedling rootstocks in Banaz-Usak/Turkey. Treatments were composed of postharvest foliar sprays of Ca
(CaCl2, 1 %), B (H3BO3, 0.5 %), and their combination
(Ca+B) compared with control trees sprayed with water.
Falling leaves (in November) and summer leaves (in July)
were sampled and analyzed for their Ca, B, K and Mg
contents. Post-harvest Ca+B treatments resulted in lower
Ca concentration in the fallen leaves compared to single Ca
treatments. Treatments decreased K content and did not
affect Mg content of fallen leaves. Results revealed that Ca
and B application increased re-translocation of Ca and B.
KEYWORDS:
Apple, calcium, boron, re-translocation, synergism

1. INTRODUCTION
Senescence is the last development stage of plant
cells, tissues and organs. It is accepted that senescence is
not a passive decay but an active, genetically controlled
process optimized towards nutrient recycling from senescing plant parts to storage tissues in perennial plants [1].
Senescence may be divided into three phases: i) initiation/
signaling phase, ii) execution phase, during which nutrient remobilization takes place, and iii) final or terminal
phase, during which cell organization and compartmentation are hindered. During senescence, plant hormones decrease, macro-molecules break down and water-soluble
* Corresponding author

products are formed in leaves. Dissolved organic and inorganic materials accumulate before abscission, and are retranslocated to other parts of plants. As a result, a decrease is
observed in dry matter content of the senescing or falling
leaves. Retranslocation levels of nutrients are mostly dependent on their characteristics. Highly mobile K, P and Ncontaining compounds (e.g. amides, amino acids) are easily
translocated at high levels; however, Ca is translocated at
limited levels due to its low mobility [2]. Boron is retranslocated at significantly higher level [3-5].
Calcium nutrition is very important in respect to fruit
quality and storability. It is accepted that Ca has a crucial
function in prevention of bitter pit in apple fruit, and many
physiological disorders in other fruits. Translocation of
calcium to fruits is limited as a result of low mobility in
phloem. The amount of Ca transported to the fruits during
the early periods (initial 4-6 weeks) mostly originate from
the plant reserves and are transported through xylem (from
rhizosphere) during subsequent phases. Therefore, during
the fruit development period, fruit Ca content varies due
to fruit-leaf competition [6-8].
Traditional Ca fertilization practices are generally accepted as inefficient, or partly efficient to supply adequate
Ca to fruits [9]. Post-harvest foliar application of combined Ca and B treatments may provide a possible solution by accelerating retranslocation of Ca from leaves to
fruit branches and, consequently, to the fruits [10]. Boron
is accepted as a mobile element in sorbitol-rich soft and
stone fruits. It is accepted that appreciable amount of B is
retranslocated in fruit trees, as in apples from leaves to
other organs [6]. Boron may have also a synergistic effect
in retranslocation of Ca [11]. It is hypothesized that foliar
Ca application may increase enhanced leaf-Ca concentration; thus, this increased Ca level has a positive impact on
retranslocation of Ca from leaves to fruit branches [7, 8]. On
the other hand, B may create a positive impact on retranslocation of Ca as a consequence of synergistic relations.
Objective of the present study is to investigate the effects of post-harvest foliar Ca and B treatments on Ca, B,
K and Mg retranslocation from leaves during senescence.
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2. MATERIALS AND METHODS
2.1 Plant material and growth conditions

The study was conducted during two successive years
in two commercial ‘Starking Delicious’ apple orchards in
Banaz-Usak, a major apple production site in western Turkey. The plant material composed of 16-year-old ‘Starking
Delicious’ trees grafted on seedling rootstocks and planted
as 6×6 m on a sandy-clay loam soil. Detailed soil characteristics of the experimental sites are given in Tables 1 and 2.
Management practices were performed according to the
commercial practices of the region, and no flower/fruit
thinning was applied.
2.2 Treatments and measurements

The following treatments were applied as postharvest
foliar sprays: (1) control (water); (2) calcium as CaCl2.2H2O
(Merck, Germany) at a rate of 1 %; (3) boron as H3BO3
(Merck, Germany) at a rate of % 0.5; and (4) calcium+
boron spray combined at concentrations utilized in single
applications. Per tree, 15 L of solution was sprayed.
The experiment was designed as randomized blocks
with four replications; each replication comprised one tree,
and tested variables were applied during two consecutive
cycles on the same trees. The first spraying was made in
late October after harvest three to four weeks before leaf
abscission, and the second, a week later. Foliar sprays
were applied in late afternoon by a trail sprayer. A surfactant (0.04% Nu-Film-17®, Miller Chemical Corp., USA)
was added to enhance Ca and B absorption, and sprays
were conducted to obtain total saturation of foliage.
Following the treatments (November), nets were
stretched beneath the selected branches of each tree along
four directions, and fallen leaves were collected over these
nets. Medium-size intact leaves were sampled from the nets
as winter leaves. Summer leaves (green ones) were sampled in the middle of vegetation period (July), according
to [11], from middle leaves (5, 6 and 7th leaves from tips)
of current season shoots. Dry matter contents were determined in fallen and mid-vegetation leaves (summer), and

leaf surface areas were measured by a scanner with Leaf
Area Measurement Software (Flache, Germany). Wet digestion (HNO3:HClO4; 4:1) was used in extraction of leaf samples, and Ca, K and Mg were quantified by ICP [12]. Dry
ashing was used for extraction, and Ca, B, and K were quantified spectrophotometrically with Azomethin-H [13, 14].
Results are expressed on dry matter basis. Plant nutrients were calculated per unit (cm2) area of leaf, as well.
2.3 Statistical Analysis

Two different data sets were prepared for each cycle.
All data were subjected to analyses of variance (ANOVA)
by using IBM® SPSS® Statistics 19 statistical software
(IBM, NY, USA). Significant differences between the
means for each cycle were determined by the least significant difference (LSD) test at p≤0.05.

3. RESULTS AND DISCUSSION
3.1 Leaf area, leaf dry matter content and unit-area weight

Average surface areas (cm2) and dry matter contents
of the fallen (November) and mature leaves (July) are
given in Table 3.
The values varied with the years and the leaf types. In
general, mature leaves had higher surface area and dry
matter content than fallen leaves. Dry matter contents of
mature leaves were especially higher than fallen leaves in
the first cycle.
Effects of treatments on average surface area and dry
matter content of the first cycle of mature and fallen
leaves are given in Table 4. As the average of all treatments, dry matter content of fallen leaves was 81% of
leaves sampled at mature stage. Treatments had significantly decreased dry matter contents in leaves sampled in
the later stages. The dry matter loss was 15% in control
treatment, 17% in Ca, 20% in B and 25% in Ca + B applications. The highest dry matter loss was determined in
Ca+B treatments indicating possible increased retranslocation of mineral and organic materials with combined

TABLE 1 - Physical and chemical soil characteristics of the experimental orchards.

pH
1. Orchard
2. Orchard

7.70
7.86

Total soluble salt
%
0.078
0.072

%
CaCO3

Organic matter

Sand

Silt

Clay

20
22

2.1
2.2

50
28

20
52

30
20

TABLE 2 - Primary and secondary plant nutrients of the experimental orchard soils.
(%)
Total N
1. Orchard
0.10
2. Orchard
0.15
z
Water extraction, y 1 N NH4OAc,

Available (mg kg-1)
Pz
Ky
22
170
13
260
w
Hot water extractable
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Mgy
672
617

Cay
2800
3000

Bw
1.2
1.4
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TABLE 3 - Surface area, dry weight and dry matter of unit leaf area in fallen and mature leaves.
Dry matter
(mg/leaf)
215 b**
310 a
228 b
298 a

Cycles
Leaf
First
Fallen
First
Mature
Second
Fallen
Second
Mature
**
Significant at p ≤ 0.01.

Leaf area
(cm2/leaf)
27.5 c**
30.2 b
27.3 c
34.1 a

Dry matter per unit area
(mg/cm2)
7.98 b**
10.29 a
8.31 b
8.74 b

TABLE 4 - Effect of treatments on changes in dry matter content and leaf area of mature and fallen leaves during the first cycle.
Dry matter
Leaf unit weight
Retained dry
Leaf area
loss (%)
(mg/cm2)
matter per leaf
(cm2/leaf)
(%)x
Mature
Fallen
Mature
Fallen
Mature
Fallen
leaves
leaves
leaves
leaves
leaves
leaves
Control
310NS
240 NS
31.94 NS
28.68 NS
9.88 NS
8.37NS
84.7 NS
15.3 NS
Ca spray
290
220
28.94
26.96
9.99
8.33
83.4
16.6
B spray
320
220
30.82
26.25
10.36
8.32
80.2
19.7
Ca+B spray
320
230
29.07
27.47
10.94
8.21
75.0
25.0
228 b
30.2 a*
27.3 b
10.29 a*
8.3 b
80.8
19.2
Means
310 a**
x
Percentage of weight difference between mature and fallen leaves (%); NS, * **, non-significant, significant at p ≤0.05, or p ≤0.01, respectively
Treatments

Dry matter (mg/leaf)

TABLE 5 - Effect of foliar Ca and B applications on Ca concentration (as % and µg cm-2) of mature and fallen leaves.
Cycles

Treatment

Fallen leaves
Ca (%)
2.19 bz
2.50 a
2.18 b
2.32 a

Ca (µg cm-2)
174 bc
203 a
171 c
193 ab

Mature leaves
Ca (%)
1.83
1.82
1.81
1.78

Ca (µg cm-2)
Control
181
First
Ca
181
B
187
Ca+B
196
**
*
NS
NS
Treatment
Control
1.89 c
159 c
1.77
160
Second
Ca
2.25 a
187 a
1.78
152
B spray
2.01 b
167 bc
1.77
158
Ca+B spray
2.15 a
177 ab
1.78
149
**
**
NS
NS
Treatment
z
Means separation within columns by Duncan’s multiple range test, p≤0.05; NS, * **, non-significant, significant at p ≤0.05, or p ≤0.01, respectively

Ca+B application. This result may have appeared as a
result of B, reported to possess high mobility in apples [5]
that combines with monomer sugars and that, on the other
hand, increased IAA synthesis that promotes retranslocation through initiating senescence [6, 8, 15]. However, Ca
alone was less effective on retranslocation. Retranslocation enriches reserve plant nutrients on the tree that play a
crucial role for fruit nutrition of the coming season. On
the other hand, retranslocation of plant nutrients during
senescence results in reduction of dry matter content [10].
Higher dry matter loss of Ca+B-treated leaves than the
control leaves is a significant gain for nutrient reserves of
the trees. Capacity of these reserves directly affects the
nutrition processes during the initial vegetation period, fruit
set and development [8]. Similar cases have been presented
in Ca and B treatments in previous studies [3, 16].
3.2 Calcium contents of mature and fallen leaves

Ca contents (%) of fallen leaves were affected from
Ca-containing treatments. Higher values were observed in
Ca and Ca + B treatments in both years (Table 5). With

regard to unit-area Ca contents (µg cm-2), Ca treatments
yielded the highest values in both cycles. The effects of B
treatments on Ca contents were similar to the control
treatment. Both Ca concentration (%) and unit-area calcium
content (µg cm-2) of fallen leaves increased with both Ca
and Ca+B applications. The leaf-Ca content at the mature
stage increased at the end of the vegetation due to continuous Ca accumulation in leaves, mostly related to transpiration stream as stated by Hoying et al. [17]. Ca content
of the fallen leaves in the first cycle was 2.19%, and then,
it decreased to 1.83% in mature leaves at the end of the
season. A similar case was also observed in the second
cycle (Table 5).
Decreasing trends in Ca concentrations of fallen
leaves with Ca+B treatments compared to single Ca treatments in both cycles may be explained by increasing Ca
transport rate with B treatments ([5]. Changes in leaf Ca
levels were similar to trends observed by Aichner and
Stimpfl [18] and Tagliavini et al. [19].
Applications did not have significant impact on both
Ca concentrations and unit-area Ca contents (µg cm-2) of
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mature leaves (Table 5). Fallen leaves had higher Ca
concentrations than mature leaves. However, unit-area Ca
contents of mature leaves were statistically similar in the
first cycle despite a slight increase. Closer unit-area Ca
contents of control trees indicated limited retranslocation
and lower dry matter losses.
3.3 Boron contents of mature and fallen leaves

In B and Ca+B treatments, B concentrations (mg kg-1)
and unit-area B contents (µg cm-2) of fallen leaves were
similar, in the first experimental cycle. Lower values were
observed in control and Ca applications. The trends were
more distinctive in the second cycle. Ca treatments increased B concentrations of fallen leaves. The highest B
concentration was observed in Ca+B treatment supporting
the synergistic relationship between Ca and B (Table 6).
Wojcik and Treder [20] reported that B concentration of
leaves and fruits increase with B treatment.
Significant differences were observed in B concentrations and unit-area B contents in both cycles. In general,
B concentrations and unit-area contents of the fallen leaves
were higher than the mature leaves in both years. Postharvest foliar B and Ca+B treatments had positive effects
on leaf B nutrition of the consequent season. Seasonal
variations in B contents of various organs display a stable
level in branches during the vegetation period until leaf
fall; however, after the dormant period increased starting
from the bud-burst and on-wards [21]. Tagliavini et al. [19]
and Leece and Gilmour [22] reported on increases in B
concentration with time, followed by a decrease. Aichner
and Stimpfl [18] and Leece and Gilmour [22] reported on
temporal increases in leaf B contents but [18] also observed initially increasing and then decreasing B contents.
Boron concentrations of mature leaves (mg kg-1) were
affected by B-containing applications in both cycles. Lowest values were obtained in control and Ca treatments. Postharvest B and Ca+B application affected unit-area B contents (µg cm-2) of following season mature leaves positively (Table 6). The increased Ca levels in control leaves
may have resulted in following natural Ca or B accumulation at the end of summer, and/or relative increases because of loss in dry matter [23].

Post-harvest treatments in autumn yielded in distinctive B increases, contrary to Ca, even in leaves at mature
stage of the following cycle. With respect to retranslocation, the increases in B concentration per unit-area indicate
significant B accumulation in fallen leaves. There were
significant increases in fallen leaves compared to mature
leaves in the control and Ca treatments, as well. Retranslocation of B in flower and fruit samples was also shown
[10]. B contents of mature leaves were significantly lower
than fallen leaves both as concentration (mg kg-1) and as
per unit area (µg cm-2), also in the control application.
3.4 Potassium and magnesium contents of mature and fallen
leaves

Compared to mature leaves, K contents of fallen
leaves decreased significantly with Ca and/or B applications both as concentration (% ) and as per unit area (µg
cm-2) in both cycles. K contents of fallen leaves were
lower in Ca and B treatments compared to the control
treatment (Table 7).
Effects of tested applications on K content (%) of mature leaves were limited in both cycles. Ca and B treatments decreased K concentration per unit area (µg cm-2)
of mature leaves only in the second cycle (Table 7). Leaf
K concentrations (as % and per unit-area) reached peak
values in summer months of both cycles. As indicated by
Bergmann [11], K is not present in structure of the organic matter and plays a major role, especially in plant
water intake and transportation of photosynthates. Higher
losses in unit-area content indicated that presence of K is
also affected by retranslocation.
Aichner and Stimpfl [18] determined reference values
for different periods of apple trees and observed an initial
increase of mineral contents, followed by a descending
trend. Sen et al. [10] reported lower K contents of Ca+Btreated apples than the untreated control fruits. Such a
case may be explained by a negative impact of Ca+B and
an antagonistic effect of Ca on K retranslocation. Effects
of treatments on Mg concentrations (% and µg cm-2) of
both fallen and mature leaves were similar to K; Mg contents varied between 0.41-0.48 % (Table 7) and mg concentrations per unit-area varied between 38-52 µg cm-2.

TABLE 6 - Effect of foliar Ca and/or B spray on B concentration (mg kg-1 and µg cm-2) of mature and fallen leaves.
Cycles

Treatments

Fallen leaves
B (mg kg-1)
B (µg cm-2)
Control
70 bz
0.50 b
First
Ca
68 b
0.55 b
B
234 a
1.84 a
Ca+B
228 a
1.95 a
Treatments
**
**
Control
77 d
0.64 d
Second
Ca
106 c
0.89 c
B
184 b
1.50 b
Ca+B
231 a
1.89 a
Treatments
**
**
z
Means separation within columns by Duncan’s multiple range test, p≤0.05; **, p ≤ 0.01, respectively
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Mature leaves
B (mg kg-1)
43 c
53 bc
64 ab
67 a
**
57 c
69 b
81 a
75 ab
**

B (µg cm-2)
0.40 c
0.52 b
0.65 a
0.69 a
**
0.51 c
0.59 bc
0.72 a
0.62 b
**
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TABLE 7 - Effect of foliar Ca and/or B applications on K and Mg concentration of fallen and mature leaves.
Cycles

Treatment

Fallen leaves
Mature leaves
K (%)
K (µg cm-2)
Mg(%)
K (%)
K (µg cm-2)
Mg (%)
Control
1.06 az
85 a
0,44
1.71
170
0,48
First
Ca spray
0.92 b
71 b
0,45
1.68
166
0,48
B spray
0.86 b
70 b
0,41
1.64
171
0,48
Ca+B spray
0.86 b
71 b
0,45
1.69
189
0,48
Treatment
**
**
NS
NS
NS
NS
Control
1.26 a
105 a
0,47
1.71
155 a
0,47
Second
Ca spray
1.18 b
98 b
0,47
1.63
137 b
0,47
B spray
1.19 b
99 b
0,46
1.63
146 ab
0,45
Ca+B spray
1.16 b
95 b
0,45
1.64
137 b
0,47
Treatment
*
*
NS
NS
*
NS
z
Means separation within columns by Duncan’s multiple range test, p≤0.05; NS, * **, non-significant, significant at p ≤ 0.05, or p ≤ 0.01, respectively
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THE LINK BETWEEN AIR QUALITY
AND SUBJECTIVE WELL-BEING
Murat Darçin*
Ministry of Interior Affairs, Ankara, Turkey

ABSTRACT
In this paper, the relationship between air quality
[ammonia (NH3), nitrogen oxides (NOX), non-methane
volatile organic compounds (NMVOCs) and sulphur
oxides (SOX)] and subjective well-being [life satisfaction,
happiness, optimism] sets is analyzed by using data from
the European Environment Agency (EEA) and 3rd European quality of life survey (3EQLS). Moreover, canonical
correlation analysis is used to explain the correlation between two data sets. The results show that the SOX present
strongest significantly negative effects on life satisfaction
and happiness. However, other pollutants have very low
impact on each of the subjective well-being variables. The
link between life satisfaction and happiness is very strong.
Optimism is also positively correlated with life satisfaction and happiness. Good air quality and optimism make
people happier. The paper finds that there is a very strong
relationship between air quality and subjective well-being
(canonical correlation: 0.977; eigenvalue: 0.954; p< 0.0001).
KEYWORDS: Air quality, air pollution, happiness, optimism, life
satisfaction, subjective well-being

1. INTRODUCTION
Air pollution, the actual cause of death for as many as
2 million people worldwide each year, is the most dangerous environmental risk affecting everyone in developed and developing countries. As an important threat to
health worldwide, it increases the risk of the global burden of diseases from respiratory infections, heart disease
and lung cancer [1]. Air quality is determined by the concentrations of pollutants in the air. It is affected in many
ways by the pollution emitted from power plants, transportation, industry, agriculture and naturally occurring
sources. Air pollution is the important determinant of air
quality affecting people’s sense of subjective wellbeing
[2]. Clear air is considered as an essential requirement of
human health and subjective wellbeing. The four air pollutants, ammonia (NH3), nitrogen oxides (NOX), non-methane
* Corresponding author

volatile organic compounds (NMVOCs), and sulphur oxides (SOX) cause acidification, eutrophication and groundlevel ozone pollution [1].
Relationship between wellbeing and air quality is a core
issue to design public policies. Hence, the studies about the
link are of grooving interest in the literature [3-10]. These
reports suggest that air quality is likely to have an effect on
people’s sense of life satisfaction, happiness and optimistic view. The purpose of this study is to analyze the relationship between air quality and subjective wellbeing using
data from Eurostat [emissions of air pollutants per capita, in
kg; 2010 Source for emissions, European Environment
Agency (EEA)] [11] and 3rd European quality of life survey (3EQLS) [12].
2. MATERIALS AND METHODS
The data used in this study come from EEA and 3EQLS
for the following countries: Austria, Belgium, Bulgaria,
Denmark, Estonia, Finland, France, Germany, Greece,
Ireland, Italy, Netherlands, Poland, Portugal, Romania,
Slovakia, Spain, Sweden, and United Kingdom. For this
study, the countries were selected due to data quality and
data availability both of European Environment Agency
(EEA) and 3rd European quality of life survey (3EQLS).
EEA statistics is used as the main source of air quality data
set (Y variables set). Y variables set (emission per capitakg for 2010) is defined as y1: NH3, y2: NOX, y3: NMVOCs,
and y4: SOX. In 2010 emissions of air pollutants per capita,
in kg, 2010 source for emissions EEA, are used in this
study [11]. 3EQLS is used as the main source of subjective
well-being data set (X variables set). The European Quality of Life Survey (EQLS) is an established tool for documenting and analyzing quality of life in the EU. Fieldwork
for the (3EQLS) in the 27 member states took place from
September 2011 to February 2012. This is a survey of
people aged =18, resident in the EU for at least 6 months.
Depending on the size of population, 1000-3000 interviews were completed in each member state [12]. There
are large numbers of possible indicators of SWB in the
(3EQLS) data, such as satisfaction with life, happiness,
optimism about future, liking one’s life, and perceived
social exclusion [12]. The most widely used indicators of
subjective well-being have chosen for this study. So, X
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variables set is defined as x1: life satisfaction, x2: happiness, and x3: optimism.
2.2. Statistical method

Canonical correlation analysis (CCA) is a statistical
method to explain the correlation structure between two
sets of variables. In this study, one of the most general of
the multivariate techniques - CCA is used to investigate
the relationship between a linear combination of the set of
X variables with a linear combination of a set of Y variables. For more information about CCA, see references
[13] and [14].
3. RESULTS
Descriptive statistics (the mean values and standard
deviation) of each variable considered in both sets are
presented in Table 1.
TABLE 1 – Descriptive Statistics
Type
Y
Y
Y
Y
X
X
X

Variable
NH3
NOX
NMVOCs
SOX
Life satisfaction
Happiness
Optimism

Mean
7.911
19.811
15.679
13.874
7.147
7.374
54.842

Standard Deviation
4.367
4.992
4.885
16.651
0.721
0.512
18.664

The Pearson’s correlations between air quality and
subjective well-being variables are presented in Table 2.
According to the result of the current study, the association between life satisfaction and happiness is very strong.
Optimism is also positively correlated with life satisfaction and happiness. In a previous study, it was found that
optimism among patients with end-stage renal disease is
positively related to their life satisfaction.

The test statistics for the canonical correlation analysis are presented in Table 3. The canonical correlation
between the first pair (0.977) was found to be significant
(p<0.01) from the likelihood ratio test. The remaining
canonical correlation is not statistically significant
(p>0.05).
By construing the first canonical variate, it is possible
to find relationship between air quality and subjective
well-being at a rate of 95 %. For the variate, there is a
very strong significant correlation between air quality and
subjective well-being.
The first canonical variate suggests that about 20.5%
of the variation in Y variables is explained by the X variables, and about 42.4% of the variation in X variables is
explained by the Y variables. To evaluate the important
accounts of the significant canonical function, canonical
loadings were used in this study. Canonical loadings
greater than ±0.30 were considered to be important [24].
The variable-variate correlations (canonical loadings and
canonical cross loadings) of the first canonical variate are
presented in Table 4. SOX, life satisfaction and happiness
are the most influential variables in forming Y1 and X1.
This means, SOX has the most negative effect on the subjective well-being.
The present study finds no significant relationship between other pollutants (NH3, NOX, NMVOCs) and subTABLE 4 - Variable-Variate Correlations (canonical loadings and
canonical cross loadings)
Y1
0.05487
0.15916
-0.16654
-0.89583
0.81387
0.76646
0.15050

NH3
NOX
NMVOCs
SOX
Life satisfaction
Happiness
Optimism

X1
0.05359
0.15545
-0.16266
-0.87494
0.83330
0.78475
0.15409

TABLE 2 - Correlation Matrix
Variables
Life satisfaction
Happiness
Optimism
NH3
NOX
NMVOCs
SOX

Life satisfaction
1
0.980
0.668
0.269
0.191
-0.044
-0.703

Happiness
0.980
1
0.666
0.321
0.166
-0.102
-0.677

Optimism
0.668
0.666
1
0.373
0.150
0.196
-0.073

NH3
0.269
0.321
0.373
1
-0.041
-0.219
-0.130

NOX
0.191
0.166
0.150
-0.041
1
0.468
0.279

NMVOCs
-0.044
-0.102
0.196
-0.219
0.468
1
0.463

TABLE 3 - Canonical Correlations Section
Variate
Canonical
R-Squared
F-Value
Num
Number
Correlation
DF
1
0.976686
0.953915
7.47
12
2
0.484564
0.234802
1.10
6
F-value tests whether this canonical correlation and those following are zero.
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Den
DF
32
26

Prob
Level
0.000003
0.386696

Wilks'
Lambda
0.029270
0.635142

SOX
-0.703
-0.677
-0.073
-0.130
0.279
0.463
1
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jective well-being. There is a strong significant positive
link between air quality and life satisfaction. Air quality
has also a positive impact on happiness.
4. DISCUSSION
In this current study, it has been found that only
NMVOC emissions per capita are positively correlated to
SOX and NOX emissions per capita. Previous paper reported that total emissions of NMVOCs, NH3, NOX and
SOX are positively correlated to each other [15]. Chevalier
and Giovanis [16] also found a positive and significant
association between NOX and SO2. Former studies that
have analyzed the role of SO2 concentrations on life satisfaction found negative effects of SO2 on life satisfaction
[17-19] and happiness [6, 16].
Consistent with these previous studies, the results of
this paper clearly show that SOX emission per capita have
a significantly negative effect on life satisfaction and
happiness. On the other hand, Welsch [3] observed essentially no effect of SO2 concentration on happiness in a
cross-section of 54 countries. Similarly, Israel and Levinson [20] concluded that SO2 does not have a statistically
significant impact on happiness or life satisfaction.
MacKerron and Mourato [9] observed a negative influence of measured NO2 on life satisfaction. Although
Welsch [3, 4] identified a negative effect of air pollution
(in terms of NO2 concentration) on average life satisfaction and overall happiness, Schmitt [21] found no significant effect of pollution in terms of NO2 on life satisfaction. Israel and Levinson [20] presented that NO2 does not
have a statistically significant impact on happiness or life
satisfaction. Similarly, the current study also finds no
relationship between NO2 and well-being variables (life
satisfaction, happiness and optimism).
The study suggests a strong significant link between
air quality and subjective well-being. Numerous studies
have also found negative relationships between environmental pollution and subjective well-being [3, 4, 6, 7, 9,
22, 23].
Results of the paper are supported by a previous research that each additional kg of SO2 per capita reduces
personal well-being by 0.2 % [22]. Similarly, many studies also documented that SO2 concentrations negatively
affect subjective well-being [6, 18, 25]. Different from the
result of this study, Welsch [3, 4, 23] and MacKerron &
Mourato [9] reported on a negative and statistically significant association between the level of NO2 and subjective well-being.
It is obvious from the study that there is a strong significant positive correlation between air quality and life
satisfaction. Most studies reported about significant positive relationships between environmental quality and life
satisfaction. MacKerron and Mourato [9] investigated that
both perceived and measured air pollution level are negatively related to life satisfaction. Redhanz and Madison

[7] also observed a negative and significant relationship
between perceived levels of air pollution and life satisfaction scores in Germany. Welsch [3, 4, 23, 26] reported on
significant negative associations between average air
pollution and average life satisfaction. All these abovementioned studies support the results herein. The results
of this research indicate also that air quality has a positive
impact on happiness. In other words, a good air quality
makes people happier. This is supported by results of
other researches [6, 8, 9, 18, 26, 27].
5. CONCLUSION
A primary objective of air policies around the world
is to protect human health. In this paper, the relationship
between air quality and subjective well-being is analyzed.
The results show that air pollutants have an effect on
subjective well-being. Besides contributing to the literature, the findings also highlight the need to take this association into account for community development policies
and programs. This work has laid the quantitative basis
for investigations of a direct link between air quality and
SWB which plays an increasing role in economy, and also
quality of life. The researches about environmental impact
on SWB are very important issues for quality of societies.
This paper suggests valuable results for further studies by
identifying the effect of air quality on SWB.
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ABSTRACT
Concentrations of nutrients including organic matter,
total nitrogen, and total phosphorus in 42 street dust samples collected from Chengdu city were measured, and spatial
distribution characteristics of these nutrients were investigated. The results showed that the average value of organic
matter in the study area was 12.46±3.78mg/g with a range of
5.21-22.39mg/g, total nitrogen was 1.24±0.30mg/g with
a range of 0.73-2.13mg/g, and total phosphorus was
0.73±0.13mg/g with a range of 0.54-1.09mg/g. It was found
that the spatial patterns of organic matter, total nitrogen
and total phosphorus are rather similar and showed large
spatial variation. Results of C/N analysis showed that
organic matter in street dusts derived mainly from sedimentation of biomass. The organic matter, total nitrogen,
and total phosphorus were significantly and positively
correlated, which indicates that they are probably derived
from the same source. Nitrogen and phosphorus in street
dusts of Chengdu could become potential pollution sources.
Therefore, more attention should be paid to the potential
impact of nitrogen and phosphorus in street dusts on the
receiving water bodies’ eutrophication. Data analysis
showed that single standard indices of total nitrogen range
from1.77 and 2.82 and are all above 1, which indicates
that the nitrogen pollution is relatively serious. However,
the content of total phosphorus is relatively low, with
standard indices ranging from 0.97 to 1.40, indicating that
the phosphorus pollution is not very serious.
KEYWORDS Street dust; carbon; nitrogen; phosphorus; spatial
distribution

1. INTRODUCTION
The rapid increase of impervious land in the city
changes surface accumulation and the flush law of pollutants, and leads to the “source”, “process” and “sink” of
the nonpoint source pollution changed [1]. As an important carrier of pollutants, street dust is one of the typical
* Corresponding author

nonpoint source pollution, and it is closely related to
water and air pollution. On the one hand, street dust is
transported into the receiving waters during rainfall and
affects the stream water quality and aquatic biota markedly. Urban runoff has been deemed as one of the leading
sources of water quality impairment for rivers, lakes and
estuaries. On the other hand, under the influence of wind,
traffic flow and anthropic activity, the street dust may be
re-suspended and affects the atmospheric environmental
quality and weather. Therefore, the quality of street dust
is related to urban aquatic, atmospheric and ecological
environment including human health [2].
Carbon, nitrogen and phosphorus are major nutrients
for terrestrial and aquatic plants and animals, and their
excess supply poses environmental risks because it may
cause eutrophication of surface water bodies. Nowadays,
most cities worldwide are more or less troubled by eutrophication of surface water bodies. In the process of controlling exogenous input load, it is a very meaningful
work on scientific understanding and evaluation the contribution of carbon, nitrogen and phosphorus from street
dust and their biological effectiveness. Many previous
studies focused on concentration, distribution and source
of trace metal elements of street dust in the last decades
[3-16]. However, there is little study done on the evaluation of nitrogen and phosphorus pollution in the street
dust by signal factor method through comprehensive consideration and coupling of carbon, nitrogen and phosphorus. During rain/storm/street-washing events, the street
dust particles laden with carbon, nitrogen and phosphorus
are washed off and finally end up in receiving water bodies and may cause eutrophication of the receiving water
bodies.
In this study, contents of carbon, nitrogen and phosphorus of street dust in Chengdu city were studied. Also,
the ratios of C-N, C-P and N-P, as well as their coupling
relationships were studied by integrating the distribution
of carbon, nitrogen, and phosphorus. The pollutions of
nitrogen and phosphorus in the study area were evaluated
by using the single index method. These studies lead to
better understanding of the spatial distribution and characterization of carbon, nitrogen and phosphorus in the street
dust of Chengdu, and will provide a scientific basis for
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estimating nonpoint source pollution load, pollution assessment and control measures.
2. MATERIALS AND METHODS
2.1 Study Area

Chengdu (30°05′-31°26′N, 102°54′-104°53′E), the
capital of Sichuan province, is located in the southwest of
China. Geomorphologically, it is high to the northwest
and low to the southeast, not far from the western slopes
of the Longmen Mountains. With a typical continental
monsoon climate of northern temperate zone, there are
four distinct seasons in Chengdu. The average temperature ranges from 5 °C in winter to 26 °C in summer. The
average annual precipitation is 918 mm. Rainfall is mainly
concentrated from July to August. The least rainfall is
concentrated from December to March. In the present
study, street dust samples were collected from various areas
with different land uses (educational district, commercial
district, scenic parks, traffic pivotal district, industrial district, residential district, and peri-urban district).
2.2 Sampling and Analyzing Methods

Although there was no strict functional classification
in urban areas in Chengdu, forty-two samples were collected at different districts with different land use: Xihua
university and Southwest Jiaotong University (educational district(ED), sampling site 1 and 2 ), Chunxi road
and Babao road commercial center district (commercial

district (CD), sampling site 3 and 4), Du Fu Thatched Cottage and Temple of Marquis scenic districts (scenic parks
(SP), sampling site 5 and 6), Chengdu north railway station
and Xinnanmen bus station (traffic pivotal district (TD),
sampling site 7 and 8), Pixian county modern industrial
port of destination and Shuangliu airport industrial park
(industrial district (ID), sampling site 9 and 10), Shahepu
residential district and A loop section of East residential
district (residential district (RD), sampling site 11 and 12),
and Sandaoyan town and Youai town (peri-urban district
(PD), sampling site 13 and 14) in August 2012 in Chengdu,
China. Samples were collected on pavements next to roads
at periods when no rain had occurred during the previous
week in Chengdu. At every sampling site, more than 300 g
of street dust composite sample was collected by sweeping
using polyethylene brush and tray from five to eight points
of road/pavement edges within the scope of 10m×10m.
All the samples were stored in the sealed polyethylene
bags, labeled and then transported to the laboratory. The
samples were air-dried in the laboratory for 2weeks.
Dried samples were grinded by a porcelain mill and then
passed through a 100-mesh sieve before analyzing. Detailed locations of sampling sites are shown in Fig.1. The
pH of all the samples was taken in the ratio (w: v), sample
(1): distilled water (2.5) [17]. Total nitrogen (TN), total
phosphorus (TP) and organic matter (OM) were measured
by Kjeldahl method, acid dissolution-molybdenum antimony resistance to colorimetric method, and potassium
bichromate-external heating method, separately [18].

FIGURE 1 - Location sketch of sampling sites.
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3. RESULTS AND DISCUSSIONS
3.1 Contents and Distribution Characteristics of Organic
Matter, Total Nitrogen and Total Phosphorous

Organic matter refers to carbon organic matter in the
soil, including all animal and plant residues, microorganisms, and all kinds of organic substances decomposed and synthesized by them in the soil. They are extremely important natural colloids in soils, as they are
active substances for the absorption, distribution and
complexation of heavy metals, organic matter, and other
contaminants. They are also the important source of various nutrients in the soil, and an important indicator which
reflects the organic nutrition degree [19]. The contents
and spatial distribution of organic matter in the study area
are listed in Table 1.
Table 1 indicates that the average value of organic
matter in the study area is 12.46±3.78mg/g, and the distribution scope is 5.21-22.39mg/g. The contents of organic
matter in most street dusts from different land-use types
of Chengdu show no significant difference (p>0.05),
except that in ID and PD (p<0.05). The maximum content
of organic matter is 15.43±4.20mg/g from PD, and the
minimum value is 9.48±1.07mg/g from ID. The high
content of organic matter in PD may be related with sewage discharge or agricultural activity in this area.
Nitrogen and phosphorus are major nutrients for terrestrial and aquatic plants and animals, and their excess
supply poses environmental risks because it may cause
eutrophication of surface water bodies. The contents of
total nitrogen and total phosphorous in the street dust
within the study area are listed in Table 1.
Table 1 indicates that the average value of total nitrogen in the study area is 1.24±0.30mg/g, with distribution
scope of 0.73-2.13mg/g. There are no significant differences in the contents of total nitrogen in most street dusts
from different land-use types (p>0.05) except ID and PD.

The maximum value is 1.55±0.36mg/g from PD, and the
minimum value is 0.98±0.19mg/g from ID. The distribution trends are similar to that of organic matter and total
phosphorus (as shown in Table 1). It is speculated that the
organic matter and total nitrogen may have the same
source or most of the total nitrogen are organic in nature.
The increase in content may be mainly caused by organic
nitrogen. The analysis of nitrogen species by the authors
supports the above hypothesis (data to be published). As
one of the convertible nitrogen, organic nitrogen has the
potential of release to the surface water. Therefore, the
street dust in Chengdu has the risk of releasing nitrogen.
The average value of total phosphorous in the study
area is 0.73±0.13mg/g, with a distribution scope of 0.541.09mg/g. There are also no significant differences in
total phosphorous content in the most street dusts from
different land-use types (p>0.05) except ID and PD. The
maximum phosphorous value is 0.84±0.08mg/g measured at
PD. The minimum phosphorous value is 0.58±0.03mg/g
measured at ID. Table 1 indicates that the distribution pattern
of total phosphorous is also the same to that of total nitrogen
and organic matter. Possibly, the source of total phosphorous is similar to that of total nitrogen and organic matter.
3.2 Ratio of C, N, P
3.2.1 C/N

Because C/N is different with different species, therefore, C/N in sediments reflects the source of organic matter. The C/N of advanced plant, aquatic life, zooplankton
and phytoplankton, and algae are 14-23, 2.8-3.4, 6-13,
and 5-14, separately [20]. The value of C/N in different
parts of the study area is quite similar with an average
value of 5.82. The variation amplitude is 5.33-6.40 which
is small, and the maximum value is 1.1 times of the
minimum value (Table 2). This indicates that the organic
matter in the street dust come mainly from the biological
settlement of surface runoff.

TABLE 1 - Contents of organic matter, total nitrogen and total phosphorous in the street dusts from different land-use types of Chengdu
(mg/g)
Land-use types
Content of OM
Range of OM
Content of TN
Range of TN
Content of TP
Range of TP

Study area
(n=42)
12.46±3.78
5.21-22.39
1.24±0.30
0.73-2.13
0.73±0.13
0.54-1.09

CD(n=6)

ED(n=6)

SP(n=6)

TD(n=6)

ID(n=6)

RD(n=6)

PD(n=6)

11.89±5.04
6.52-18.26
1.23±0.38
1.04-2.00
0.74±0.09
0.66-0.90

12.04±4.11
5.71-15.81
1.18±0.18
0.95-1.41
0.73±0.10
0.62-0.92

14.45±2.68
11.35-17.86
1.31±0.31
1.02-1.89
0.78±0.14
0.59-0.90

10.08±3.00
5.21-13.19
1.10±0.17
0.80-1.28
0.64±0.05
0.57-0.69

9.48±1.07
7.82-10.93
0.98±0.19
0.73-1.16
0.58±0.03
0.54-0.62

13.83±2.11
10.20-15.75
1.34±0.17
1.11-1.50
0.76±0.19
0.55-1.09

15.43±4.20
10.89-22.39
1.55±0.36
1.21-2.13
0.84±0.08
0.72-0.95

TABLE 2 - Ratio of nutritive salt in the street dusts from different land-use types of Chengdu
Land-use types
C/N
N/P
C/P

Study area

CD

ED

SP

TD

ID

RD

PD

5.82
1.71
9.95

5.59
1.66
9.27

5.90
1.62
9.57

6.40
1.67
10.71

5.33
1.72
9.16

5.63
1.68
9.45

6.01
1.75
10.51

5.77
1.84
10.62
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3.2.2 N/P

3.2.3 C/P

Average value and variation amplitude of N/P in the
study area are 1.71 and 1.62-1.84 respectively (Table 2).
Similar to the uniform distribution of C/N, the spatial distribution of N/P has small changes. The maximum value is
1.84 in PD, and the minimum value is 1.62 in ED. The
maximum value is 1.1 times of the minimum value.

The average value of C/P in the study area is 9.95
(Table 2). The distribution trend of C/P is basically the
same as that of N/P. The maximum value and minimum
value of C/P are 10.62 in PD and 9.16 in TD. The maximum value is 1.2 times of the minimum value.

FIGURE 2 - Correlations between TN, TP and OM in the study area
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3.3 Analyzing the Coupling Relations among C-N, C-P and N-P

The coupling relations of C-N, C-P and N-P in the
study area are shown in Fig.2. The results show that organic matter and total nitrogen are significantly and positively correlated (r=0.830, p<0.01); while organic matter
and total phosphorous, total nitrogen and total phosphorous have significant correlations (r=0.413 and 0.397,
p<0.05). Significant and positive correlation between
organic matter and total nitrogen further indicates that the
organic matter in the street dust from Chengdu is the main
source of total nitrogen in water and a large part of total
nitrogen in street dusts is in the form of organic nitrogen.
The significant and positive correlation between organic
matter and total nitrogen, and the main existing form of
organic nitrogen have been proved by the researches of
Datta et al. (1999) for sediments in Ganges-BrahmaputraMeghna river, Li and Xu (1990) for sediments in the
central and northern parts of Taiwan Strait, Ashby and
Schindler (1995) for sediments in reservoir, Yang et al.
(2004) for sediments in Donghu Lake in Wuhan, Yu et al.
(2010) for surface sediments in Hongze Lake, and Zhang
et al. for soils in water-level-fluctuating-zone from Three
Gorges Reservoir [21-25]. The correlation between organic matter and total phosphorous, as well as total nitrogen and total phosphorus is significant, which indicates
that they may have the same source
3.4 Evaluation of pollution caused by nitrogen and phosphorus

At present, there are no reported methods and standards for evaluating street dust environment in Chengdu
City. In this study, the evaluation of pollution caused by
nitrogen and phosphorous in street dusts was conducted
using sediment standard [26] and single factor standard
index which were originally developed for evaluating
sediments. The general standard index of single pollution
factor i have the following relational expression:
Si=Ci/CS
Where, Si is the single evaluation index or standard
index, and the content exceeds the evaluation standard
value if it is larger than 1; Ci is the measured value of
evaluation factor i; CS is the evaluation standard value of
evaluation factor i. The concentration of total nitrogen
and total phosphorous (0.55mg/g and 0.60mg/g) of the
minimum level ecological risk effect caused by sediments
in the Guidelines [27] published by the Ministry of Environment and Energy of Ontario in Canada (1992) is adopted
by this study as the evaluation standard of total nitrogen
and total phosphorous CS. The detailed evaluation results
are listed in Table 3.
Table 3 indicates that standard indices of total nitrogen range between 1.77 and 2.82. All calculated values of
indices of nitrogen are more than 1. It indicates a serious
nitrogen pollution of street dusts in Chengdu. The scope
of evaluation index of total phosphorous is 0.97-1.40,
which is densely distributed and fluctuated around 1. It

indicates a modest phosphorous pollution of street dusts
in Chengdu.
TABLE 3 - Evaluation indices of nitrogen and phosphorous in the
street dust from Chengdu

Study area
CD
ED
SP
TD
ID
RD
PD

Evaluation indices of
TN
2.26
2.24
2.15
2.38
1.99
1.77
2.43
2.82

Evaluation indices of
TP
1.21
1.24
1.22
1.30
1.06
0.97
1.27
1.40

The content of total nitrogen in the street dust samples collected in Chengdu is 0.73-2.13mg/g. According to
the guidelines published by the Ministry of Environment
and Energy of Ontario in Canada (1992), the concentration of total nitrogen in the substrate which may cause
serious ecological risk is 4.80mg/g. Therefore, the content
of total nitrogen in the street dust from Chengdu is between the minimum level and maximum level of ecological risk effects. The variation scope of the concentration
of total phosphorous is 0.54-1.09mg/g, and mostly fluctuating at 0.70mg/g. This indicates that the concentration of
total phosphorous in the street dust from Chengdu has
modest ecological risk effect and its harm to the receiving
water bodies is less than that of nitrogen.
4. CONCLUSIONS
(1) The average concentrations of organic matter, total
nitrogen and total phosphorous in street dust samples collected in Chengdu are 12.46±3.78mg/g, 1.24±0.30mg/g, and
0.73±0.13mg/g, separately. Spatial distributions of organic matter, total nitrogen, and total phosphorus are
rather similar and they all vary greatly in the study area.
(2) The measured C/N values of street dust samples
collected in Chengdu indicate that biological settlement in
the surface water is probably the main source of organic
matter in street dusts. According to the coupling relations
of C-N, C-P and N-P, the total nitrogen in street dusts in
the study area is mainly from organic matter, and much of
total nitrogen is in the form of organic nitrogen. Organic
matter, total nitrogen and total phosphorus may have the
same source.
(3) The contents of total nitrogen in all street dusts in
Chengdu exceed the established standards. The calculated
values of standard index of nitrogen range between 1.77
and 2.82, indicating a serious potential problem of nitrogen pollution in street dusts in Chengdu. The calculated
values of standard index of phosphorus range between
0.97 and 1.40, indicating a modest potential problem of
phosphorous pollution in street dusts from Chengdu.
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EFFECTS OF EXOGENOUS SALICYLIC ACID
ON COPPER-MEDIATED MEMBRANE LIPID
PEROXIDATION IN RICE SEEDLINGS
Jiahong Ding*, Zhenglian Xue, Chaoying Yang
College of Biology and Chemical Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, P. R. China

ABSTRACT
Copper is a major heavy metal contaminant, which has
received increasing attentions over the last few decades. As
a key signal transduction molecule, salicylic acid (SA) is
involved in inducing plant tolerance to several stresses. In
this study, the effects of salicylic acid on membrane lipid
peroxidation in rice seedlings under copper stress were
studied. The results showed that with the increasing of Cu2+
concentration, the membrane integrity in rice seedlings was
destroyed and the electric conductivity was increased,
meanwhile the MDA content rose significantly, which indicated that the membrane lipid peroxidation was intensified. With the addition of SA to the culture, the electric
conductivity and MDA content both decreased, which
illustrated that SA could protect the integrity of membrane
system in some degree, and alleviate membrane lipid peroxidation in rice seedlings. Also, SA enhanced POD, CAT
and SOD activity in rice seedlings under Cu stress, and
reinforced the defense ability of rice seedlings against
heavy metal stress.

KEYWORDS: Rice; salicylic acid (SA); heavy metal; copper;
membrane lipid peroxidation; electric conductivity

1. INTRODUCTION
Environmental pollution by heavy metals has received
increasing attentions over the last few decades. Heavy
metal contamination in soil is one of the most serious environmental problems, threatening not only the yield and
quality of crops, animal and human health, but also the
quality of the whole environment [1, 2]. The most severe
is that this kind of pollution is covert, long-term and nonreversible [3]. Copper is a major heavy metal contaminant
that results from mining, metal processing, fertilizers, fungicides, agricultural and municipal wastes, sewage sludge
dispersal, as well as traffic emissions [4-7]. Although cop* Corresponding author

per is an essential element for plant growth [8], participating in important biological reactions, namely, as an enzymatic cofactor and electron carrier in the photosynthetic
and respiratory processes [9], it has been reported to be
among the most toxic heavy metals [10, 11], and at toxic
concentrations, it interferes with numerous physiological
processes [12]. Ozdener et al. [13] reported that copper
was the most inhibitory metal influencing germination,
root and hypocotyl growth contrasted with cadmium, lead
and zinc. Studies of fluorescence and Cyt f/c photooxidation in intact cells indicated that copper blocks the photosynthetic electron transport [14], and destroys membranes
and chloroplasts in the presence of toxic Cu concentrations [15], thus changing membrane permeability and
leading to electrolyte leakage [16]. For protecting themselves, plants have developed several antioxidant defense
mechanisms, among which peroxidases (POD), catalase
(CAT) and superoxide dismutase (SOD) are featured to
play a significant role in restraining reactive oxygen species and, subsequently, moderating the toxic effects [17,
18]. Therefore, the induction of these antioxidant enzymes is usually shown under heavy metal stress.
Salicylic acid (SA), a phenolic compound, has recently
qualified as a plant hormone due to its various physiological and biochemical roles in plants [19]. As a key endogenous molecule in the signal transduction pathway, SA is
involved in inducing plant tolerance to several biotic and
abiotic stresses in plants [20, 21]. It was reported that exogenous application of SA regulates various physiological activities in plants, such as growth and development, ion
uptake and transport and membrane permeability [19, 22],
thus providing protection against several types of stresses,
such as high or low temperature, heavy metals, and so on.
SA-induced alleviation of salinity toxicity has been observed in tomato plants [23]. It has been revealed in previous studies that exogenous application of SA mitigates
Cu negative effects on growth in sunflower [24], cucumber and tobacco [25], by regulating the antioxidant defense system and metabolites involved in Cu tolerance.
Rice (Oryza sativa) is one of the most important food
crops, and feeds more than 60% of the world’s population. In Asia, Africa and Latin America, the demand for
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rice will increase dramatically because of the steady increase in population [26]. Therefore, the understanding of
the induced resistance mechanism of rice will facilitate
sustainable agriculture and a secure food supply.
In order to further establish the presumption that SA
has a beneficial effect on Cu-induced oxidative stress and
antioxidative metabolism in rice, the present work focused on the effects of exogenous SA on the activities of
SOD, POD, CAT, the concentration of MDA, and electric
conductivity (EC) in rice seedlings exposed to copper.
2. MATERIALS AND METHODS
2.1 Plant material and experimental design

Seeds of rice (O. sativa cv Jinyou 63) were surfacesterilized with H2O2 (10%) for 10 min, and rinsed thoroughly with distilled water. Sterile seeds were germinated
on water-soaked filter paper (Whatman No. 1) in trays for
3 days at 28±1 °C. After germination, seedlings were
grown hydroponically in modified Hoagland medium (full
strength composition: 3 mM KNO3, 1.5 mM MgSO4, 1.5 mM
Ca(NO3)2, 1 mM KH2PO4, 25 µM H3BO3, 1 µM MnSO4,
0.5 µM ZnSO4, 0.3 µM CuSO4, 0.2 µM Na2MoO4, 50 µM
FeEDTA and 1% sucrose, pH 6.0) at a temperature of
28±1 °C, relative humidity of 60%, and day/night photoperiod of 14h/10h. The nutrient solution was renewed every
two days. Seven days later, uniform size individuals were
selected for the experiments. After preliminary experiments
were performed to determine the range of concentrations
of Cu and SA appropriate for the definitive test, five concentrations of Cu (0, 50, 100, 150, and 200 mg·L-1) supplied as CuSO4·5H2O in the presence and absence of 1.0 mM
SA, with ten replicates each, were established. This was
carried out by exposing the plant roots for one week to
nutrient solution containing five concentrations of Cu and
1.0 mM SA or just Cu solution, with Cu-free full strength
nutrient solution used as control. All the solutions were
renewed at an interval of every two days. After one week,
the plant leaves were harvested for the analyses of physiological parameters.
2.2 Determination of physiological parameters

Membrane permeability can be measured with the
improved method of Lutts et al. [27], which is based on
the rate of electrolyte leakage. One fresh whole leaf from
each replicate was washed three times with deionized
water to remove surface-adhered electrolytes, and then, it
was immersed in 20 ml deionized water at 25 °C with
constant shaking. After 5 h of incubation, the electrical
conductivity of the solution (EC1) was measured using a
conductivity meter (model GLI C33; HACH, America).
After this, the leaf and solution were held at –18 °C overnight, followed by autoclaving (100 °C) for 20 min to
permit complete leakage from the membranes. Then, the
electrical conductivity of the solution (EC2) was determined. Electrolyte leakage rate can be defined as follows:

Electrolyte leakage rate (%) = (EC1/EC2) × 100%.
To extract antioxidant enzymes, 0.2 g fresh leaves randomly sampled from plants in each replicate were homogenized with 5 ml of cooled 50 mM phosphate buffer (pH
7.0), and were subsequently centrifuged at 15000×g for
20 min at 4 °C. The supernatant was used for assays of
enzyme activity.
The activity of peroxidase (POD) was determined using the classical guaiacol reaction method [28]. Briefly,
2.95 ml of assay mixture, containing 2.7 ml of 100 mM
potassium phosphate buffer (pH 6.8), 0.1 ml of 3% H2O2,
and 0.15 ml of 4% guaiacol, was incubated for 3 min at
room temperature. After that, 0.05 ml of enzyme extract was
added. The increase in the absorbance due to the formation of tetraguaiacol was monitored at 470 nm for calculating POD activity. POD activity is expressed as units of
enzyme activity (U), which is calculated using a molar
absorptivity of 2.66 × 104 M-1 cm-1 for tetraguaiacol.
The activity of catalase (CAT) was measured by the
method of Chance and Maehly [29], with modifications.
Assay mixture (5 ml) for the catalase activity comprised:
300 µmol of phosphate buffer (pH 7.0), 100 µmol of H2O2,
and 250 µl of enzyme extract. After incubation at 25 °C for
1 min, the reaction was stopped by adding 10 ml of 2%
(v/v) H2SO4. Then, the residual H2O2 was titrated against
0.01 N KMnO4 until a faint pink color persisted for at
least 30 sec. A control was run at the same time. One unit
of CAT activity is defined as that amount of enzyme
which breaks down 1 µmol of H2O2 /min under the assay
conditions described.
The activity assay of superoxide dismutase (SOD) was
based on the inhibition of nitroblue tetrazolium (NBT)
reduction described by McCord and Fridovich [30]. In the
presence of O2 and an electron donor like methionine,
illumination of riboflavin will bring about superoxide
anions, which have been used as the basis of assay of SOD.
The reduction of NBT by superoxide radicals to blue colored formazan was followed and detected at 560 nm. Reaction mixture (3 ml) contained 1.5 ml of 50 mM phosphate
buffer (pH 7.8), 0.3 ml of 130 mM methionine, 0.3 ml of
0.75 mM NBT, 0.3 ml of 0.1 mM EDTA-Na2 and 0.03 ml
of 0.2 mM riboflavin, with 0.05 ml of enzyme extract and
0.52 ml of double-distilled water. Illumination of the
solution taken into a 10-ml beaker was carried out in an
aluminium foil-lined box, with a 15-W fluorescent lamp
for 10 min. The control without the enzyme source was
always included. The absorbance was measured at 560 nm.
One unit of SOD activity is defined as that amount of
enzyme resulting in 50% inhibition of the rate of NBT
chloride reduction at 560 nm.
Measurement of malondialdehyde (MDA) is the most
widely employed method for determination of membrane
lipid peroxidation using TBARS method [31]. Two molecules of TBARS react with one molecule of MDA to form
the "TBARS-MDA complex," which absorbs at 532 nm
in acidic medium. For this purpose, a 0.5 g aliquot of rice
seedling leaves was homogenized in 5 ml of 0.1% tri-
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chloroacetic acid (TCA), followed by centrifugation at
10000×g for 15 min. Then, 1 ml of the surface phase was
collected and added to 4 ml of 20% TCA containing 0.5%
TBA, with subsequent heating for 15 min in a boiling
water-bath. The mixture, containing coloured TBARSMDA complex, was cooled immediately and centrifuged
at 10000×g for 15 min, and the supernatant absorbance
was measured at 532 nm. The subtraction of absorbance
at 600 nm was done in order to correct for the nonspecific
turbidity. The level of lipid peroxidation is expressed
as nmol·g–1 FW of MDA at an extinction coefficient of
155 mM–1 cm–1 [31].
2.3 Statistical analysis

The data obtained were statistically analyzed by the
statistical program SPSS 13.0 (SPSS, Chicago, USA). All
data were represented by an average of the ten biological
replicates; the standard errors (S.E.) and the Least Significant Difference (LSD) test were used to separate
the means where ANOVA indicated significant difference (P≤0.05).
3. RESULTS AND DISCUSSION

Electric conductivity （µS•cm-1 ）

Salicylic acid, a kind of phenolic compound widespread in plants, is a signal transduction molecule in the
cell. SA possesses many kinds of physiologic adjustments
on growth and development of plants, which not only
reinforces the resistance ability of the plants to biological
stress brought by fungi, bacteria, virusses, but also affects
plants` resistance to abiotic stress induced by heavy metals,
ozone, ultraviolet radiation, low temperature, heat shock,
water deficit and salt toxicity [32, 33]. Exogenous SA can
relieve the harm of heavy metals to plants in some degree.
Pál et al. [34], Li et al. [35] and Krantev et al. [36] studied the effects of SA on the growth of maize seedlings
under cadmium stress, and the results showed that SA
could promote the growth of plant, reduce membrane permeability, decrease MDA content, and improve the con-

tents of proline and carbohydrates in maize seedling leaves.
The studies discovered by Guo et al. [37] and Drazic &
Mihailovic [38] suggested that the growth of rice root system was inhibited notably, and the leaves of soybean
seedlings were seriously lacking of water, but this inhibition did not appear with the application of SA.
The membrane is an intermediary of material exchange
between the cell internal and external environment, and cell
membrane plays a role of regulating and controlling material exchange, whose stability is the base of normal physiological metabolism. Peroxidation will occur in plant cell
membrane under heavy metal stress, causing membrane
permeability increases, destroying cell membrane integrality, so that the balance of conjugase and endoenzyme is
broken to result in the chaos of cell physiological and
biochemical processes, and even the death of plant.
Membrane permeability is one of the indicators to
evaluate the responses of plant to contaminant, and the
EC representing membrane permeability and the concentration of contaminant are a positive correlation [39]. In
this study, the assay of membrane permeability showed
that SA did not affect too much on EC without copper
stress (15.59 and 15.50 µS·cm-1, respectively; Fig. 1). At
the presence of single copper stress, EC of the rice seedlings was heightened with increasing Cu concentration,
and the biggest value of EC was 2.62 times that of control
group, which suggested that the integrity of membrane
system in the leaves was destroyed, what was more, the
more serious the membrane system was ruined, and the
higher the Cu concentration was. When the seedlings
were cultivated in different Cu concentrations as well as
1.0 mM SA, EC decreased in contrast to the single Cu
treatment, and the maximum of Ec was 2.07 times that of
control group, suggesting the positive effectiveness of
exogenous SA in the alleviation of Cu toxicity. Statistical
analysis showed that EC had a significant positive correlations with both single Cu and Cu + SA treatment, and the
correlation coefficients were 0.946 and 0.958 (P<0.05).
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FIGURE 1 - The effect of salicylic acid on the electric conductivity in rice seedling leaves under copper stress. The different letters (a, b, c, d,
e) mean the significant differences at 0.05 level.
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in accordance with Wang et al. [41], Li et al. [35] and
Guo et al. [37]. The statistical analysis showed that the
content of POD and the two groups of single Cu treatment and Cu + SA treatment were significantly positivecorrelated, and the correlation coefficients were 0.925
and 0.934 (P<0.05).

Reactive oxygen generated by peroxidation in the cell
increased vigorously under stress, so the metabolite, such
as H2O2, cannot be decomposed or eliminated promptly;
therefore, noxious substance is accumulated further, which
affects normal metabolism of the cell, and even results in
cell death. Peroxidase can use guaiacol as receptor and
remove H2O2 produced by all kinds of biotic and abiotic
stress. Wang et al. [40] considered that SA can activate an
anti-oxidant mechanism mediated by H2O2 and dependent
on POD to alleviate lipid peroxidation in Cassia tora
induced by aluminum stress. Herein, from Fig. 2, under
single Cu treatment, the content of POD in rice seedlings
was heightened initially, and then decreased with the
increasing of Cu concentration, which illustrated high Cu
level exceeded tolerance limit of the plant, destroying the
protective enzyme activity of the plant. With the addition
of SA to the culture containing Cu solution, POD activity
was improved, in contrast to single Cu treatment, which is

9
POD activity （U•gFW-1 ）

8

bc

ce

c

e

Hydrogen peroxidase in the plant is an important protective enzyme. Catalase, superoxide dismutase and peroxidase make up the defense system of active oxygen in
the organism. In the metabolic processes of active oxygen, CAT can make H2O2 disproportionate into water and
molecular oxygen. Therefore, the activity of catalase is an
important symbol to measure peroxidation level of the cell.
In this study, by measuring the activity of catalase, the
results showed that SA almost had not too many effects
on CAT content in the seedlings in absence of copper,
which were 3.067 and 3.125 U·g-1 FW. Under single copper
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FIGURE 2 - The effect of salicylic acid on the POD activity in rice seedling leaves under copper stress. The letters (a, b, c, d and e) are the
same as in Fig. 1.
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FIGURE 3 - The effect of salicylic acid on the CAT activity in rice seedlings under copper stress. The letters (a, b, c, d and e) are the same as
in Fig. 1.

2248

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

160
SOD activity （U•gFW-1 ）

c
140

b

b

120
100

a

80
60

a

d

c

c
b

a

40
20
0
0

50

100

150

200

Copper concentration （mg•L ）
-1

-SA

+SA

FIGURE 4 - The effect of salicylic acid on the SOD activity in rice seedlings under copper stress. The letters (a, b, c and d) are the same as in
Fig. 1.

stress, CAT activity in rice seedlings took on the trend of
initial step-up, followed by a step-down regimen (Fig. 3),
which illustrated rice seedlings could enhance CAT activity
to remove active oxygen under lower copper concentration, protect cell membrane structure and, therefore, resist
poisonous effect of copper stress. With increasing Cu concentration, CAT activity began to descend, which indicated that Cu level had exceeded the tolerance limit of
rice seedlings, destroyed protective enzyme system, and
intensified the poisonous effects on the plant. When the
rice seedlings were cultured with the medium of Cu + SA,
CAT activity in rice seedlings was strengthened, in contrast to single Cu treatment. The difference of CAT activities between Cu-exposed seedlings (+Cu) and Cu-exposed
with SA pre-treated seedlings (SA+Cu) was not significant. The statistical analysis indicated that there were no
significant correlations between the CAT activity and the
two groups of Cu treatment, single and Cu + SA (P>0.05).
SOD is a resistance enzyme, and its actions in oxygen
injury, organ senescence and stress resistance of higher
plants have been certified. Oxygen radicals generated in
the process of aerobic metabolism in the plant can bring
lipid peroxidation and lead to membrane injury, which
has been considered as the main reason of tissue senescence and seed deterioration. As a scavenger to clear superoxide free radical, SOD activity is associated with plant
resistance, in some degree. In the present study, under
single Cu stress, SOD activity increased at lower Cu concentration, and was inhibited at higher ones, suggesting
that the rice seedlings could improve SOD activity to get
rid of active oxygen and resist poisonous action induced by
Cu stress (Fig. 4). But when the increase of active oxygen
was much more than normal disproportionation ability,
multiple intracellular functional enzymes and membrane
system were destroyed, and physiological metabolism disordered; accordingly, SOD activity was inhibited and declined.
With the addition of SA to the culture, SOD activity of

rice seedlings was improved compared with single copper
treatment without SA. The observation by Slooten et al.
[42] reported transgenic plants over-expressing SOD showed
increased tolerance of plants subjected to oxidative stress.
The present results showed that SA pre-treatment had a
remarkably positive regulation on the SOD activities in
Cu-exposed with SA pre-treated plants (SA+Cu) compared
to Cu-exposed seedlings (+Cu), after long-term exposure to
Cu toxicity. The statistical analysis showed the significant
correlations between the SOD activity and single Cu treatment as well as Cu + SA, and the correlation coefficients
were 0.875 and 0.899 (P<0.05).
Toxic substances in plant, such as O2-, OH, O2 and
H2O2, are accumulated under stress, which can lead to
membrane lipid peroxidation or deesterification, produce
large number of reactive oxygen species, bring about series
of physiological and biochemical changes, and finally, result
in metabolic disorder of material and energy. MDA is the
product of membrane lipid peroxidation or deesterification, which can hurt cell membrane seriously, decrease
the content of unsaturated fatty acid in membrane so that
the membrane fluidity is decreased. Meanwhile, membrane
lipid peroxidation also affects photosynthesis and respiration. Therefore, the content of MDA can indicate the levels
of lipid peroxidation and membrane system injury, and is
an important physiological index under stress. Under
single copper stress, the content of MDA in the seedlings
rose significantly with increasing copper concentration,
which indicated membrane lipid peroxidation of rice
seedlings was aggravated by the copper poisoning, and
the highest content of MDA was 1.71 times that of control
group (Fig. 5). In addition, the existence of SA decreased
membrane lipid peroxidation in rice seedlings induced by
Cu stress, and the highest content of MDA was 1.32 times
that of control group, which is in accordance with Uysal
et al. [43], Pál et al. [34], Li et al. [35], and Krantev et al.
[36]. The statistical analysis showed that the MDA con-
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FIGURE 5 - The effect of salicylic acid on the content of MDA in rice seedling leaves under copper stress. The letters (a, b, c and d) are the
same as in Fig. 1.

tent and the both groups of single Cu and Cu + SA treatment had significant positive correlations with the content
of MDA (P<0.05).
When applied exogenously at suitable concentrations,
SA was found to enhance the efficiency of antioxidant
system in plants [44]. SA was found to enhance the activities of antioxidant enzymes, CAT, peroxidase (POX), and
superoxide dismutase (SOD). Krantev et al. [36] reported
the exogenous application of SA enhanced the activities of
antioxidant enzymes, ascorbate peroxidase (APX) and SOD,
with a concomitant decline in the activity of CAT in maize
plants. This study also certified that exogenous SA can
enhance the ability of the rice seedlings agonistic Cu stress
by improving SOD, POD, and CAT activity [45].

product of de novo synthesis induced by exogenous SA
[46].
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ABSTRACT
In this paper, batch culture of two Chlorophyte
Scenedesmus sp. 200716 and Chlorella sp. XQ-20044
with different nitrogen concentrations were carried out in
a circular pond mimic system to characterize its growth
and lipid production. Both of the strains grew quickly
while the total lipid content was relatively constant (about
20% of dry biomass) before stationary phase. However,
lipid accumulation began as cell division ceased in the
stationary phase. After 12 days of cultivation with 1mM
and 3mM sodium nitrate, total lipid content reached
55.0% and 54.3% dry weight of Chlorella sp. XQ-20044,
32.1% and 29.7% dry weight of Scenedesmus sp. 200716,
respectively. The data clearly demonstrated the unparallel
occurrence of cell growth and lipid accumulation, which
was stated here as two-stage characteristics of lipid production: The first, cell production stage, algal cells divide
quickly to produce large amount of biomass, then followed by lipid production stage, cell division cease and
lipid accumulation begin. Based on these results, the strategies for efficient lipid production by mass culture of green
algae were further discussed.
KEYWORDS:
Batch; Chlorella; Lipid production; Scenedesmus; Two-stage

such conditions was rather low due to nitrogen limitation,
and overall lipid productivity would be reduced consequently. Recently, some efforts were made to enhance the
lipid productivity of microalgae. Under fed-batch cultivation mode, cell concentration of Nannochloris sp. UTEX
LB1999 reached almost the same as those of cells cultured under batch mode while the intracellular lipid content increased from 31.0 to 50.9% [11]. Su et al. [12]
reported that final yield of lipids obtained from the twostage cultivation of Nannochloropsis oculata was 2.82 times
higher than that from one-stage batch cultivations. Later,
Probir Das et al. [13] reported another type of “two-phase
cultivation process” and concluded that addition of organic carbon sources to the cultures of Nannochloropsis
sp. at the “second growth phase” of culture (the later days
of a single batch culture) resulted in higher lipid productivity.
Although microalgal lipid content and productivity
can be improved by modulation of culture conditions,
thorough understanding of microalgal lipid production
lies ahead before the establishment of optimal cultivation
mode for enhanced lipid production. In this paper, batch
culture with different nitrogen concentrations were carried
out in a circular pond mimic system to characterize growth
and lipid production of Chlorella and Scenedesmus. Possible cultivation mode for mass culture of green microalgae for lipid production was also discussed.

1. INTRODUCTION
Microalgae are considered to be ideal raw materials
for biodiesel production for many years. To date, numerous studies have been conducted to investigate the feasibility of microalgae for biodiesel production [1, 2], the
effects of various factors on lipid accumulation [3-5] as
well as the selection and characterization of microalgae
species suitable for lipid production [6-9].
It is likely a general trend in microalgae towards accumulation of lipids in response to nitrogen deficiency [10].
However, biomass yield of microalgae cultivation under
* Corresponding author

2. MATERIALS AND METHODS
2.1 Algae investigated

Two microalgae strains were used in this study, specifically Scenedesmus sp. 200716 and Chlorella sp. XQ20044. Both strains were obtained from the algae culture
collection in Wuhan Botanical Garden, CAS. The seed
cultures were grown photoautotrophically in Bold’s Basal
Medium [14] in 1000 mL flasks on a horizontal shaker.
The culture conditions were as follows: light intensity
50 µmol m-2s-1, light-dark cycle 14h:10h, temperature
25°C, shaking speed 100 rpm. The seed algae were cultured for 4 d before inoculation.
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2.2 Cultivation and apparatus

A self-designed culture system was used to mimic
the outdoor circular pond for microalgae mass cultivation. The main component of the system was a jacketed
circular water tank equipped with four control units for
mixing, irradiance, temperature and pH. The structure of
this photobioreactor is illustrated in the schematic diagram (Fig.1) and detailed information was described
elsewhere [15].

dried at 105 °C overnight to calculate biomass dry weight
(DW). An ultraviolet spectrophotometric method described by Collos [16] was used to monitor residual sodium nitrate by measuring the absorbance of culture filtrate (0.22 µm) at 220 nm and obtain sample concentrations from pre-constructed standard curve.
Specific growth rate (µ) was calculated using the following formula:

µ=

ln N t − ln N 0
∆t

where Nt and N0 is the number of cells at time interval ∆t.
Areal biomass productivity (Pmass) was calculated using the following formula:

Pmass ( gm −2 d −1 ) =

V ( DWt − DW0 )
∆t

FIGURE 1 - Schematic diagram of the circular pond mimic system.
It was noted that addition of CO2 is automatically controlled by pH
sensor via a control unit.

where V is total culture volume per 1 m2 of illuminated culture surface area.

Cells were centrifuged, rinsed, and resuspended in fresh
medium to reach optical density of 0.4±0.05 at 540 nm
(1 cm light path). For each of the strains, two batch cultures were grown, one on low nitrogen (1 mM NaNO3)
and another on high nitrogen (3 mM NaNO3) Bold’s
Basal Medium, in the circular tank with a culture depth of
8 cm (giving volume of 8 L). Algal suspension was mixed
at rotating speed of 50 r/min. Ten Philips 36W cool white
fluorescent lamps were assembled to provide 200 µmol
m-2s-1 irradiance on the suspension surface with lightdark cycle of 14h: 10h. The temperature of algal suspension was controlled at 30±0.1°C by a water circulator
which was connected to the culture tank. JENCO pH control unit was used to maintain culture pH in the range of 7–
8 by bubbling pure CO2 in to algal suspension. Deionized
H2O was added every day before sampling to offset evaporation. Duplicate cultivations were done in parallel.

2.4 Analysis of total lipids

All of the operations before and during culture experiments were conducted according to aseptic operation
as much as possible to avoid contamination. The algal
suspension was examined under microscope every day to
monitor any contamination. In most cases, only a small
number of bacteria were observed in the later stage of
culture, and this did not affect the experiment significantly.
In case of protozoa contamination, the culture was discarded, and a new culture was conducted.
2.3 Growth analysis

Algal suspension was directly removed from the culture tank for analysis. The suspension was counted for
cell numbers immediately after sampling using Thomas
blood cell counter under microscope. Lugol’s solution
was used to fix the sample when needed. 50ml algal suspension was filtered through a pre-dried GF/C glass microfiber filter paper (0.45 µm) and the filter paper was

Cells were harvested and lyophilized for lipid extractions according to the method described by Zhang et al.
[17]. About 50mg dry algal biomass was ground to powder and transferred to covered centrifuge tube to extract
total lipids with 5ml n-hexane and ethyl acetate mixture
(1/1,v/v). The extraction procedure was repeated 3 times
until the residues became colorless. Finally all extracts
were combined and blew dry with nitrogen in a preweighed glass tube. Thereafter, the total lipids were gravimetrically measured.
Areal lipid productivity (Plipid) was calculated using
the following formula:

Plipid ( gm −2 d −1 ) =

V (Ct × DWt − C0 × DW0 )
∆t

where C is the percentage of total lipids in dry cell
mass.
3. RESULTS AND DISCUSSION
3.1 Two-stage characteristics of lipid production in batch
culture

Cell density, biomass dry weight and total lipid content were determined during the cultivation to characterize
growth and lipid accumulation of the strains. As shown in
Figure 2, the stationary phase was observed at the second
day (Chlorella, 1 mM sodium nitrate), the fourth day
(Chlorella, 3 mM sodium nitrate), the fourth day
(Scenedesmus, 1 mM sodium nitrate), and the sixth day
(Scenedesmus, 3 mM sodium nitrate) of the cultivation,
respectively. At the corresponding time above, nitrate was
depleted (under the detection limit 0.01mM) in each culture. Time-course changes of cell density and lipid con-
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tent revealed that the fast cell reproduction of Scenedesmus sp. 200716 and Chlorella sp. XQ-20044 happened in
the exponential phase. However the increase in total lipid
content was mainly observed in the stationary phase when
the cells were exposed to nitrate deficiency for both algae.
A similar phenomenon was reported in previous studies. For example, in the Chlorophyte Scenedesmus dimorphus Strain 1, the proportion of lipids increased from 22%
(DW) in exponential phase to more than 40% (DW) in
late stationary phase [18]. Furthermore, TAG content of

24

Parietochloris incise in stationary phase was 1.79 times
of that in exponential phase [19]. The unparallel occurrence of cell growth and lipid accumulation was more
clearly demonstrated in Figure 3, where the changes of
specific growth rate and cell lipid content were plotted
together.
To further understand the lipid production characteristics of the two strains, the relationship between dry
biomass and total lipid content was investigated. Continuous increase of biomass dry weight during the whole culture
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TABLE 1 - Cell density, biomass dry weight and total lipid content of Chlorella sp. XQ-20044 and Scenedesmus sp. 200716 cultures at exponential phase (E), beginning of stationary phase (S1) and late stationary phase (S2)
Biomass dry weight
Cell density
(DW, g L-1)
(107cell ml-1)
E
S1
S2
E
S1
S2
Chlorella sp.
1
2.7
9.7
6.9
0.135
0.500
1.225
XQ-20044
3
2.0
19.8
14.0
0.175
0.665
1.370
Scenedesmus
1
1.0
2.7
2.2
0.135
0.785
1.465
sp. 200716
3
0.8
3.9
3.8
0.143
1.350
2.015
Note: ∆DW is the net increase of biomass dry weight in stationary phase (DWS2-DWS1); ∆LW is
(DWS2·LCS2-DWS1·LCS1).
Strain

NaNO
3 (mM)
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Lipid content
∆DW/∆LW
(LC, % DW)
(%)
E
S1
S2
22.2
25.5
55.0
75.3
20.1
21.7
54.3
85.1
17.6
21.7
32.1
44.1
20.0
23.1
29.7
43.1
the net increase of lipids in stationary phase
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period was obvious for both strains. However, the cell
numbers did not increase due to nitrate deficiency in stationary phase (Table 1). When the increase of lipids was
compared with the increase of biomass dry weight, it is
interesting to find that in stationary phase of the culture,
the increase of lipids (∆LW) is in proportion to the increase of biomass dry weight (∆DW), and the ratios of the
increase of lipids to the increase of biomass dry weight
are very high. For the highest, more than 85% of increase
in biomass dry weight comes from lipid accumulation in
Chlorella sp. XQ-20044 (Table 1). These results indicated
that accumulation of lipids in microalgal cells contribute
largely to the increase of biomass dry weight at stationary
phase.
So it was reasonable to conclude that it is a common
phenomenon in Chlorophyte that there are two-stage characteristics for lipid production in batch culture. At the
early stage of a culture, algal cells were exposed to sufficient nutrition (especially nitrogen) and cell divisions were
active [14].This period, characterized by fast cell division
and biomass accumulation, can be called cell production
stage. Intracellular lipids in this stage were relatively
constant. When the culture entered stationary phase (actually nitrogen restriction happened), cell division ceased and
nitrogen deficiency animated a metabolic pathway favorable to the accumulation of reserve lipids [4]. This period,
characterized by cessation of cell division, biomass increase and lipid accumulation in addition to color change
of algal suspension, can be called lipid production stage.
In the cell production stage of a culture, a lot of carbon, nitrogen as well as other nutrition were absorbed to
synthesis protein, polar membrane lipids and other molecules essential to cytoskeleton [14]. In this study the increase of biomass dry weight before stationary phase was
certainly a result of cell division. As soon as the culture
entered lipid production stage, photosynthetic energy is
diverted to lipid accumulation and there are three possible
carbon sources for TAG synthesis: (1) carbon dioxide fixed
by photosynthesis; (2) decomposition of carbohydrate; (3)
conversion of membrane lipids [20]. The synchronous
accumulation of biomass and lipids in stationary phase,
especially for Chlorella sp. XQ-20044 (Table 2), clearly
demonstrated the direct utilization of photosynthetically
fixed carbon in TAG synthesis.

3.2 Effects of nitrogen concentration on lipid productivity

Recently, studies have been conducted to investigate
the effects of nitrogen on algal growth and lipid accumulation and results show that N-deficiency lead to intracellular lipid accumulation but limit algal growth at the same
time [4]. In this study, as soon as the culture time was
long enough, properly increase of nitrogen concentration
did not decrease lipid content, but largely raised biomass
concentration (Table 1), thus the higher lipid productivity
was achieved at higher nitrogen concentration (Table 2).
This result should not be contradictory to existing conclusions but be timing effects of algal growth under nitrogen
depletion condition [21] : despite lipid accumulation began later in the high nitrogen culture, total lipid content
reached the same level as lower nitrogen culture, since the
culture duration was long enough. So the effects of nitrogen concentration (1-3 mM sodium nitrate) on lipid productivity follow the “fit mode” [17]. This is supported by
a review [22] where a general positive correlation is demonstrated between lipid productivity and biomass productivity.
3.3 Considerations of culture mode for lipid production

In view of the effects of nitrogen concentration on
lipid productivity and the two-stage characteristics of
lipid production in batch culture of green algae, it is important to explore if there is a universal or species-specific
threshold value (range) of nitrogen concentration, at
which the optimal balance between maximizing biomass
and lipid fraction achieves. If the threshold exists, the cell
production and lipid production would occur concurrently
in the culture by properly manipulating of nitrate concentration. In this way, continuous or semi-continuous cultivation mode would be applicable to microalgal lipid production. Takagi et al. [11] reported when 0.9 mM nitrate
was intermittently fed eleven times, the cell concentration
of Nannochloris sp. UTEX LB1999 reached almost the
same as the culture with initial 9.9 mM KNO3 without
additional nitrate feeding, while the intracellular lipid
content increased from 31.0% to 50.9%. Similarly, by
controlling nitrate concentration at an appropriate level,
one-step (continuous) cultivation process has been successfully established to produce astaxanthin [23], which is
also triggered by nitrogen deficiency [24].

TABLE 2- Selected areal productivity (g m-2d-1) of biomass and lipid for cultures of Chlorella sp. XQ-20044 and Scenedesmus sp. 200716 with
1 mM (LN) and 3mM (HN) sodium nitrate
Phases

Stationary
phase

Overall (12 days)

4th day
6th day
8th day
10th day
12th day

Chlorella LN
Pmass
13.00
9.72
8.40
6.65
5.80
7.30

Plipid
7.21
5.28
5.08
4.75
4.37
4.29

Chlorella HN
Pmass
Plipid
\
\
12.40
6.90
10.17
7.44
8.38
6.54
7.05
6.00
8.00
4.72

2256

Scenedesmus LN
Pmass
Plipid
\
\
13.00
4.77
8.72
3.60
7.91
3.15
6.80
3.00
9.27
3.05

Scenedesmus HN
Pmass
Plipid
\
\
\
\
11.60
4.78
10.80
4.46
8.87
3.82
12.50
3.80
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If such threshold do not exists, two-stage process
(batch culture) should be the best option to enhance lipid
productivity. The successfully applied two-stage cultivation process for Haematococcus pluvialis in Cyanotech
Corp. and Aquasearch Inc. must be a good example to learn.
The initial cell production stage takes place in closed culture systems to produce enough algal biomass. And this
should be followed by lipid production stage conducted in
open culture ponds with N-deficient medium [12] or other
approaches that helps to enhance lipid accumulation, such
as addition of organic carbon sources [13] or chelated
FeCl3 [25]. A “two-stage growth one-step process” model
for astaxanthin production by mass culture of Haematococcus [15] may be another strategy for effective lipid
production by mass culture of green algae, such as Chlorella and Scenedesmus, because the phenomenon of simultaneous accumulation of fatty acid and secondary carotenoids is common in green algae [24].

[8]

Liu, J., Huang, J., Fan, K.W., Jiang, Y., Zhong, Y., Sun, Z.,
and Chen, F. (2010) Production potential of Chlorella zofingienesis as a feedstock for biodiesel. Bioresour. Technol.
101, 8658-63.

[9]

Mandal, S. and Mallick, N. (2009) Microalga Scenedesmus
obliquus as a potential source for biodiesel production. Appl.
Microbiol. Biotechnol. 84, 281-291.

[10] Hu, Q., Sommerfeld, M., Jarvis, E., Ghirardi, M., Posewitz,
M., Seibert, M., and Darzins, A. (2008) Microalgal triacylglycerols as feedstocks for biofuel production: perspectives
and advances. Plant J. 54, 621-639.
[11] Takagi, M., Watanabe, K., Yamaberi, K., and Yoshida, T.
(2000) Limited feeding of potassium nitrate for intracellular
lipid and triglyceride accumulation of Nannochloris sp
UTEX LB1999. Appl. Microbiol. Biotechnol. 54, 112-117.
[12] Su, C.H., Chien, L.J., Gomes, J., Lin, Y.S., Yu, Y.K., Liou,
J.S., and Syu, R.J. (2011) Factors affecting lipid accumulation by Nannochloropsis oculata in a two-stage cultivation
process. J. Appl. Phycol. 23, 903-908.
[13] Das, P., Aziz, S.S., and Obbard, J.P. (2011) Two phase microalgae growth in the open system for enhanced lipid productivity. Renew. Energ. 36, 2524-2528.
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EFFICACY OF PLANT OILS ON THE
CONTROL OF BEAN RUST AND WHEAT LEAF RUST
Umit Arslan*
Uludag University, Faculty of Agriculture, Department of Plant Protection, Gorukle Campus, 16059 Bursa, Turkey

ABSTRACT

1. INTRODUCTION

Bean rust, caused by the fungus Uromyces appendiculatus (Pers.:Pers.) Unger, and wheat leaf rust, caused
by the fungus Puccinia triticina Eriks., are economically
important foliar diseases and have global significance.
The efficacy of eight plant oils (castor, corn, cottonseed,
linseed, olive, peanut, soybean and sunflower seed oils)
was evaluated as possible alternatives to synthetic fungicides for the control of U. appendiculatus and P. triticina
in this study. The percentage of inhibition in urediniospore germination of all tested plant oils ranged from 0 to
100% and 0 to 84.9% against U. appendiculatus and P.
triticina, respectively. Among these plant oils tested, linseed oil was the most effective on the control of U. appendiculatus and P. triticina in both in vitro and pot experiments. It completely inhibited the germination of the
urediniospores of U. appendiculatus at the highest concentration (2.5%) tested. At the same concentration, linseed oil inhibited by 84.9% the germination of the urediniospores of P. triticina. In pot experiments, control efficacy of all tested plant oils ranged from 0 to 95.2% and
17.8 to 100% against U. appendiculatus and P. triticina,
respectively. Linseed oil provided 95.2 and 100% control
values at 1% concentration against U. appendiculatus and P.
triticina, respectively. All tested plant oils were found significantly effective in reducing pustules caused by P.
triticina at all concentrations tested. Post-infection treatment of linseed oil was ineffective on the control of both
U. appendiculatus and P. triticina. In the tests for the
inhibition of urediniospore germination as well as reduction in the formation of uredinia (pustules) of both rust
species there was an increase in the efficacy of the tested
oils as the concentration of the oils increased. None of the
tested plant oils were phytotoxic to bean and wheat leaves.
The results of this study indicate that tested plant oils
could become natural alternatives to synthetic fungicides
for the control of tested rust fungi.
KEYWORDS: Uromyces appendiculatus, Puccinia triticina, alternative control, organic farming, natural substances

* Corresponding author

Rusts are plant diseases caused by pathogenic fungi.
Bean rust and wheat leaf rust, caused by Uromyces appendiculatus (Pers.: Pers.) Unger, and Puccinia triticina
Eriks., respectively, are major foliar diseases of bean and
wheat. Both diseases occur throughout the bean (Phaseolus vulgaris L.) and wheat (Triticum aestivum L.) growing
regions of the world, and cause economic losses every
year in many countries [1, 2].
Resistant cultivars and fungicides have been the main
recommended measures for the control of both diseases.
In recent years, the public demands to reduce pesticide use,
stimulated by greater awareness of environmental and health
issues, as well as the development of fungicide-resistant
strains of pathogens, have created a need for alternatives
to them [3-5]. Obtaining bean and wheat cultivars resistant to rust diseases has long been one of the priorities of
plant breeding programs in many countries. Several studies have demonstrated that obtaining resistant cultivars and
lines could be achieved [6, 7]. Growing resistant cultivars
to control bean rust and wheat leaf rust diseases is generally
short-term solution since the pathogen frequently develops
new pathogenic races [8, 9].
Plant oils have great potential for controlling several
fungal pathogens such as Colletotrichum musae (Berk.
& M. A. Curtis) Arx, Lasiodiplodia theobromae (Pat.)
Griffon & Maubl. and Fusarium proliferatum (Matsushima) Nirenberg [10, 11] and also for controlling many
bacterial pathogens [12]. Vegetable oils and their readymade forms available commercially as adjuvants, because
of their rapid biodegradability in the environment and
safety to people and animals, can be particularly useful
for protecting plants against disease [13].
Literature data concerning assessments of the effectiveness of vegetable and mineral oils in the protection of
plants against the pathogens, which are the causal agents
of rust, are very limited [14-16]. The studies conducted so
far have concentrated mainly on the possibility of using
these oils for the control of powdery mildew occurring on
various species of plants [17-22].
Integrated Pest Management (IPM) control strategies
are needed with the ultimate goal of the management of
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these rust diseases with little or no synthetic fungicides
used within a growing season. One of the ways to achieve
this goal in IPM may be the use of natural substances that
have no adverse effects on environmental or human health.
Therefore, the objective of this study was to investigate
the efficacy of plant oils on the control of bean rust and
wheat leaf rust.
2. MATERIALS AND METHODS

spore germination percentages were determined in ten
microscopic fields. A total of 100 urediniospores per replicate were observed. Urediniospores were considered
germinated when germ tube length was equal to or greater
than spore length. The percentage inhibition of urediniospore germination was calculated as compared to the control. Four replicate determinations were made for each
concentration of plant oil and each replicate comprised
one Petri dishes. Analysis of variance was performed, and
mean values were separated by LSD test (P≤0.05). Experiments were conducted twice.

2.1 Plant Oils

All plant oils (castor, corn, cottonseed, linseed, olive,
peanut, soybean and sunflower seed oils) used in this
study were purchased from Sigma-Aldrich (Steinheim,
Germany).
2.2 Fungi

Leaves infected with U. appendiculatus and P. triticina
were collected in bean and wheat plots at the experimental station of Uludag University in Bursa, Turkey. The
urediniospores were gently dislodged from the surface of
rust-infected leaves with a spatula, dried in desiccators at
room temperature for 12 h, and then kept at 5oC until use.
The spores were inoculated to bean and wheat seedlings
grown in a climate-controlled room. Inoculated plants were
covered with polyethylene bags to maximize the relative
humidity so as to facilitate infection. Covered plants were
kept at 18oC for 24 h in darkness, and then kept at 20oC
for 10 days without the polyethylene bags. The light intensity inside the climate room was 10.000 lux (167 µE/m2/s)
with a 12 h supplemental photoperiod. Fresh spores were
dislodged from the surface of pustules 12 days after inoculation and immediately used in vitro and in vivo experiments. The urediniospore concentration was determined
with a hemocytometer, and adjusted to the desired concentration.
2.3 In vitro Experiments

The efficacy of plant oils on urediniospore germination of U. appendiculatus and P. triticina was determined.
Different concentrations (0.05, 0.1, 0.25, 0.5, 1, 2 and
2.5%, v/v) of plant oils were added aseptically to autoclaved and cooled (to 50oC) potato dextrose agar (PDA;
Difco, Detroit, MI, USA) medium, followed by the addition
of 0.01% (v/v) Tween-20 (Merck, Germany) and 100 µg/ml
streptomycin sulfate (Fluka, BioChemika, China). The medium was dispensed (10 ml/dish) aseptically into 6 cm
diameter Petri dishes. The efficacy of plant oils on urediniospore germination of U. appendiculatus and P. triticina
was tested by placing 100 µl aliquots of urediniospore
suspension (2000 urediniospores/100µl) of each pathogen
in the Petri dishes containing PDA medium with appropriate plant oil concentrations. Control treatments consisted of PDA medium containing 0.01% Tween-20 and
100 µg/ml streptomycin sulfate. The Petri dishes were
incubated at 20oC for 6 h in darkness and then uredinio-

2.4 Pot Experiments

The efficacy of plant oils was tested under controlled
conditions in a climate-controlled room as described below. Ten wheat plants (cv. Gonen-98) and two bean plants
(cv. Gina) were grown in pots that were 9.5 cm diameter.
Gonen-98 and Gina were highly susceptible to P. triticina
and U. appendiculatus, respectively [23, 24]. Different concentrations (0.05, 0.1, 0.25, 0.5 and 1%, v/v) of plant oils
were prepared by suspending the oil in distilled water
containing 0.01% Tween-20, which was added to enhance
the solubility of plant oils. Tested concentrations were
applied to the single leaves of 10-and 12-day-old wheat
and bean plants, respectively, with a hand sprayer. Control treatments consisted of distilled water containing
0.01% Tween-20. The plants were left to air-dry for 2 h,
and then inoculated with 105 and 2x104 urediniospores/ml
suspensions of P. triticina and U. appendiculatus, respectively [23, 25]. The urediniospore suspension was also
applied with a hand sprayer. Inoculated plants were covered with polyethylene bags to maximize the relative humidity so as to facilitate infection. Covered plants were
kept at 18oC for 24 h in darkness, and then kept at 20oC for
10 days without the polyethylene bags. The light intensity
inside the climate room was 10.000 lux (167 µE/m2/s) with
a 12 h supplemental photoperiod [26]. Disease assessments
were made 10 days after inoculation. The number of pustules on primary leaves of wheat and bean was recorded.
The length of assessed wheat leaves was 10 cm. The number of pustules on bean leaves was recorded in a randomly
selected area 10 cm2 in size [23]. Data were converted to
the control percentage as compared to controls. Six replicate determinations were made for each treatment and each
replicate comprised a pot. Analysis of variance was performed, and mean values were separated by LSD test
(P≤0.05). Experiments were conducted twice.
A second pot experiment tested the efficacy of linseed
oil at 0.05, 0.1 and 0.25% (v/v) concentrations to inhibit U.
appendiculatus and P. triticina after inoculation. Bean and
wheat plants were inoculated 24 h before the application of
linseed oil. Inoculation conditions and other details of this
experiment were the same as described above. Data were
converted to the control percentage as compared to controls. Three replicates were made for each treatment, and
each replicate comprised three pots per treatment. The
experiment was conducted twice.
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3. RESULTS AND DISCUSSION
In vitro efficacy of plant oils in inhibiting the germination of the urediniospores of bean rust (Uromyces appendiculatus) and wheat leaf rust (Puccinia triticina) is
presented in Table 1. Depending on the concentration
used, the percentage of inhibition in urediniospore germi-

nation of all tested plant oils ranged from 0 to 100% and 0
to 84.9% against U. appendiculatus and P. triticina, respectively. The results indicate that an increase in the
concentration of the tested oils was associated with a
significant increase in their effectiveness. For both pathogens, there was no inhibition of spore germination at a
concentration of oil in the medium from 0.05 to 0.5%.

TABLE 1 - In vitro efficacy of plant oils in inhibiting the germination of the urediniospores of Uromyces appendiculatus and Puccinia triticina.
Uromyces appendiculatus
Puccinia triticina
Concentration
(%, v/v)
Inhibition over control (%)
0.05
0.0 l*
0.0 k
Castor oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
13.5 jk
9.8 j
2
31.3 e-h
19.4 f-h
2.5
35.5 de
24.2 d-g
0.05
0.0 l
0.0 k
Corn oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
0.0 l
0.0 k
2
33.9 d-f
19.3 f-h
2.5
34.4 d-f
21.7 d-h
0.05
0.0 l
0.0 k
Cottonseed oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
0.0 l
0.0 k
2
14.5 jk
0.0 k
2.5
38.3 c-e
17.4 hi
0.05
0.0 l
0.0 k
Linseed oil
0.1
10.6 k
0.0 k
0.25
23.6 hi
0.0 k
0.5
27.2 f-i
0.0 k
1
51.7 b
0.0 k
2
95.3 a
56.5 b
2.5
100 a
84.9 a
0.05
0.0 l
0.0 k
Olive oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
39.2 cd
0.0 k
2
49.9 b
38.1 c
2.5
51.7 b
42.3 c
0.05
0.0 l
0.0 k
Peanut oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
19.7 ij
0.0 k
2
44.2 bc
0.0 k
2.5
49.8 b
25.1 d-f
0.05
0.0 l
0.0 k
Soybean oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
11.7 k
10.9 ij
2
33.5 d-g
26.6 de
2.5
39.0 c-e
28.1 d
0.05
0.0 l
0.0 k
Sunflower seed oil
0.1
0.0 l
0.0 k
0.25
0.0 l
0.0 k
0.5
0.0 l
0.0 k
1
0.0 l
0.0 k
2
24.3 hi
18.1 gh
2.5
25.6 g-i
20.2 e-h
*Means within columns by unlike letters differ significantly according to LSD test (P≤0.05).
Plant oil
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Only linseed oil at a concentration of 0.1% and higher
inhibited the germination of U. appendiculatus urediniospores. It was only when the tested oils were used at a
concentration of 1% and higher that they significantly
inhibited the germination of urediniospores. Among the
eight plant oils used in the in vitro experiments, only
linseed oil completely inhibited the germination of the
urediniospores of U. appendiculatus at the highest concentration (2.5%) tested. At the same concentration, linseed oil inhibited by 84.9% the germination of the urediniospores of P. triticina. Linseed oil followed by olive oil
and peanut oils in inhibiting the germination of the urediniospores of U. appendiculatus at 2.5% concentration. At
this concentration, inhibition values of both plant oils
were not statistically significantly different. All the plant
oils tested were not effective in inhibiting the germination
of the urediniospores of U. appendiculatus and P. triticina
at 0.05% concentration. In vitro results indicated that all
the plant oils used in this study were more toxic to U.
appendiculatus than to P. triticina. In vitro inhibitory
efficacy of plant oils was much lower than that of in vivo.
In an earlier experiment on roses [27], germination of
Botrytis cinerea Pers. spores on PDA sprayed with a
vegetable oil was significantly lower than that of the control conidia. Similarly, in the protection of willow against
Melampsora epitea Thüm., vegetable oils inhibited the
germination of uredospores to the extent of 70-86% after
7 and 14 days [14]. In turn, a day after spraying pelargonium with vegetable oils against Puccinia pelargoniizonalis Doidge, the germination of urediniospores ranged
from 26 to 55%, compared with 86% on the untreated
control plants [15]. Winder and Van Dyke [28] reported
that the formulation of an unidentified species of Bipolaris in a 1% corn oil emulsion increased spore germination on glass slides. However, oils did not cause increased
germination in all host-pathogen systems investigated.
For instance, Mintz [29] reported that corn oil did not
affect germination of Aposphaeria amaranthi Ellis and
Barthol spores. Linseed or flaxseed (Linum usitatissimum
L.) protein strongly inhibited the growth of the agronomically important pathogen Alternaria solani Sorauer and
the human pathogen Candida albicans C. P. Robin Berkhout [30]. Barbary et al. [31] reported that lignan extracts
from L. usitatissimum showed antifungal activity at 2.5 to
3.0 mg/ml for both Aspergillus flavus Link ex Fr., and
Aspergillus niger van Tieg., respectively. The antimicrobial effect could be attributed to the presence of longchain unsaturated fatty acids like linolenic acid and linoleic acid in the oil. Abdelillah et al. [32] reported that
fatty acid methyl esters isolated from L. usitatissimum
seeds oil were found to be effective in inhibiting the radial
mycelial growth of A. flavus more than Aspergillus
ochraceus Wilhelm on all tested concentrations.
In vivo efficacy of plant oils on the pustules caused
by U. appendiculatus and P. triticina is presented in Table 2. In pot experiments, control efficacy of all tested
plant oils ranged from 0 (castor oil, peanut oil at concen-

trations of 0.05 to 0.1%, and soybean oil at 0.05%) to
95.2% and 17.8 to 100% against U. appendiculatus and P.
triticina, respectively. Linseed oil reduced 44.2, 54.4,
84.9, 93.2 and 95.2% pustules caused by U. appendiculatus at 0.05, 0.1, 0.25, 0.5 and 1% concentrations, respectively. In addition, it reduced 19.4, 45.3, 56.6, 86.4 and
100% pustules caused by P. triticina at 0.05, 0.1, 0.25, 0.5
and 1% concentrations, respectively. Castor oil showed the
lowest control efficacy against both pathogens. Castor oil
and peanut oils at 0.05 and 0.1% concentrations, soybean
oil at 0.05% concentration were ineffective in reducing
pustules caused by U. appendiculatus, whereas all tested
plant oils were found significantly effective in reducing
pustules caused by P. triticina at all concentrations tested.
The tests showed that the efficacy of the oils was dependent on their concentration. For both pathogens, an increase in concentration was associated with increased
efficacy of the oils in reducing the formation of pustules
Linseed oil was ineffective on the control of both U.
appendiculatus and P. triticina when applied 24 h after
pathogen inoculation (Table 3). These data may indicate
that linseed oil has no post-infection activity and should
be used as a protective fungicide.
None of the tested plant oils showed any phytotoxic
effect to bean and wheat leaves, even at the highest concentration applied.
In this study, the difference between the in vitro and
in vivo efficacy shows that specific plant oil-host tissue
interactions may involve biochemical reactions, such as a
host defense mechanism contributing to the control of rust
fungi. In addition, the interaction between plant oil and
agar medium may play an important role.
Vegetable oil-based fungicides could represent a good
alternative to chemical fungicides [17, 33]. These fungicides are effective in controlling some plant pathogens at
low doses and induce little or no resistance in phytopathogenic fungi [20]. Furthermore, they show excellent
spreading and leaf surface adhesion characteristics, have a
low toxicity for human beings due to rapid biodegradation, and have limited environmental impact. The results
presented here, indicating ineffectiveness of linseed oil
used curatively, do not coincide with the results presented
by other authors. Literature data show high effectiveness
of vegetable and mineral oils used curatively in reducing
the development of rust on various plant species. Wojdyła
[16] found that Olejan 85 EC (rape seed oil), depending
on concentration, caused from 1.4 to 3.6-times reduction
in the formation of telia of Puccinia horiana (Henn) on
chrysanthemum, and caused almost 37% of them to turn
brown and decompose. The same author found that vegetable and mineral oils used against P. pelargonii-zonalis
reduced the formation of uredia by 50% and caused more
than 50% of pustules to dry up [15]. Also oils used curatively against M. epitea on willow strongly inhibited the
formation of pustules and, depending on the oil used,
caused from 7 to 72% of uredinia to dry up.
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TABLE 2 - In vivo efficacy of plant oils on the pustules caused by Uromyces appendiculatus and Puccinia triticina in pot experiments.
Uromyces appendiculatus
Puccinia triticina
Concentration
(%, v/v)
Control efficacy (%)
Castor oil
0.05
0.0 m*
17.8 r
0.1
0.0 m
24.1 p-r
0.25
16.0 l
30.0 n-r
0.5
18.7 l
41.5 j-o
1
36.9 e-j
50.4 g-k
0.05
23.3 j-l
36.9 k-p
Corn oil
0.1
32.9 h-k
37.6 j-p
0.25
35.0 f-k
43.5 i-n
0.5
42.7 d-i
43.9 i-n
1
60.7 b
74.0 b-d
0.05
29.7 i-l
19.7 qr
Cottonseed oil
0.1
44.7 c-h
64.4 d-g
0.25
45.5 c-h
65.5 d-f
0.5
47.5 b-g
65.8 d-f
1
58.0 bc
84.0 bc
0.05
44.2 c-h
19.4 qr
Linseed oil
0.1
54.4 b-d
45.3 i-m
0.25
84.9 a
56.6 e-i
0.5
93.2 a
86.4 ab
1
95.2 a
100 a
0.05
17.6 l
33.8 m-q
Olive oil
0.1
34.1 g-k
48.1 i-m
0.25
36.8 e-j
49.3 h-l
0.5
42.7 d-i
69.7 c-e
1
51.5 b-d
83.5 bc
0.05
0.0 m
25.1 p-r
Peanut oil
0.1
0.0 m
34.7 m-p
0.25
21.8 kl
63.3 d-h
0.5
33.1 h-k
68.1 de
1
56.7 bc
83.9 bc
0.05
0.0 m
25.9 p-r
Soybean oil
0.1
18.9 l
26.8 p-r
0.25
34.5 f-k
27.3 o-r
0.5
40.7 d-i
51.7 f-j
1
48.4 b-f
82.8 bc
0.05
35.0 f-k
18.6 r
Sunflower seed oil
0.1
46.9 b-h
24.2 p-r
0.25
47.9 b-g
35.5 l-p
0.5
49.5 b-e
75.9 b-d
1
54.4 b-d
83.3 bc
*Means within columns by unlike letters differ significantly according to LSD test (P≤0.05).
Plant oil

TABLE 3 - Post-infection activity of linseed oil on the pustules caused by Uromyces appendiculatus and Puccinia triticina in a pot experiment.
Uromyces appendiculatus
Concentration
(%, v/v)
0.05
0.0
Linseed oil
0.1
0.0
0.25
0.0
Linseed oil was applied 24 h after pathogen inoculation.
Plant oil

Martin et al. [20] showed that mineral, vegetable and
fish oils reduced severity of grapevine powdery mildew
caused by Uncinula necator (Schwein.) Burrill. Northover
and Schneider [33] reported that oil treatments were more
effective if applied as curative rather than preventive
products against grapevine powdery mildew.
Northover and Schneider [33] found that sunflower,
olive, canola, corn, soybean, and grape seed oils emulsified with a chemical surfactant Agral 90 were equally

Puccinia triticina
Control efficacy (%)
0.0
0.0
0.0

effective in providing over 99% control of powdery mildew of apple caused by Podosphaera leucotricha (Ellis &
Everh. E. S. Salmon), when applied to apple foliage 1 day
before or 1 day after inoculation. Ko et al. [19] also reported that plant oils emulsified with Tween-80 greatly
reduced powdery mildew of tomato caused by Oidium
neolycopersici Kiss, and that sunflower oil was the most
effective. Northovar and Schneider [17] reported that
canola and soybean oils were effective in controlling
powdery mildew of grape, but not against downy mildew
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of grapevine caused by Plasmopara viticola (Berk. &
M.A. Curtis) Berl. The oils showed only slight prophylactic activity against apple scab caused by Venturia inaequalis (Cooke) G. Wint., and their level of control was
not much different from that of a surfactant, Agral 90,
used to emulsify the oils [33].
Oils have a fungistatic effect rather than fungicidal
effect, possibly indicating a temporary effect on host
physiology [17]. Calpouzos et al. [34] and Whiteside [35]
also found that oils exert a therapeutic action not directly
on the pathogen, but rather through an alteration in the
physiology of the host.
The plant oils have several advantages in controlling
rust diseases because they are not expensive, easy to prepare, and friendly to the environment and human health.
Besides, they can be used for large scale applications to
control rust diseases as well as their potential use in organic farming.
Experimental in vivo results on the potential of plant
oils to control rust infections of bean and wheat plants
under controlled conditions contribute to the assessment
of the application potential of the plant oils under field
conditions in sustainable agriculture.
The present study is the first report on the use of plant
oils against bean rust and wheat leaf rust.

Casals, C., Teixido, N., Vinas, I., Cambray, J. and Usall, J.
(2010) Control of Monilinia spp. on stone fruit by curing
treatments. Part II: The effect of host and Monilinia spp.
variables on curing efficacy. Postharvest Biol. Technol. 56:
26-30.

[5]
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(2013) Biological and chemical resistance inducers approaches for controlling foliar diseases of some vegetables
under protected cultivation system. J. Plant Pathol. Microb.
4: 1-9.

[6]

Stavely, J. R., Kelly, J. D. and Grafton, K. F. (1994) BelMiDak-rust-resistant navy dry beans germplasm lines.
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[7]

Kolmer, J. A. (2003) Postulation of leaf rust resistance genes
in selected soft red winter wheats. Crop Sci. 43: 1266-1274.
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Kolmer, J. A. (1996) Genetics of resistance to wheat leaf
rust. Annu. Rev. Phytopathol. 34: 435-455.
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Yuen, G. Y., Steadman, J. R., Lindgren, D. T., Schaff, D.
and Jochum, C. (2001) Bean rust biological control using
bacterial agents. Crop Prot. 20: 395-402.
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4. CONCLUSIONS
In vivo results indicated that the use of plant oils
could be a valid treatment to control infections caused by
U. appendiculatus and P. triticina. These plant oils could
potentially be used alone in organic growing or in rotation
with synthetic fungicides in an integrated pest management (IPM) program in the conventional bean and wheat
growing. Unlike many fungicides, resistance to plant oils
has not been reported yet. The findings of present investigation could be an important step towards using natural
plant products as fungicides in plant disease control. The
application of plant oils for the control of rust diseases of
bean and wheat could be less expensive, easily available,
non-polluting and eco-friendly.
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ABSTRACT
A novel lanthanum containing layered double hydroxide with the carbonate interlayer (Mg/Fe/La-CO3) and its
calcined product were successfully synthesized and used
for the removal of six kinds of acid dyes from aqueous
solutions. Effects of various factors such as solution pH,
different coexistent anions and contact time on the removal performances of acid dyes were investigated; while
the adsorption isotherms and adsorption kinetics were
analyzed. Results showed that the combination of lanthanum into a general Mg-Al-CO3 layered double hydroxide
and its calcined product significantly improved their adsorption efficiencies. It was found that the calcined product exhibited a considerable increment in adsorption capacity compared with the original material. This enhancement was attributed to the layer structure reconstruction
of the calcined product after the adsorption of acid dyes
and verified by the X-ray diffraction analysis result. For
different acid dyes, the maximum adsorption capacities
were related with the anionic charges and molecule weight
of the acid dyes. The possible orientations of different
acid dye anions in the host matrix of reconstructed layered double hydroxide were proposed. The regeneration
experiment indicated that the calcined layered double
hydroxide synthesized in this work was a potential reused
efficient adsorbent for acid dyes.
KEYWORDS: Layered double hydroxides; Calcined product; Acid
dyes; Adsorption; Structure reconstruction; Water pollution

1. INTRODUCTION
Water pollution has always been a hot global issue of
mankind and attracted much attention of scientific research.
Due to the wide use in many industries such as dyestuffs,
* Corresponding author

textiles, papers, and plastics for the coloration of products, dyes have become one of the most common water
pollutants and are frequently found in industrial wastewaters. Over 100,000 kinds of commercially available dyes
exist and more than 7×105 tons per year are produced
annually [1, 2]. About two percent of dyes synthesized are
discharged directly in effluents. Many of these dye wastes
are toxic and even carcinogenic, this poses a serious hazard to human health and aquatic ecosystems [3, 4]. Hence,
the removal of dyes from water environment has been one
of the most important environmental concerns.
However, wastewaters containing dyes are difficult to
treat because of their inert properties. Traditionally, physical, chemical and biological methods such as membrane
filtration/reverse osmosis [5, 6], ion exchange [7, 8], electrochemical techniques [9, 10], chemical oxidation [11,
12], ozonation [13, 14], activated sludge and bacterial
action [15, 16] have been applied for the decontamination
of dye polluted water environment.
In addition to these methods, adsorption process, which
has wide applicability in wastewater treatment, has been
the well-known accepted treatment method. It has several
advantages like high effectiveness, trouble-free operation,
easy revival and reprocessing of adsorbent, and shows the
availability of different dyes. Numerous studies have been
made by different researchers, and various kinds of adsorption materials including activated carbon [17-19], zeolite
[20, 21], fly ash [22], clays [23, 24], chitosan [25], polymer
[26, 27], peat [28], nanomaterials [29, 30], pumice [31],
etc., have been investigated and found to be capable of
removing dyes from wastewater.
Layered double hydroxides (LDHs), also known as
hydrotalcite-like compounds (HTlc) or anionic clays and
their calcined products (calcined layered double hydroxides, CLDHs), have been widely used as adsorbents and
attracted considerable attentions in the recent decades.
They can be represented by this general formula, [MII1−xMIIIx
(OH)2]x+(An-)x/n·mH2O, abbreviated as [MII-MIII-A], where
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MII is divalent cation like Mg2+, Zn2+, Cu2+, etc., MIII is
trivalent cations like Al3+, Cr3+, Fe3+, etc., An- denotes
exchangeable interlayer anion with negative charge n, m
is the number of interlayer water and x is defined as the
MIII/(MII+MIII) ratio.
LDHs materials can show different properties with alteration of the composition, layer charge density, structural order, etc. Thus these materials can be applied in
many fields, such as catalysis, anion-exchange, functional
molecule material, electroactive and photoactive material,
biology and medicine, concrete and flame retardants, as
well as environmental remediation [32, 33]. Thanks to the
effort of worldwide researchers in recent decades, it is
found that a wide range of contaminants can be removed
from industrial effluents or wastewater by LDHs, modified LDHs or calcined LDHs [34, 35]. LDHs can uptake
target molecules from a solution by two basic mechanisms: (1) adsorption; (2) intercalation by anion exchange.
By being heated at temperature about 773 K, LDHs may be
converted into mixed oxides. These calcined LDHs
(CLDHs) with high anion capacity, larger surface area,
porosity and basicity, are considered as effective adsorbents. In particular, one important property of CLDHs is
the so-called “memory effect”, that is, the resulting mixed
oxides can reconstruct the original layered structure after

adsorption of various anions. Due to their good performances in adsorption process, CLDHs can be applied for
the removal of acid dyes from aqueous solutions with
memory effects.
Our previous investigation has shown that the synthesized Mg-Fe-CLDH was efficient and had a much higher
adsorption capability for the dye acid brown 14 compared
with that the Mg-Fe-LDH [36]. However, as far as we
know, the effect of rare earth metal addition in the LDHs
and CLDHs for acid dyes removal has not been investigated, and the researches on the adsorption performances
towards a series of acid dyes by these LDHs or CLDHs
materials are still not reported. The objective of this work
is to synthesize a more efficient layer double hydroxide
with the addition of lanthanum and investigate the effect
of layer structure reconstruction of the CLDH material on
the enhancement of adsorption efficiency for a series of
acid dyes.
In this paper, a lanthanum containing three-metal layered double hydroxide with the carbonate interlayer Mg/
Fe/La-CO3 (Mg-Fe-La-LDH) and its calcined product (MgFe-La-CLDH) were synthesized, and used as the adsorbents to remove six kinds of acid dyes (acid red 17, acid
red 27, acid red 66, acid red 88, acid brown 14 and acid
blue 74 with the structures shown in Figure 1) in aqueous

FIGURE 1 - Chemical structures of six kinds of acid dyes used in this paper.
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solutions. The effects of various experimental conditions
such as solution pH, contact time and different coexistent
anions were studied. The difference of the adsorption performances towards these acid dyes between Mg-Fe-LaLDH and Mg-Fe-La-CLDH was analyzed, and the possible reasons and mechanisms related to the memory effect
were also discussed.
2. MATERIALS AND METHODS
2.1 Materials

Chemicals including Mg(NO3)2·6H2O, FeCl3·6H2O,
La(NO3)3·6H2O, NaOH and Na2CO3 used in the synthesis
process, and acid dyes including acid red 17 (AR 17, C.I.:
16180), acid red 27 (AR 27, C.I.: 16185), acid red 66 (AR
66, C.I.: 26905), acid red 88 (AR 88, C.I.:15620), indigo
carmine (acid blue 74, AB 74, C.I.:73015) and acid brown
14 (AB 14, C.I.: 20195) used in the experiments were
purchased from Sinopharm Chemical Regent Co., Ltd. All
the chemicals were used without further purification. The deionized water was used for preparing the sample solutions.
2.2 Preparation of LDH and CLDH

The Mg/Fe/La-CO3 LDH material was synthesized by
the co-precipitation method at room temperature. A mixed
solution containing Mg(NO3)2·6H2O (60 mmol), FeCl3·6H2O
(14.25 mmol) and La(NO3)3·6H2O (0.75 mmol) with Mg2+/
(Fe3++La3+) ratio of 4 was made in 100 ml de-ionized water.
Another solution containing NaOH (100 mmol) and Na2CO3
(200 mmol) was prepared in 100 ml de-ionized water.
These two solutions were added drop-wise with stirring to
100 ml de-ionized water. During the reaction process, the
solution pH was kept at about 10.5 by addition of appropriate amounts of NaOH and HCl solutions. The resulting
slurry was aged for 20 hours at 353 K and then centrifuged, washed with de-ionized water until the pH of supernate reached 7. After that, the solid product was dried
at 353 K, and the final product with carbonate interaction
was named as Mg-Fe-La-LDH in this article.
The calcined Mg/Fe/La-CO3 LDH (named as Mg-FeLa-CLDH) was obtained by heating the original LDH in a
muffle furnace at 773 K for 4 h in an air atmosphere with
heating and cooling rates of 2 K·min-1. Both the calcined
and uncalcined LDHs were ground prior to analysis or use
in adsorption experiment for dyes.
Syntheses of the Mg/Fe-LDH with carbonate intercalation and its calcined product Mg/Fe-CLDH followed
similarly the procedures described previously.

adsorption-desorption at 77 K on a Quanta Chrome Autosorb-Iq-Mp analyzer (Quanta Chrome Instruments, USA).
The X-ray diffraction patterns of the LDH and CLDH
materials were measured on a D-8 Advance X-ray diffractometer (Bruker-AXS, Germany) with Cu Kα radiation operated at 40 kV and 40 mA. Fourier transfer infrared (FTIR) spectra were recorded on a Thermo Nicolet
5700 (Thermo Nicolet Corporation, USA) FTIR instrument, in the range 400-4000 cm-1. Samples were mixed
with oven dried spectroscopic grade KBr and pressed into
disks. Thermo analytical measurements were performed
using a SDT Q600 simultaneous thermal analyzer, and
samples were heated from room temperature to 973 K.
Scanning electron microscopy (SEM) images were recorded with a field emission XL-30 SEM.
2.4 Adsorption experiments and methodology

Adsorption experiments were carried out by the batch
equilibrium technique at the temperature of 298 K. The
adsorbents Mg-Fe-La-LDH or Mg-Fe-La-CLDH (20 mg)
were dispersed in 100 mL aqueous solutions with different dyes. The effects of solution pH, different coexistent
anions (Cl-, NO3-, SO42-, HPO42-, and CO32-) and contact
time were investigated. The initial concentration of dyes
varied between 5 and 100 mg·L-1. The resulting suspensions were shaken at 150 rpm for 24 hours to ensure reaching the state of equilibrium. After filtration, the adsorbent
was separated, dried and then analyzed by XRD. The residual dye concentration was determined by UV-vis spectroscopy method using a UV-3200PC spectrophotometer.
The maximum absorbance wavelengths of the used acid
dyes are 523 nm (AR 17), 520 nm (AR 27), 505nm (AR
66), 505 nm (AR 88), 464 nm (AB 14), 608 nm (AR 74),
respectively.
The amounts of dyes removed by the adsorbent,
Q(mg·g-1), was calculated as follows:

(1)
where C0 and Ce are the initial and equilibrium solution concentrations, V is the volume of dye solution (L)
and m is weight of the sorbent (g).
The adsorption isotherms of dyes onto the synthesized Mg-Fe-La-LDH and Mg-Fe-La-CLDH were investigated. Adsorption data were analyzed using the Langmuir, Freundlich and Dubinin-Radushkevish (D-R) isotherms models.
The Langmuir equation in linearized form is [37]:

2.3 Characterization of Mg-Fe-La-LDH and Mg-Fe-La-CLDH

The chemical composition of the synthesized LDH
and CLDH materials was determined by optima 2100DV
Inductively coupled Plasma Optical Emission Spectrometry (ICP-OES) after dissolving the samples in concentrated
nitric acid. The surface area and pore structure of the MgFe-La-LDH and Mg-Fe-La-CLDH were analyzed by N2

(2)
where Ce (mg·L-1) is the equilibrium concentration,
qm (mg·g-1) and qe (mg·g-1) are the maximum and equilibrium adsorption capacity, KL(L·mg-1) is the Langmuir
adsorption constant.
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The Freundlich isotherm model can be written as
[37]:

(3)
-1

where KF (L·mg ) is the Freundlich constant and 1/n
is the heterogeneity factor.
The Dubinin-Redushckevich (D-R) isotherm model
can be expressed as [38]:
(4)
2

-2

where KD (mol ·kJ ) is the D-R isotherm constant, ε
is the Polanyi potential, which is equal to RT ln(1 + 1/Ce),
R is the universal gas constant (8.314 J·mol-1·K-1), T (K) is
the absolute temperature.

asymmetric peaks of (012), (015) and (018) planes, which
are characteristic planes of hydrotalcite-like materials
with hexagonal crystal system assuming a 3R packing of
layers [39]; and no other crystalline phases were present.
The basal spacing (d003) of LDHs was 0.78 nm, which
agreed well with values reported by other authors. It means
that a novel kind of layered double hydroxides was successfully synthesized. In regard to the XRD pattern of the
Mg-Fe-La-CLDH, it displayed the characteristic of MgO
phase (JCPDS No: 30-794), owing to the fact that decarbonation and dehydroxylation took place during calcinations resulting in the collapse of layered structure and
formation of mixed metal oxides, and yet the lattice parameters were smaller than those for pure MgO due to the
inclusion of Fe3+ and La3+ in the MgO lattice.

The mean free energy of adsorption (E, kJ·mol-1), can
be calculated as:

(5)
The value of E is usually used to estimate the adsorption type. If the value is less than 8 kJ·mol-1, the adsorption type can be explained by physical adsorption; when it
is between 8 and 16 kJ·mol-1, the adsorption process is
explained by ion exchange. If it is between 20 and 40
kJ·mol-1, the adsorption process can be considered as
chemical adsorption.
2.5 Regeneration experiment of Mg-Fe-La-CLDH

In order to recover the Mg-Fe-La-CLDH, after the
uptake of the dyes, the adsorption product was submitted
to calcination at 773 K for 4 h. The calcined product thus
obtained was then rehydrated for its further reconstruction, in presence of the dye anions, in order to determine
if it can be reutilized. A portion of the original Mg-Fe-LaCLDH (400 mg) was placed in 200 ml of a 1000 mg·L-1
AR 66 solution and then the resulting material was calcined again (the first cycle). A portion of the first cycle
Mg-Fe-La-CLDH (250 mg) was placed in 150 ml of a
1000 mg·L-1 AR 66 solution and the resulting material
was calcined once again (the second cycle). The adsorption performances of the original, first and second cycle
CLDHs materials were compared.

FIGURE 2 - XRD patterns of the Mg-Fe-La-LDH and Mg-Fe-LaCLDH.

3. RESULTS AND DISCUSSIONS
3.1 Characterization of Mg-Fe-La-LDH and Mg-Fe-La-CLDH

FIGURE 3 - FT-IR spectrum of the Mg-Fe-La-LDH.

3.1.1 XRD analysis

The XRD patterns of the synthesized Mg-Fe-La-LDH
and Mg-Fe-La-CLDH samples are shown in Figure 2. The
XRD pattern of the LDH exhibited a typical layered double hydroxide structure with sharp and symmetric reflections for (003), (006), (110), and (113) planes, and abroad

3.1.2 FTIR spectroscopy

The FTIR spectrum of synthesized Mg-Fe-La-LDH is
shown in Figure 3. It resembled those of other hydrotalcite-like phases [40, 41]. The strong and broad absorbance
bands around 3490 cm-1, which was associated with the
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stretching vibration of hydrogen-bonded hydroxyl groups
from both the hydroxide layers and interlayer water, were
typical for these spectra. A bending vibration band in
correspondence to water deformation, δ (H2O), was found
at 1637 cm-1. The active absorption bands arising from the
carbonate anion, ν3(CO32-), ν2(CO32-), and ν4(CO32-), were
observed at 1384 cm-1, 856 cm-1, and 669 cm-1 respectively. The band of 1507 cm-1 (ν3(CO32-)ads)and 1062 cm-1
(ν1(CO32-)) suggested a lowering of the symmetry of the
carbonate ion. The bands recorded in the low-frequency
region of the spectrum (<600 cm-1) can be interpreted as
lattice vibration modes such as M–O–H vibration and O–
M–O stretching.

according to the IUPAC classification with a H3-type
hysteresis loop for desorption isotherm, which is the characteristic feature of mesoporous materials as a result of
capillary condensation. It is noted that the adsorption
isotherms do not present a plateau at high P/P0 values and
not exhibit limiting uptake in relatively high P/P0 range.
And H3-type hysteresis loop comes out of slit-shaped
pores of packing plate-like particles. These results showed
that the multilayered physic-sorption of N2 was taking
place between the aggregates of platelets particles and
accounted for the lamellar morphology of the materials.

3.1.3 Thermo analysis

The TG-DTA result of the synthesized Mg-Fe-LaLDH is shown in Figure 4. It was found that the LDH
material had typical characteristics as described in a previous reports [42]. There were three weight loss temperature intervals. The first was at about 140 °C, resulting
from the removal of the surface and interlayer water molecules; the second weight loss was at about 350 °C, when
decarbonation and dehydroxylation took place resulting in
the formation of mixed oxides; finally, phase separation
induced by calcination gave birth to another weight loss at
650 °C. The corresponding endothermic peaks appeared
around 167 °C, 365 °C, and 654 °C, respectively.
FIGURE 5 - N2 adsorption/desorption isotherms and pore size
distribution (inset) of the Mg-Fe-La-LDH and Mg-Fe-La-CLDH.

FIGURE 4 - TG-DTA curve of the Mg-Fe-La-LDH.
3.1.4 Surface area and pore size analysis

The N2 adsorption and desorption isotherms of the
synthesized Mg-Fe-La-LDH and calcined product (MgFe-La-CLDH) are shown in Figure 5. Both of them were
similar and followed the type IV adsorption isotherms

The surface areas were calculated by the BrunauerEmmett-Teller (BET) method, the pore size distribution
(shown in inset of Figure 5) and total volume were determined by the Brunauer-Joyner-Hallenda (BJH) method
applied to the desorption branch, and t-plot method was
used to figure up the micropore volume. As shown in
Table 1, compared with those of the Mg-Fe-La-LDH, the
surface area, pore volume and average pore size of the
Mg-Fe-La-CLDH increase obviously. This agreed with
the conclusion that calcined LDHs performed better surface and porosity properties [42]. The reasonable C-value
indicated the applicability of BET method to the materials, the absence of micropores was ascertained and the
average pore size fitted the size range of mesporous materials. These results demonstrated the mesoporous structures and high surface area of the synthesized Mg-Fe-LaLDH and Mg-Fe-La-CLDH.

TABLE 1 - BET surface area and porosity characteristics of the Mg-Fe-La-LDH and Mg-Fe-La-CLDH.
BET surface area
(m2·g-1)

C-value in
BET equation

Pore volume
(ml·g-1)

Average pore size
(nm)

Micropore volume
(ml·g-1)

LDH

69.6

120.7

0.336

13.1

0

CLDH

90.2

131.3

0.565

24.1

0

Materials
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3.1.5 Chemical analysis of Mg-Fe-La-LDH and Mg-Fe-LaCLDH

Chemical analysis results for the synthesized Mg-FeLa-LDH and Mg-Fe-La-CLDH are shown in Table 2. It
can be found that the molar ratio of Mg2+/(Fe3+ + La3+) for
the LDH and CLDH was nearly the same, which was
close to the initial value of starting solution; and the molar
ratio of La3+/(Fe3+ + La3+) was familiar, too. It indicated
that calcination did not alter the metal composition of the
materials. The little difference between the materials and
its initial value can be attributed to incomplete incorporation of the cations inside the layers. Considering the general formula of the LDHs and CLDHs, the chemical composition of the synthesized LDH and CLDH were obtained and given in Table 2.
3.1.6 SEM images

The SEM micrographs results of the synthesized MgFe-La-LDH and Mg-Fe-La-CLDH are shown in Figure 6.
The characteristics of general hexagonal-shaped crystallite and plate-like morphology were observed in both of
the samples. This was in agreement with the result of the
N2 adsorption-desorption analysis. As mentioned before,
the hysteresis loop exhibited by the LDHs and CLDHs
materials suggested that it was an aggregate of plate-like
particles with slit-shaped pores. In addition, fine pores
that generated at the brucite-like layers from CO2 and
H2O vapor evolution during thermal decomposition, accounting for the increase in specific surface area, were
also observed for the calcined sample.

3.2 Effect of lanthanum addition

In order to investigate the effect of lanthanum addition in LDHs and CLDHs for the acid dyes removal,
comparison experiments were conducted. The adsorption
capacities of several adsorbents (Mg-Fe-LDH, Mg-Fe-LaLDH, Mg-Fe-CLDH and Mg-Fe-La-CLDH) for the six
different kinds of acid dyes were shown in Figure 7. It
indicated that the LDH and CLDH materials containing
lanthanum exhibited higher adsorption ability.
3.3 Effect of initial solution pH

Since pH is considered to be an important parameter
in aqueous adsorption processes, the influence of initial
solution pH on AR 66 adsorption onto the synthesized
Mg-Fe-La-LDH and Mg-Fe-La-CLDH is illustrated in
Figure 8. The dosage of adsorbent was 20 mg with the
solution volume 100 ml, and the initial concentration of
AR 66 was 10 mg·L-1 and 100 mg·L-1, respectively. The
results showed that, under the experimental conditions,
the adsorption capacity of AR 66 on the Mg-Fe-La-LDH
and Mg-Fe-La-CLDH was approximately constant at
different solution pH values ranging from 4 to 9, which
was consistent with previous studies [40]. It indicated that
the effect of initial pH within the studied range on the
adsorption of AR 66 was not significant. And the Mg-FeLa-CLDH exhibited a considerably higher adsorption
capacity for AR 66 compared with the LDH. Based on
these experiments, the solution pH was set as 6 for all
further experiments, as it is close to the actual water environmental conditions.

TABLE 2 - Chemical analysis of the Mg-Fe-La-LDH and the Mg-Fe-La-CLDH.
Materials

M( M2+/M3+)a

M(La3+)/ %b

m(Mg2+)/%c

m(Fe3+)/%d

m(La3+)/%e

Chemical composition

LDH

4.41

4.67

23.1

11.5

1.4

[Mg0.815Fe0.176La0.009(OH)2](CO3)0.092•0.857H2O

CLDH
4.38
4.63
38.0
19.0
2.3
Mg0.745Fe0.162La0.008O
Molar ratio of M2+/M3+. b Molar ratio of La3+/(La3++Fe3+). c Mass content of Mg2+ in materials. d Mass content of Fe3+ in materials. e Mass content of
La3+ in materials.
a

FIGURE 6 - SEM images of the synthesized Mg-Fe-La-LDH (a) and Mg-Fe-La-CLDH (b).
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FIGURE 7 - Effect of lanthanum addition on acid dyes adsorption. (Initial acid dyes concentration was 20 mg·L-1 and 100 mg·L-1 for LDH
and CLDH, respectively; the dosage of adsorbents was 0.2 g·L-1; the initial pH of solution was 6.)

3.4 Effect of coexistent anions

FIGURE 8 - Effect of pH on AR 66 adsorption onto Mg-Fe-La-LDH
and Mg-Fe-La-CLDH. (Initial acid dyes concentration was 10 mg·L-1
and 100 mg·L-1 for LDH and CLDH, respectively; the dosage of
adsorbents was 0.2 g·L-1.)

The effect of several possible coexistent anions in
water environment on the acid dyes adsorption by the
synthesized LDH and CLDH has been investigated. The
results are shown in Figure 9, and AR 66 was taken as the
adsorbate sample. The anions included the hydrogen
phosphate, carbonate, sulfate, chloride and nitrate ions,
and different ratios of coexistent anion to AR 66 were
considered. The result indicated that the adsorption of AR
66 was close related with the type of competitive anions,
and the Mg-Fe-La-LDH and Mg-Fe-La-CLDH exhibited
similar trend. Generally, HPO42-, and CO32- showed an
obvious inhibiting effect and the inhibiting degree increased with the increasing anions concentrations, while
the inhibiting effect of SO42-, Cl-, and NO3- was not obvious. Thus, the order in their inhibiting effect on the AR 66
adsorption followed HPO42-> CO32-> SO42- (Cl-, NO3-).

FIGURE 9 - Effect of coexistent anions on AR 66 adsorption onto Mg-Fe-La-LDH and Mg-Fe-La-CLDH. (Initial acid dyes concentration was
10 mg·L-1 and 100 mg·L-1 for LDH and CLDH, respectively; the dosage of adsorbents was 0.2 g·L-1; the initial pH of solution was 6.)
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3.5 Adsorption kinetics

In order to investigate the adsorption kinetics of acid
dyes adsorption onto the synthesized Mg-Fe-La-LDH and
Mg-Fe-La-CLDH, the evolution of the adsorption process
in respect to contact time for AR 66 was studied and the
results were included in Figure 10. In terms of the kinetics
study for LDH, the adsorption rate was fast at the first 2
hours as the adsorption sites were abundant and more
available at the beginning, and the adsorption equilibrium
state was reached after a contact time of 12 hours. With
respect to the kinetics study of CLDH, the adsorption rate
was fast during the initial 6 hours, and then the adsorption
process slowed down and gradually reached the equilibrium state after 36 hours. The different behaviors in adsorption kinetics between these two materials might be
caused by the fact that the adsorption occurs probably by
surface adsorption for the Mg-Fe-La-LDH, while both
surface adsorption and reconstruction mechanism occurred for the Mg-Fe-La-CLDH.

FIGURE 10 - Effect of contact time on AR 66 adsorption onto MgFe-La-LDH and Mg-Fe-La-CLDH. (Initial acid dyes concentration
was 10 mg·L-1 and 100 mg·L-1 for LDH and CLDH, respectively; the
dosage of adsorbents was 0.2 g·L-1; the initial pH of solution was 6.)

In order to elucidate the adsorption kinetics process,
the data of adsorption kinetics experiment were analyzed
using the pseudo-first-order and pseudo-second-order kinetic models. The pseudo-first-order and pseudo-secondorder kinetic models can be expressed as follows:
(6)

(7)

where qe (mg·g-1) and qt (mg·g-1) represent the adsorption amount of the adsorbate at equilibrium and at time t,
respectively; k1 (min-1) and k2 (g·(mg·min)-1) are the adsorption rate constant of the pseudo-first-order and pseudosecond-order kinetic models. The parameters of these two
kinetic models and the correlation coefficients (R2) were
obtained and shown in Table 3.
Obviously, the kinetic data were fitted much better to
pseudo-second-order kinetic model according to the correlation coefficients (R2). This indicated that the adsorption system for both Mg-Fe-La-LDH and Mg-Fe-La-CLDH
was a second order adsorption kinetics system.
3.6 Adsorption isotherms

By using Langmuir, Freundlich and D-R isotherm models, the data of the adsorption isotherms for the adsorption
of different acid dyes onto the synthesized LDH and
CLDH were analyzed. The acquired parameters for LDH
and CLDH were given in Table 4 and Table 5, respectively. It showed that the data fitted well to the Langmuir
equation in accordance to the correlation coefficients (R2),
and the adsorption isotherms fitted by Langmuir isotherm
models were shown in Figure 11. The calculated maximum
adsorption capacity from Langmuir model for different acid
dyes onto LDH and CLDH was shown in Table 6. It can be
found that the maximum adsorption capacity increased
significantly after calcination, as all of the maximum
adsorption capacities for calcined product (Mg-Fe-LaCLDH) were much higher than that for original LDH. As
for the adsorption of AR 88, AR 17 and AR 27 onto the
LDH and CLDH materials, the maximum adsorption
capacity decreased with the increasing anionic charges of
the acid dyes. Meanwhile, in terms of the adsorption results of AB 74, AR 66 and AB 14, the maximum adsorption capacity (both in mg·g-1 and mmol·g-1) on the Mg-FeLa-CLDH decreased with the increasing molecule weight
of acid dyes, but there was not similar trends about the
maximum adsorption capacity on the Mg-Fe-La-LDH.
3.7 Adsorption mechanism

In order to understand the reason of higher uptake performances for acid dyes on the Mg-Fe-La-CLDH compared
with that of Mg-Fe-La-LDH, the XRD patterns before and
after adsorption for the Mg-Fe-La-LDH, and Mg-FeLa-CLDH, were determined. The results were given in
Figure 12. It can be clearly observed that the typical
peaks for the LDHs reappeared for the Mg-Fe-La-CLDH
after the adsorption of all the six dyes.

TABLE 3 - Adsorption kinetic parameters for adsorption of AR 66 on Mg-Fe-La-LDHs and Mg-Fe-La-CLDH. (Initial acid dyes concentration was 10 mg·L-1 and 100 mg·L-1 for LDH and CLDH, respectively; the dosage of adsorbents was 0.2 g·L-1; the initial pH of solution was 6.)

LDH

Pseudo first-order kinetic model
qe/mg·g-1
K1/min-1
43.4
0.04288

R2
0.890

Pseudo second-order kinetic model
qe/mg·g-1
K2/g·(mg·min)-1
45.6
0.00167

R2
0.991

CLDH

380.5

0.962

443.9

0.995

Materials

0.00423
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FIGURE 11 - Adsorption isotherms for acid dyes adsorption onto Mg-Fe-La-LDH and Mg-Fe-La-CLDH. (Initial acid dyes concentration
ranged from 5 to 50 mg·L-1 and 10 to 100 mg·L-1 for LDH and CLDH, respectively; the dosage of adsorbents was 0.2 g·L-1; the initial pH of
solution was 6.)

TABLE 4 - Isotherm parameters for adsorption of different acid dyes on Mg-Fe-La-LDH. (Initial acid dyes concentration ranged from 5 to
50 mg·L-1; the dosage of adsorbents was 0.2 g·L-1; the initial pH of solution was 6.)
Dyes

Langmuir isotherm model
qm/mg·g-1
KL/L·mg-1

R2

Freundlich isotherm model
KF/mg1-1/nL1/n·g-1
1/n

R2

D-R isotherm model
qm/mmol·g-1
E/kJ·mol-1

R2

AR 88
AR 17
AR 27
AB 74
AR 66
AB 14

140.9
139.3
67.1
91.7
75.8
119.0

0.989
0.995
0.998
0.995
0.999
0.999

61.9
70.9
37.1
46.0
43.5
67.0

0.960
0.907
0.987
0.978
0.886
0.900

0.412
0.338
0.123
0.214
0.164
0.236

0.972
0.951
0.988
0.942
0.960
0.971

0.772
1.37
0.867
0.470
1.94
2.10

0.255
0.224
0.167
0.184
0.177
0.194

10.9
12.1
13.2
12.0
13.0
13.8

TABLE 5 - Isotherm parameters for adsorption of different acid dyes on Mg-Fe-La-CLDH. (Initial acid dyes concentration ranged from 10
to 100 mg·L-1; the dosage of adsorbents was 0.2 g·L-1; the initial pH of solution was 6.)
Dyes
AR 88
AR 17
AR 27
AB 74
AR 66
AB 14

Langmuir isotherm model
KL/L·mg-1
qm/mg·g-1
416.7
3.00
320.5
0.413
294.1
0.756
588.2
0.680
454.5
1.83
384.6
8.67

R2
0.999
0.996
0.998
0.982
0.998
0.999

Freundlich isotherm model
KF/mg1-1/nL1/n·g-1
1/n
248.0
0.187
145.3
0.183
166.6
0.131
254.1
0.232
265.5
0.139
266.1
0.127

R2
0.739
0.968
0.819
0.885
0.811
0.726

D-R isotherm model
qm/mmol·g-1
E/kJ·mol-1
1.24
13.5
0.673
11.6
0.494
16.0
1.33
12.2
0.864
16.1
0.694
18.5

R2
0.799
0.962
0.857
0.849
0.868
0.787

TABLE 6 - Comparison of maximum adsorption capacity for different acid dyes on Mg-Fe-La-LDH and Mg-Fe-La-CLDH.

Anionic charge
Formula weight /g·mol-1
Adsorption capacity /mmol·g

-1

LDH
CLDH

AR 88
-1

AR 17
-2

AR 27
-3

AB 74
-2

AR 66
-2

AB 14
-2

400.38

502.43

604.48

466.35

556.48

622.54

0.352
1.041

0.277
0.638

0.111
0.487

0.197
1.261

0.136
0.817

0.191
0.618
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to intercalation of acid dye anions in the interlayer of the
reconstructed LDHs, which caused the increment of interlayer distance. In the light of these results, we presume
that the possible adsorption mechanism is that: the calcined Mg-Fe-La-CLDH reconstructed the original layered
structure after adsorption of acid dyes, the interlayer anions within the reconstructed LDHs structure included not
only the dye anions by chemisorption from solution but
also hydroxyl ions and the carbonate ions formed from
carbon dioxide in air. The sulfonic groups of acid dye
anions might connect the two LDH layers through electrostatic interactions and hydrogen bonding, as shown in a
schematic illustration of Figure 13.

FIGURE 12 - XRD patterns for Mg-Fe-La-LDH and Mg-Fe-LaCLDH before and after adsorption of acid dyes.

It indicated that the calcined material Mg-Fe-LaCLDH reconstructed its original LDHs layer structure
during the adsorption process of these acid dyes, which
was so-called a “memory effect” of LDHs materials. The
reconstruction of the LDHs structure is due to the ability
of the calcined LDHs (CLDHs) to incorporate anions into
its structure with an intercalation way. It can also be
found that a new peak at weak 2 arising in every pattern
of the Mg-Fe-La-CLDH material after adsorption of acid
dyes besides the typical peak (003). This can be attributed

According to the XRD analysis, the basal spacing
corresponding to the emerging peaks in the XRD patterns
of Mg-Fe-La-CLDH after adsorption of different acid dyes
(CLDH-AR 88, CLDH-AR 17, CLDH-AR 27, CLDH-AB
74, CLDH-AR 66, CLDH-AB 14) was calculated and the
values of interlayer distance were 1.56 nm, 1.76 nm,
1.54 nm, 1.73 nm, 1.65 nm and 1.16 nm, respectively.
Since the thickness of the LDH layer is 0.48 nm, gives
the gallery height of reconstructed LDH after different
acid dyes uptake as 1.08 nm, 1.28 nm, 1.06 nm, 1.25 nm,
1.17 nm, 0.68 nm, respectively. Moreover, the long axis
(a), short axis (b) and molecular thickness (c) of the studied acid dye anions can be estimated from the CS ChemBio3D Ultra 11.0 software, as shown in Table 7. On the
basis of these results, the possible orientation of acid dye
anions in the host matrix was proposed and shown in
Figure 14.
It can be deduced that the acid dye anions present an
oblique orientation in CLDH-AR 88 and CLDH-AR 66,
while the long axis of the AR 17 and AB 74 anions, the
short axis of the AR 27 anions and the c axis of AB 14
anions in adsorption products were vertically oriented to
the interlayer. The different orientations of guest anions in
the host matrix were also previously reported [40, 43-45].

FIGURE 13 - The schematic illustration of LDHs structure reconstruction with acid dyes intercalation.
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TABLE 7 - The size of the dye anions estimated from the CS ChemBio3D Ultra 11.0 software.

Long axis length, a/Å
Short axis length, b/Å
Molecular thickness, c/Å

AR 88
13.0
7.6
4.9

AR 17
11.5
9.9
9.0

AR 27
12.8
10.1
8.2

AB 74
12.5
11.6
2.9

AR 66
19.0
7.0
3.9

AB 14
16.8
12.5
6.5

FIGURE 14 - The schematic illustration of possible orientation of acid dye anions in the interlayer of reconstructed LDH after acid dyes
adsorption onto CLDH.

3.8 Regeneration experiment

In order to test the recyclability of the synthesized
CLDH material, the Mg-Fe-La-CLDH after adsorption of
acid dyes was re-calcined at 773 K, and then reused as the
adsorbent for the adsorption of the acid dyes. The adsorption isotherms for AR 66 determined with the original, first
and second cycle use of the Mg-Fe-La-CLDH were shown
in Figure 15. The adsorption capacity calculated from these
adsorption isotherms using Langmuir isotherm model was
454.5 mg·g-1, 370.4 mg·g-1, and 294.1 mg·g-1, respectively.
And the adsorption capacity of the first cycle and second
cycle reduced by 18.5% and 35.3%, respectively. However,
the adsorption capacity of the regenerated CLDH after two
cycles was still high. The previous investigation about a
common Al-Mg-CLDH material indicated that the treatment of repetitive calcination and reconstruction may induce the gradual segregation of Al(III) cations from the
structure, which in turn reduced the total capacity of intercalate anions [46]. In present study, the reduction of adsorption capacity might be attributed to the segregation of
Fe(III) cations and La(III) cations.

FIGURE 15 - Adsorption isotherms for AR 66 with different Mg-FeLa-CLDHs (Initial acid dyes concentration ranged from 10 to 100
mg·L-1; the dosage of adsorbents was 0.2 g·L-1; the initial pH of
solution was 6.)
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4. CONCLUSIONS
From this work, it can be concluded that the calcined
product Mg-Fe-La-CLDH exhibited high adsorption capacities for all six acid dyes and much better performance
for the removal of these acid dyes from aqueous solutions
compared with corresponding uncalcined Mg-Fe-LaLDH. The adsorption isotherms were well described by
the Langmuir equation and considered as L type curves.
The maximum adsorption capacity for different acid dyes
was related to their anionic charge and molecular size.
The adsorption kinetics can be fitted to pseudo-secondorder kinetics model. It was deduced that the enhancement of acid dyes adsorption of the Mg-Fe-La-CLDH
material was attributed to reconstruction of the LDHs
structure with the memory effect, which was confirmed
by XRD analysis. The different acid dye anions might
display various orientations in the host matrix of reconstructed LDHs. The regeneration experiment showed that
the reuse of the Mg-Fe-La-CLDH was feasible at least
two cycles. The results indicated that the synthesized MgFe-La-CLDH material can be used as a promising adsorbent for decontamination of the water environment polluted with acid dyes.
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ABSTRACT

1. INTRODUCTION

In this study, the usability of a Co-Active Neuro-Fuzzy
Inference System (CANFIS) as an alternative to the Digital Filtering (DFM) and United Kingdom Institute of Hydrology (UKIH) mathematical methods, which are frequently used for separating total stream flow into surface
and base flow, was examined. Surface flow and base flow
values determined from the daily average flow data of the
Aksu Stream in the Melen Basin of Turkey's Northern
Black Sea Region through the use of DFM (α = 0,830)
and UKIH (N = 5) methods were used as the training and
test data of CANFIS. The applications trained through
DFM and UKIH were, respectively, titled as CANFISDFM
and CANFISUKIH. Performances of all of the methods
used were compared by error analysis and the examination of base flow indexes (BFI). Obtained flow values and
BFI results showed that the surface flow and base flow
estimations of all methods are significantly similar, and
that the base flow values provided by the UKIH and
CANFISUKIH methods were bigger than those obtained
from the DFM and CANFISDFM methods as reported in
the studies included in the literature. In addition, it was
understood that in both CANFISDFM and CANFISUKIH
methods, the effects of the methods used for training were
fairly limited on the surface flow (R2= 0,9709) and base
flow (R2= 0,9765) test values. In conclusion, the study
demonstrated that CANFIS can be used in the determination of surface flow and base flow without needing parameters required by the DFM and UKIH methods, namely,
recession coefficient and number of members in minimum
groups.

KEYWORDS: Separation of stream flow components, surface
flow, base flow, CANFIS

* Corresponding author

Separation of total stream flow as surface flow and
base flow is an important process used in many applications, such as managing water resources, designing water
intake and storage structures, determining the negative
effects of non-point contaminants on streams, and specifying the efficiency of natural treatment systems.
However, although the importance of separating stream
flow components is set forth explicitly, an international
consensus on the methods used for this is not established
yet. Controversies, particularly on the digital filtering
method and the smoothed minima method proposed by the
United Kingdom Institute of Hydrology, both of which are
automatic flow separation methods based on hydrography
analysis and preferred for their ease of application by
means of computer software, still continue [1]. Recession
coefficient that substantially affects the filtering process
implemented in the digital filtering method and the inability to assign certain values that can be used for all water
basins for the number of elements in the groups formed to
determine the minimum flow values in the method of the
United Kingdom Institute of Hydrology are the two methods' aspects that are argued against and considered to be
subjective. For this reason, although being the most frequently used separation methods, smoothed minima method
proposed by the United Kingdom Institute of Hydrology
and digital filtering method are still being revised in order
to achieve higher levels of success, and new methods that
can be applied on all streams with success are being sought
for [1-5].
Use of artificial intelligence applications to determine
surface and base flow with a new approach, without depending on the parameters that bring in subjectivity, constitutes a good alternative to the present methods. Successful results obtained by artificial intelligence applications, where inputs such as flow, precipitation and temperature are used, in important hydrologic models such as
estimating stream flow, examining precipitation-flow
relationships, determining non-point contaminants and
evaluating the performance of treatment systems, indicate
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that these applications may also be used effectively in
flow separation processes [6, 7].
In the present study initiated from this point of view,
total stream flow was separated into surface flow and base
flow components with the use of artificial intelligence
applications, and the success of the application was examined by comparing the obtained results to those obtained
from digital filtering method and the method proposed by
the United Kingdom Institute of Hydrology.
2. MATERIALS AND METHODS
In this study, total flow values used in the determination of surface flow and base flow were obtained from the
1339 numbered flow observation station of the EIE (Electrical Power Resources, Survey and Development Administration) on the Aksu Stream in the Melen River
Basin in the Northwestern Black Sea Region of Turkey
(Melen River Basin, 30° 55' 13'' Eastern / 40° 42' 55''
Northern) (634 m approximate elevation and 105,2 km2
area of precipitation) (Fig. 1). For daily average flow data,
the values between the dates of 01.10.1980 and 30.09.2008
were obtained. During this period, the highest flow recorded by the 1339 numbered station was 75,8 m3 /s
(09.01.1987), while the lowest was 0,06 m3/s (17.08.1997),
and the average was 3,83 m3/s.
Flow data were separated into their components through
artificial intelligence application, Digital Filtering and

United Kingdom Institute of Hydrology methods, and
surface flow and base flow values were determined
through the use of the codes written in MATLAB (version
7.9.0.529 (R2009b)) software.
2.1 Artificial Intelligence Application

Due to the plentitude of artificial intelligence models
and the addition of new models in time, it is important to
use the artificial intelligence model that runs with the
smallest rate of error and makes the most successful estimations in the application to be carried out. In complex
hydrological studies included in the literature focusing on
precipitation-flow relationships, evaporation, climate and
modeling of the effects of waters obtained from streams
or discharged waters, it is reported that use of hybrid
artificial intelligence methods produce more successful
results in the solution of given problems, and that these
are much more convenient in terms of application flexibility [8-11]. On the other hand, neuro-fuzzy models are the
most widely accepted hybrid artificial intelligence applications, and it is observed that co-active neuro fuzzy
inference system (CANFIS) can be successfully used in
studies intended to estimate hydrological events [12].
Therefore, in the present study conducted for the purpose
of determining surface flow and base flow by using total
stream flow, it was decided to utilize a Co-Active NeuroFuzzy Inference System (CANFIS) which was not used in
flow separation process before.

FIGURE 1 - Study area and flow observation station 1339.
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2.2 Co-Active Neuro-Fuzzy Inference System (CANFIS) and
Application

Having been initially developed as the result of researches intended to enhance application success by increasing the application areas of artificial intelligence
techniques and trying to use different artificial intelligence techniques together, CANFIS integrates some of
the features of fuzzy logic and neural networks. CANFIS,
the general network structure and its functions are presented in Fig. 2. It is a network structure formed of the
composition of nodes in layers, each of which carrying a
certain function, and it is capable of neural learning [13, 14].
In CANFIS' operating structure that includes the
adaptive and fixed nodes in the layers presented in Fig. 2,
there are n inputs, one output and IF - THEN rules as
explained below [12, 13, 15].
Rule 1: If x1 is A11 and x2 is A12 and … and xn is A1n
then u1 = p11x1 + p12x2 +… + p1n xn + q1
(1)
Rule 2: If x1 is A21 and x2 is A22 and … and xn is A2n
then u2 = p21x1 + p22x2 +… + p2n xn + q2
(2)
Rule m: If x1 is Am1 and x2 is Am2 and …and xn is
Amn then um = pm1x1 + pm2x2 +… + pmnxn +qm
(3)
In this study, 10228 days of flow data (01.10.1980 /
30.09.2008) obtained from station numbered 1339, and the

surface flow and base flow values obtained by the separation of these data through the digital filtering method
(DFM) and the United Kingdom Institute of Hydrology
method (UKIH) constitute the inputs and outputs of the
CANFIS application. Fifty percent of these data were
used as training data (5228 days of flow data), and the
other half was used as test data (5000 days of flow data).
The applications trained through DFM and UKIH were,
respectively, titled as CANFISDFM and CANFISUKIH.
Maximum and minimum values of flow are included both
in training data and test data. As in most CANFIS applications, for updating training and test data, a hybrid learning algorithm was used. While the input parameters are
updated via forward transition of hybrid algorithm
(through least squares method), output parameters are
updated through reverse transition (via backprop method).
These two processes form the basic structure of CANFIS and provide the integration of neural network-fuzzy
logic.
2.3 Digital Filtering Method (DFM)

Digital filtering method, basically, is an algorithm developed with the idea that total stream flow can be separated as surface flow and base flow through the use of a
filtering equation. In studies made on this method, multi-

FIGURE 2 - Co-Active Neuro-Fuzzy Inference System (CANFIS) - General Network Architecture [12, 15] (Layer 1: Every node in this layer
determines the degree of membership and fuzzes input variables; Layer 2: Membership functions of the signals arriving to the node at this
layer are multiplied; Layer 3: Normalization process is carried out for each signal coming from the 2nd layer; Layer 4: Output functions and the
signals coming from the 3rd layer are multiplied; Layer 5: In order to have a single output in this layer, incoming functions are summed up).
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ple revised versions of filtering equation are used for
determining surface flow and base flow [16-18].
In the present study, the version of the digital filtering
equation as revised by Chapman and Maxwell [19], equation (4) was used, since it is more convenient to be used
in special cases where the surface flow is bigger and equal
to the base flow. After the determination of the base flow
through filtering process, surface flow was calculated by
subtracting base flow from the total flow (equation (5)).
In equations (4) and (5), bk stands for base flow, while yk
is the total flow, sk is surface flow, and α indicates recession coefficient.
(4)
(5)
The parameter α, namely, the recession coefficient in
digital filtering method, is very important for the accurate
estimation of the base flow. Although the ideal range of
values provided in the literature for recession coefficient

is between 0.900 and 0.950, it is reported in many studies
that different filter parameters generate good results [5].
In the filtering process carried out herein to separate
base flow from the total flow (the application steps are
presented in Fig. 3a), filter parameter was used as α =
0.830.
2.4 United Kingdom Institute of Hydrology (UKIH) Method

This method that is used to determine base flow by
using total flow data and that is based on the principle of
determining the times when the stream flow is completely
fed by base flow, was developed by the United Kingdom
Institute of Hydrology in 1980. In UKIH method, the
mostly preferred technique for separating flow into components today, the graph of total flow is drawn on the
basis of days, and it constitutes the minimum points of the
days when the stream is fed only by the base flow. These
points are referred to as turning points and by connecting
consecutive turning points by means of a line, base flow
for the days in between is calculated [4, 20-22].

UKIH

DFM

Choice of number of Group Elements
N =5

Choice of Filtering Parameters and Initial
values
α = 0, 830

Grouping of Total Flow
(Blocking)

Calculation of Base Flow

End-point Detection
0,9.yi ≤ min (yi-1 ; yi+1)
Control of Negative Base Flow
bk<0 → bk=0
Calculation of Base Flow
(Linear Interpolation)
Calculation of Surface Flow
sk = yk - bk
Calculation of Surface Flow
sk = yk - bk
k=k+1
k=k+1

FIGURE 3 - Flow diagrams of the methods employed in this study.
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In order to determine the turning points of the flow
data in this study, flow values were separated into consecutive groups that do not overlap with each other, and
the number of members of these groups was signified
with N. From the minima in the groups consisting of the
data of five flows (N=5), a series was established (yi, i =1,
2,3,4,…) and, with the comparison made by using equation (6), turning points were determined.
0,9 yi ≤ min (yi-1 , yi+1)

of each method, Qf(mean). The mean absolute error (MAE)
and root mean square error (RMSE) is defined as follows:
(11)
(12)

(6)

Obtained turning points were connected by a line, and
base flow values were calculated. During this process,
some special cases where the base flow is negative or
exceeds the total flow were encountered as also reported
in [3]. In cases where base flow was greater than the total
flow, base flow was accepted to be equal to the total flow,
while in cases where base flow was negative, it was accepted to be equal to zero (Fig. 3b).
One of the most important methods used in comparison of flow separation methods is Base Flow Index (BFI)
which is determined by proportioning volume of base
flow to volume of total flow [23, 24]. For this reason,
CANFIS’ success in determining surface flow and base
flow was examined by comparing the results of DFM,
UKIH, CANFISDFM, and CANFISUKIH, and the base flow
indexes calculated with each method separately (equation 7)
[1, 4, 23].

(7)
In addition, obtained results were statistically examined by calculating mean absolute error (MAE) and root
mean square error (RMSE), and comparing with linear
regression method (R2) (equations 8-12) [11].
(8)
(9)
(10)
where, Qfi (A) and Qfi (B) are DFM, UKIH, CANFISDFM
and CANFISUKIH flow values, respectively, with the mean

3. RESULTS AND DISCUSSION
Statistical values of the results obtained from the
separation of the daily flow data of Aksu stream and separation through DFM, UKIH, CANFISDFM and CANFISUKIH are presented in Table 1. Examining the results herein
shows that the surface flow and base flow values determined with all methods (DFM, UKIH, CANFISDFM and
CANFISUKIH) are supportive of each other. In addition,
standard deviations of total flow and surface flow results
were found out to be higher than the average flow values.
As it can be also understood from the substantial difference between the maximum and minimum values, this is
due to the fact that, particularly in periods of heavy precipitation, precipitation turns into surface flow and feeds
stream flow. On the other hand, average value of total
flow being approximate to base flow value and minimum
stream flow being equal to base flow indicate that stream
flow is mostly formed by base flow. Also, again from the
results in Table 1, it is possible to assert that the average,
standard deviation, maximum and minimum values found
for both types of flow through the CANFISDFM method
trained with DFM method and the CANFISUKIH method
trained with UKIH method are close to each other.
The methods used in the study were compared with
each other by examining their mean absolute errors and
the root mean square error, and particularly the performance of CANFIS method in determining surface flow and
base flow was examined (Table 3). Obtained results showed
that surface flow and base flow values determined by all
methods are close to each other and that the CANFISDFM CANFISUKIH methods produced similar results with the
lowest MAE (surface flow: 0.43, base flow: 0.42) and
RMSE (surface flow: 0.54, base flow: 0.48). In addition,
again from the MAE and RMSE results, it is possible to
state that the base flow values given by all methods are
closer to each other than the surface flow values.

TABLE 1 - Statistical values of the methods used in this study.
Surface Flow

Baseflow

Stream Flow

DFM

UKIH

CANFISDFM

CANFISUKIH

DFM

UKIH

CANFISDFM

CANFISUKIH

Xmean

3.72

1.82

1.57

1.72

1.51

1.88

2.14

1.79

2.13

SX

4.29

2.68

3.30

2.71

2.69

1.78

1.81

1.69

1.77

Xmax

75.8

62.58

72.66

41.98

50.56

18.07

12.5

11.8

10.93

Xmin

0.06

0.001

0.001

0.001

0.001

0.05

0.06

0.05

0.06
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TABLE 2 - Comparison of the performances of the methods used in this study.
DFM - UKIH

CANFISDFM - DFM

CANFISUKIH - UKIH

CANFISDFM - CANFISUKIH

Flow Type

MAE

RMSE

MAE

RMSE

MAE

RMSE

MAE

RMSE

Surface flow

0.83

1.32

0.80

0.41

0.76

1.41

0.43

0.54

Base flow

0.76

1.20

0.72

0.35

0.69

1.19

0.42

0.48

TABLE 3 - Statistical results of base flow indexes (BFI).
Performance

DFM - UKIH

MAE

0.26

RMSE
R2

CANFISDFM - DFM

CANFISUKIH - UKIH

CANFISDFM – CANFISUKIH

0.08

0.23

0.35

0.30

0.11

0.41

0.49

0,76

0.92

0.83

0.91

On the other hand, comparison of flow separation
methods is generally made by using BFI [23, 24]. In order
to compare the performances of the methods used in the
study in terms of base flow index, BFI value of each
method was calculated and some statistical information
on the obtained results are presented in Table 3. According to the results of error analysis, while the BFI values of
all methods were determined to be close to each other,
examining particularly the determination coefficients showed
that CANFISDFM - DFM (R2 = 0.92) and CANFISDFM CANFISUKIH (R2 = 0.91) methods generated base flow
values very similar to each other. Although the determination coefficient of BFI values of DFM - UKIH methods
were at an acceptable level in terms of the similarity of
the results, it was found out to be lower than those in
other methods (R2 = 0.76). This supports the findings of
the related studies in the literature and is due to the decrease in the base flow value as the number of members
of the groups used in determining the minima in UKIH
method increases [25, 26].
Scatter graphs and hydrographs consisting of total
stream flow, surface flow and base flow values are presented in Fig. 4. In order to prevent complexity due to

data plentitude and to ensure that the results are understood more clearly, flow values of 1000 days were used in
hydrographs while the scatter graphs display all of the
results. Examining flow hydrographs shows that surface
flow and base flow progress is in line with the increases
and decreases of the total flow. Particularly in the sections
that represent heavy precipitation where total flow
reaches peak values, surface flow values determined with
DFM and CANFISDFM methods delivered the peak values
closest to the total stream flow.
In addition, scatter graphs and determination coefficients showed that the surface flow values found by all of
the methods were closer to each other than base flow
values (Fig. 4). Although being in acceptable limits, this
difference in base flow values obtained through different
methods was particularly evident between the base flow
values determined by CANFISUKIH and UKIH methods (R2
= 0.61). These results from the base flow separated through
UKIH and CANFISUKIH methods are being higher than the
base flow values determined through DFM and CANFISDFM methods; this is also reported in the findings of
studies conducted with the DFM and UKIH methods [4, 5].
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FIGURE 4 - Surface flow and base flow values and scatter graphs.

In addition, once again from scatter graphs, it is
clearly understood that using DFM and UKIH methods as
training data has very limited effects on the surface flow
(R2= 0.9709) and base flow (R2= 0.9765) test values of
the CANFISDFM and CANFISUKIH methods, and that the
results of both methods exhibit significant similarity.

4. CONCLUSIONS
The findings obtained in this study demonstrated that
Co-Active Neuro-Fuzzy Inference System (CANFIS) can
be successfully used in the process of separating total
flow into its components as surface flow and base flow.
Also the significant similarity of the surface flow (R2=
0.9709) and base flow (R2= 0.9765) results obtained from
the CANFISDFM method trained with the digital filtering
method (DFM) results, and from the CANFISUKIH trained
with the United Kingdom Institute of Hydrology (UKIH)
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method, shows that the effect of the method to be used as
training data is fairly limited. On the other hand, the results of the CANFISDFM and CANFISUKIH methods may
be further approximated by modifying the recession coefficient (α) in the DFM method, and the number of members in the groups established in the UKIH method to
determine minimum values. Studies in the literature have
several cases as this; however, since the approximation of
the obtained results in this way causes generation of results that are not suitable with the surface flow and base
flow characteristics, such a process was not carried out in
this study. These unsuitable characteristics are not the
occurrence of the periods that precipitation is ceased,
surface flow is completed and river flow is totally fed
with groundwater flow on the hydrograph. In this study,
the recession coefficient determined by the conducted tests
(α = 0.830) and the number of members of the groups
(N=5) were at the optimum values set forth for flow characteristics.
In conclusion, the data obtained in this study demonstrated that Co-Active Neuro-Fuzzy Inference System
(CANFIS), which runs independently from controversal
parameters, such as recession coefficient and establishment of minimum groups, can be an important alternative
to mathematical models used in separating flows into
components, such as Digital Filtering method and that of
the Institute of Hydrology.
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USE OF SOME STRESS TOLERANCE INDICES
FOR LATE DROUGHT IN SPRING WHEAT
Nesrin Orcen* and Metin Altinbas
Ege University Agricultural Faculty, Field Crops Department, 35100 Bornova, Izmir Turkey.

ABSTRACT
In Mediterranean climate, unforeseen late drought
stress is one of the factors causing important yield losses
in wheat production. In this study, in order to determine
drought-tolerant wheat (Triticum aestivum L.) genotypes
and appropriate stress tolerance index under drought stress
condition, two separate experiments were conducted with
twenty four spring wheat cultivars/line in Bornova (rainfed)
and Aydin (irrigated) during 2004-2005 growing season.
Using grain yield of each genotype grown in irrigated and
non-irrigated (drought) condition, drought tolerance (TOL),
relative yield loss in drought environmental (RDY), geometric mean of yield (GM), stress susceptibilities index (SSI)
and stress tolerant index (STI) were calculated, which are
considered as drought stress predicting indices. It was observed that genotypes with high yield in irrigated condition had generally lower stress tolerances in drought condition, due to yield loss. A high positive correlation was
determined between geometric yield mean and yields in
drought and irrigated conditions. Also, a high positive
correlation was observed between yields in both irrigated
and non-irrigated conditions and STI value. It was concluded that the genotypes selected based on these two
indices could be used as genetic resources in future droughttolerance breeding programs. The selection firstly based on
the geometric mean and by following that, taking into
account the grain yield in drought conditions would be
suggested for efficient selection for resistance to drought
in wheat.

KEYWORDS: drought tolerance, relative yield loss, geometric
mean, stress susceptibilities index, stress tolerant index

1. INTRODUCTION
Drought stress is one of the most important environmental factors that restricting yield of wheat like other
plant species. Therefore, development of new cultivars resis* Corresponding author

tant to drought and high temperature stresses is one of the
main topics for many of the breading programs. Drought
tolerance or resistance in plant species is often defined as
survival, but in crop species it should be defined in terms
of productivity [1]. Due to difficulties in numerical representation of drought tolerance, determining of yield
amount and stability of the productivity in stress conditions are used as selection criteria for estimating drought
tolerance.
Rainfall distribution along season is much more effective than total amount of annual rainfall on drought. In
Mediterranean climate which is usually mild with rainy
winters, fall-sown spring wheat might encounter with
unforeseen drought stress especially in grain filling period
[2, 3]. Water shortage in grain filling period is known to
cause decrease in grain yield by reducing thousand kernel
weights [4]. Ozturk et al. [5] stated that late drought
stress led to 24% decrease in grain yield in compare to
normal condition, by pointing frequency of drought stress
occurrence after flowering stage in wheat.
Generally, yield of drought-tolerant genotypes are not
high enough for favorable conditions. The occurrence of
late drought in Mediterranean climate is unpredictable and
because of this, using genotypes with high yield in both
favorable and unfavorable conditions is desirable. There
are a lot of researches to establish the best way for making selection of drought tolerant genotypes. Relative yield
performance of genotypes in drought stressed and more
favorable environments seems to be a common starting
point in identification of traits related to drought tolerance
and selection of genotypes for use in breeding for dry
environments [1]. Rosielle and Hamblin [6] suggested
using the yield and arithmetic mean of yield in stress and
nonstress environments for determining the stress tolerant
genotypes. Sneller and Dombek [7] reported that the yield
of variety with the highest drought tolerant in compare to
relatively less tolerant varieties did not have a statistically
significant difference. On the other hand, Schneider et al.
[8] stated that geometric mean is more revealing than
arithmetic mean for expressing performance differences
between the stress and non-stress environments. The stress
susceptibility index (SSI) developed by Fischer and Maurer
[9], which calculated based on relative yield loss of a genotype in drought conditions is used to determine genotypes
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with high yields in stress conditions. However, Clarke et
al. [1] suggested that a selection based on this criterion
reduces the potential yield in favorable conditions. When
it is desired to have high yield only under stress conditions,
this index would be desirable [10]. Schneider et al. [8]
suggested that doing selection firstly based on the geometric mean of yield in favorable and unfavorable conditions
and secondly based on yield performance in drought condition would be the best breeding strategy. Fernandez [11]
reported that stress tolerant index (STI) based on geometric mean of yield (GM) could be used in determining genotypes with high yield in both irrigated and non-irrigated
conditions. In spite of this fact, this index was not been
used as commonly as SSI in drought tolerance researches
previously, but recently few researchers inferred the usefulness of this index for determining high yield in all
environmental conditions [12-15]. However, limited investigations have addressed the relationship between grain
yield in both of environments and these indices. Moreover,
clear picture of overall correlation between grain yield
performance in irrigated and drought condition and also
effectiveness of indices has not been fully appreciated.
So, in this study it was aimed i) to determine the tolerance
levels of 24 wheat genotypes ii) to compare the effectiveness of these indices to determine of the drought tolerant
genotypes with the highest yield, based on the grain yield
performance in irrigated and drought condition.

TABLE 1 - Cultivars/lines of spring wheat used in the experiment
Genotype no
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

The combined analysis of variation for both years was
calculated [18]. Some parameters and index values for
determining high yield potential in both drought and irrigated condition are given as follow:

2. MATERIALS AND METHODS
Twenty-four bread spring wheat (Triticum aestivum
L.) genotypes (Table 1) were grown in two separate experiments conducted in both non-irrigated and irrigated
condition during the period 2004-2005 growing seasons
in Bornova, İzmir (natural rainfall) and Aydin, respectively [16]. Wheat material was obtained from experimental fields at Izmir, Bornova, Ege University, which was
selected from genetic material of CIMMYT (International
Maize and Wheat Improvement Center) and ICARDA
(Sustainable Agriculture for the Dry Areas) based on high
grain yields selection. Monthly average temperature in
Aydin location during November 2004 - June 2005 growing
season was 14.4° C and total rain fall amount was 567.3 mm.
The same values for Bornova location were equal to
14.3° C and 518.5 mm, respectively. In both locations,
the experiments in completely randomized block design
with four replications were conducted. The seeding rates
were 600 seeds per m2 for each cultivar. Wheat was sown
using cereal seeder at 4 cm depth, with row distance of 20
cm and 5 cm distance between each seed on the row in the
middle of November. Weed control was done by applying
herbicides before stem elongation stage and necessary
fertilizing was done based on Kun [17]. In Aydin location
the irrigation was conducted once per mount during April
and May mounts in which grain filling occurs. Harvesting
was carried out in the middle of June and then the grain
yield per plot was converted to kg ha-1.

Cultivars/Lines
TEVEE’S’/ KARAVAN’S’
SERİ 82 / SHUA’S’
STAR//KAUZ/STAR
PFAU/WEAVER
BHRIKUTI
KEA’S’/3/MN72252//HD2169/BOW’S’
VENAC-6/CARP
CHİLERO
CHOİX/STAR/3/HE1/3*CN079//2*SERİ1
SITE/MO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC
ALMAZ-30
ATTILA*2/STAR
SKAUZ/2*STAR1
SKAUZ/2*STAR2
CHOİX/STAR/3/HE1/3*CNO79//2*SERİ2
BABAX/LR39//BABAX
THB//MAYA/NAC/3/RABE/4/MILAN
RL6043/6*NAC//TNMU/3/BAU
VEE’’S’’//KOEL’’S’’VEE’’S’’
NESSER
GOLİA
BASRİBEY 95
META 2002
ADANA 99

Rosielle and
Hamblin [6]

(1)

Singh [19]

(2)

Schneider et
al. [8]

(3)

Fischer and
Maurer [9]

(4)

Fernandez
[11]

(5)

Where, Yp and Ys is grain yield under non-stress and
stress conditions respectively, and SI is stress intensity
and
s and p are mean of all genotype under stress
and non-stress conditions, respectively.
The data were subjected to analysis of variance
(ANOVA) using factorial randomized complete block
design with four replications. Least significant difference
(LSD) was used to determine significant differences between the treatment means. The correlation analysis was
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performed for determination of relationship between
parameters and grain yield in stress and non-stress conditions.
3. RESULTS AND DISCUSSION
The analysis of variation showed that significant difference exists among spring wheat genotypes for grain
yields (Table 2). In contrast to this, genotype X location
interaction was found to be not significant. It can be inferred from this case that there were genotypes with high
grain yield in both stress and non-stress conditions.
TABLE 2 – Variance analysis of grain yield for 24 bread wheat
genotypes at two locations (Bornova and Aydın) during the growing
season 2004-2005
Source
df
MS
Locations (L)
1
356126.88**
Block/location
6
18849.45
Genotype (G)
23
6863.92**
Genotype X location (GXL)
23
2307.14
Error
138
2726.17
CV (%)
12.4
df: degree of freedom; MS: mean squares, CV: coefficient of variation
**: Significant at probability level of 0.01

The difference of grain yields for some genotypes in
stress and non-stress conditions were not statistically significant (Table 3). Despite of the low grain yield of these
genotypes in irrigated condition (Aydin), the yield of the
genotype 14 was high in contrast to the other genotypes

(5171.9 kg ha-1). Independent from differences between
grain yields in irrigated condition, the relative drought
yield (RDY) values, which determined the drought-tolerant
genotypes, varied between 0.03 and 0.28 (Table 3). Taking
into consideration the drought intensity index (DII) [8],
the calculated SSI was found to be in the range between
0.39 and 1.55. The value under 1.0 is considered as tolerant to drought [9]. It was observed that all genotypes with
RDY value above 0.20 in stress condition and SSI value
above 1.0 were more sensitive to drought stress (Table 3).
Nevertheless, these genotypes in favorable condition
(Aydin location) had more grain yield than others. Therefore the selection based on the SSI index did not differentiate between drought-tolerant genotypes and those that had
low yield potential in favorable conditions [1].
The geometric mean of genotypes yields in stress and
non-stress conditions is considered as the most powerful
indicator of performance for both conditions [8]. In this
regard, in contrast to the other index, the high values for
STI index, calculated based on geometric mean, is desired. It was noticed that the STI values of the genotype
12 and the genotype 14 from genotypes with low SSI
values (<1.0) were higher than others (>1.0) (Table 3).
These two genotypes created the first two ranks with
respect to grain yield in both conditions.
In order to determine the relationship between the yield
and drought resistance value of spring wheat genotypes, the
simple correlation values were calculated (Table 4). There
were positive and significant correlations between yields
in irrigated condition and all other parameters. Whereas,

TABLE 3 - Mean grain yield and drought tolerance indices of 24 wheat genotypes grown in Aydın (irrigated) and Bornova (rainfed) during
the growing season 2004-2005
Genotype
Irrigated
Rainfed
TOL
RDY
GM
SSI
STI
1
487.50
371.25
116.25*
0.24
425.42
1.27
0.92
2
404.69
373.75
30.94
0.08
388.91
0.39
0.84
3
462.50
388.50
74.00*
0.16
423.89
0.89
0.91
4
478.12
351.00
127.12*
0.27
409.66
1.44
0.88
5
459.37
361.00
98.37*
0.21
407.23
1.16
0.88
6
414.89
350.75
64.14
0.15
381.48
0.83
0.82
7
478.12
372.50
105.62*
0.22
422.02
1.22
0.91
8
439.89
377.50
62.39
0.14
407.51
0.77
0.88
9
502.60
391.25
111.35*
0.22
443.45
1.22
0.96
10
508.85
396.25
112.60*
0.22
449.04
1.22
0.97
11
489.06
348.75
140.31*
0.29
412.99
1.55
0.89
12
522.39
435.75
86.64*
0.17
477.11
0.89
1.03
13
485.94
411.25
74.69*
0.15
447.04
0.83
0.96
14
517.19
450.75
66.44
0.13
482.83
0.67
1.04
15
428.12
364.00
64.12
0.15
394.76
0.77
0.85
16
510.41
366.75
143.66*
0.28
432.66
1.55
0.93
17
438.02
369.75
68.27
0.16
402.44
0.83
0.87
18
378.12
364.25
13.87
0.04
371.12
0.17
0.80
19
414.58
368.00
46.58
0.11
390.60
0.61
0.84
20
457.81
403.25
54.56
0.12
429.67
0.61
0.93
21
433.33
358.75
74.58*
0.17
394.28
0.94
0.85
22
447.39
322.75
124.64*
0.28
380.00
1.50
0.82
23
500.52
385.25
115.27*
0.23
439.12
1.27
0.95
24
462.50
371.75
90.75*
0.20
414.65
1.05
0.89
Mean
463.42
377.18
LSD(0.05)
72.73
TOL: Drought tolerance, RDY: relative yield loss in drought environmental, GM: geometric mean of yield, SSI: stress susceptibilities index, STI:
stress tolerant index. *: Significant at probability level of 0.05
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the yield in drought condition had high and significant
correlations with geometric mean and STI value. The
positive correlations between the yield in the irrigated
condition and SSI value were observed in winter wheat
[5, 14, 20], durum wheat [21] barley [12] and bean [8].
Ehdai et al. [2] reported that there was no relationship
between SSI and yield potential of spring wheat in similar
conditions. The result that practicing a selection based on
this index led to a reduction in grain yield in favorable
condition [1,8] because positive correlation between grain
yield and SSI was also observed in our findings.

ing programs seems to lead to favorable results for improving grain yield in stress condition.

TABLE 4 - Simple correlations between grain yield mean and
drought tolerance of twenty four wheat genotypes grown in Aydın
(irrigated) and Bornova (rainfed) during the growing season 20042005
Irrigated

Rainfed

TOL

RDY

GM

The authors have declared no conflict of interest
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1. INTRODUCTION

ABSTRACT
From the perspective of energy’s primary role in human consumption, the model of integrating energy footprint with emergy analysis was proposed to evaluate the
sustainability of the Bohai Rim. The sustainability in the
time series and its characteristics in spatial distribution
have been analyzed by exploiting as emergy tool and
translating the energy consumption into area in common
unit, with the regional development level evaluated by
attempting to combine with human development index,
according to the statistical data of energy consumption
and socio-economic materials. Afterwards, the comprehensive efficiency assessment of sustainable development
has been obtained by the econometric model when regarding the related indicators from the above results as input
or output factors. This study demonstrated that emergy
energy footprint per capita in the Bohai Rim has increased
from 5.6616 hm2 to 10.4940 hm2 within the past 10 years,
at an average rate of 9.48% annually, with an uneven
variation of the provinces and municipalities. It also demonstrated that the energy deficit in 2010 was 1.87 times as
large as that in 2001, while the energy footprint density
and energy pressure index were presented to depict the
severe insecurity of the ecological system. The data envelopment analysis results illustrated that evaluation units
during the period 2001-2004 were effective to the model,
and the other years’ optimal directions were provided. The
study would lay the foundation for sustainable development research of the Bohai Rim, and it was also valuable
for similar studies.

KEYWORDS: Emergy analysis, energy footprint, human development index, data envelopment analysis, sustainable development, the Bohai Rim.
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The ‘sustainability’ means that humans should convert production mode and lifestyle in order to maximize
the chances that the social-economic-environmental system will definitely and enduringly sustain their health,
safety, and well-being [1]. Yet the public enthusiasm was
aroused, as gradual interiorizing sustainable development
conception , until they had to face the terrible fact and
poignant contradiction of our location: population boom,
resources depression, and environment deterioration.
Indeed, we should figure out where we are and how far
we can go all the time. A series of dominant documents
and international pacts had been published after 1990s,
which were the milestone and symbol of reaching consensus on sustainable development for people all over the
world. With respect to research methods, over more than 20
years in the past, Odum developed emergy analysis [2],
measuring on how many resources are obtained from the
context of the environment, the compound system relied
on. And the ecological footprint, which had played a
considerable role in the sustainable development research
so far, was originally proposed and consummated as an
intuitively simple and elegant method for analyzing the
sustainability of resource utilization [3, 4]. The two methods above are different, but the framework uniting ecological footprint and emergy analysis was constructed and
applied [5-9], bridging the relation between ecological
footprint and emergy analysis and assessing the sustainable development situation. However, it is complex and
cumbersome that many types of consumption data are
needed, and devided the land area into six categories in
the calculation process of the ecological footprint based
on emergy analysis. In terms of energy consumption,
accounting for a large part of resource utilization, the uncontrolled occupation of the sequestration and holding
capacity of biosphere and ecosystem would disturb their
equilibrium, just as over-logging practices bringing
about accumulation of atmospheric CO2 [10]. Essentially,
the difference between energy footprint and energy ecocapacity (EEC, hereafter), which in the latter was generally termed as the area for buffering the certain pressure

2294

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

from consuming fossil fuels and others [11], should be
attempted to act as a tool to describe the sustainability.
During the past decades, relying on the important basis of energy and heavy chemical industry, the Bohai Rim
(containing two municipalities and three provinces), which
is the political, economic and cultural center and one of
the three leading economic zones in China, has achieved a
relatively high urbanization level and economic development degree, harbouring profound conflict between economic growth and environment pollution. Furthermore, the
low essential resources availability per capita has been
caused by the growing resource consumption and increasing population in the region; thereby, the locality has been
over capacity state of resources and environment, and what
is more serious is that resource shortage (such as water
shortage) interwoven with environmental pollution (such
as air pollution), restrained the whole regional sustainable
development tremendously. As Zhang and Lu stated [12],
the ecological footprint per capita in the Bohai Rim was
larger than in globe and stay in between the Pearl River
Delta and the Yangtze River Delta (after the Yangtze
River Delta), demonstrating that the resources exhaustion
was the price to pay for economic growth in the region.
Consequently, a regional sustainable development
analysis case study of the Bohai Rim, which is one of the
crucial exploring and opening areas in China with nearly
one fifth of the national population, is presented in this
paper, based on “emergy energy footprint” model, with
human development index (HDI, hereafter) integrated.
Afterwards, the comprehensive efficiency assessment of
sustainable development in the region is obtained by the
econometric model (the C2R model in data envelopment
analysis (DEA)) when regarding the indicators from previous results herein as input and output factors. Therefore,
this paper pursues the following objectives: the construction and application of a coupling model between emergy
analysis and energy footprint, the proposal and verification of a combined analysis between the above model and
HDI in the Bohai Rim, and the presentation of efficiency
summary and evaluation by related outcomes from the
perspective of an overall sustainable development system.
2. MATERIALS AND METHODS
2.1 Study area and date sources

The target area of this study is the region surrounding
the Bohai Sea in China and located at 34°22N’-43°26’N,
113°04’E-125°46’E, containing two municipalities (Beijing and Tianjin) and three provinces (Hebei, Shandong
and Liaoning). The land area, population and total GDP
of the Bohai Rim in 2010 were about 5.18x105 square
kilometers, 2.4373x107 people and 1.0136x1012 yuan,
accounting for 5.75, 18.18 and 25.26% of China, respectively. It is well-known that the region harbors obvious
geographic location advantages, abundant marine, mineral
and tourism resources and traffic and technological advantages, with the mechanism, culture and ideological

problems or disadvantages characterized inherently. The
definite research objects in this study are aimed at the provincial scale.
Most of the employed data of the relevant energy footprint calculation of the Bohai Rim stemmed from standard
yearbooks, which were compiled by the central governments and subordinate ministries [13]. Among all data,
population, economic and educational data were obtained
from China Statistical Yearbook, China Population Statistical Yearbook, and China Education Statistical Yearbook
in the corresponding years [14-16], with statistical bulletin of district development replenished. Meanwhile, the
one of ecocapacity also rooted in the standard yearbooks
[17, 18]. Unlike other regions and states, Chinese statistical data, from place to place, are often available after 2-3
years of delay. The annual statistical yearbooks and energy statistics yearbooks in China are published by the
State Statistical Bureau, and both cover the main energy
carrier flows of the end-use sectors; therefore, they are
helpful to improve the credibility of the study.
2.2 Theory framework
2.2.1 Ecological footprint and energy footprint

There is a very visual analogy about ecological footprint. It is an accounting system for biocapacity supplying
resources for the human populations, the cities and all the
people created to tread on the earth. The study of ecological footprint, in the international scope, for instance, can
trace back to the 1970s. Afterwards, the ecological footprint, which is a synthetic indicator to assess sustainable
development in quantification [19], had been introduced in
China since 1996. Many researchers ascertained the following identically momentous basis of this theory: researchers should seek for the sorts of production and consumption areas; meanwhile, the consumptive materials and the
emitted waste were able to be traced; and all of the material and waste flow could be transformed to the land area.
Therefore, ecological footprint was also defined as the biological production area to sustain resource consuming and
waste absorbing when topics like population and economical position are concerned. And the provided bioproductive area of the natural environment was a one-to-one
concept with ecological footprint in environmental planning and management since the 1970s. Accordingly, the
fundamental idea is to compare the consuming interests
(ecological footprint) of individuals and that (ecocapacity)
by the nature capital provided thus obtaining ecological
deficit or remainder. At the same time, the bioproductive
areas should be divided into six main categories when
analyzing ecological footprint, which include arable,
pasture, forest, built-up area, aquatic area and energy
land. Several organizations have already calculated ecological footprint on various scale levels, ranging from
individual [20], organization [21], urban [22], regions [19,
23, 24], nations [25, 26] to worldwide levels [27, 28].
According to research objects, ecological footprint
usually covers biological resource footprint and energy
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footprint; therefore, the energy footprint should be viewed
as part of the total. As Wackernagel et al. [29] and Sanderson et al. [30] stated, energy footprint is a majority in
whole and influence entirety in general. The energy consumption should be impressed by the changes of humanity factors from society, economy, science and technology, production and daily life, with the environmental
changes emerged. Therefore, in other words, it is necessary to make an overall analysis of the energy footprint to
evaluate the sustainability in the region. Currently, those
principal energy sources, such as coal, oil, natural gas and
hydropower, are covered for considering data availability
and avoiding duplication.
2.2.2 Emergy analysis

Emergy (spelled with an ‘m’), defined as one type of
energy required in transformation to generate flows and
storage, is offering a tool for different kinds of energy in a
complicated system, and would be used up directly or
indirectly with the unit emjoule [31]. In this account, solar
emergy is used, and the unit is solar emergy joules. The
relation of various energy ranks needs to be established
by emergy transformity of the dissimilar materials in
uniform scale. It is common to measure the transformity
in solar emergy joules per joule of product or service with
a base that 1 emjoule is equivalent to 1 J of solar energy, so
the unit can be expressed as seJ/J, seJ/g, or other similar
forms.
Emergy transformity goes hand in hand with the energy ranks in some systems. According to the second law
of thermodynamics, a lot of energy is scattered and disappeared when each transformational and transitive process
happened in the food chain due to a self-organizing energy rank what the ecological system is. The energy flows
in the system always flow and transform from the rank
which has a large quantity, but low energy density to that
with small quantity but high energy density; however,
emergy transformity will increase when the energy rank
increase [32]. Therefore, it is easy to imagine that the
diverse sorts of energy (unit, J) or material (unit, g) can be
converted to uniformity, on the basis of emergy transformity. Emergy analysis had been implemented on global
scales [33], national scales [34], regional scales [35] and
industrial scales [36]. The details will be found in these
studies [37-42].
TABLE 1 - Transformity of the energy resource*.
Coal (seJ/J)
39800

Petroleum (seJ/J)

natural gas (seJ/J)

53000

48000

electricity(seJ/J)
159000

* taken from Odum and Zhao [5, 31]
2.2.3 Emergy energy footprint

Ecological footprint was often used as an accounting
tool and raised as an effective instrument for assessing the
environmental state, setting corresponding policy or planning and aggregating resource consumption in a meaning-

ful way. However, a drawback of ecological footprint
calculation is that the land appropriation is directly allocated to final consumption categories, ignoring intermediate procedures and inner changes of the whole system.
Meanwhile, all systems in emergy analysis method can be
regarded as networks of energy flow, and the value of the
systems and streams can be confirmed, with a bridge built
between ecological and economic systems. As Wackernagel and Yount [43] and Zhao et al. [5] claimed, the idea of
emergy analysis was an attempt to be embedded in ecological footprint calculation process, and afterwards, a
modified method was proposed and applied in many papers [5-7, 9, 44-46] based on ecological thermodynamics.
In particular, the ultimate results can be presented in a
common unit, which stemmed from the translation of
human consumption and nature supply. Thus, the research
process should be facilitated to obtain the specified visual
field from system theory. However, this study will integrate energy footprint with emergy analysis in a modified
calculation process, which also can be called emergy energy footprint (EEF, hereafter).
The EEF is evolved from thermodynamics theory
while the foundation is the ecological footprint idea in
consideration of the interior procedure from individuals to a
societal complex system. A series of papers presented that
ecological deficit raised continuously in different periods.
2.2.4 Human development index (HDI)

HDI is a comprehensive index weighing the average
achievement in a nation or region from three basic angles
of human socioeconomic development: long and healthy
life, as measured by life expectancy at birth; knowledge,
as measured by the adult literacy rate and the combined
gross enrollment ratio for primary, secondary, and tertiary
schools; and the decent standard of living, as measured by
gross domestic product (GDP) per capita [47]. It was firstly
applied to evaluate development situation in 130 countries
by United Nations Development Programme in 1990, with
human development report published every year from
then on. Afterwards, many studies also put use into region,
urban or other scales [48, 49].
2.3 Methodology

In general, emergy density should be introduced to convert solar emergy joules into the homologous bioproductive
land area once energy flow in various types and ranks which
can be translated to solar emergy joules by transformity,
which is conducive to add or subtract directly during the
calculation. In this paper the global empower density
(hereafter, GED) will be regarded as the conversion factor
of emergy flows and land area. As ecological footprint
and ecocapacity are both measured in the same unit (hectares, short for hm2), and in the final results, they can be
compared directly in the computation process.
2.3.1 EEF

The annual EEF per capita, which covers the bioproductive land area associated with the emergy of coal,
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petroleum, natural gas and electricity, can be computed on
the basis of specific energy consumption and population
data in each category. It include these energy items: raw
coal, coke, crude oil, gasoline, kerosene, diesel, fuel oil,
natural gas and electricity. Afterwards, according to the
connotation of the energy footprint, the bioproductive
areas of EEF and EEC both need to be deemed as the land
area of CO2 emission and absorption in order to compare
them, and the calculation process should consider that one
third of CO2 emissions from the total energy consumption
should be absorbed by the ocean [46]. Accurately, the
basic calculations of EEF are conceptually simple. Once
the energy consumption partition has been defined and
qualified, the raw dates of energy will be converted to the
homologous emergy by equation (1). The EEFper capita will
be presented as equations (2) and (3):

Emergy = available energy of item × transformity
TEM =

4

(1)

∑ 3 × Wi × 7000 × 4.1868 × transformity (2)
2

i =1

E E F per

capita

=

TEM
GED × P

2.3.2 Emergy energy footprint (EEC)

Contrary to the original intention that ecological footprint may expose the characteristics of land-use change,
there should be a shortcoming concerning land area in the
traditional model, eliminating versatile use and consequent variation in land utilization. In the calculation
method of ecocapacity based on emergy, it was proposed
by Zhao et al. [5, 50] and applied in some studies [7, 9],
that the size range of actual ecological carrying capacity
might be overestimated owing to various levels of productivity in different regions when converting all renewable resource emergy to biological productive land area
uniformly. In view of the above aspects, this paper will let
yield factor and equivalence factor blend into ecocapacity
calculation. The actual output of ecological goods and
services land-provided in a year are regarded as the basis,
surmounting the contradiction between space exclusiveness and average yield adjustment factors. The energy
land area can be generally deemed as the forest for absorbing the gases from fossil fuel combustion and the
providers of fossil energy land. The energy ecocapacity in
one region can be calculated according to equation (5).
EEC = ∑ a j × r j × y j
j

(3)

(5)

where, TEM is from the abbreviation of total emergy;
2/3 indicates that one third of the emissions of CO2 from
energy consumption need not to be considered; I =
1,2,3,4, the various items or categories of energy consumption, being coal, crude oil, natural gas and hydropower; Wi stands for consumption of the ith item in a
particular year (kg ce coal); P is the population size of the
Bohai Rim; the transformity is presented in Table 1; and
the correlative conversion coefficient and criterion eferring the general value: the thermal energy from 1 kg ce
coal equals 7000 kilocalories; and 1 kilocalories equals
4.1868 kJ.

where, EEC is from the abbreviation of energy ecocapacity; j indicates the different land types and this study
only needs the forest land area; aj stands for the per capita
forest land area; rj and yj are equivalence factor and yield
factor, respectively. And the equivalence factor and yield
factor are from the research of China in these papers [29,
51], respectively. After obtaining the outcome above the
energy pressure index (hereafter, EPI) and energy footprint intensify (hereafter, EFI) should be also calculated
easily. The former should be measured by ‘EPI = (EEFEEC)/EEC’, and the latter by ‘EFI = EEF/GDP’.

The empirical study area covers Beijing, Tianjin, Hebei, Shandong and Liaoning, which are the provinces
surrounding the Bohai Sea in China. For each provincial
area, the energy footprint in each year (the years from
2001 to 2010) will be obtained by the formulas and the
raw data after transforming their units, with the emergy of
each item and total emergy in each year gained in the
process. It is on the premise of the earlier calculations, to
use adding up the values of total emergy per capita in
each year. Meanwhile, the enpower density is a measurement of the level of spatial aggregation of emergy, which
is expressed as a ratio of entire emergy utilization to total
area [5, 34]. The value of GED will always be used in the
conversion factor from emergy flows to land area in the
entire computation process, bringing the convenience to
compare. Dividing the total emergy inputs by the total
world area will gain the below value [5]:

2.3.3 HDI

GED =

total emergy of the earth 1.583×1025 sej/a
=
= 3.1×1014sej/hm2. a
areas of the earth
5.1×1010 hm2

(4)

The value of HDI is expressed as follows:
HDI =

1
1
1
LEI + EI + GDPI ,
3
3
3

HDI is encompassing the indexes from lifetime, education and income. In line with the availability of the processed data, some excess modifications should be added, as
described below. The data of average life expectancy from
the years of 2000 and 2010 should be viewed as the mean
values of the periods of 2001-2005 and 2006-2010 respectively, since Chinese relative organization keeps statistics
of average life expectancy in regions every 10 years; the
adult literacy rates should be calculated by dividing the
population of illiteracy by total population for those who
aged older than 15; comprehensive gross enrollment rate
should be replaced by the number of educated for those
who aged older than 6. For any component of HDI, the
index can be computed in the equation below: value of
index = (actual value - minimum)/(maximum- minimum).
Specific formulas for calculating are as follows [52]:
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LE - 25
LEI =
85 - 25
2
1
EI = × ALI + × GEI
3
3
ALR − 0
ALI =
100 − 0
GER − 0
GEI =
100 − 0
log (GDP) - log(100)
GDPI =
log(4000) - log(100)

(6)
(7)
(8)

ciency (θ), summer of input slack (S-), summer of output
slack (S+), and summer of peers (P, showing how to realize relatively effective according to the corresponding
DEA efficient unit with projection by DEAP 2.1. The EEC
should be viewed as input factor, while output factors are
EEF per capita, when EPI, EFD and HDI were calculated
earlier in the study.

(9)
3. RESULTS

(10)

LE, ALR, ALI, GEI, GER and GDPI presented above
are the abbreviations of life expectancy, adult literacy rates,
acquisition literacy index, gross enrollment index, gross
enrollment index, and gross domestic product index in regions, respectively. And the three indexes should be abbreviated to LEI, EI and GDPI, which of the Bohai Rim will be
acquired by combining the data of all provinces. The
maximum and minimum value of LE and GDP per capita
should be set as 85 and 25 years, 40000 and 100 dollars,
while adult literacy rates and gross enrollment index should
be 100% and 0, respectively.
2.3.4 Data envelopment analysis (DEA) method

Data envelopment analysis (DEA) is a system analysis
method for relative efficiency evaluation to the same type
of units according to multiple input and output indicators,
which was proposed on the basis of the concept of relative
efficiency by [53]. One system should be treated as a unit
in a specified range, putting into it some production factors, and producing some goods in the method. A decision
making unit (DMU) usually has input and output, and
tries its best to achieve the decision goal during the process. Consequently, the C2R model (earliest model of DEA),
which has been continually perfected and widely applied in
practice, should be penetrated in this study. More detailed
study and analysis will be found in these papers [54, 55].
The purpose of the C2R model in DEA is efficiency
summary and evaluation supposed that there are several
input and output factors in the DMUs. Thus, the sustainable development system in the Bohai Rim in one year
can be absolutely regarded as a DMU from the years of
2001 to 2010. It should be obtained that the overall effi-

3.1 Sustainability

After confirming the significance of energy in regional
sustainable development in some systems, the emergy energy footprint model was used in analyzing sustainability
of the Bohai Rim. The related results during the period
2001-2010 are presented in Table 2. From Table 2, the
emergy energy footprint per capita in the Bohai Rim, which
should be abbreviated as EEF per capita, had been increased from 5.6616 hm2 to 10.4940 hm2 during the study
period, growing at an annual average rate of 9.48%, and
appearing with rising trend.
It is readily observed that the values of EEC had little
change during the time interval by combining the data of
EEF per capita in Table 2 with energy deficit in Fig. 2.
Both determined a continuous increment of the energy
deficit, leading to a deficit value in 2010 which was 1.87fold that of 2001, manifesting that the carrying capacity of
the natural ecosystem had considerably not met the requirement of the energy demand in the Bohai Rim. It is
also a practical matter that the economic growth mode of
the region had been a kind of heavy polluting and high
energy-consuming dependent form at the extensive stage.
With respect to the provinces and municipalities, Fig. 1
indicates that the five regions in the sequence from 2001
to 2004, according to the values of emergy energy footprint per capita, are followed by Tianjin, Liaoning, Beijing, Hebei and Shandong. It can also be seen that Liaoning caught up to a maximum in 2005 and continued to
keep ahead later, while Tianjin began a slow decline from
2005, and rebound in 2009 and 2010. At the same period,
Shandong should be deemed to have remained at an average growth rate of 25.44% annually but surpassed Hebei
after 2005, while Beijing demonstrated only little change

TABLE 2 - Emergy energy footprint per capita in the Bohai Rim.
Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Coal (seJ)
3.45E+23
2.79E+23
3.17E+23
3.70E+23
4.67E+23
5.18E+23
5.61E+23
5.81E+23
6.02E+23
6.42E+23

Petroleum(seJ)
2.40E+23
2.38E+23
2.62E+23
3.09E+23
3.59E+23
3.76E+23
4.13E+23
4.42E+23
4.62E+23
5.44E+23

Natural gas(seJ)
1.03E+20
1.09E+20
1.22E+20
1.36E+20
1.53E+20
1.84E+20
2.04E+20
2.71E+20
3.12E+20
3.61E+20

Electricity(seJ)
2.25E+21
2.17E+21
2.47E+21
2.83E+21
3.27E+21
3.67E+21
4.11E+21
4.31E+21
4.76E+21
4.28E+21
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Total emergy(seJ)
3.92E+23
3.46E+22
3.88E+23
4.55E+23
5.53E+23
5.99E+23
6.53E+23
6.85E+23
7.12E+23
7.94E+23

GED(seJ/hm2)
3.10E+14
3.10E+14
3.10E+14
3.10E+14
3.10E+14
3.10E+14
3.10E+14
3.10E+14
3.10E+14
3.10E+14

EEF per capita(hm2)
5.6616
4.9695
5.5421
6.4531
7.7876
8.3464
9.0126
9.3709
9.6419
10.4940
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during the whole period (except the decline in 2010).
Furthermore, judging from the whole figure, the EEF of
the three provinces had a roughly similar curve variation
during the period.

From Fig. 3, judging from the correlation between
economic growth and energy pressure variation has been
roughly synchronous according to the real conditions relatively. More and more energy should be consumed for
economic growth, and subsequently lots of wastes are
produced. Meanwhile, the EPI (Fig. 3) has always been
greater than 60, which was from 61.7846 to 108.121, showing severe insecurity in full of the regional ecological system. To sum up, the most ecological influence had still
not been counteracted by the finite improvement of energy efficiency in the Bohai Rim, bringing about that the
more pressure the ecosystem bores year after year, the
more unsustainable the regional development would be.

FIGURE 1 - Change of emergy energy footprint in the provinces
and municipalities of the Bohai Rim.
3.2 Energy footprint intensify and energy pressure index

As also can be obtained from Fig. 2, EFI in the Bohai
Rim had decreased at a definite rate, which was from
4.9808 hm2/104 yuan to 2.5281 hm2/104 yuan, at an annual
average rate of 10.78% during the period, revealing that
the energy or industry structures might be constantly adjusted. During the period 2002 to 2005, the energy footprint had fallen to 3.7780 from 3.9515, dropping at an
average rate of 1.46% annually, while the rate was 2.42%
from the years of 2006 to 2010. In the ‘eleventh five-year
plan’ period, the relative energy saving emission reduction efforts were stressed and fitted to a performance
evaluation system in leading cadres. To a large extent, all
the results above might be brought from the vigorous
promotion of the policy of taking energy consumption per
unit of GDP as an index. In this period, Beijing and Tianjin answered to the government's call, including underlining energy saving in key focus, promoting new technologies and strengthening the law-enforcing supervision in
many aspects. Meanwhile, Hebei, Shandong and Liaoning
also carried out relevant actions more or less, despite
lagging the entirety.

FIGURE 2 - Change of energy deficit and energy footprint intensify
in the Bohai Rim.

FIGURE 3 - Chart of comparison between energy pressure and
GDP per capita in the Bohai Rim.

TABLE 3 - The value of HDI in in the Bohai Rim and nationwide from 2001 to 2010.

HDI
LEI
EI
GDPI

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

the Bohai Rim

0.7208

0.7278

0.7338

0.7462

0.7555

0.7912

0.8048

0.8209

0.8274

0.8375

nationwide

0.7062

0.7081

0.7166

0.7273

0.7328

0.7292

0.7459

0.7619

0.7690

0.7842

the Bohai Rim

0.8120

0.8120

0.8120

0.8120

0.8120

0.8729

0.8729

0.8729

0.8729

0.8729

nationwide

0.8305

0.8305

0.8305

0.8305

0.8305

0.7733

0.8305

0.8305

0.8305

0.8305

the Bohai Rim

0.9127

0.9181

0.9116

0.9184

0.9156

0.9320

0.9375

0.9428

0.9458

0.9520

nationwide

0.8968

0.8884

0.8947

0.9007

0.8918

0.9086

0.9173

0.9232

0.9289

0.9469

the Bohai Rim

0.4378

0.4533

0.4778

0.5082

0.5390

0.5685

0.6039

0.6469

0.6634

0.6862

nationwide

0.3912

0.4054

0.4247

0.4509

0.4760

0.5057

0.5471

0.5892

0.6047

0.6325
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TABLE 4 - Results of efficiency evaluation of sustainable development system in the Bohai Rim.
Year

θ

S1 -

S2 +

S3 +

S4 +

S5 +

Peer

2001

1

0

0

0

0

0

1

2002

1

0

0

0

0

0

2

2003

1

0

0

0

0

0

3

2004

1

0

0

0

0

0

4

2005

0.737

0

0

1.569

1.691

0

4

2006

0.452

0

0

8.268

8.170

0

4

2007

0.482

0

0.472

13.953

13.602

0

3

2008

0.571

0

1.752

20.807

20.204

0

3

2009

0.865

0

0

11.413

12.277

0.931

4

2010

0.609

0

0

26.056

25.632

0

4

3.3 HDI

4. DISCUSSION

It is distinctly noted from Table 3 that the values of
HDI, LEI, EI and GDPI had been greater in the Bohai
Rim than nationwide (except the LEI during 2001-2005);
in other words, the regional social and economic development level might be a bit higher than nationwide during
this period. In terms of policy, the support had been
strengthened in the area, and the important leading and
radiating influence in regional economic and social development had been exerted to the mainland economy in
the ‘Tenth Five-Year Plan’ and ‘Eleventh Five-Year Plan’
period. On the geography situation side, the economy and
politics center in China would lay foundation on the overall regional development, and enjoyed unique characteristics like incorporated energy reserves, coastline resources
and transportation of route and water lines.
3.4 Results from DEA

The C2R model covering EEC, EEF, EPI, EFD and
HDI has been established in this paper, and the values of
θ, S-, S+ and P are gained in Table 4. The results of the
longitudinal study are presented in Table 4, meanwhile
slack (S-) was always zero, which also signified surplus
variation, indicating that the minimum requirements could
not be met. The reason is that S- shows how much the truth
meets minimum requirements in an economic decisionmaking and the minimum requirements will be met if
positive, but will not if negative.
−

+

+

+

+

θ = 1 and S1 =S2 = S3 = S4 = S5 = 0 appeared
during the period 2001 to 2004, illustrating that the
evaluation units in the four years were effective to the
model. From 2005 to 2010, there were all values θ<1 in
the results, showing inefficiency. It is also clearly perceived that the values of P which, respectively, represented the projection object, telling that the units in 2007
and 2008 can be projected by 2003, and the others can be
projected by 2004. All of the above optimization directions should be used for reference in making policy and
management decision.

4.1. Main achievement

In this paper, we have peered into the sustainability in
time series and its characteristic in spatial distribution of
the Bohai Rim, seeking answers to the following questions: Is there a sustainable development state in this region? If not, how should we evaluate and analyze? Is the
established model feasible? To answer these questions, the
theory framework and methodology covering EEF, HDI
and DEA from the carrion capacity of natural ecosystem,
socioeconomic development level and comprehensive efficiency assessment of sustainable development system were
attempted, and taken collectively to depict the specific
situation of the region.
It is deemed to agree to the actuality of Fig. 1, for that
Beijing and Tianjin had firstly responded to the call, such
as emphasizing energy saving in major fields and exploring new techniques from the nation; nevertheless, Hebei,
Shandong and Liaoning, which are less developed regions,
had implemented some policies of energy saving and emission reduction despite lagging behind the others. Fig.2
shows that the ecological environment had endured tremendous pressure, presenting a sort of unsustainable
development state. The movement of the curve (Fig. 3) is
regarded to agree to the fact, since energy consumption
had been increasing along with the acceleration and accumulation of rapid urbanization and industrialization in
‘Tenth Five-Year Plan’ and ‘Eleventh Five-Year Plan’
period As one of the most important economic growth
regions in Northern China, the Bohai Rim was an example according with the change as a matter of course.
Meanwhile, the evaluation of sustainable development
comprehensive level in the Bohai Rim from Table 4 also
accords with the practice. In the ‘Tenth Five-Year Plan’,
the development situation was better than in other years;
since that, the EEC in the study period had almost varied
little while EEF and other indexes have increased, which
may be similar with the other results of analysis. In
chronological order, the efficiency of sustainable development was obviously not gradual in the ten years.

2300

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

4.2. Adaptive considerations
4.2.1. Consideration for methodology design and construction

Up to the present, there is no single agreed method
for undertaking sustainable development assessment [56,
57], yet a number of attempts have been made to assess
progress toward sustainable development in the past decades [43, 58]. By presenting the results of the emergy
energy footprint of the Bohai Rim, it has become evident
that it is feasible to connect the ecological footprint theory
and the emergy analysis idea due to the understandability
and simple calculation process by the direct emergy conversion of energy items, among which calculations of
regional ermergy density were not needed relative to the
previous methodology [5, 50]. It was also evident that the
method of emergy energy footprint is easier to understand
than the others [9, 11], avoiding the drawback of the
global average ecological footprint despite consummating
the ecocapacity calculation (for example: it is hard to
collect the complete original data concerning the natural
resources). From another perspective, it is actually obvious that ecological footprint is always larger than energy
footprint, and if the energy footprint is larger than ecocapacity it will suffice to prove that ecological footprint is
larger than ecocapacity, and then, sustainability or not
will be known. Thereby, energy footprint should well be
competent in evaluating the regional sustainability. Moreover, in line with the current purpose, HDI was used as a
supplement for the analysis framework in this case, which
may play a significant role in analyzing development
level and degree. It is also a new light that the comprehensive efficiency assessment of sustainable development
has been achieved by data envelopment analysis when
considering the previous results as the input and the output
factors, which cemented and extended the time series analysis result.
4.2.2. Consideration for methodology application

Although abundant energy and other resources promote economy growth in the region, it is also clearly perceived that traditional development concept, which attached importance to traditional economical and industrial
construction, has brought about severe resource shortage
and ecological environment, and also restricted the economic and social development in turn. Following the Pearl
River Delta and the Yangtze River Delta, it is necessary to
research the regional sustainable development and to
propose some comment and the countermeasure. Meanwhile, it should be explained that energy played a distinctive role in total resource consumption, especially fossil
energy and electricity, whereas energy consumption increment was not in line with energy land change. The
emergy analysis idea, which is a convenient way to unify
and measure various types of energy, can help to evaluate
and analyze the utilization of the resources and environment. It also can be imagined that the relation between
energy consumption and natural supply can be calculated
in terms of EEF when seeking to appraise national or regional sustainability. Consequently, the social, economic

and environmental system will develop in sustainable
model in the event of a maximum natural supply and ecological remainder in energy consumption from the calculation result. And HDI was integrated, with the result of
EEF, to analyze regional sustainable development in this
study and to avoid the ecocentric view of ecological footprint. It is proven that EEF and HDI may provide a
method or route for analyzing sustainability and socialeconomic development on regional or national scale,
respectively.
5. CONCLUSIONS

To sum up, from the angle of the comprehensive results covering time series and spatial distribution of the
Bohai Rim, it is affirmative that the development pattern
had been based on unsustainable energy use and a series
of ecological environmental damage, although the socioeconomic developments have been at a not-low stage in
the time interval. It should be considered that the tremendous energy pressure, severe energy deficit, irrational energy structural during the study period might be hard to be
counteracted; therefore, a severe ecological environmental
crisis from the regional development mode in spite of
constantly optimized energy usage level exists; thereby,
problems need to be considered and solved radically from
state-directed economy model.
How to solve these problems? First of all, related policy and legal mechanisms (for example: building a headed
government organization and several special administrational organizations to take charge of the different sections in the whole region and fitting into the national basic
law) should be established and improved under the background of strengthening communication and coordination
in regional cooperation in order to achieve recycling
economy, with avoidance of resources wasting and reduction of negative impact. Secondly, it is necessary for the
provinces and municipalities to optimize energy structure,
improve science-technology level and innovative capabilities, develop production, and adopt new energy technologies (such as developing clean energy technology and
carbon sequestration, saving energy and increase-added
values of industry). Thirdly, exploiting the geography
location, it should be gained progress distinctively, such
as modern tourism (Beijing, Tianjin, Qingdao and Dalian
are all famous tourism cities) and logistics transportation
(Qinhuangdao, Qingdao, Jinan and Dalian own abundant
coastline resources). Fourthly, it is a basic guarantee to
strength governing energy consumption in any section
including specific policies for achieving sustainable development in the Bohai Rim. Finally, all topics above
should be established on the basis of increasing government capital investment, since it may be not appropriate
to depend on market entirely.
Although energy and resources utilization can bring
about abundant economy outcomes, the socioeconomic
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development level from equal energy footprint occupation
will be uneven in virtue of various science technology
levels, culture and moral quality, ecological environment
and policy orientation. As a result, it may be inevitable to
focus on whether there is a precise ratio between energy
footprint or ecological footprint and social economic
development in a further research. It is feasible employing
the emergy energy footprint model, integrated with the
analysis idea of human development index, to assess
regional sustainable development well, with more details
and a dynamic integration study anticipated.
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ABSTRACT

A simple and effective method has been developed
for the preconcentration of trace amount of thorium by
cloud point extraction (CPE) using arsenazo-III as complexing agent prior to its UV-Visible spectrophotometric
determination. A placket-burman design (PBD) was used
to determine the main factors such as pH (P), amount of
triton X-114 (TX-114), cetyltrimethylammonium bromide (CTAB), ligand volume (LV), addition salt (StV)
and temperature (T). Under optimum conditions, the influence of significant variables including pH, TX-114,
and LV on the quantitative extraction efficiency of Th
(IV) were investigated by Central 23 + star composite
design (CCD). Interference effect of some anions, cations
and some metals was also studied. The limit of detection
was found to be 0.46 µg/L with preconcentration factor of
50. The relative standard deviation of the method was <5%.
The method was successfully employed for the determination and preconcentration of thorium in rock sample.

KEYWORDS: Cloud point extraction, Th(IV), Rock samples,
Arsenazo-III, Factorial design, Uv-visible spectrophotometry.

1. INTRODUCTION

Thorium (Th) is considered as a dangerous pollutant
and is widely found in the environment soil, plants, air,
water, rocks and sand [1, 2]. However, the larger amount
of Th was entered into the environment not only originates from the nuclear industry but also through the human activities such as ore processing, mining, fertilizers,
milling and nuclear industry processes [1, 2]. On the other
hand, Th(IV) and its compounds are highly toxic and can
* Corresponding author

cause progressive or irreversible renal injury and in acute
cases may lead to kidney failure and death [2-4].
A number of separation/preconcentration methods including solid phase extraction [3- 6] co-precipitation [7],
were used for the determination of thorium. Cloud point
extraction (CPE) are also widely used for separation and
preconcentration of trace metal ions, due to its some important advantages like inexpensive, simplicity, fast analyzing
time and simple adaptation to automation systems [8, 9].
Several instrumental techniques including inductively
coupled plasma atomic emission spectrometry X-ray fluorescence spectrometry (XRF) [10], ICP-MS [11], Neutron
Activation Analysis (NAA) [12] and spectrophotometry
[13, 14] were used for the determination of thorium. However it is still difficult because of insufficient sensitivity,
lack of selectivity, presence of complex matrix, poor precision and accuracy. Multivariate techniques have been widely
employed in analytical chemistry for the determination of
radioactive elements [15-19].
In the present study, a CPE procedure has been developed for the preconcentration-separation and determination of trace amount of thorium in rock sample using
arsenazo-III as a chelating agent. The most important parameters such as pH, TX-114, CTAB, LV, StV and T which
influencing the extraction efficiency of Th(IV) were performed by a multivariate approach.
2. MATERIALS ANS METHODS
2.1 Apparatus

A Hitachi Model 150–20 UV–Vis double beam spectrophotometer carrying a 10 mm optical path cell was
used for the measurements. Measurement of pH was performed using a model Nel pH 900 (Ankara-Turkey) pHmeter with a combined glass electrode. For the phase separation, a centrifuge (model 120, ALC PK, Buckinghamshire,
England) was used.
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2.2 Reagents and solutions

2.6 Experimental design

All chemicals and reagents were used of the highest
purity of analytical grades (Merck, Darmstadt, Germany).
Ultrapure water was used during the study. A stock standard solution (1000 µg/mL) of Th(IV) was also purchased
(Merck, Darmstadt, Germany). Working solutions were
prepared on routine basis from the stock solution by serial
dilutions with ultra pure water. Arsenazo III solution (0.1 %
(w/v) was prepared by dissolving 0.1 g of the reagent in
100 mL of pure ethanol. Potassium iodide solution (0.1 %
(w/v)) was prepared in distilled water.

Experimental design is a very useful tool for preliminary experiments in preconcentration and separation systems. The design was developed to reduce the number of
experimental runs simultaneously and can show the relative significance of the variables and interactions between
different factors [20-22]. In present study, six factors were
selected and investigated by PBD design and were tested
at low (-) and high (+) levels as summarized in Table 1.

The buffer of pH 6.0 was prepared using sodium dihydrogen phosphate and disodium hydrogen phosphate. All
glass-ware was kept in 10% nitric acid overnight and then
was rinsed several times with distilled water before use.
2.3 Cloud Point Extraction procedure

15 mL of aliquots containing 100 µg/L Th(IV) were
taken into conical bottom vials. Added 2.0 mL of the buffer
solution then the pH was adjusted to approximately 6.0 by
addition of 1.0 M of NaOH and 0.01 M HCl. Then added
100-250 µL of TX-114 (0.05%), 100-200 µL of CTAB
(0.2%), 100-500 µL of arsenazo-III (0.1%), 0.5-1.0 mL of
KI (as salt addition) were added into the solution. Afterward, the mixture was then kept into thermostatic water
bath for 30-50°C. After heating, the mixture was centrifuged for 3 min (3000 rpm) and the organic solvent was
settled down in the bottom of the tube. Finally, the aqueous phase was removed and analytes containing extract
was diluted with 300 µL of pure ethanol, according to the
experimental factorial design matrix. Thereafter the measurement was carried out at 662 nm by UV-Visible Spectrophotometer.
2.4 Analysis of rock samples

The rock samples were collected from Kayseri, Turkey.
0.300 g of rock samples (n=5) were weighed in 100 mL of
beaker and added 10 mL of HNO3 followed by heating on
hot plate for 2 h at 90 °C. After that 5 mL of HClO4 was
added to sample solution and then left the sample solution
for overnight. Thereafter, HNO3 (10 mL), HClO4 (5 mL)
and HF (5 mL) were added into the mixture and was heated
overnight at 90 °C until the clear transparent solutions were
obtained. After cooling, the resulting solutions were filtered through a 0.45 µm pore size membrane filter (Millipore Corporation, Bedford, MA, USA) into a 25 mL conical bottom flask and were diluted with distilled water. The
pH of this solution was adjusted to 6.0 and then was subjected to procedure given in section 2.3 and subsequent
determination of Th(IV) as arsenazo III complex by Uvvisible Spectrophotometer.
2.5 Statistical Software

The experimental data of factorial design was evaluated by using of computer program Minitab 13.2 (Minitab
Inc., State College, PA).

A CCD design was used for optimization of most
significant variables including: P, the amount of TX-114,
and LV [23]. A CCD combines a two-level factorial design with axial points (star points) and at least one point at
the center of the experimental region. The estimated values of significant variables were optimized versus %
recovery of Th(IV) was investigated by response surface
methodology (RSM) [24].

3. RESULTS AND DISCUSSION
3.1 Optimization strategy by multivariate technique

In the proposed CPE procedure, to achieve maximum
extraction efficiency various parameters were optimized
using multivariate optimization approach. The optimized
experimental conditions of proposed procedure are summarized in Table 1.
TABLE 1 - Factors and levels used in PBD and CCD.
Variables
pH (P)
Arsenazo-III 0.1% (LV), µL
Triton x-114 0. 05% (TX-114), µL
Cetyltrimethylammonium bromide 0.2%
(CTAB), µL
Potassium Iodide 0.1% (StV), mL
Thermostatic temp. (T) °C

Low (-)
2.0
100
100

High (+)
6.0
500
250

100

200

0.5
30

1.0
50

3.2 Plackett-Burman Design (PBD)

In order to optimization of proposed procedure, a
PBD design was carried out for the preconcentration of
Th(IV). In this design six variables including pH, TX114, CTAB, LV, StV and T were selected. However, in
the present study PBD design with sixteen runs was developed to explore the important variables and their interactions. This optimization method permits estimation of
the principal effects of the variables was optimized vs. %
recovery of Th(IV) as summarized in Table 2. The main
effects and interactions of all studied factors can be visualized by pareto chart (Figure 1). The pareto chart demonstrates the influence of each factor (main effect) has on
the response of the % recovery of Th(IV). The chart also
shows the effect of the second- and third-order interactions among the variables. The results showed that pH,
TX-114 and LV were significant at (0.05) p-value, while
CTAB, StV and T were considered as an insignificant for
further optimization.
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TABLE 2 - Design matrix for Plackett-Burman design.
A
pH
6.0
6.0
6.0
6.0
2.0
6.0
2.0
6.0
6.0
2.0
2.0
6.0
2.0
2.0
2.0
2.0

Runs
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

B
TX-114
100
250
250
250
250
100
250
100
250
250
100
100
250
100
100
100

C
CTAB
100
100
200
200
200
200
100
200
100
200
200
100
100
200
100
100

D
LV
100
100
100
500
500
500
500
100
500
100
500
500
100
100
500
100

E
StV
1.0
0.5
0.5
0.5
1.0
1.0
1.0
1.0
0.5
1.0
0.5
1.0
1.0
0.5
0.5
0.5

F
T
30
50
30
30
30
50
50
50
50
30
50
30
50
50
30
30

% Recovery
70.6
98.5
95.6
96.3
72.2
101
67.3
88.6
92.5
50.5
58.3
90.4
60.2
55.5
49.5
37.6

On the basis of CCD experiments, the optimal extraction
conditions for Th(IV) given in Table 3.
3.4 Estimated effects of variables

FIGURE 1 - Pareto Chart of effects vs. % Recovery of Th (IV)
3

3.3 Optimization by Central 2 + star composite design (CCD)

Six factors such as pH, TX-114, CTAB, LV, StV and
T were optimized by PBD design. The PBD studies confirmed that some factors are less significant and have also
no significant interactions were found. The results of the
PBD design and pareto chart indicates that P, TX-114,
and LV have the most considerable effect on extraction
efficiency of Th(IV). On the basis of the pareto chart
evaluation the most important factors (pH, TX-114, LV)
and their possible interactions were studied by CCD. The
study based on CCD design, 3D-response surface plots
confirmed that % recovery of Th(IV) was strongly dependent on pH, TX-114 and LV.

A CCD with six degree of freedom involving sixteen
experiments was established to optimize the significant
variables such as pH, amount of TX-114 and LV. These
variables were selected from first screening PBD design.

TABLE 3 - Optimized experimental conditions
pH
Volume of TX-114
Volume of ligand

6.0
250 µL
500 µL

TABLE 4 - Central 23 + star central composite design (n = 16) for the set of (pH), (TX-114) and (LV) for determination of Th(IV)
Runs
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

A
pH
2.0
6.0
2.0
6.0
2.0
6.0
2.0
6.0
0.63641
7.36359
4.0
4.0
4.0
4.0
4.0
4.0

B
TX-114
100
100
250
250
100
100
250
250
175
175
48.866
301.134
175
175
175
175
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C
LV
100
100
100
100
500
500
500
500
300
300
300
300
-36.359
636.359
300
300

% Recovery
30.1
50.3
60.3
40.1
45.2
55.4
61.3
98.4
55.0
60.7
85.1
45.2
70.1
85.5
85.1
85.8
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A CCD design involving 16 experiments were performed to optimize these three variables. Whereas, high
(+) level pH and TX-114 (at experiment 4, Table 4),
showed 40.1 % recovery. Triton X-114 concentration, pH
and LV were at maximum level (experiment no. 8) the
maximum 98.3 % recovery was obtained. Hence from the
results it was observed that high amount of TX-114 and
LV increased the analytical signal of Th(IV). The optimization of % recovery of Th with respect to pH, TX-114
and LV was carried out for each pair [pH-TX-114 and
pH-LV] at three different levels [2.0, 6.0 and 4.0], [100,
250, and 175 µL], and [100, 500 and 300 µL] for estimation of the response surface. The study of estimated three
dimension (3D) surfaces response for variables ([pH- TX114], [pH-LV]) was evaluated by RSM and were visualized by 3D graphs. Among the three variables only one
variable was fixed at the central points and the remaining
variables are allowed to vary. The plot depicted for each
pair of variables versus % recovery of Th(IV) as shown in
Figures 2 and 3.

FIGURE 2 - 3D surface response for % recovery of Th (IV) vs. pH
and TX-114

3.5 Interferences study

Due to matrix effects are well-known problem in
spectrophotometric determination of analytes in real samples [25-30], the possible interference predictable to the
various ions was examined by introducing them into the
aqueous solutions containing Th(IV) and treating the proposed procedure as described in (Section CPE). The tolerance limit was fixed as the maximum amount of an ion
causing an error less than 5% in the absorbance of the
consequent solution. As noticed from the results of Table 5
that a number of interfering ions such as cations, anions,
alkaline and alkaline earth metals and conventional anions
were not interfered even at maximum concentrations. The
results showed that the proposed method was fairly free
from foreign interfering species.
3.6 Analytical performance

Under the optimum conditions, the analytical performance of the proposed method was validated by determining the repeatability, recoveries and linearity. The

FIGURE 3 - 3D surface response for % recovery of Th (IV) vs. pH
and LV

TABLE 5 - Matrix effect for determination of Th(IV) (µg/mL)
Foreign species
Ca2+
Cu2+
FFe3+
Mg2+
Na+
Ni2+
NO3PO43SO42U4+
Zn2+

Added
CaCl2
Cu(NO3)2.3H2O
NaF
Fe(NO3)3.9H2O
Mg(NO3)2
NaCl
Ni (NO3)2
KNO3
Na3PO4.12H2O
Na2SO4
UO2(CH3COO)2· 2H2O
Zn (NO3)2
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Tolerance Limit (mg/L)
2500
25
25
1000
1500
1500
25
1000
1000
1500
250
20

% Recovery
99.5±1.0
99.4±1.0
97.5±0.5
99.4±2.0
97.1±1.1
95.9±0.5
96.5±1.0
99.7±1.0
100.0±1.5
98.1±1.0
98.4±1.1
98.7±1.5
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linear range for the measurement was 0.5-6.0 µg/mL with
the correlation coefficient of 0.999. The limits of detection (LODs) and quantification values (LOQ) were 0.46
and 1.5 µg/L calculated experimentally using a signal-tonoise ratio of 3 and 10, respectively. The preconcentration
factor was calculated as 50 when sample volume was 15 mL
while final volume is 300 µL. The relative standard deviation of the present method was <5%
3.7 Application to real samples

The accuracy of the proposed method was tested in
terms of recovery experiments by spiking a known amount
of Th(IV) to the samples at three different concentration
levels of 1.0, 2.0 and 3.0 µg/g, respectively. Finally, the
spiked real samples were extracted by proposed CPE
method as discussed in (Section CPE). The results are
illustrated in Table 6. Good agreement was obtained between the added and measured analyte contents. The %
recovery values were found to be in the range of 98–
100%. The obtained recoveries indicate that the method is
applicable for the preconcentration and determination of
Th(IV) in environmental samples.
TABLE 6 -Addition recovery/test in spiked rock samples for determination of Th(IV) (pH=6, amount of rock sample: 0.300 g, n =6)
Added, µg/mL
0.0
1.0
2.0
3.0

Found, µg/mL
1.97±0.05
2.95±0.05
3.92±0.09
4.97±0.08

4. CONCLUSIONS

Factorial design including PBD and CCD was successfully employed for the extraction and determination
of Th (IV) in rock samples. As observed from the results
that % recovery of Th (IV) was dependent on the optimum conditions of variables (pH, TX-114 and LV). On
the behalf of the results, it has been demonstrated that the
application of factorial design to CPE technique is relatively rapid, easy, convenient, and cost effective method
for the simultaneous determination of variables affecting
extraction efficiency of selected response and their interactions. The sample preparation time is considerably reduced compared to the univariate method which involves
several experiment and optimization of each parameter at
a moment and also does not allow the estimation of interaction of various factors.
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INFLUENCE OF SOME ECOLOGICAL FACTORS AND
FOREST PRACTICE ON THE SPATIAL PATTERN OF
SPECIES RICHNESS AND DISTRIBUTION OF LOWLAND
FORESTS AT LANDSCAPE LEVEL (A CASE STUDY:
FLOODPLAIN FOREST AREA OF RAVNI SREM, SERBIA)
Branislav Jurišić* and Branko Vidicki
University of Novi Sad - Faculty of Agriculture, Trg Dositeja Obradovića 8, 21000 Novi Sad, Serbia

ABSTRACT

During the floristic studies of lowland forests of
Ravni Srem, performed in order to determine the diversity
of vascular flora in this area, the relevant ecological factors were monitored as the base for ecological gradient
analysis. Canonical Corrsespodene Analysis was used to
explore patterns of variation in Pedunculate Oak forests
distribution. Analysis of Similarities-ANOSIM was used
in order to explore the relationship between species richness and determined ecological variables, as well as different practice of forestry management. The resulting geospatial distribution of species richness in lowlannd forests,
in relationship to the studied hydrological gradient and
various intensities of forestry management treatments
(comprising thinning processes), has shown a statistically
significant difference in the number of recorded taxa per
analyzed UTM square in different localities of flooded
and non-flooded area. This result confirmed that species
richness enlarged with increasing water availability. The
result of geospatial analysis of species richness indicates
that flooding duration strongly affects species richness.
The highest values of species richness were recorded in
the intermediary zone of hydrological gradient. This indicates that the pattern of species richness in Ravni Srem
originally increases with the duration of flooding (the highest in the range of 60 to 70 days of inundation), after which
gradually decreased with the increasing of the gradient. Also,
the greatest values of species richness were recorded with
moderate thinning process. This indicates that the established pattern of species richness in relation to the process
of thinning, as well as with duration of flooding, actually
consistent with the intermediate-disturbance hypothesis,
suggesting that species richness reaches a maximum at
some ‘intermediate’ level of disturbance. The site score
i.e. the determined distribution of oak forests along the
* Corresponding author

ecological gradient on the first canonical axis of ordination biplot has shown greatest significance of three particular factors: type of flooding, average duration of flooding
and soil type. Therefore according to determined correlation they are also prominently contributing to the present
species variability distributed in the analyzed groups of
ecological units regarding the studied gradients.

KEYWORDS: species richness, ecological gradients, disturbance, flooding, forest treatments, lowland forests

1. INTRODUCTION

The most important international documents that define alluvial forests as priority habitats are the Habitat
Directive [1] and the Bern Convention [2]. Floodplain forests
are specific forest communities with a particular species
composition related to the habitat formed on an alluvial
plain. There are some regional differences, but the communities have an azonal character and, in spite of some regional characteristics, are individually fairly unique throughout the Mediterranean region [3]. Floodplains can be defined
as areas of low lying land that are subject to inundation by
lateral overflow water from rivers with which they are
associated [4]. The patterns of development of these unique
plant communities were essentially determined by microtopography, frequency and length of inundation period
and the gradient of altitude [5]. These forests therefore
demand very specific ecological conditions in the temperate zone [6] and are usually uniquely characterized by a
combination of high species diversity, density and productivity [7]. The geographic variables used by ecologists
to predict species richness include area and environmental
heterogeneity [8]. Floodplain forests have a multiple role
in the landscape, since they are important from ecological,
biological, environmental and economic points of view
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[9]. These forests also tend to be a mosaic of species-rich
vegetation communities due to environmental heterogeneity caused by their position in the landscape, the intensity
and frequency of flooding and lateral river movement [10].
Biodiversity maintenance is a key management objective and a requisite for sustainable forestry and it is necessary to understand the dynamics and heterogeneity of
natural forests to provide guidelines for management
[11,12]. It is also important for recognizing the role of
disturbances as integrated features of ecosystems [13]. In
this context, regime of flooding and waterlogging terrain
(natural hydrological gradient) and forest management
treatments can be understood as disturbances. These disturbances may have a large influence on the composition
and species richness of the lowland floodplain forests.
Different species are more or less benefited by the
changes in environmental conditions provided by the
disturbances and different silvicultural treatments therefore lead to differences in species composition and distribution.
In recent years, research about biodiversity in managed landscapes has been motivated by species declines
and habitat loss [14] and the use of management practices
to emulate natural disturbances and dynamics has been
explored in several studies [15-19]. Consequently, the compatibility of timber production and biodiversity conservation is a critical challenge [20], not only because of societal demands but also because human-managed ecosystems
are critical for maintaining biodiversity [21].
The lowland area of Ravni Srem is situated between
18°59’45’’ and 20º21'30'' of Eastern longitude and between
44º37'53'' and 45º11'37'' of Northern latitude. The absolute
value of altitude decreases from West toward East. The
terrain is slightly undulating with terraces and depressions,
which are filled with atmospheric and river water when
water level of river Sava exceeds 500 cm. The seasonal
fluctuation of this river is causing floods which become the
main ecological factor [22] in charge of appearance and
development of individual phytocenoses.
The variations of hydrological variables in Ravni
Srem have shown to be very pronounced from one year to
another (with an assumption that they are even more drastic in long-term scope of several decades) as well as
among most types of forest habitats [23]. Therefore it is
almost certain that the floristic composition is continuously adapting to temporary and periodic conditions, so in
the studied forests of flooded and sporadically flooded
area it is primarily a reflection of more or less short-term
existence of individual plant specimens, while the competitive interactions probably become more important and
better pronounced in places where the development
phases of certain associations were shown to be far more
stable in habitats outside of the flood area [23].
As the lowland forests are still fairly well-represented
in the region of Ravni Srem and there are some very old
and relatively well-preserved stands, the goals of this
paper were: 1- to use geospatial analysis of the study area

to determine localities with highest and lowest values of
species richness, so the determined distribution of species
richness is further used to check for any statistically significant differences among sites regarding the studied and
compared gradients of ecological factors and forestry
management practices, 2- observe and anlyze the intensities of the investigated hydrological gradient (average
duration flooding) and silvicultural treatments (thinning
process), as ’disturbances’ in relation to species richness,
and that from the aspect the intermediate-disturbance
hypothesis and 3 - to explore ecological gradients with
special reference to the flooding-related responses of
Pedunculate Oak forest types in lowland-floodplain area
of Ravni Srem.
2. MATERIAL AND METHODS

Experimental data. The studies started in spring 2008
and lasted until the end of autumn 2010. The study area
covers 5453 ha, including the forest types of most of the
Forest Management Area “Klenak” (Fig. 1) Each plot
used to measure values of abundance and cover for each
species, according to the Braun-Blanquet methodology
[24], was circular in shape with a 20 m radius (172 plots
was used for the analysis of species richness, including all
the lowland forests in monitored landscape). Ecological
variables used in the analysis included 114 plots of different Pedunculate Oak forests. The study plots were distributed proportionally in all forest types in the whole investigated landscape. Forest types are classified into several
units, known as the group of ecological units (GEU) Table 1). Nomenclature and taxonomy, with a few exceptions, are in agreement with the Flora Europaea-Flora
Europaea Database [25] or the Flora of SR Serbia [26].
Coenoecological groups (CEG) and groups of ecological units (GEU) were determined according to the
national typology of forests [27]. Therefore, GEU are
characterized by the presence of the same association on
different soil type. Coenoecological group types of forests
are defined by the vegetation on the level of alliance and
suballiances [28].
As the diversity of forest associations in Ravni Srem
is irregular due to water supply, soil type and microrelief,
the subject of analysis of their ecological differentiation
included the following factors for each studied site: average duration (time period) of inundation and the type of
flooding (the flood water or the underground and atmospheric water that is stagnating on the surface). Therefore
all the studied sites were divided into the following five
categories according to the determined regime of surface
water: one without flooding and four categories with flooding in the following intervals: 1-20, 21-65, 66-100 and 101140 days.
Each study site was georeferenced with a GPS instrument Garmin Etrex Vista HCx, precisely determining
both the coordinates and the altitude (ALT). The spatial
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FIGURE 1 - Map of Serbia with projection of 172 plots deployed in the lowland landscape of Ravni Srem in forest fragments. (Abbreviations
in the figure indicate the names of those fragments: JLT-Jalija-Leget-Turijan, SBK-Senajske Bare-Krstac, K-Karakuša,D-Debreč, GGalovača, V-Vukoder and GVO-Grbovačko-Vitojevačko ostrvo).

TABLE 1 - Forest types grouped into GEU with classification code,
before the name and number investigate plots
Groups of ecological units (GEU)
(with code)
113 Forest of Narrow-leaved Ash
141 Forest of White Willow
142 Forest of Black Poplar
151 Forest of Pedunculate Oak
152 Forest of Pedunculate Oak and Ash
153 Forest of Pedunculate Oak, Hornbeam and Ash
161 Forest of Pedunculate Oak and Hornbeam
162 Forest of Pedunculate Oak, Hornbeam and Turkey
Oak
163 Forest of Pedunculate Oak, Hornbeam and Turkey
Oak with Lindens

Number of
investigated
plots
13
1
44
8
35
15
6
45
5

data on study sites were georeferenced in software Ozi
Explorer 3.95 4s [29], included and analyzed in DIVAGIS 5.2 software [30], resulting in a precise value of each
site’s distance from Sava River (DIST) and the geospatial
analysis of determined species richness, which was represented with an UTM projection on 500 x 500 m square
grid for the study area and exported to Google Earth. The
humification process (H) was directly observed at the
studied sites and three categories were determined according to length of time period: very favorable humification

(up to one year), favorable (up to two years) and intermediately favorable (in period over 2 years). The soil type
and geological substrate matching the forest type were
determined according to the monographic atlas of forest
types in Ravni Srem [31].
Numerical analysis. In order to detect the basic ecological differentiation of analyzed stands we applied ordinary Canonical Correspondence Analysis [32], exploring
variability and distribution of site score along the environmental gradients. The interpretation in “PAST” follows the eigenanalysis algorithm given in Legendre &
Legendre [33]. CCA cannot directly cope with ordinal
variables such as the type of soil, geological substrate and
type of flooding, so they must be treated as quantitative or
nominal variables [34]. Ecological variables are plotted as
correlations with site scores. Variables were checked for
strength of their association with species diversity in the
samples. In this work, these variables were treated as
quantitative variables. Canonical Correspondence Analysis was done on the basic groups of ecological units. The
Braun-Blanquet’s combined abundance-cover scale is
alpha-numeric, and this prevents numeric data processing.
Therefore we transformed the combined abundance-cover
values into a completely numeric scale that was proposed
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by Westhoff & van der Maarel [35]. Analysis of Similarities - ANOSIM, which is a non-parametric test, was used
in order to evaluate the significant differences in species
richness according to the studied environmental variables
within the habitat categories. For this investigation a
Bray-Curtis similarity [36] was conducted on the data
matrix without transformation. The distances were converted to ranks.The ANOSIM statistic R is based on the
difference of mean ranks between groups rB and within
groups rW. R = rB - rW / (N (N-1) / 4), where N – number of samples. The divisor is chosen so that R will be in
the interval -1 ... +1.
All analyses were realized with multivariate analysis
software PAST version 2.17 [37].

3. RESULTS AND DISCUSSION
3.1 Spatial pattern of species richness in relation to the gradient duration of flooding

Species richness is represented by number of species
in each sample in study sites. The results of geospatial
analysis (Figure 2.) with UTM projection to the 500 x 500
m grid are as following: The number of species recorded
in each square for particular georeferenced distribution of
samples was represented on a six-degree scale of species
richness, visually represented by six shades of brown
color. The lightest shade represents the study plots of
forest area where the lowest values of species richness
were recorded.

FIGURE 2 - Map of Serbia with UTM projection of species richness analysis in the study landscape of Ravni Srem (Abbreviations in the
figure indicate the names of forest fragments (localities): JLT-Jalija-Leget-Turijan, SBK-Senajske Bare-Krstac, K-Karakuša,D-Debreč, GGalovača, V-Vukoder and GVO-Grbovačko-Vitojevačko ostrvo)
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On the other side of the scale, the darkest squares represent areas with the highest number of recorded species.The recorded distribution of species richness in this
georeferenced UTM grid has shown that most of the
maximum values are following the upper limit of hydrological gradient (average duration of flooding), present at
the very bed of river Sava and the floodplain area. This is
actually a zone of high-frequency, long-term inundation
caused both by river flooding and by underground water
rising to surface.
The greatest number of taxa was recorded in two samples belonging to the grid square of site Grabovačko Vitojevačko Ostrvo (GVO) within two forest types: Forest of
Pedunculate Oak, Hornbeam and Ash (Carpino Fraxino
Quercetum roboris inundatum) on alluvial brown soil in
the flood area, and Forest of Pedunculate Oak, Hornbeam
and Ash on meadow black soil in flood area. The average
length of inundation period was 21-65 days in both samples, at respective altitudes of 82 and 84 m above sea level.
The total number of recorded taxa was 74. Both types of
forest belong to the coenoecological group Forest of Pedunculate Oak and Alder and group of ecological units
Forest of Pedunculate Oak, Hornbeam and Ash.
Forests from this CEG are characterized by greater
participation and vitality of hygrophilous species of trees,
bushes and ground level flora. Due to high humidity the
stratum of bush vegetation is almost completely absent,
while the ground level flora is dominated by hygrophytae.
Most stands have bi-dominant character. Within this CEG
there are mostly forests with co-dominant species Quercus robur L.subsp. robur and Fraxinus angustifolia Vahl.
In contrast to the previously mentioned decisively
hygrophilous types of forests, there is also the CEG forests of Pedunculate Oak and Hornbeam with the greatest
recorded presence of mesophilous and xero-mesophilous
species. Particularly indicative is presence of xeromesophilous species Hornbeam (Carpinus betulus L.)
and Turkey Oak (Quercus cerris L.) which appear as
dominant species in numerous stands at studied localities.
In addition to the locality G.V.O. belonging to the intermediary zone of hydrological gradient of flood water
retention, where species richness was represented by the
greatest recorded values, the analysis has shown that the
inundation zone immediately next to the river course is
followed on the grid by numerous UTM squares with
maximum values of recorded species diversity, particularly in area of locality Senajske Bare - Krstac (SBK) with
the greatest value of species richness in a single UTM
square (69 taxa) and Jalija - Leget -Turijan (JLT) (in
Forests of Black Poplar) with 62 taxa present in a single
UTM square.
3.2 Effects of water availability (duration of flooding) on
species richness in comparison with other studies and with
the intermediate disturbance hypothesis

There is a tendency towards increasing species richness with increasing hydrological gradient (average dura-

tion flooding). This result is consistent with the results of
numerous authors [38-42], who have confirmed that species richness enlarged with increasing water availability.
However, it is difficult to compare the species richness response to a moisture gradient in the different studies due to different measures of moisture availability, the
different correlative analysis methods, and the different
spatial scale used.
Several studies [43-46] have demonstrated that differences in flooding duration affect species richness and
plant distribution in Amazonian floodplain forests. There
is an increase of species richness and diversity with decreasing flooding duration.
However, the result of the spatial pattern of species
richness, whose we find in relation to the hydrological
gradient is consistent with the intermediate disturbance
hypothesis [47-51]. This hypothesis suggests that species
richness reaches a maximum at some ‘intermediate’ level
of disturbance. This clearly indicates that the established
pattern of species richness originally increases with the
duration of flooding (the highest species richness, in the
range of 60 to 70 days of inundation), after which gradually decreased with the increasing of the gradient.
Although species richness may not be only influenced
by the flooding duration gradient, our results indicates
that differential tolerance to flooding duration results in a
sequential change of species composition along the gradient, probably related to differences in physiological tolerances of species to flooding [44, 52-54]. Kubitzki [55]
reported that metabolic adaptations might be decisive in
controlling the floristic composition of floodplain forests.
In general, we suggest that variation in species richness cannot be explained by a single ecological variable
such as flooding duration. Factors such as soil type, frequency of flooding, microrelief of the lowland landscape,
and other, are also important in determining species richness in those forests. However, data availability is still
limited due to the lack of replicates.
3.3 Spatial pattern of species richness in relation to the forest management practice

However, in most of the study sites of this CEG and
its groups of ecological units the recorded number of taxa
was much smaller, as is also shown by the geospatial
analysis of species richness. This part of the study area is
outside of zone of influence of floodplain area (inundation
zone) which includes the central part of UTM grid, mostly
the whole site Karakuša (K) and a smaller part of site
Senajske Bare – Krstac (SBK). The main reason for lower
species diversity is forest management practice of highintensity tree removal in order to ensure spacing of trees.
The next step in forest nursery measures is artificial
renewal of Pedunculate Oak populations from seed or
saplings. This practice has been ongoing for a number of
years. Most species from the ground stratum are removed
during this process in order to decrease competition with
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the freshly planted Pedunculate Oak. One part of this site
is also under the influence of high-intensity hunting practices, and large areas are adapted to certain type of game
animals and movement of hunters, leading to significant
reduction of bush/understory stratum. Combined effect of
these factors leads to strong anthropogenic pressure, decreasing the total species diversity of this area. The stratum of tree canopies either remained completely intact or
was successfully recovered. The tree stratum, as a rule,
includes a larger number of tree species, and in the driest
conditions the stands have an almost oligodominant character, shown in almost equal representation of species
Carpinus betulus L., Quercus cerris L., Quercus robur L.
subsp.robur, Tilia cordata Miller and Tilia platyphyllos
Scop. subsp.grandifolia (Ehrh.) Hay.
Exceptions from the determined spatial pattern were
recorded in two forest fragments, Galovača (G) and Vukoder (V), where the geospatial analysis has shown the
presence of 63 and 61 taxa in grid squares at Galovača
and 52 taxa at the site of Vukoder (Fig 2). In contrast to
site Karakuša, where species richness in each UTM square
does not exceed 38 recorded taxa, these two sites have
lacked the intensive measures of forest management during the last decade, leading to reduced total anthropic pressure. Therefore the forests in these two localities are characterized by a better developed bush stratum and richer
stratum of herbaceous plants, with prominent presence of
mesophilous and even xerophilous species.
3.4 Effects of forest practices (silvicultural treatments) on
species richness in comparison with other studies and with
the intermediate disturbance hypothesis

The intermediate-disturbance hypothesis is a nonequilibrium model of diversity postulating that maximum
diversity is provided by intermediate disturbance size,
frequency and intensity [56]. Species diversity should increase with increasing levels of disturbance up to a point,
after which diversity declines. Based on this hypothesis,
several authors [57, 58] evaluated the effect of management
practices with different intensities on species in various
regions, concluding that intermediate disturbances favour
species diversity. However, the response of biodiversity
to silvicultural treatments is not well-studied in the lowland floodplain forests of Europe.
Silvicultural treatments create gaps in the forest that
increase the availability of light and other environmental
changes and promote the growth of edge and pioneer
species, which depending on the intensity of the treatments, may increase the diversity of plants in a forest that
otherwise, may be dominated by a few shade-tolerant
species [58].
However, if the frequency of disturbance is too high,
it reduces the species richness, as has been found here for
intensive thinning, which had a negative effect on species
richness. This result is consistent with the intermediate
disturbance hypothesis (few species can persist under the
intense disturbances produced by intensive thinning processes).

Moderate thinning process, as a regeneration system
of lower intensity than intensive thinning process, increased the diversity and richness of tree and shrub species in investigated lowland lanscape, which is consistent
with the intermediate disturbance hypothesis. This type of
treatment, like as selection cuttings (with an average removal of basal area) falls in the range of the intermediate
intensity that enhances forest diversity. This result is
supported in part by other authors [59, 60] who have
analyzed silvicultural treatments, selection cutting and
clearcutting on plant diversity and species richness. Indeed, both disturbance-resistant and superior competitor
species may be present at intermediate sizes, intensities
and frequencies of disturbances [56, 61]. Also, our results
are similar to those of Brokaw and Lent, [62] who stated
that the simplified vertical structure in intensive cut stands
could explain in part the lower tree species richness observed.
For some forest types, forest practices significantly
reduced shrub stratum, which may be expected because
some silvicultural treatments (e.g. intensive thinning and
cleaning), directly affect understory vegetation. However,
other treatments (e.g. moderate thinning, selection cuttings) may provide more available resources for the development of the shrub stratum [59], which may explain
the significant increase in altogether species richness. Our
geospatial analysis of species richness indicates similar
ratios, between forest types and geospatial localities with
implementation moderate and intensive thinning.
Increased availability of light and other resources provided by thinning can also benefit the recruitment of new
species that increase the species richness of the stand as
reported here. In fact, the average thinning intensity in
investigated lowland landscape is similar to that of the
selection cuttings, falling within the moderate-intensity
management that is predicted to favour forest diversity
and species richness under the intermediate disturbance
hypothesis, as supported by our results in lowland forests
of Ravni Srem.
3.5 Synergistic effects of hydrological gradient and implementation process of thinning forests - results of the analysis via Two-way ANOSIM

Diva GIS was used to illustrate spatial patterns of
species richness, and Analysis of Similarity (ANOSIM)
was performed in order to check the hypotheses about
spatial variation pattern of species richness. The interaction effects were tested using a two-way crossed ANOSIM,
comparing the influence of 1) Hydrological gradient (average length of inundation period) in the flood area, including
the area (all sites) outside of the inundation region and 2)
Forestry management practice (including implementation
of intensive and moderate thinning processes as well as
the areas where none of these measurements were implemented) on the spatial distribution of species richness
according to all above-mentioned localities.
The results of performed analysis have shown that
species richness was significantly different in the flood
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area (which is mostly inhabited by the CEG - Forests of
Pedunculate Oak and Alder) and in the area without
flooding, which was mostly inhabited by the CEG - Forests of Pedunculate Oak and Hornbeam. The determined
value of ANOSIM test R was 0.81745 (>0.75 – these two
areas are well-separated according to determined species
richness related to hydrological gradient) with statistical
significance p > 0.0001. Additionally, the species richness
values are significantly different in the zone of intensive
forestry practice (represented in site Karakuša (K), a smaller
part of locality SBK and some other smaller forest fragments
and sites immediately within the floodplain area (SBK,
GVO and JLT) and localities Galovača (G) and Vukoder
(V) where this practice was absent or very low-level during the last decade. The determined value of R was
0.76658, which is just a bit lower than in the interaction
of hydrological gradient and species richness, but definitively within the domain >0.75. Therefore this interaction
is also causing the two areas (lower (moderate) and intensive forestry practices) and their coenoecological groups
to be well-separated according to species richness. In this
case the statistical significance of value R is p = 0.0211.
However, ANOSIM analysis did not show any statistically significant presence of differences in species richness regarding the other gradients of ecological factors at
study sites.
3.6 Distribution in relation to ecological gradients and wider
geographical context of Pedunculate Oak forests

The comparative analysis of floristic spectrum, performed for 114 samples in the study area, has shown that
it is completely corresponding to the national classification of forest types. Within the studied forest area of Ravni
Srem there were two recorded CEG: Forest of Pedunculate
Oak and Alder (Ano-Quercion roboris Horv.37) and Forest
of Pedunculate Oak and Hornbeam (Carpinion betuli
ilyrico moesiacum Horv.56, suballiance Quercion roboris
planarum Rauš.76) and six groups of ecological units outlined in the legend of Figure 3.
The analyses of Oak forest distributions developed
through study of temperate lowland-floodplain area of
Ravni Srem may be summarized as ecological gradient
analysis. The cardinal differentiation of forest community
composition across the floodplain gradient was found to
be promoted by the variable regimes of increase and decrease of humidity in sites at the various locations. Variable hydrological regimes therefore maintain a heterogeneous mosaic of forest communities with a high degree of
spatial dynamics. Otherwise, the composition of a riparian
forest stand is an indicator of the complex environmental
gradients of elevation, edaphic conditions, disturbance regime and distance from stream [63].
Results of ecological gradient analysis regarding the
studied ecological factors in the Peduncualte Oak forests
of this area are presented in the form of biplots of canonical correspondence analysis. The analysis of studied gradients included ecological comparisons of various associations of Pedunculate Oak, which were redistributed

within the canonical correspondence space in this analysis
as shown in Figure 3.
In reality there is a mild discontinuity of ecological
gradient of studied ecological factors between the study
areas, so they are in fact occupying an intermediate position in the ordination biplot (GEU-151,153 and161), forming a transitional and hydrologically heterogeneous assemblage between the completely ecologically discontinued extremes at the greater part of habitats GEU 152,162 and 163,
which occupy two different ends of CCA space. CCA
analysis was performed for 114 samples and 7 ecological
variables. The canonical axes (first four) explain 40.38%,
20.80%, 13.58% and 9.80% of the response table’s variance respectively. However, only the first two axes have
shown statistically significant (p < 0.001) and strong rowweighted site score-environment correlations. Global
permutation test was used to test the level of significance
between matrices. Eigenvalues of the first two axes are
0.28805 and 0.14842, respectively; the sum of all canonical eigenvalues is 0.7134.
Thus the ordination biplot represents 43.65 % (= 100 *
(0.28805 + 0.14842)) of the variance in the species abundance data in the samples and 61.18% (= 100 * (0.28805 +
0.14842) / 0.7134) of the variance in the fitted data. Gauch
[64] also indicated that sites in the middle of distribution
have little or no special ecological information shown by
those on the ends of each axes. The three ecological variables determined within the ordination biplot by vectors
with different direction and greatest intensities proved to
be crucial for ecological differentiation of the studied
habitats (Fig. 3.)
The ecological variability at the level of groups of
ecological units is primarily caused by variation in condition of habitat humidity. The variation in habitat humidity
is reflected through the two compared, positively correlated, hydrological factors in the CCA space: average
inundation intensity – duration flooding (ADF) which is
caused by length of retention of surface water, and the
type of flooding (TF) (the flood water or the underground
and atmospheric water that is stagnating on the surface).
The third is hygropedological factor (the type of soil –
TS) according to the regime of water table rising to the
surface of soil, positively correlated with the earlier pair
of factors. It was observed that type of flooding and
length were the main ecological agents in differentiating
the studied habitats. Consequently, these three ecological
variables may be regarded as crucial for shaping the variability in the species’ occurrence in the area. This was
also confirmed by coefficient of correlation for associations and ecological variables. Along the first ordination
axis gradient, the statistically significant (p< 0.01) and
highest correlations between ecological variables and sample locations pertained to type of flooding, average duration
of inundation, and type of soil, while geological substrate
produced the highest correlation along the second axis (p
= 0.023). On the other hand, other ecological variables
did not produce statistically significant correlation with
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FIGURE 3 - Canonical Correspondent Analysis (CCA) of groups of ecological units in Pedunculate Oak forests of Ravni Srem
Legend : asterisks (151) forest of Pedunculate Oak, cross (152) forest of Pedunculate Oak and Ash, open squares (153) forest of Pedunculate Oak,
Hornbeam and Ash - belong to the coenoecological group (15) forest of Pedunculate Oak and Alder; full squares (161) forest of Pedunculate Oak and
Hornbeam, open circle (162) forest of Pedunculate Oak, Hornbeam and Turkey Oak, diamond (163) forest of Pedunculate Oak, Hornbeam and Turkey Oak with Lindens - belong to the coenoecological group (16) forest of Pedunculate Oak and Hornbeam. (Numbers next to names of associations
and alliences represent the code in the national classification of forests)

TABLE 2 - CCA results- correlation of environmental variables
with axes - (the values which are denoted indicate the highest correlation between ecoogical variables and sample locations)
Ecological variables
Average duration of
flooding/ waterlogging
Type of flooding
Type of soil
Geological substrate
Distance from river Sava
Altitude
Humification

AXIS 1

AXIS 2

0.5576
0.7449
0. 5055
0.4998
0.0902
0.4915
0.2522

0.3118
0.4984
0.0365
0.5468
0.2181
0.1318
0.2484

strong impact on soil and vegetation is that of underground
water. Its presence in the rhizosphere or in the top layer of
soil is a strong foundation of composition and vitality of
vegetation [67]
3.7 Pedunculate Oak forests in the Ravni Srem compared to
similar forests in the region Croatian Posavina

the first two canonical axes. Correlation ecological variables with canonical axes, is shown in Table 2. Such
results are consistent or similar to the results of several
authors [5, 22, 23, 65], which emphasize that hydrological
gradients have a major influence on the establishment and
differentiation of lowland floodplain forests and other
wetland plant communities. According to Franjić [66]
these forests are paraclimatic associated with floristic composition largely dependable on the length of flood period
and water level. Besides the flood, another extremely

According to Baričević, [68] identical monodominant
forest of Pedunculate Oak (Genisto elata-Quercetum roboris
Horv.37) and Forest of Pedunculate Oak and Hornbeam
(Carpino-Quercetum roboris (Anic 1959) emend Rauš 1969)
were also recorded in the wide area of Croatian Posavina. In
the first community which resides on flood-plains, the
presence of Pedunculate Oak as well as the majority of
other species is conditioned by additional water influx by
groundwater and flood, i.e. its distribution is not climatogenic. The second community is floristically similar to the
climatogenic community of the Sessile Oak and Common
Hornbeam (Tipimedio-Carpinetum betuli (Ht.1938) Borhidi
1963).
Croatian forest Genisto elatae-Quercetum roboris
aceretosum tatarici (Rauš 1971) is very similar to our
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Forest of Pedunculate Oak and Hornbeam with Field Maple and Tatar Maple. It is defined by microrelief, mother
rock substrate and soil. While direct floods of river Sava
were common, these areas were obligatorily flooded, even
to the 2 m level of water. When these floods started to
disappear, the terrain become less humid, cool and dry, and
Tatar Maple (Acer tataricum), well suited to this type of
terrain, quickly appeared and spread [69].
Forest of Pedunculate Oak, Hornbeam and Turkey Oak
was also recorded within the forest complex of Croatian
flood forests, especially in Posavina, which are known as
Carpino betuli - Quercetum roboris quercetosum cerris
Rauš 1969. The driest sub-association was that of Pedunculate Oak – hornbeam forest, which was climate-induced. Of
the 45 sample plots in our study, in 16 plots Carpinus betulus was dominant over Pedunculate Oak, which is a high
number. Due to strong anthropogenous pressure on these
forests by forestry management services, Pedunculate Oak
become significantly more uncommon in the dominant
stratum, and may occasionally dominate only the second
level of association structure. These C. betulus-dominated
forests in the study area may be found in the drier parts of
the Posavina region. C. betulus is less competitive on very
moist to wet sites [70, 71] (Baričević, 1998; Kramer et al.,
2008). Drier sites are covered by C. betulus-dominated
forests Turner [72] obtained similar results in floodplain
forests, finding that flood-tolerant and flood-intolerant
species were grouped separately in floodplain forests.

4. CONCLUSIONS

The geospatial analysis of species richness has shown
that the extreme differences among the existing gradient
of flood duration in the flood area and non-flooded area at
this study site necessarily lead to marked differences in
species richness. This resulted in maximal species richness and species diversity being present in the forest with
an intermediate flooding regime.

these two areas differing mostly in hydrological and floristic terms.
Disturbances play a major role in maintaining and favouring forest diversity by creating more heterogeneous
conditions and preventing the competitive dominance of
one or a few species [56]. Our results show that the species richness of lowland forests in Ravni Srem would
benefit in general from moderate-intensity forest management.These moderate-intensity management practices
provide new environmental conditions that favour a succession process and modify the complexity of the stand
vertical structure, which has been shown to be positively
related to species richness and diversity , e.g. [62].
In addition, forest management also requires a landscape perspective in order to maintain biodiversity [73,
74]. Spatial patterns of forest ecosystems need to be considered and a forest mosaic needs to be designed based on
management practices with different size, intensity and
frequency across the landscape [75, 76].
If only the intermediate disturbances were to occur all
over the landscape, with no variability in the size, frequency or intensity, then landscape-level diversity would
likely be reduced because species dependent on the extremes of disturbances would be eliminated [56]. However,
in the lowland floodplain landscapes of Europe like Ravni
Srem, permanently or periodically flooding and waterlogged terrain play a major role as large-scale and intense
disturbances may therefore not be necessary to replicate
this kind of large disturbances throughout these areas.
In this sense, further research from a landscape approach is needed to evaluate the effects of management
on species with particular habitat requirements [17], since
the number, size and arrangement of the patches in the
mosaic strongly influence certain species [77]

Considering the regimen of humidification with flood
water, these two coenoecological groups of forests in area
of Ravni Srem are very different from each other. While
in the habitats of CEG 15 Forests of Pedunculate Oak and
Alder the flooding is very pronounced for a longer or
shorter period of time, in habitats of CEG 16 Forest of
Pedunculate Oak and Hornbeam the flooding was almost
completely absent, and the level of stagnant underground
water is at a considerable depth, so these forests represent
the first stage of transition in gradual shift of hygrophilous alluvial vegetation toward the climatogeneous forests. There is no doubt that the hydrological and pedological characteristics of habitats have the crucial impact on
basic distribution of analyzed forests.
The tested impact of intensive and moderate practice of
forestry management has additionally supported the statistically significant difference in species richness between
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ABSTRACT

In this paper we examine the effects of low doses of
organophosphate pesticides (Chlorpyrifos and Dimethoate) in two age groups of farm workers - OPs applicators,
from N. Greece. Although mean values were within the
normal reference range, one way ANOVA shows that there
exist significant statistical differences between groups in
red blood cells count, hematocrit and hemoglobin, while
MCV and platelets count seemed not to be affected. The
age of the exposed individuals seemed to play a particular role.
KEYWORDS:
Organophosphates, pesticides, red blood cells count, hemoglobin, hematocrit, mean corpuscular volume, platelets count

1. INTRODUCTION

Organophosphates (OPs) are used in agriculture as
pesticides. Their toxicity may correlate with the inhibition
of cholinesterase and other enzymes such as beta esterases
[1]. Symptoms caused by OPs in humans are divided into
three phases: a) the acute cholinergic phase [2], b) the
intermediate syndrome phase which occurs 1-4 days after
the acute phase [3] and c) the delayed neuromyoparhy
phase which occurs 7-21 days after the exposure [4].
Low-level exposure to OPs, which does not produce
acute toxic effects, may affect different physiological parameters, resulting also in health problems. However there
is a little information in literature for possible long time
influences of low dose of OPs in peripheral organs and
function like hepatic, renal and hematopoiesis, whereas,
several times different results are presented [5-10].
In this paper we investigate possible effects of low
doses of OPs in red blood cells count, hemoglobin, hema* Corresponding author

tocrit, MCV and platelets count in healthy farm workers OPs applicators from Greece, regarding their age and the
time past after the application.
2. MATERIALS AND METHODS

Data were collected from 112 healthy individuals,
randomly selected from N. Greece, Iraklia, Serres.
Forty-two of them were farm workers - OPs applicators, aged less than 50 years old, mean age 37 years
(group-a) and forty-two of them were farm workers - OPs
applicators, aged more than 50 years old, mean age 58 years
(group-b). Thirteen were villagers - non applicators, less
than 50 years old (Control group -a) and thirteen were
villagers - non applicators, aged more than 50 years old
(Control group -b). No one of them is alcoholic while a
few smokers are included in all four groups. Farm workers - applicators used a mixture of two OPs pesticides,
Chlorpyrifos and Dimethoate and all of them referred that
they followed the instructions for the protection from the
pesticides during spray application.
From each individual, two blood samples were collected, the first at the end of September, just after of OPs
application and the second one three months later, during
January. In all samples K-EDTA was added as anticoagulant. Samples were carried to laboratory under refrigerated
conditions and analyzed using the automatic hematological
analyzer Symex XS 1000i. Total red blood cells count
(RBC, x 106 mm-3), hemoglobin content (HGB, g/dL),
hematocrit (HCT, %), mean corpuscular volume (MCV,
fL) and platelet count (PLT, x 103 mm-3) were estimated.
Data were coded using the name of each one of the
above mentioned hematological parameter followed by
the latter -a or -b, indicating the age group and by the
number 1 or 2 indicating sample time (1 for September
and 2 for January). The capital letter C in the front indicates control groups.
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Data were analyzed using one – way analysis of variance (one way ANOVA). When significant differences
were indicated by ANOVA, the Fisher`s LSD test was
applied to identify differences between groups.
3. RESULTS AND DISCUSSION

farmers, sprayers [9, 12, 13] and industrial pesticides workers [14]. On the other hand, significant decrease of RBC
count had been referred in farm workers three months
after continues spraying with OPs and other pesticides
without any protections equipments [15] and industrial
pesticides workers [10]. However, none of the above studies includes repetition samples, while, regarding the age of
the included individuals no age groups were separated.

a) Red blood cells (RBC)

One way ANOVA (Table 1) indicates a statistical significant difference between the groups (p=0.002). Among
control groups (CRBCa1, CRBCa2, CRBCb1 and CRBCb2)
no significant differences were found (p>0.05). Thus,
neither age nor season seems to play any significant role
in non applicators.
All applicators' groups show increased RBC values in
relation to their control, although mean values were within
the normal reference range. For the groups RBCa1, RBCa2
and RBCb2 this increase reach the statistically significant
level (p<0.05), which lasts at least three months, from
September till January. The effect of OPs seems to be
stronger in ages less than 50 years as the mean value of
RBCa1 is higher than the respective of RBCb1 (p<0.05)
and simultaneously the mean value of RBCa2 is higher
than this of RBCb2 (p=0.058).
An increase of RBC count in farm workers - OPs applicators with mean age (35.8 years) very close to group-a
(37 years) of the present study is also referred by Emam
(2012) [11]. Increase of RBC count is also referred in

b) Hemoglobin (HGB)

Although mean values were within the normal reference range, one way ANOVA (Table 2) shows that there
exist significant statistical differences between groups
(p=0.001).
Using LSD test we found that control groups did not
show significant differences, although a tendency of a
slight decrease is observed from autumn to winter in both
groups. Statistical comparison of HGBa1 and HGBa2 mean
value with their respective control (CHGBa1 and CHGBa2)
showed significant difference (p<0.05), meaning that OPs
affect applicators aged less than 50 years old increasing
HGB value. In OPs applicators aged more than 50 years
old, a tendency of increase HGB values is also observed,
which, however does not reach statistically significant
levels (p>0.05). As the values of HGBa1 and HGBb1 are
very close to those of HGBa2 and HGBb2, respectively, it
could be assumed that the effects of OPs have at least
three months duration.

TABLE 1 - Individual 95% CIs for red blood cells means (pooled StDev=0.5277)

Group
RBCa1
RBCa2
CRBCa1
CRBCa2
RBCb1
RBCb2
CRBCb1
CRBCb2

N
42
42
13
13
42
42
15
15

Mean
5.2481
5.2881
4.8569
4.7931
5.0188
5.0783
4.9773
4.7560

StDev
0.3965
0.3868
0.3679
0.3968
0.6416
0.6913
0.6167
0.4012

-+---------+---------+---------+-------(-----*-----)
(------*-----)
(----------*-----------)
(-----------*----------)
(------*-----)
(-----*------)
(----------*----------)
(----------*----------)
-+---------+---------+---------+-------4.50
4.75
5.00
5.25

TABLE 2 - Individual 95% CIs for HGB means (pooled StDev=1.324)

Level
HGBa1
HGBa2
CHGBa1
CHGBa2
HGBb1
HGBb2
CHGBb1
CHGBb2
13.30

N
42
42
13
13
42
42
15
15

Mean
15.036
14.998
13.746
13.462
14.595
14.598
14.393
14.040

14.00

StDev
1.081
1.126
1.734
1.790
1.388
1.325
1.554
1.178
14.70

--------+---------+---------+---------+(-----*-----)
(-----*-----)
(---------*----------)
(---------*----------)
(-----*----)
(-----*----)
(---------*--------)
(---------*--------)
--------+---------+---------+---------+15.40

2323

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

TABLE 3 - Individual 95% CIs for HCT means (pooled StDev=3.750)

Level
HCTa1
HCTa2
CHCTa1
CHCTa2
HCTb1
HCTb2
CHCTb1
CHCTb2

N
42
42
13
13
42
42
15
15

Mean
44.657
44.405
41.462
41.415
43.960
43.648
43.267
42.080

StDev
2.799
2.695
4.332
6.100
4.284
3.749
4.403
3.243

---+---------+---------+---------+-----(----*-----)
(-----*-----)
(---------*----------)
(---------*---------)
(-----*-----)
(----*-----)
(--------*---------)
(--------*---------)
---+---------+---------+---------+-----40.0
42.0
44.0
46.0

TABLE 4 - Individual 95% CIs for MCV means (pooled StDev=7.007)

Level
MCVa1
MCVa2
CMCVa1
CMCVa2
MCVb1
MCVb2
CMCVb1
CMCVb2

N
42
42
13
13
42
42
15
15

Mean
85.436
84.324
85.485
83.177
87.919
86.021
87.307
86.040

StDev
6.798
6.601
7.686
6.982
8.126
7.272
5.657
4.686

------+---------+---------+---------+--(------*------)
(------*------)
(------------*------------)
(------------*------------)
(------*------)
(------*------)
(-----------*-----------)
(-----------*-----------)
------+---------+---------+---------+--81.0
84.0
87.0
90.0

TABLE 5 - Individual 95% CIs for PLT means (pooled StDev=47.60)

Level
PLTa1
PLTa2
CPLTa1
CPLTa2
PLTb1
PLTb2
CPLTb1
CPLTb2

N
42
42
13
13
42
42
15
15

Mean
246.93
254.67
259.69
255.69
215.45
229.69
208.00
216.80

StDev
42.79
42.54
54.23
54.57
50.74
48.51
51.39
46.37

---------+---------+---------+---------+
(----*----)
(----*----)
(--------*-------)
(-------*--------)
(----*----)
(----*---)
(-------*-------)
(-------*-------)
---------+---------+---------+---------+
210
240
270
300

Similar findings had been reported in a cohort of farm
workers with no repetition sampling [9, 16, 11, 12] and
industrial workers in pesticides factory [14]. On the other
hand, Patil et al. (2003) [15] reported a significant decrease of hemoglobin in farm workers - OPs applicators,
while Bhalli et al. (2006) [10] also reported a decrease of
hemoglobin in blood samples from workers in pesticides
industry.
c) Hematocrit (HCT)

One way ANOVA shows that there are statistical significant differences among groups (p=0.022), although
mean values were within the normal reference range (Table 3). OPs applicators of both age groups show an increase of HCT, however significant differences were found
only in ages less than 50 years old (HCTa1 vs CHCTa1
and HCTa2 vs CHCTa2, p<0.05). Furthermore, this in-

crease remains till January. Thus, OPs seem to affect applicators increasing HCT value by a pattern similar to that of
HGB. Our findings are in agreement with previous studies
[11, 14]. However, it has been argued that exposure to
OPs results in decrease of HCT [10, 15].
d) Mean corpuscular volume (MCV)

Α tendency of increased MCV values in elder individuals, both farm workers-OPs applicators and non applicators (MCVb1, MCVb2, CMCVb1, CMCVb2) is observed (Table 4). One way ANOVA does not indicate
significant differences among groups (p=0.303). What is
more, OPs applicators do not show any variation in MCV
values in relation to the respective control groups. Fareed
et al. (2010) [13] found increased MCV values in exposed
to OPs farm workers, such as those of red blood cells,
hemoglobin and hematocrit. On the other hand, in pesti-
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cide factory workers and farm workers - OPs applicators
referred that MCV was significantly lower in the exposed
than the control group [14, 16]. Significant increase in
MCV affected by OPs pesticide is reported also by Bhalli
et al. (2006) [10] in individuals occupationally exposed to
pesticides industry.
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ABSTRACT

The purpose of the present study is to identify the distribution of plant species in the urban public green spaces
(UPGS’s) of the urbanized area of Bartin, Turkey, and
relate the make up of the vegetation to how residents perceive the open spaces both visually and in terms of green
space sustainability. The study was conducted in 41 sampled areas in 18 green spaces. These UPGS’s were in both
old and new urban areas, and were distributed throughout
the urbanized area of Bartin. The survey found there were
193 plant species from 59 families in the 41 sampled areas.
Based on this survey the present comparative study of
UPGS’s in both older areas and newer development in
Bartın (a) presents the plant species as well as their distribution by family and origin, (b) makes correlations between
the socio-demographics of survey participants and their
definitions of urban UPGS’s, (c) evaluates the sustainability
of the UPGS’s (on the basis of their aesthetic, ecological,
and functional properties), and (d) assesses the visual
quality of the UPGSs.
A questionnaire was given to 350 participants, and
the findings were assessed via a correlation analysis. The
findings suggested, with a reliability level of 95%, a statistically significant correlation between the socio-demographics
of the participants and their preferences in the changing
urban texture (p<0.05). It was determined that whereas users
find UPGSs in older urban areas to be more beautiful, traditional and attractive than new parks and gardens in recently
developed development (r=0,133*) while it was also determined that the plant texture is richer and has sufficient
greenery (r=,176**) in older urban areas. The Bartin public
found the gardens of religious buildings in older areas to be
more ecological with a score of 3.05 whereas the gardens
of public buildings in modern developments were found to
be more functional with a score of 3.7 and that park areas
with old urban texture characteristics and cemetery areas
* Corresponding author

with new urban texture characteristics were found to be
more ecological both with scores of 3.5. When the semantic
differential method results are evaluated, it was determined
that all expert groups found cemetery areas with both new
and old urban texture characteristics to be accessible with a
ratio of 32 % and traditional with a ratio of 29 %.
UPGSs are an essential component of urban green space
planning. Therefore, the present paper provides significant
data for further studies on planning, designing and managing UPGSs. More specifically, the sustainability of the
vegetation in the UPGSs included in the study is essential
for urban ecology and urban planning. The paper concludes with recommendations for development of urban
biodiversity, quality of human life, and sustainability of the
urban landscape in public open spaces in a city, which is
growing at a remarkable rate.
KEYWORDS: Bartin, urban public green spaces, urban ecology,
visual quality, urban landscape, urban ecosystem.

1. INTRODUCTION
1.1 The Use of Ornamental Plants in Landscape

The United Nations [1] forecasts that more than two
thirds of the world population will be living in urban areas
by 2030 [2]. Turkey is no exception in this respect, for
there has been a similar trend of movement from rural to
urban areas in recent years [3, 4]. The trend has led to
strains on urban and biological environments [3]. Vegetation in urban environments loses its natural features and
reflects human preferences in relation to urban infrastructure [4].
A review of literature suggests that there are many
studies on preferences for ornamental plants and visual
quality world-wide; these studies include, but are not
limited to, Richards et al. [5] in the USA, Tsiotsiou and
Christodoulakis [6] in Greece, Pauleit and Duhme [7] in
Germany, Muthulingam and Thangavel [8] in India, Thai-
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utsa et al. [9] in Thailand, and Yaltirik et al. [10], Kelkit
[11], Oguz [12], Yilmaz and Irmak [13], Esbah [14], Mansuroglu et al. [3], Acar et al. [4], Saribas et al. [15], Acar
and Sakici [16], Arslan and Baris [17] and Bekci et al. [18]
in Turkey.
Urban biodiversity can be maintained by an integrated
urban management system, coupled with urban ecological
planning. In this respect, the European Landscape Convention of 2000, ratified by Turkey in 2003, is significant
in that it provides opportunities for urban planning and
management. It is one of the tasks specified by the Convention that quality standards for all landscapes should be
introduced into town planning, and that they should be
used as strategic tools for complex developments [3].
Deloya [19] reports that urban green space, both public and private, and characterized by vegetated areas, such
as parks or forest stands, or street-lining trees, forms the
basis not only for a healthy population but for a resilient
economy as well. In consequence, the World Health Organization strongly recommends that there should be at
least 9m2 of urban green space per capita, so that many
adverse environmental effects in urban areas can be reduced, and other benefits can be offered [9].
Recently, there has been a focus on the reassessment
of the factors that contribute to a sustainable urban environment as a result of social, economic and environmental
considerations. Green space is increasingly regarded as an
indispensable part of urban settlements for the benefit of
both inhabitants and wildlife. All these factors suggest that
it is necessary to specify a research framework within
which multi-disciplinary and inter-disciplinary research
on urban green spaces can be conducted [20].
Urban green spaces are a significant natural and cultural resource in cities. They offer a range of environmental, social and economic benefits; they play pivotal
roles in sustainable urban development and urban ecology
[21-24]. City inhabitants are positively affected by urban
green spaces in various ways. Such spaces enhance environmental conditions in a city by removing pollution, diminishing noise, and regulating temperature (e.g. [25-28]).
In addition, they can also be used as physical recreation
areas [29, 30], and they are beneficial for human health [30].
Urban green spaces have considerable natural amenities
(with a range of aesthetic and psychological benefits); they
also contribute to the livability and sustainability of cities
and the welfare of their inhabitants [20; 31-37].
There are some crucial planning considerations for public urban green spaces, and these considerations determine
how well public urban green spaces can contribute to the
quality of the urban environment. They can be listed as follows:

•
•

the total area of open space accessible to inhabitants,
the division of the total open space into individual
parcels,
• the distribution of open spaces in the center relative to
those in the outskirts of the city, and

• the size of the individual areas of open space and their

location in reference to residential areas.
There are also particular planning details relating to
open space, specifically: the facilities, proportion of vegetation cover of the ground, ease of access to the area,
location on internal pathways, and so forth [38].
It is becoming more and more important to take human needs and preferences into account during the design
of urban green spaces; thus optimizing the benefits for
users and the local population [2].
1.2 Visual Quality

Landscape visual quality is a product resulting from
the process by which various visible characteristics of the
landscape interact with certain psychological (perceptual,
cognitive, and emotional) processes in the human observer
[39]. In other words, the visual quality is a product of significant interplay between humans and nature [40]. Visual
elements provide both aesthetic values and a balance in
the mutual relationships among cultural, economic, and
biological values [41, 42].
Theories of landscape preference are mostly divided
into two, namely evolutionary theories and cultural preference theories [43]. The former assumes that all humans
have the same pattern of preference judgments because of
a common evolutionary background [44, 45] and landscape elements and structures are instantly regarded as
visually beautiful as long as they comply with this pattern.
The latter, on the other hand, are focused more on preferences that are based on perceptions of functions of the
landscape, like their productive or ecological functions
[43], and argue that preferences are heavily influenced by
characteristics of respondents such as age, gender, and
educational status (e.g. [46-48]).
According to Bulut and Yilmaz [41] it is visual quality that should be regarded as the predominant feature of
landscapes, for it directly influences the landscape preferences of inhabitants. In consequence, landscape management and planning should take public preferences into
account in order to ensure that proposed projects will be
accepted by the public [49]. The observer relies on his/her
thoughts, feelings and emotions to experience landscapes
[50-51]. Thus, the beauty of landscapes is based not only
on the object being observed, but also on the observer’s
own previous cultural background [52, 53].
It has been reported in various studies that there is a
strong correlation between preference judgments based on
photographs and corresponding responses based on direct
experience of the represented locations (e.g. [54-57]). This
is one of the reasons why photographs were used in the
present study [42].
In recent years, a number of studies have been conducted on visual perceptions of and preferences for landscape (e.g. Acar and Sakici [16]; Bulut and Yilmaz [41];
Acar and Guneroglu Ayhan [58]; Cakci and Celem [59];
Eroglu and Acar [60]; Yao et al. [42]; Bekci et al. [61]).
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On the basis of the survey and questionnaire of
UPGS’s in the changing urban structure of Bartin (i.e. the
UPGS’s with the characteristics of either old or new urban development). The present comparative study attempts to present:
(a) the plant species as well as their distribution by family
and origin,
(b) the correlations between the socio-demographics of
participants and their appreciation of the UPGS’s in the
changing urban texture,
(c) an evaluation of the sustainability of the UPGS’s (their
aesthetic, ecological, and functional properties), and
(d) an assessment of the visual quality of the UPGS’s.
2. MATERIALS AND METHODS
2.1 Sampled Areas

Bartin is located in the western part of the Black Sea
region, Turkey (at longitude 32°22' E and latitude 41°40'
N). Bartin is bordered by Zonguldak to the west, Kastamonu to the east, Karabük to the south, and the Black Sea,
with its 59-km coastline, to the north. The city has a total
area of 214.300 ha. The city has a total population of
187291 [62], whereas the city center is populated by
54555 people [63]. The central district has a total area of
1151 km², and is characterized by an average altitude of
25 m. Associated with cool summers and warm/wet winters; the typical Black Sea climate is prevalent in the city.
The highest and lowest temperatures ever recorded are
42.8 ºC in July and -18.6 ºC in February respectively. The
average yearly temperature is 12.5 ºC. The heaviest rainfall takes place during the months of October, November
and December whereas the lowest occurs in May. The
average rainfall is 1030 mm. The average annual relative
humidity is 78% [64]. The city is located in Euxine, a
sub-region of the Euro-Siberian region [65].
The city is 12 km inland in relation to the Black Sea.
One of the rare navigable natural waterways in Turkey,
the Bartin River runs through the city and connects the
city center to the Black Sea [66-67]. The two tributaries
of the Bartin River, namely the Kocanaz Stream and Kocacay Stream, meet at Cape Gazhane and surround the
city center of Bartin (Demirciler, Kemerkopru, Kirtepe,
Koyortasi and Okulak neighborhoods), which looks like a
peninsula. Part of the city center is designated as a Natural Site Area and as an Urban Site Area and Semi-Urban
Site Area. Furthermore, the banks of the Bartın River is a
Natural Site Area (first grade) and has registered examples of Ottoman civil architecture (Bartin houses) (i.e.
under conservation listing and protection) [66].
After Bartin became a province in 1991, the increasing demand for housing could not be met, especially in
the city center and the surrounding area. In consequence,
historic civil buildings in the city center, including wooden houses, have been replaced by four or five-storey con-

crete buildings, leading to a decrease in the house-garden
ratio. And there has been the growth of new development
areas outside the city center. In today’s Bartın, the neighborhoods marked by the densest housing with the characteristics of old urban texture can be listed as follows in
order of decreasing importance: Kirtepe, Koyortasi and
Ortamahalle. In the new urban texture, on the other hand,
housing shows less density in Orduyeri, Tuna and Golbucagi neighborhoods. Karakoy, Aladag and Cayduzu
neighborhoods are also characterized by lower density
housing [66].
An assessment of the changing urban texture in today’s Bartin suggests that there are no clear boundaries
that decisively distinguish the old urban from the new.
This is an indication that Bartin has not been able to
maintain its historical cultural inheritance and historical
artifacts have either been ruined or completely removed
from the city landscape. Therefore, there are a limited
number of public green spaces in the urban texture of
today’s Bartin, and some of these were chosen as sample
areas for the present study. The study was conducted on
18 different UPGSs within the boundaries of the city of
Bartin, including schools, cemeteries, public buildings,
hospitals, parks, houses, religious structures, underutilized spaces, highways, and vegetated areas in the river
corridor. The geographical location, characteristics of the
sampled areas, and images from the sampled areas are
presented in Fig. 1, Table 1 and Fig. 2. respectively.
Structures that were aged 25 and above were determined
as “old texture” (25<-) whereas those that were aged 25
and below were determined as “new texture” (->25).
2.2. Data Collection and Evaluation

Data collection and evaluation was carried out in four
main stages.
Stage I: Collection and Identification of the Plants in the
Sampled Areas

The plants were recorded using a Plant Inventory
Form. This form drew heavily on the studies by Acar et
al. [4], Bekci et al. [18], Var et al. [70], Cengiz et al. [71],
Acar et al. [72], and Bekci and Taskan [73]. The form was
filled in on the basis of field surveys, on-the-spot observation, photography, and specimen collection. The specimens that could not be identified initially were identified
through herbarium and relevant literature [10; 17; 74-75].
Evaluation of the data was made by use of an inventory
form for plant species that were included in the top 10%
(15 with the characteristics of the old texture and 13 with
the characteristics of the new texture) of all the plant
species identified in the UPGSs in reference to the frequency at which they existed. The families of all the
plants were also evaluated. Since under-utilized spaces,
highways and the river corridor were homogenous in
terms of their characteristics of the old and new urban
texture; they were excluded from the analyses of environmental sustainability and visual quality. A plant inventory was carried out for these three types of areas.
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Stage II: Survey Forms

The survey forms were administered to a total of 350
residents in Bartin - 50 members of the academic staff,
100 members of the public staff, 100 ordinary people, and
100 students of landscape architecture. The results of the
survey forms (identification of public gardens, planting

designs that users preferred in public gardens and prominent factors in planting designs) and the tables on the lists
of plants were evaluated in reference to the preferences of
the users. As for the statistical assessment of the data,
Spearman’s correlation (r) and levels of significance were
determined through an analysis of the correlation between

FIGURE 1 - The Sampled Areas (developed by Cengiz [66-68]).
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TABLE 1 -The Characteristics of the sampled areas.
Structural Type

Coordinates

Total Areas
(%)

Intensity of Use and Management Level

School Gardens
1.Istiklal Primary School (O)
2.Cumhuriyet Primary School (O)
3.Ataturk Primary School (O)
4.Bartin Anatolian High School (O)
5.Inonu Primary School (O)
6.Fatih Primary School (N)
7.Koksal Toptan High School (N)
8.Gazi Primary School (N)
9.Hendekyani Primary School (N)
10.Industrial Vocational High School (N)
11.Commercial High School (N)

N 41°,38',11'' E 032°,19',53''
N 41°,38',06'' E 032°,20',05''
N 41°,37',42'' E 032°,20',25''
N 41°,38',08'' E 032°,19',54''
N 41°,37',52.1'' E 032°,20',51.4''
N 41°,38',23'' E 032°,20',42''
N 41°,38',07.5'' E 032°,19',35.8''
N 41°,37',27'' E 032°,20',28''
N 41°,37',44'' E 032°,20',39''
N 41°,37',43.3'' E 032°,19',52''
N 41°,37',43'' E 032°,21',23''

% 48
% 57
% 47
% 59
% 74
% 40
% 71
% 67
% 49
% 60
% 49

The old schools included in the study are
located in the city center whereas the
newer ones are located away from the city
center. The older schools have smaller
gardens compared to newer ones, but they
reflect the characteristics of the city in a
better way in terms of their architectural
structure. Moderate green spaces in the
gardens of the older schools have been
replaced by large paved grounds in the
newer schools.

Cemetery Gardens
12.Ebuderda Tomb&Cemetery(O)
13.Halatciyamasi Cemetery (O)
14.Orduyeri Cemetery (O)
15.Golbucagi Cemetery (N)
16.Agdaci Cemetery (N)
17.Aladag Cemetery (N)

N 41°,37',24.8'' E 032°,20',49.9''
N 41°,37',31.1'' E 032°,20',44.7''
N 41°,38',32.6'' E 032°,21',10.5''
N 41°,38',20.0'' E 032°,19',17''
N 41°,36',50.00'' E032°,20',58.7''
N 41°,37',36.9'' E 032°,19',12.9''

% 92
% 99,9
% 99,7
% 98.9
% 99.9
% 99,6

Despite not being used as recreational
areas, cemeteries are among the significant components of urban green space.
The gardens of old cemeteries are included in the city center only because the
city has expanded further over the years
and they have become landmarks with
their historical arcades and grave stones.

N 41°,37',30.3'' E 032°,21',32.9''

% 89

N 41°,37',33.6'' E 032°,21',27.8''
N 41°,37',37'' E 032°,19',46''
N 41°,37',59'' E 032°,20',04''
N 41°,37',40.00'' E 32°,19',48.0''
N 41°,37',36.9'' E 32°,19',47.2''
N 41°,38',01.6'' E 032°,19',46.5''

% 88
% 50
% 56
% 78
% 88
% 83

N 41°,37',33.4'' E 032°,21',26.9''

% 56

N 41°,38',06'' E 032°,20',08''
N 41°,37',38.00'' E032°,18',46.2''
N 41°,37',44.4'' E 032°,21',19.7''

% 55
% 80
% 85

These are essential for the mental health
of patients. Intensive vegetation in the
gardens of old hospitals has been replaced
by spacious spaces in the gardens of new
hospitals.

N 41°,38',22.3'' E 032°,19',57.0''
N 41°,37',46'' E 032°,20',10.6''
N 41°,38',19'' E 032°,20',18''
N 41°,37',30.8'' E 032°,20',19.9''
N 41°,37',51.3'' E 032°,21',12.1''
N 41°,37',22'' E 032°,20',12''
N 41°,37',58.2'' E 032°,20',12.3''
N 41°,37',31'' E 032°,20',38''

% 98
% 83
% 97
% 92
% 85
% 90
% 93
% 98

These are where people are most commonly involved in recreational activities.
The parks included in the study are located at different parts of the city and
serve their users in different ways [69].
Old park areas have renewed their traditional texture providing an opportunity for
various recreational activities.

N 41°,37',44'' E 032°,20',20''
N 41°,37',14'' E 032°,20',54''

% 22
% 72

These are where users can worship and
enjoy peace.

N 41°,37',49'' E 032°,20',53''

% 67

These are unused areas commonly found
in the city center.

N 41°,37',25'' E 032°,19',52''

-

Although they surround the city, they do
not connect with it.

N 41°,37',48'' E 032°,20',31''

-

It reflects the historical identity of the city
and represents the main backbone of urban
outdoor and green space system. The
Bartin River is under natural preservation
and considered to be a Natural Site Area
(first grade) [66-67].

Gardens of Public Buildings
18.The Provincial Directorate of Environment
and Forestry (O)
19.The Directorate of Highways (O)
20.The Revenue Office (O)
21.The Former Directorate of Culture (O)
22.The Municipality of Bartin(N)
23.The Governorship of Bartin(N)
24.The Provincial Directorate of Agriculture
(N)
25.The Regional Directorate of Meteorology
(N)
Hospital Gardens
26.The Provincial Directorate of Health (O)
27.The Maternity and Dental Hospital (N)
28.The New State Hospital (N)
Park Areas
29.Gazhane Park (O)
30.Kemerkopru Community Facilities Park (O)
31.Yali Boyu Park (O)
32.Orduyeri Tea House (O)
33.Cumhuriyet Square (N)
34.Special Provincial Administration Park (N)
35.State Hospital Park (N)
36.Halatciyamasi Park (N)
Religious Structures
37.The Sadirvan Mosque (O)
38.The Imam Hatip Mosque (N)
Under-Utilized Space
39. (near Hendekyani, opposite Semt Pazari)
Highways
40. (The peripheral road refuge in the location of the Governorship)
The River Corridor
41. (in the location of Kanliirmak)

* (O): Old urban texture,
** (N): New urban texture.
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These are areas characterized by the
greatest number of users. Public institutions formerly in the city center have been
moved to the outskirts of the city center.
Therefore, the gardens of the public
buildings outside the city center have
more spacious areas.
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FIGURE 2 - Images from the sampled areas (1) Istiklal Primary School, (2) Aladag Cemetery,(3) The Governorship of Bartin, (4) The Bartin
State Hospital, (5) Kemerkopru Community Facilities, and (6) Ebuderda Tomb.

the socio-demographics of the users and public gardens.
The analyses were evaluated via SPSS (Statistical Package
for Social Sciences) 16.01. In addition, some of the data
obtained from the survey forms were assessed by percentage analysis and presented in tables and graphs.
Stage III: Evaluation of Environmental Sustainability of Sampled Areas

This stage consisted of two sub-stages. The first included 12 areas with characteristics of the old and new
urban texture in six different types of UPGS’s (schools,
cemeteries, public buildings, hospitals, parks, and religious structures). An attempt was made to take into account the development plans by the Municipality of Bartin and the photographs taken during field surveys (photographs taken with Canon IXUS 55 digital camera between August and November, 2012). In the second stage,
a total of 20 people from four different types of users
(five people for each of the following categories: academic staff, public staff, ordinary people, and postgraduate/doctorate students of landscape architecture) were
asked to assess a total of 48 photographs for the 12 areas
with the characteristics of the old and new urban design in
six different types of UPGS’s in reference to Voordt’s
[76] and Cengiz et al. [69] standards for space quality,
namely ecological (such as adequate greenness and diversity), aesthetic (i.e. beautiful and attractive) and functional
(such as comfortable and relaxing) considerations (Figure
5). The environmental sustainability of the UPGS’s, expressed in terms of three indicators (ecological, aesthetic,
and functional properties) were rated by specialists on a
scale ranging from zero to five. The ratings were calculated out of a total of 20 points. The forms designed for
learned opinion were filled by the raters during face-to-

face interviews. The form took 12 minutes in total to
complete, two minutes for each area.
Stage IV: Evaluation of the Visual Quality of the UPGSs

Another survey form (Semantic preferences survey
forms) was administered to the participants so that they
could assess the 48 photographs obtained in the preceding
stage in terms of their visual quality. The survey forms
were evaluated in accordance with Osgood’s [77] Semantic Differential Scale. The reason for using the scale was
to reveal how the participants viewed the interaction among
semantic properties, landscape elements, and space [61; 78].
The forms were administered to a total of 350 people100 students of landscape architecture, 100 ordinary people, 100 public staff (from the Governorship or from the
Provincial Directorates of Forestry, Highways, Public
Works, Agriculture, and State Hydraulic Works), and
50 academic staff from Bartin University (especially from
the departments of landscape architecture, forest engineering, and forest industry engineering) (Fig. 6).
A total of 16 pairs of dichotomous adjectives were specified for the assessment. These were as follows: BeautifulUgly, Interesting- Boring, Attractive-Tasteless, Traditional-Strange, Neat-Disordered, Symmetrical- Unsymmetrical, Relaxing-Tiring, Comfortable-Uncomfortable, SafeUnsafe, Accessible-Inaccessible, Practical- Impractical, Spacious- Cramped, Natural-Artificial, Diverse- Monotonous, Rich in terms of species-Poor in terms of species,
and Adequately green-Inadequately green.
1) Beautiful: the individual liking the space they are in
very much;
2) Interesting: the individual finding the spatial design
to be diverting and attract their attention;
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3)

Traditional: the space having a traditional, historical,
nostalgic and mystic ambiance;
4) Neat: the space having only basic properties;
5) Symmetrical: the symmetrical use of the objects
(artificial-floral), i.e with similar parts facing each
other or around an axis;
6) Relaxing: the space providing the opportunity to the
individual to move comfortably;
7) Safe: the individual feeling secure inside the space;
8) Accessible: the space being easy to reach or enter;
9) Practical: the space being practical for the user;
10) Spacious: the individual feeling free inside the
space;
11) Natural: the space being perceived to be derived
from nature-not created by mankind;
12) Diverse: the use of various plants, rich in terms of
species.
The respondents were requested to rate the photographs by assigning one of the following points to each
pair of dichotomous adjectives: 3, 2, 1, 0, -1, -2, and -3.
When the data were computerized, these points were
replaced by 7, 6, 5, 4, 3, 2, and 1 in order to make the
process easier [58; 60-61]. The survey form took the
respondents 24 minutes in total to complete, two minutes
for each area.
3. RESULTS

3.1. Plant species and their distribution by family and origin
3.1.1. General distribution of plant species in old and new
PGS’s by plant family and origin

The 193 plant species recorded in the 41 sampled
areas belonged to 59 families. In order of frequency,
the first three family groups were as follows: Rosacea
(24 taxa), Pinacea (16 taxa), and Cupressaceae (14 taxa)

(Fig. 3.). A total of 147 species were recorded in the PGS’s
with old urban texture (OUT_PGS) while there were 125
species in the PGS’s with the characteristics of the new
urban texture (NUT_PGS).
The percentages for the geographical origins of the
plant species were as follows: North-American origin
15.22%, European and Western Asian origins, 13.7%,
and Turkish origins 11.16%. The other origin groups and
their percentages were as follows: Mediterranean (9.6%),
European (9.6%), Chinese (8.1%), Asian (7.6%), Japanese (5.07%), Japanese and Chinese (4.06%), Hybrid
(2.53%), Iranian (1.01%), Eastern Asian (1.01%), Australian
(1.01%), and African (1.01%). The overall status of the
origins suggested that the ratio of exotic species was
88.84%.
3.1.2. The distribution of plant species in the PGSs with the
characteristics of the old and new urban texture by parameters

Tables 2 and 3 present the plant species recorded
within the scope of the study and their distribution by the
parameters. Having the highest value in the general distribution, Robinia pseudoacacia (99.33%) was encountered
in all of the OUT_PGS’s. Although Pinus nigra (99.30%),
Rosa floribunda (97,77%) and Thuja orientalis (97.52%)
were among the most commonly encountered species in the
OUT_PGS’s, they did not exist in at least three of the sampled areas. The number of species least recorded was 132
by general classification. Some of them were Araucaria
araucana, Paulownia tomentosa, and Cedrus deodora
pendula, each of which was found (0.62%) in only one of
the sampled areas.
Two species included in the top 10% of the NUT_PGSs,
Rosa floribunda existed in all the areas with the highest
percentage (82.14%) and Prunus cerasifera was found in
all the areas with the lowest percentage (22.22%). They were
followed by Fraxinus excelsior (53.57%), Thuja orientalis
(75%), and Yucca flamentosa (48.88%). The number of

FIGURE 3 - The distribution of the plant species in the PGS’s with the characteristics of the old and new urban texture by family.
(The other families excluded from the table: Amaranthaceae, Araliaceae, Araucariaceae, Arecaceae, Bignoniaceae, Cannaceae, Casuarinaceae,
Cornaceae, Corylaceae, Ericaceae, Hippocastanaceae, Iridaceae, Juglandaceae, Labiateae, Lequminosae, Lamiaceae, Lauraceae, Lythraceae,
Magnoliaceae, Musaceae, Myrtaceae, Nyctaginaceae, Pittosporaceae, Saxifragaceae, Simaroubaceae, Taxaceae, Taxodiaceae, Ulmaceae, Anacardiaceae, Eleagnaceae, Paulowniaceae, Tamaricaceae).
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TABLE 2 - The plant species found in the OUT_PGSs of Bartin and percentages by each parameter (including only those with a 10% or a
higher percentage by the general classification).
Code

Plant Species

Schools

Cemeteries

Public
Buildings

Hospitals

Parks

Religious
Structures

1
54
7
42
13
23
75
4
19
81
26
2
11
87
5
144
139
117
76
54
34
21
20
16
15
3
6
14
8

Robinia pseudoacacia
Pinus nigra
Rosa floribunda
Thuja orientalis
Juglans regia
Platanus orientalis
Ficus carica
Laurus nobilis
Prunus cerasifera
Evonymus japonica
Pinus pinea
Cupressus sempervirens
Nerium oleander
Salix alba
Abies bornmülleriana
Eriobotrya japonica
Mirabilis jalapa
Hydrangea macrophylla
Buxus sempervirens
Pinus nigra
Prunus persica
Ailanthus altissima
Cydonia oblonga
Cornus mas
Picea orientalis
Tilia tomentosa
Yucca flamentosa
Morus alba
Pinus sylvestris

15,73
57,89
21,05
10,52
15,78
36,84
10,52
52,63
94,73
31,57
26,31
10,52
31,57
1,9
21,23
5,26
15,78
0
-

52,97
59,4
74,25
97,52
62,37
4,95
0,99
1,98
0,99
0,99
3,46
40,09
4,95
5,94
2,97
9,9
4,95
52,47
5,94
17,82
12,88
3,96
2,47
0,46
7,42

9,02
99,30
27,72
65,2
11,8
2,08
1,38
2,77
43,75
1,38
4,16
19,44
2,76
27,6
6,9
24,84
98,62
2,08
2,76
2,76
2,76
1,38
6,25
1,38
0,69
5,55

1,24
7,45
2,48
1,24
1,24
1,24
0,62
1,86
13,88
2,48
6,2
0,62
7,44
1,24
0,62
0,62
-

37,77
11,11
95,55
4,44
13,33
75,55
22,22
11,11
15,55
4,44
6,66
2,22
17,77
80
8,88
6,66
8,88
53,28
11,11
13,32
31,08
8,88
15,55
15,55
11,11
-

37,77
97,77
8,88
26,66
2,22
2,22
6,66
13,33
2,22
-

Underutilized
Spaces
98,30
1,69
69,99
8,47
-

2,22
2,22
2,22
4,44
20
2,22
2,22

5,07
1,69
2,22
98,31
1,69

Highways The River
Corridor
23,07
35,16
2,19
47,25
70,08
23,07
-

99,33
76,66
36,66
18,33
20
3,33
58,33
13,32
6,66
98,34
3,33

TABLE 3 - The plant species found in the NUT_PGSs of Bartin and percentages by each parameter for (including only those with a 10% or a
higher percentage by the general classification).
Code

Species

Schools

Cemeteries

7
17
26
54
42
11
6
76
37
117
168
28
19
1
2
13
15
100
22
23
60
14
8
51
40

Rosa floribunda
Fraxinus excelsior
Pinus pinea
Pinus nigra
Thuja orientalis
Nerium oleander
Yucca flamentosa
Buxus sempervirens
Cupressus arizonica pyramidalis
Hydrangea macrophylla
Pitosporum tobira “Nana”
Rosmarinus officinalis
Prunus cerasifera
Robinia pseudoacacia
Cupressus sempervirens
Juglans regia
Picea orientalis
Cupressus arizonica
Salix babylonica
Platanus orientalis
Malus sylvestris
Morus alba
Pinus sylvestris
Cupressocyparis leylandii
Juniperus horizontalis ‘Bar Harbor’

82,14
53,57
96,4
75
35,71
35,71
3,57
25
3,57
3,57
3,57
3,57
21,42
7,14
3,57
28,57
29,7

6,93
25,24
19,8
9,9
2,47
4,95
2,47
0,46
0,46
0,99
6,93
1,98
19,8
-

2333

Public
Buildings
13,88
1,38
10,41
8,33
17,36
2,77
5,47
6,94
62,5
2,77
0,69
1,38
7,59
44,32
2,77
5,52
11,04

Hospitals

Parks

19,25
0,62
99,3
11,18
4,34
1,86
44,72
97,7
1,24
0,62
4,34
1,86
3,72
2,48
1,24
1,24
9,3
-

48,88
51,11
48,88
15,55
4,44
22,22
44,4
-

Religious
Structures
2,22
4,44
2,22
6,66
-
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species least recorded was 106 according to general classification. Some of them were Calocedrus decurrens, Musa
paradisiaca and Ageratum houstonianum. The ratios of
each were found to be 0.66%, only in one of the sampled
areas.
3.2. The correlation between the socio-demographics of the
participants and their definitions of the PGS’s with old and
new urban texture

The socio-demographics profiles of the users were
taken into account during the evaluation of the plant species in the PGS’s with the characteristics of the old and
new urban texture in Bartin and during the assessment of
their visual quality. The publicly accessible areas of the
gardens of public buildings inside the urban landscape
have significant effects on the users and are an important
component of the urban public green space system. User
profiles and the spatial properties of public gardens were
evaluated in order to determine the effect of the variability
in the socio-demographic properties of the users on user
preferences and perceptions. Table 4 presents the results of
the correlation analysis conducted in this respect. A total of
153 women (43.71%) and 197 men (56.28%) participated
in the survey. The significant correlations among 1d, 1e
and 1f in Table 4 (r=0.172**, r=0.136*, r=-0.138**) sug-

gested that men had a higher educational status and a
higher income level. In addition, most of the men were
members of an academic staff. Similarly, the correlations
among 1c, 1d, 1e, 1f and 2a (r=-0.131*, r=0.452**,
r=0.408**, r=-0.459**, r=0.109*) indicated that the participants tended to be less literate with decreasing age. However, the younger they were, the more likely they were to
be members of an academic staff. On the other hand, increasing age led to a corresponding increase in the rates of
having masters or doctorate degrees, and higher income
levels as well as in the rates of living in a detached house.
Furthermore, the significant correlation between the educational status and 1d, 1e, 1f, 2a, 2b and 2c (r=0.383**,
r=0.141**, r=-0,452**, r=-0.158**, r=0.133*, r=0.176**)
suggested that higher educational status resulted in an
increase in the participants’ income levels, confirming that
they were more likely to have jobs that could generate higher
income. As for the preferences of the users, they mostly
preferred the NUT_PGSs and would like to see these gardens embroidered with rich diversity. It can also be concluded from Table 4 that decreasing educational status was
an indicator of being a student and preferring a flat. The
significant correlations between the educational status and
1e, 1f and 2b (r=0.714**, r=-0.727**, r=-0,144**) were in
parallel with the other findings. Another finding was that

TABLE 4 - The correlations between the socio-demographics of the users and the UPGSs.
1b
1.The socio-graphics of the users
1a. Gender (1:women, 2:men)
1b. Age (1:18-20, 2:21-30, 3:31-40, 4:41-50,
5:51-60)
1c. Educational status
(1:illiterate, 2:primary school, 3:high school,
4:university, 5:master’s degree-doctorate)
1d. Monthly income per capita
(1: TL 500, 2: TL 500-750, 3: TL 750-1000 4: TL
1000-1500, 5: TL 1500-2500, 6: more than TL
2500)
1e. Job
(1:Unemployed, student, housewife, 2:retired,
3:worker, civil servant, 4: self-employed)
1f. User profile
(1: academic staff, 2: public staff, 3:ordinary
people, 4:students of landscape architecture)

,062

1c
,034
-,131*

1d

1e

1f

2a

2b

2c

2d

,172**
,452**

,136*
,408**

-,138**
-,459**

,074
,109*

-,036
-,009

-,035
-,025

-,090
-,030

,383**

,141**

-,452**

-,158**

,133*

,176**

,021

-,727**

-,035

,144**

,051

,027

-,643**

,145**

,139**

,004

-,052

-,075

-,096

,028

,010

-,027

-,033
,022

,076
,099

,714

2. Preference for the UPGSs
2a. Type of residence
(1:public housing, 2:flat, 3:housing estate,
4:detached house)
2b.Type of UPGSs
(1:OUT_PGSs, 2: NUT_PGSs)
2c. Categories of planting designs in the UPGSs
(1:the grass, 2:flowering plants, 3:plants with
autumn colors, 4:mixed vegetation)
2d. Mostly preferred styles of planting landscape in the UPGSs
(1: natural plants in the OUT_PGSs, 2: exotic
plants in the NUT_PGSs, 3: neglected OUT_PGSs
4: well-kept NUT_PGSs, 5: large NUT_PGSs,
6:all of the above)
**
. Correlation significant at the level of 0.01 (2-tailed).
*
. Correlation significant at the level of 0.05 (2-tailed).

**

,205**

-
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the employed users were members of an academic or public staff (r=-0.643**), preferred housing estates or detached
houses (r=0.145**) and liked the gardens of new public
buildings (r=0.139**). Whereas the users of public buildings mostly preferred a type of vegetation rich in diversity,
the types of planting designs that they mainly observed in
the gardens of such buildings were as follows: natural
plants in the OUT_PGS’s (14.58%), exotic plants in the
NUT_PGS’s (11%), neglected OUT_PGS’s (22%), wellkept gardens of new public buildings (16.28%), large
NUT_’ (8.85%), and all of the above (24%). The percentages confirmed the results of the correlation analysis.
In addition to the questions regarding the preferences
of the users (academic staff, public staff, ordinary people,
and students of landscape architecture) for the gardens of
public buildings; one more question was addressed to
them: “What are your desired properties in the planting
designs of these UPGS’s?”. The first preferences of the
users were as follows: aesthetic properties, with a ratio of
42%; functional properties, with a ratio of 21.72%; ecological properties with a ratio of 21.72%; and last, economic properties with a ratio of 10%. Their second preferences were quite similar: aesthetic properties with a
ratio of 35.15%, functional properties with a ratio of
23.14%, ecological properties with a ratio of 19.71%, and
economical properties with a ratio of 12%. Their third
Public Staff

A

3.3. Sustainability of the UPGSs (aesthetic, functional, and
ecological properties)

Fig. 5 presents an evaluation by informed opinion
(public staff, postgraduate/doctorate students of Landscape Architecture, ordinary people, and academic staff)
[79-81] of the school gardens, cemetery gardens, gardens
of public buildings, hospital gardens, park areas, residential gardens, religious structures, under-utilized spaces,
highways and the river corridor with the characteristics of
either the old or new urban texture, in reference to
Voordt’s [76] three standards, namely aesthetic, functional, and ecological properties. The evaluations of the
UPGS’s were classified separately for each group or participant. Old and new texture UPGS’s were classified by
taking the aesthetic, functional and ecological score averages for each participant group.
According to the members of the public staff, the
school gardens with the characteristics of the old urban
texture (2.5 points) and the cemetery gardens with the
Postgraduate/Doctorate Students

B

C

D

E

B

A

F

B

C

D

E

F

Academic Staff

Ordinary People

A

preferences were not as similar: ecological properties with
a ratio of 40.58%, functional properties with a ratio of
26.85%, economical properties with a ratio of 18% and
aesthetic properties with a ratio of 14.57%. Apparently,
the users preferred aesthetic properties in planting design
over functional, ecological and economical properties.

C

D

E

F

A

B

C

D

E

F

A: Religious garden, B: Park garden, C: Hospital Garden, D: Public building garden, E: Cemetery garden, F: School garden
Old aesthetic

New aesthetic

Old functional

New functional

Old ecological

New ecological

FIGURE 5 - Learned opinion on the sustainability of the sampled areas (aesthetic, functional, and ecological properties).
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characteristics of the new urban texture (4.25 points) were
aesthetically beautiful, the park areas with the characteristics of the old urban texture (2.5 points) and the park areas
with the characteristics of the new urban texture (4.1
points) were functional, and the cemetery gardens-park
areas with the characteristics of the old urban texture (2.7
points) and the park areas with the characteristics of the
new urban texture (4.1 points) were ecological.
According to postgraduate/doctorate students of Landscape Architecture, the park areas with the characteristics
of the old urban texture (2.6 points) and the gardens of
public buildings/park areas with the characteristics of the
new urban texture (3.1 points) were aesthetically beautiful,
the gardens of religious structures with the characteristics
of the old urban texture (5 points) and the school gardens
with the characteristics of the new urban texture (2.9 points)
were functional, and the older urban parks (2.8 points) were
ecological.
According to the ordinary people, the gardens of religious structures with the characteristics of the old urban
texture (3.05 points) and the gardens of religious structures
with the characteristics of the new urban texture (3.1 points)
were aesthetically beautiful, the hospital gardens with the
characteristics of the old urban texture (2.8 points) and the
gardens of public buildings with the characteristics of the
new urban texture (3.7 points) were functional, and the
park areas with the characteristics of the old urban texture
(3.5 points) and the cemetery gardens with the characteristics
of the new urban texture (3.5 points) were ecological.
According to the members of academic staff from
Bartin University (Faculty of Forestry), the cemetery
gardens with the characteristics of the old urban texture
(3.9 points) wereaesthetically beautiful, the school gardens
with the characteristics of the old urban texture (3.3 points)
and the cemetery gardens with the characteristics of the
new urban texture (3.3 points) were functional, and the
school gardens with the characteristics of the old urban
texture (4.1 points) were ecological.
3.4. Visual Quality of Public Gardens

Fig. 6 presents an evaluation by informed opinion
(public staff, students of Landscape Architecture, ordinary
people, and academic staff from Bartin University) of the
school gardens, cemetery gardens, gardens of public buildings, hospital gardens, park areas and religious structures
with the characteristics of either the old or new urban texture in reference to Osgood’s [77] Semantic Differentiation
Scale [58; 61]. The evaluations of the UPGSs were interpreted separately for each group.
Considering the school gardens with pairs of dichotomous adjectives, the academic staff found

• the old school gardens beautiful (26%), traditional
(40%), neat and accessible (24%), diverse (36%) and
adequately green (26%)
• they regarded the new school gardens practical (24%),
spacious (26%) and diverse (20%).

On the other hand, the public staff found

• the school gardens with the characteristics of the old

urban texture symmetrical (52%), relaxing (44%), natural (46%) and diverse (50%)
• whereas they regarded the ones with the characteristics of the new urban texture interesting (30%), attractive (28%), accessible (39%), practical (35%) and adequately green (20%).
As for the cemetery gardens with the characteristics
of the old and new urban texture, all the groups of participants found them accessible at a ratio of 32%. However,
the cemetery gardens with only the characteristics of new
urban texture were found safe by 28%. In addition, the
cemetery gardens with the characteristics of the old urban
texture were regarded by the public staff, students of Landscape Architecture and academic staff from Bartin University as traditional by 29% while the cemetery gardens
with the characteristics of the new urban texture were
defined as strange. On the other hand, the cemetery gardens with the characteristics of the old urban texture were
regarded as attractive by the academic staff and public
staff with a ratio of 28% while they were considered as
tasteless by 24%. As for the cemetery gardens with the
characteristics of the new urban texture, all participant
groups found them to be tasteless, with a ratio of 26%.
As for the public buildings, all participant groups
considered the gardens of public buildings with the characteristics of the old urban texture as practical with a ratio
of 32% and accessible by 33%. The public gardens were
regarded as traditional by 28% and symmetrical by 26%.
In addition, the gardens of public buildings with the characteristics of the old urban texture were defined as adequately green, diverse, and rich in terms of species by
36%. Furthermore, they were regarded as beautiful by
26%, attractive by 27% and symmetrical by 23%. Except
for the academic staff, all the groups of participants regarded them comfortable by 23%, safe by 27%, accessible
by 30%, practical by 25%, and spacious by 21%. Whereas
the academic staff and students of Landscape Architecture
defined the planting design as monotonous, inadequately
green and poor in terms of species, the ordinary people
and public staff regarded the planting design as diverse,
rich in species, and sufficiently green by 28%.
4. DISCUSSION AND CONCLUSIONS

The present study made an attempt to identify the
plant species used in the UPGSs in Bartin acknowledged
to have a huge impact on urban texture, their families/origins along with the values they could add to the
users (ecological, functional, and aesthetic properties) as
well as to determine how well they could contribute to the
city and the surrounding environment. The study will
hopefully serve as a model for further research on planning, designing, and managing the UPGSs in Bartin. This
study gave an insight into exploring changing urban tex-
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FIGURE 6 - Semantic differential values for the visual quality of the UPGSs.
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ture with urbanization in relation to the vegetation structure of UPGSs. This study could be a useful reference for
application in other developing countries with similar
processes of urbanization.
An attempt was made in the study to identify the status of outdoor woody ornamental plants in the UPGSs, as
a component of urban biodiversity. Biodiversity and its
maintenance are essential components of sustainable
urban landscapes. In this way, the present study is similar
to those of Oguz [12] and Mansuroglu et al. [3].
The richness and diversity of species are closely intertwined with new urban development areas. It is found
that the vegetation structure has shifted from traditional
urban settlement flora to ornamental purposes [4]. In
tandem with urban expansion, the preference has shifted
from natural plants to species of a foreign origin in outdoor ornamental plants for new settlement areas. Similarly, it was observed in the present study that natural
species were commonly used in the old urban texture of
Bartin whereas exotic species were prevalent in the new
urban texture of the city. This shift could result in a loss
of local identity in UPGSs. The present study’s findings
are supported by those of Esbah [14], Bekci et al. [18],
and Sogut and Bozdogan [82].
The findings suggested that there were 193 plant species in the UPGS’s in the 41 sampled areas and they belonged to 59 families. A comparison between the PGS’s
with the characteristics of the old and new urban texture
in terms of the five most commonly preferred plants indicated that Rosa floribunda was common to both groups.
The other four species for the PGS’s with the characteristics of the old urban texture were Robinia pseudoacacia,
Pinus nigra, Thuja orientalis, Juglans regia whereas the
ones for the PGS’s with the characteristics of the new
urban texture were Fraxinus excelsior, Pinus pinea, Pinus
nigra, Thuja orientalis. These findings prove that pleasing
plants were used for these areas. In addition, the Rosacea
family was most commonly preferred for both the old and
new urban texture (as also the case in the study of Bekci
et al. [18]). It is vital that urban texture should include
native and naturalized plants, for they contribute to the
identity of a city. The findings revealed by the present
study suggest that Rosa sp. was the “Characteristic Plant”
for Bartin.
In addition, the first five plants in the study by Bekci
et al. [18], namely Ficus carica, Prunus domestica, Rosa
floribunda, Juglans regia, Corylus avellana were found to
be preferred by the users because of the benefits they
could offer. In this respect, plants in residential gardens
are of a similar character to those in public gardens.
The socio-demographic properties of the users of the
spaces were taken into consideration when evaluating the
visual quality as well as the types of plants used in the
UPGSs with both old and new urban texture characteristics. The correlation analysis carried out for this purpose
confirmed that the UPGS’s with old urban texture characteristics were found to be more traditional and attractive

(r=0,133*) in comparison with those having new urban
texture characteristics. It was also determined that the
former had sufficient green in terms of floral texture
(r=0.176**). As for the sustainability of the UPGS’s in
Bartin, the present study revealed that the academic staff
from Bartin University (Faculty of Forestry) regarded the
old cemeteries as aesthetically beautiful whereas the support staff, postgraduate/doctorate students and ordinary
people in Bartin preferred the cemeteries, public buildings
and religious structures that had the characteristics of the
new urban texture, in terms of aesthetic beauty. The difference between the academic staff and the other groups
of participants might have resulted from the former group
attaching more importance to the contributions of biological diversity in the cemeteries than to urban ecology,
while the postgraduate/doctorate students of landscape
architecture, ordinary people and public staff focused
more on the PGS’s with the characteristics of the new
urban texture because those spaces were closer to the city
center and those groups used them more frequently.
As for the functionality of the UPGS’s, only the postgraduate/doctorate students preferred the gardens of old
religious structures, whereas the other three groups of
participants reported their preference for park areas, gardens of public buildings and cemeteries with the characteristics of the new urban texture.
In regard to the ecological properties of the UPGS’s,
the favorite areas were school gardens and parks with the
characteristics of the old urban texture, and the cemeteries
with the characteristics of the new urban texture.
There were differences among the groups of participants (public staff, postgraduate/doctorate students of
landscape architecture, ordinary people, and academic
staff) in their views of the sampled areas in regard to their
functional, ecological, and aesthetic properties. In brief,
the postgraduate/doctorate students and academic staff
favored the UPGS’s with the characteristics of the old
urban texture in their evaluation of the sampled areas in
regard to their functional, ecological, and aesthetic properties.
According to the results obtained from the semantic
differential scale, which were used to identify the visual
quality of the UPGS’s, all the groups of participants rated
the cemeteries with the characteristics of the old and new
urban texture as accessible (32%) and traditional (29%).
In addition, the cemetery gardens, school gardens and
gardens of religious structures that had the characteristics
of the new urban texture were defined as boring, tasteless
and disordered by all the groups of participants. The participants’ views of the cemetery gardens, school gardens
and park areas with the characteristics of the old urban
texture were in parallel with the findings on the sustainability of the UPGS’s. It is recommended that these ecological areas should be restored within the ambit of landscape practices.
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The present study concludes that users attach more
importance to aesthetic concerns than to other concerns in
their preferences for ornamental plants in UPGS’s. Ecological concerns are often neglected, and the tendency has
been to shift from natural vegetation to exotic plant species. This leads to the propagation of the same plant species as part of efforts to ensure the sustainability of urban
biodiversity. If similar landscape practices continue to be
implemented, it is highly likely that they will have a negative influence on species diversity in urban ecology.
The authors have declared no conflict of interest.
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ABSTRACT

Organic wastes, such as activated sludge, obtained
from solid waste purification plants of city municipalities
are used for organic carbon and nutrient sources to the
soil. Moreover, the origin, amount and nutrient contents
of activated sludge are important for soil microorganisms.
Activated sludge collected from domestic and industrial
waste plants of Adana, Osmaniye and Gaziantep were
added to peanut soil at three doses of sludge (2, 3 and 4
g/100 g oven dried soil) to compare carbon and nitrogen
mineralization. Experiments were run at 28ºC over 45
days. Carbon (C) and nitrogen (N) mineralization was
measured in vitro. The highest microbial activity and
carbon mineralization ratio was observed in soil mixed
with 4 g industrial activated sludge of Gaziantep. Increasing doses of industrial activated sludges of Osmaniye and
Gaziantep decreased nitrogen mineralization. These results might be explained by the origin and composition of
industrial activated sludge of especially Gaziantep city
and organic carbon and nitrogen in it.

KEYWORDS: Microbial activity, Microbial count, Mineralization,
Organic waste, Organic matter quality

1. INTRODUCTION

Activated sludge is a biological flock that consists of
microorganisms, extracellular biopolymers and organic
and inorganic compounds [1-2]. The use of wastes, such
as activated sludge, in agriculture and for land reclamation is an important issue for soil conservation in semiarid climate zones [3]. Addition of activated sludge has
also been proposed as one method of maintaining levels
of organic matter and plant nutrients (particularly N and
P) in agricultural soils [4-6].
* Corresponding author

Organic carbon and nitrogen mineralization of activated sludges is a complex process affected by soil type,
pH, dose and origin of sludge [7]. Soil respiration is affected by the temperature, moisture, quality and quantity
of organic matters [8, 9].
Three different doses (2, 3 and 4 g / 100 g soil) of
domestic and industrial activated sludges of Adana, Osmaniye and Gaziantep cities were added to Arachis hypogaea L. (peanut, Fabaceae) soil in order to determine their
effects on soil microbial activity as measured by carbon
and nitrogen mineralization (280C, 80% of field capacity).
Differences among the sludges of these three cities were
compared with each other.
2. MATERIALS AND METHODS

Soil samples were taken from Osmaniye characterized by semiarid Mediterranean climate with mean annual
precipitation of 808 mm and mean annual temperature of
18.20C for the last 27 years [10]. Five soil samples were
collected from 0-20 cm of peanut field one from each of
four corners and one from the middle. They were mixed,
homogenized and regarded as a representative sample.
After removing plant debris, these samples were air-dried
and sieved through a 2 mm mesh sieve.
Soil texture was determined by Bouyoucos hydrometer [11], field capacity (FC) water (%) was determined by
a vacuum pump with 1/3 atmospheric pressure [12]. pH
was measured in a 1:2.5 soil-to-water suspension with
WTW Inolab 720 pH-meter [13], CaCO3 content (%) with
a Scheibler calcimeter [14], total organic carbon content
(%) by Anne method and total organic nitrogen content
(%) by Kjeldahl method [15].
An aerobic incubation experiment (280C, 80% of FC)
for soil C and N mineralization was established using a
full factorial design with three factors: two sludges, four
doses and three sites. Activated sludges were collected
from domestic and industrial waste sites of Adana, Osmaniye and Gaziantep in the Eastern Mediterranean Re-
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gion of Turkey (Figure 1). Only domestic activated sludge
samples from Gaziantep could not be obtained by bureaucratic reasons. Experiments were run in triplicate.

FIGURE 1 - Location of Adana, Osmaniye and Gaziantep Cities in
Map of Turkey

Three different doses of oven-dried domestic and industrial sludges were mixed with 100 g of oven dried
peanut soil for incubation: control (no added), 2 g domestic and industrial sludges, 3 g domestic and industrial
sludges, 4 g domestic and industrial activated sludges.
Amounts of domestic and industrial sludges added to
peanut field soil were chosen according to municipal solid
waste regulations.
Three soil samples of each experiment were placed in
750 ml incubation vessels for the carbon mineralization.
The final moisture contents of soils were adjusted to 80%
of own field capacity before incubation [16]. The CO2
produced from microbial respiration was absorbed periodically in 40 ml saturated Ba(OH)2 solution in small
tubes, which were placed on the top of the soil in incubation vessels. The incubation vessels were closed. Empty
vessels were used as blanks. The CO2 produced as a result
of microbial respiration was measured every 3 days by
titration with oxalic acid [17]. Incubation was carried out
in a dark temperature-controlled incubator at 28°C for
45 days. The ratio (%) of carbon mineralization of soil
with their own organic carbon was calculated by dividing
the cumulative C(CO2) produced in 45 days of incubation
period by total organic carbon. After subtracting their
own organic carbon content, the ratio (%) of carbon mineralization of soil was calculated by dividing the cumulative C(CO2) produced in 45 days by the C added (2 g
domestic and industrial sludges, 3 g domestic and industrial sludges, 4 g domestic and industrial activated sludges
2, 3 and 4 g domestic and industrial sludges of Adana
(total organic carbon of domestic and industrial activated
sludges: 36.0% and 32.3%, respectively), Osmaniye cities
(total organic carbon of domestic and industrial activated
sludges: 36.6% and 33.3%, respectively) and 2, 3 and 4 g
industrial sludges of Gaziantep (total organic carbon of
industrial activated sludge: 41.1%).
Three soil samples of each experiment, humidified to
80% of their field capacity, were placed in 750 ml open
incubation vessels at 28ºC over 42 days for nitrogen min-

eralization. Domestic and indusrial activated sludges of
Adana, Osmaniye and Gaziantep (20-40 g/ kg soil) were
mixed with soils and incubated. The vessels were weighed
three times every week to determine any weight loss and
distilled water was added to compansate water loss. Soil
samples removed from each vessel on days 11, 26 and 42
were used to measure concentrations of mineral nitrogen
(NH4+NO3). Each soil sample was mixed with 200 ml 1
N CaCl2 and shaken for one hour and was distilled to
measure mineral nitrogen (NH4+NO3) by Parnas-Wagner
method. Nitrogen mineralization ratio (%) of soil was
calculated by dividing the amount of mineral nitrogen
(NH4+NO3) in 42 days of incubation period by total organic nitrogen [18, 19].
Microbial counts in peanut soil were made by serial
dilution method. The counts of total bacteria (PCA), anaerobic bacteria (Brewer), fungi (PDA) and N2 fixing
bacteria were also determined by using Merck 1.10130
Azotobacter medium [20, 21].
Data were analysed by a series of analysis of variance
to determine the differences in carbon and nitrogen mineralizations over incubation time between domestic and
industrial sludges, four different treatments (control, 2, 3
and 4 g activated sludges added soils) and three different
sites [22]. Three replicates were used for each treatment.
Results were given as mean ± standard error (S.E.). Differences between the data were assumed as significant at
P ≤ 0.05 level.
3. RESULTS

Some physical and chemical properties of field soil
used and C and N (%) contents of domestic and industrial
activated sludges of Adana, Osmaniye and Gaziantep are
given in Table 1.
There were significant differences among treatments
in terms of C mineralization of domestic and industrial
activated sludges (Figure 2). Cumulative C(CO2) respired
of control soil (no added) was significantly lower than 3
and 4 g domestic activated sludges of Adana (P < 0.01), 4
g domestic and 4 g industrial activated sludges of Osmaniye (P < 0.001) and 3 and 4 g industrial activated
sludge (P < 0.001) of Gaziantep added to soils (Figure 2).
Soil mixed with 2 g domestic activated sludge of Adana
was lower than 3 and 4 g domestic activated sludges of
Adana (P < 0.05). Both 2 and 3 g domestic and 2 and 3 g
industrial activated sludge of Osmaniye added to peanut
soil was significantly lower than both 4 g domestic and
industrial activated sludge of Osmaniye and 4 g industrial
activated sludge Gaziantep. 2 and 3 g industrial activated
sludges of Gaziantep added to soil were also significantly
lower than 4 g industrial activated sludge of Gaziantep (P
< 0.001). 4 g domestic activated sludge of Adana was
significanly lower than 4 g domestic activated sludge of
Osmaniye (P < 0.01). 4 g industrial activated sludge of
Adana was also significanly lower than 4 g industial activated sludge of Osmaniye (P < 0.01) and Gaziantep (P <
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TABLE 1 - Physical and chemical properties (mean ± S.E.; n = 3) of Osmaniye peanut soil and activated sludges (D: domestic, I: industrial)
of Adana, Osmaniye and Gaziantep cities
Soil Characteristics

Field soil (T1)

Sand (%)
Silt (%)
Clay (%)
Texture type
Field capacity (%)
pH
CaCO3 (%)
C (%)
N (%)

68.3 ± 1.91
11.5 ± 0.11
20.3 ± 1.95
Sandy loam
19.5 ± 1.02
7.49 ± 0.008
4.20 ± 0.11
1.62 ± 0.03
0.14 ± 0.009

C/N

11.9 ± 1.08

Activated Sludges C and N contents

Adana

Osmaniye

Gaziantep

D, C (%)
D, N (%)
I, C (%)
I, N (%)
D, C (%)
D, N (%)
I, C (%)
I, N (%)
I, C (%)

36.0 ± 0.43
3.66 ± 0.06
32.3 ± 0.12
1.87 ± 0.08
36.6 ± 1.00
4.51 ± 0.09
33.3 ± 1.21
5.86 ± 0.04
41.1 ± 1.36

I, N (%)

2.52 ± 0.07

FIGURE 2 - Cumulative C mineralized (mean ± S.E.; n = 3) in control (no added), 2, 3 and 4 g domestic and industrial activated sludges of
Adana (A, D), Osmaniye (B, E) and Gaziantep (C) added peanut soil, at different days
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0.001). The highest and statistically different microbial
activity was observed in 4 g industrial activated sludge of
Gaziantep (P < 0.001, Figure 2).
Carbon mineralization ratio of control soil was significantly higher than all other field dose-city combinations (P < 0.001) (Figure 3). No significant difference was
found among 2 g of domestic and industrial sludges of
Adana and Osmaniye, as between the industrial sludges of
Adana and Gaziantep (P > 0.05). 2 g of sludges were also
significantly different from 3 and 4 g of both sludges at
all cities (P < 0.001). To calculate carbon mineralization
ratio (%), carbon added with activated sludges was subtracted (Figure 4). Carbon mineralization ratios of 4 g
domestic and industrial activated sludges of Adana were
significantly lower than 4 g at the other both cities (P <
0.01), except between 4 g of domestic and industrial acti-

vated sludges of Adana (P > 0.05). These ratios changed
significantly among some activated sludge and soil mixtures (P < 0.01). 2 g domestic activated sludge of Adana
and Osmaniye were statistically lower than the other field
dose-city combinations, as 4 g industrial activated sludge
of Adana (P < 0.01) (Figure 4).
The highest total bacteria counts were in domestic activated sludges of Adana and Osmaniye cities (Table 2).
The highest total yeast and mold count was also in domestic activated sludge of Adana. The highest anaerobic bacteria counts were found in domestic activated sludge of
Adana, industrial activated sludges of Osmaniye and
Gaziantep cities, respectively. Nitrogen fixing bacteria
were observed only in both activated sludges of Osmaniye
and control (no added) soils (Table 2).

FIGURE 3 - Ratio of mineralization of the organic carbon of control (C, no added), and all additions with own organic matter of peanut soil
[2, 3 and 4 g of domestic and industrial activated sludges of Adana, Osmaniye and Gaziantep, (mean ± S.E.; n = 3)], at the end of incubation
period (45 days). Data shown with different letters are significant at the P≤ 0.05 level

FIGURE 4 - Ratio of mineralization of the organic carbon all additions subtracted own organic matter of peanut soil [2, 3 and 4 g of domestic
and industrial activated sludges of Adana, Osmaniye and Gaziantep, (mean ± S.E.; n = 3)], at the end of incubation period (45 days). Data
shown with different letters are significant at the P≤ 0.05 level
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TABLE 2 - Total bacteria, total yeast and mold, anaerobic bacteria and N2 fixing bacteria counts of peanut soil, domestic and industrial
activated sludges used in the carbon and nitrogen mineralization
Total bacteria
(104)
20
1080
5
890
200
300

Materials
Field soil
Adana-Domestic
Adana-Industrial
Osmaniye- Domestic
Osmaniye-Industrial
Gaziantep- Industrial

Total yeast and mold
(103)
2
130
6
5
10
1

Anaerobic bacteria
(101)
60
1500
90
0
500
300

N2 fixing bacteria
(101)
30
0
0
25
45
1

TABLE 3 NH4-N, NO3-N contents (mg kg−1, mean ± S.E.; n = 3), Nitrogen mineralization ratio in control (no added), domestic (D) and industrial (I) activated sludges of Adana, Osmaniye and Gaziantep cities at doses of 2, 3 and 4 g/100 g after 42 days

Osmaniye

Gaziantep

*

**

NH4-N

NO3-N

(%)

(%)

(mg kg-1)
42 day

Adana

42 th day

Added N

th

Control

ratio

(mg kg-1)

N mineralization
control included
(%)

Total soil N

0.14

±

0.000

-

6.19

±

0.08

g

20.8

±

0.17

g

1.95

±

0.00

g

D2

0.21

±

0.001

0.07

5.04

±

0.05

h

77.9

±

0.48

a

3.92

±

0.01

a

D3

0.25

±

0.002

0.11

8.56

±

0.17

d

76.9

±

0.82

a

3.44

±

0.04

b

D4

0.28

±

0.003

0.15

12.6

±

0.15

b

78.7

±

0.44

a

3.21

±

0.05

c

I2

0.18

±

0.002

0.04

8.82

±

0.12

d

46.9

±

0.96

d

3.18

±

0.06

cd

I3

0.19

±

0.003

0.06

7.66

±

0.06

f

46.0

±

0.85

d

2.77

±

0.07

e

I4

0.21

±

0.004

0.08

15.7

±

0.18

a

64.9

±

0.31

c

3.79

±

0.06

a

D2

0.26

±

0.001

0.12

10.3

±

0.19

c

66.1

±

0.19

c

2.99

±

0.02

d

D3

0.31

±

0.001

0.18

15.5

±

0.29

a

70.4

±

0.86

b

2.74

±

0.04

e

D4

0.37

±

0.002

0.23

8.76

±

0.18

d

72.5

±

0.25

b

2.18

±

0.01

f

I2

0.23

±

0.002

0.09

7.84

±

0.03

ef

27.9

±

0.68

f

1.57

±

0.04

h

I3

0.27

±

0.003

0.14

6.78

±

0.03

g

35.7

±

0.82

e

1.55

±

0.02

h

I4

0.32

±

0.003

0.18

7.85

±

0.02

ef

20.5

±

0.16

g

0.89

±

0.01

j

I2

0.19

±

0.001

0.05

8.28

±

0.09

def

21.8

±

0.21

g

1.59

±

0.02

h

I3

0.21

±

0.002

0.08

8.49

±

0.02

de

15.5

±

0.32

h

1.12

±

0.01

i

I4

0.24

±

0.003

0.10

8.29

±

0.03

def

17.2

±

0.58

h

1.07

±

0.01

ij

*= mean ± S.E.; n = 3
**= Data shown with different letters are significant at the P ≤ 0.05 level

Industrial activated sludges of Osmaniye and Gaziantep decreased nitrogen mineralization, while stimulating in other treatments (Table 3). Nitrogen mineralization
were significantly different in soils mixed with activated
sludges of both Adana and Osmaniye (P < 0.001) (Table 3).
Nitrogen mineralization ratios between control and
other dose-city combinations were significantly different
(P < 0.01) (Table 3). Nitrogen mineralization ratio decreased with increasing doses and highest ratio was in 2 g
domestic activated sludge of Adana [3.92%, (P < 0.001)].
While 4 g industrial activated sludge of Adana had the
highest (3.79%), 3 g industrial activated sludge of Adana
had lowest mineralization ratio (2.77%). There were significant differences among doses in soils mixed with

domestic activated sludge of Osmaniye (P < 0.001).
However, nitrogen mineralization ratio (1.59%) of 2 g
industrial activated sludge of Gaziantep was significantly
higher than 3 and 4 g industrial activated sludge of Gaziantep (P < 0.001).
4. DISCUSSION

Different doses of domestic and industrial activated
sludges of Adana, Osmaniye and Gaziantep added to
peanut soil increased microbial activities. C mineralization of 2, 3 and 4 g both domestic and industrial activated
sludges mixed with soil was statistically different from
control (Figure 2). Similar results were observed in many
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studies [23-25]. Highest microbial activity was observed
in soil mixed with 4 g industrial activated sludge of Gaziantep. This result might be explained by the highest carbon content of industrial sludge of Gaziantep (41.1%) and
carbon demand of the microorganisms [26]. The addition
of municipal solid waste compost and sewage sludge to the
soils increased soil carbon and nitrogen mineralization
capacities, especially with increasing doses [24-27].
Carbon mineralization ratio of control was significantly higher than all the other mixtures (P < 0.001). Mineralization kinetics was correlated with the quality of organic matter, such as its degree of humification in a different scientific study [28]. 2 g domestic activated sludge of
Adana and Osmaniye and 4 g industrial activated sludge of
Adana reduced it while 2 and 4 g industrial activated
sludges of Gaziantep increased microbial activity. The
origin and organic carbon content of activated sludge effect
microbial activities [27].
Total bacteria, anaerobic bacteria and total yeast and
mold counts of domestic activated sludge of Adana were
the highest than the other activated sludges. The composition and C (36.0%) and N (3.66%) contents of Adana
domestic activated sludge might be more suitable for
growing of different type soil microorganisms and increase of their counts than the others. Changes in the
sources of carbon and nitrogen can affect the growth rates
of the microorganisms [29].
NO3-N and NH4-N contents increased approximately
two or three times mixed with domestic activated sludge
of Adana on day 42 compared with control (Table 3).
Osmaniye and Gaziantep industrial activated sludges
decreased nitrogen mineralization probably because of
low quality of organic carbon [30]. Gaziantep industrial
activated sludge was the most unfavourable among the
other activated sludges and decreased N mineralization in
all doses. These results can also be explained by the highest carbon content and inhibition effect as a result of its
excess organic matter. The degradation of organic wastes
such as plant residues, animal manures and sewage sludge
that contain a high percentage of soluble organic carbon
in the form of amino acids, carbohydrates leads to a flush
of CO2 production immediately after their addition to soil
[31].
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ABSTRACT

During recent years many studies have demonstrated
the particulate matter (PM) pollution problem of the Greater
Thessaloniki Area, Greece, caused by sources in and out
of the area. In this paper an effort has been made, to determine the impact, on local air quality, of both anthropogenic
and natural sources located in and nearby the GTA.
The CALMET/CALPUFF modeling system has been
employed to estimate hourly PM concentration levels. A
detailed emission inventory was developed using literature
and own calculations for an area of 25 km radius with
variable resolution from 1 km to 5 km. It has thus, been
shown, that the main causes of local high levels are the
industrial activities, followed by the car traffic. The PM10
from residential heating significantly impacts air quality
during winter months and its contribution tends to grow
following the increased use of wood for heating. Agricultural activities, regardless of the fact that produce huge
amounts of PM, affect mainly the rural areas of the GTA,
in the months they occur. On the other hand, it was found
that the non-irrigated land creates a great burden for GTA,
even without considering the re-suspension of the PM.
Finally the sea spray contributes constantly a small part in
the whole problem.

KEYWORDS: atmospheric dispersion; anthropogenic sources;
natural sources; CALPUFF; dust

1. INTRODUCTION

In a recent paper [1] the assessment of the particulate matter pollution caused by industrial activities, in the
* Corresponding author

Greater Thessaloniki Area – GTA (Greece), was presented.
The AERMOD modeling system from the U.S. Environmental Pollution Agency (U.S. EPA) was employed
coupled to a new PM emission sources inventory for the
main industrial activities near the city, in order to model
hourly average concentrations for a five years period,
from 2003 to 2007. The comparison of the model’s results
with the measurements of the official industrial monitoring station showed a very good agreement (Fractional
Bias = 0.17 (|FB |<0.3), Geometric Mean bias = 1.17 (0.7
<MG <1.3) and Geometric Variance = 1.07 (VG <1.6)
according to the validation metrics as recommended by
COST Action 732 [2]. This agreement confirmed the
model setup and the emissions inventory. It was thus estimated that the industry contributed approximately 30% of
PM10 on the western suburbs of the city and 7% in the city
center, while average contribution of the background PM
levels was estimated to be more than 60%. All these, led to
the conclusion that the overall aggravated air quality of the
GTA, concerning PM, could not be mainly attributed to
the local industrial activities, as a number of past studies
implied [3] by pro-portionally correlating emissions with
concentration levels. However, the model employed (USEPA AERMOD), though the recommended one by the
US-EPA for such studies, it is not capable to reproduce
the detailed micrometeorological conditions (i.e. wind
field) in the vicinity of significant topographical anomalies (i.e. mountains).
The scope of the present study is to propose a valid
methodology to assess the contribution of the local anthropogenic and natural PM sources (in the range of 50
km) affecting the GTA and to perform a qualitative assessment of the impact of each source to local air quality.
To accomplish this, a new PM emissions inventory is
formed which includes almost all anthropogenic sources
e.g. (industrial activities, traffic, docking activities, airport
transportation, irrigated land activities and heating), and
natural sources (e.g. non-irrigated land and sea spray). In
the following section, the characteristics of the air quality
in the GTA are outlined, through the prism of past studies,
in order to adduce the conclusions of the present study.
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2. AIR QUALITY IN THE
GREATER THESSALONIKI AREA

The Greater Thessaloniki Area (GTA; see Figure 1)
includes the city of Thessaloniki, the second largest city
of Greece, and the neighboring municipalities with more
than one million residents. It is a major transportation hub
for southeastern Europe and despite the present economic
situation of Greece it still hosts 20% of the country’s
industrial activity. It is located in the north of Greece
stretching over 20 km on a naturally amphitheatrical site
formed by low hills and mount Hortiatis, at the head of
the Thermaikos Gulf. The area’s poor air quality is reflected mostly in particulate matter (PM) concentrations.
In 2010 the European Union’s average daily limit value
for PM10 (50 µg m-3) was exceeded 96 times (90% data
coverage) instead of 35 that are allowed [4]. The situation
is also worsened by the fact that the city is sensitive to
transboundary transport of particulate matter, gaseous
pollutants and aerosols from Central and Eastern Europe
[5-8], as well as dust transported from the Saharan desert
[9]. The local air quality issues is respect of the PM and in
comparison with the other major cities of Greece have
been investigated and reported also in a recent work of
Kalabokas et al [10].
Assael et al. [11, 12] employed the Operational Street
Pollution Model (OSPM) (base year 2004) to estimate the
contribution of traffic sources in PM concentration levels

in the historical center of Thessaloniki city. Air pollution
from petrol cars and their impact in local air quality was
studied also by Vosniakos et al [13] and Prapas et al [14]
a few years later. Tsilingiridis et al. [15] applied the Ozone
Fine Structure model (OFIS) (base year 2002) over the
whole city for various atmospheric pollutants. This study
use an inventory of 2001 [16], in which the particulate
matter emission sources were very limited especially for
the industry and thus the dispersion modeling was depended
on a large number of assumptions. Finally, as already stated,
Kakosimos et al [1] presented a new study based on an improved industrial emission sources inventory and the
application of the AERMOD model. Terzi et al [17] studied
the chemical composition of ambient PM10 at two sites in
the GTA and most of their experimental findings agree
with the present study.
3. METHODOLOGY
3.1. Site description

The study area covers a range of 25 km radius, from
the historical Centre of Thessaloniki, GTA, thus a 50 km
x 50 km domain). This domain was selected in order to
include all the industrial units and almost all the residential areas. The spatial resolution of the study was optimized as 1 km in the Thessaloniki urban area and 2.5 km
for the rest area.

FIGURE 1 - The Greater Thessaloniki Area (GTA) and the air quality monitoring stations of Region of Central Macedonia (RCM).

2351

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

3.2. The CALPUFF model

The CALPUFF model (v. 5.8), coupled with CALPUFF
VIEWM from Lakes Environmental Software [18] was chosen to calculate the atmospheric dispersion of particulate
matter. CALPUFF is a non-steady state Lagrangian Gaussian puff model, which has been developed since 1990. It
is approved from U.S. EPA and has been proposed as a
guideline model for regulatory applications, involving
both long-range transport and near-field effect cases.
As described in the manual [19] the CALPUFF modeling system consists of CALMET, CALPUFF, CALPOST and a large set of preprocessing tools. CALMET is
a meteorological model that develops a three-dimensional
gridded modeling domain, using extensive data from the
mesoscale meteorological model MM5 [20]. CALPUFF is
a transport and dispersion model that advects “puffs” of
material emitted from modeled sources, simulating dispersion and transformation processes along the way.
CALPOST is a set of tools that process the output files
form CALPUFF and produce tabulations and diagrams
summarizing the result of the simulation.
Thessaloniki has a relatively complex terrain, which
combined with the complex meteorological conditions
(low speed winds and many calm hours) makes the air
dispersion modeling in this area, quite difficult. CALPUFF
is suitable for these conditions, as it contains modules for
complex terrain effects, overwater transport and coast
interaction effects. Furthermore CALMET has algorithms
to deal with slope flows and terrain blocking effects
caused by the mountains in the GTA [19]. In addition it is
suggested that in steep and complex terrain, the use of
CALPUFF is necessary [21]. It should also be noted, that
CALPUFF has successfully been applied to similar complex terrains such as:
• Evaluation of the CALPUFF real time application on
the bank of GanJiang, R.P. China [22];
• To estimate the exposure to fine particles in Spelter,
West Virginia, USA [23];
• To calculate the transport of particulate matter dispersion
over Beijing, in Mentougou, Beijing, P.R. China [24].
3.3. Emissions’ inventory

In the absence of a detailed and updated emission inventory for the full range of activities in GTA, a new one
was composed. This new inventory is based on a) outdated existing ones [16], b) current ones [25] but more
coarse, c) a detailed industrial inventory [1] and d) new
estimations using literature sources. This section describes the implementation of this new inventory and the
calculation procedure for the respective emission factors
(base year 2010).
Implementation. Initially, the recognition of the landuses over the studied area, was accomplished with the use
of the CORINE 2000 land cover data (version 15, 08/2011)
of the European Environmental Agency [26] Next, the
emission factor of each land-use was derived from the

aforementioned four sources. We note that for some landuses, the emission factor is negligible for particulate matter
e.g. forests. Furthermore, some land-uses, have emission
factors which were nearly identical, so they were joined in
one. As a result 11 new land–use classes were identified,
consisting of one or more CORINE land-uses, based on
their PM emission factors. These new land–use classes
are presented in Table 1. Smaller and local sources like
the excavation sites for the new underground metro of
Thessaloniki were omitted mainly because of the absence
of reliable data and of the negligible emissions, according
to the approved Environmental Impact Assessment studies. Finally, the new inventory comprise point sources
(i.e. major stacks of the industrial units), area sources (to
represent the classes of Table 1) and line sources (i.e.
major national road network in the GTA). In CALPUFF
the point and line sources were included as identified.
However, the incorporation of the area sources in CALPUFF
required some additional actions. The ideal case would be
that every land use is modeled and imported as a separate
multisided polygonal area source in the model. This exceeds the current capabilities of the modeling system,
which can handle up to 200 polygonal area sources with
up to five sides. To surpass this constraint, two optimized
structured grids of rectangular cells were deployed (see
Figure S1).The first grid has a resolution of 1 km and the
second one 2.5 km, to adequately capture the area sources
inside and outside of the GTA respectively. The selection
of the specific resolutions was based on own past studies
[12, 27, 28] and new preliminary tests. The land-use classes
(one or more; Table 1) for every cell of the grid were extracted using GIS techniques and all the neighboring
TABLE 1 - Identified land-use classes, and the
CORINE 2000 land-use (version 15) they include.
CORINE 2000 land uses
111
112
112a
121
142, 213, 231, 321, 323, 324,
5. Areas with no PM10 production b
311, 312, 313, 331, 411, 421,
422, 511, 512, 521, 522
6. Arable non-irrigated land c
122, 133, 211
7. Arable irrigated land d
212, 221, 222, 223, 242, 243
8. Sea salt particles e
–
9. Quarries
131
10. Harbor
123
11. Airport
124
a
areas described in 1.1.2. CORINE 2000, and are outside GTA (i.e.
villages).
b
areas described in the mentioned categories of CORINE 2000 (i.e.
forests, pastures and rice fields).
c
this land use contains mainly the arable non-irrigated land. Areas
described in 1.2.2. CORINE 2000 are input as line sources, while the
other (1.3.3) are the Egnatia Highway’s (A2 motorway) construction
sites, which were finished at the time.
d
these areas contain arable lands of different crops. Because there were
insufficient data about the exact composition of the land uses, all of
them were unified in one.
e
the sea is not included in CORINE 2000.
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cells with the same analogy of classes were merged, if
possible, to form new rectangular area sources. The emission factor E (g s-1 m-2), of each rectangular source was
calculated with the equation:
11

E = ∑ ( xi EFi ) ,

(1)

i =1

where EFi (g s-1 m-2), refers to the emission factor of
each land-use class (of the 11 aforementioned) and xi to the
fraction of i class in that area source. All the area and line
sources which were identified and imported to CALPUFF
are shown in Figure 2.
Industrial activities. The emission factors and location of the industrial units were received from the most
update inventory [1]. This inventory of particulate matter
emission sources contains 11 small and large industrial
plants. These were the ones included in the European Pollutant Emission Register, EPER, and stated in the Greek
Law (Government Gazette. 1652/B/14.8.2008) as particulate
matter polluters. Additionally, three large quarries, situated
close to the GTA, were also included in this inventory.
These 14 particulate matter sources were the sources studied
in our previous work, base year 2010, using AERMOD.
Nevertheless, the current inventory involves two significant
updates. In the case of the TITAN Cement Co. SA, the
emission factors were recalculated, following a detailed
study and recent changes in the site in order to reduce
particulate matter emissions (total PM emissions ~ 7.7 g s-1).

Furthermore, the Phosphoric Fertilizers Industry SA has
been closed, so this source was ignored. For the other
industries the emission factors were employed as described (see also Table 1 in [1])
Urban activities. Inside the GTA , the most important
urban particulate matter sources are considered to be the
residential heating and the vehicles. As it was mentioned
other smaller sources were considered to be negligible,
because of their local impact even sometimes not in the
least insignificant. The two emission factors are added, to
result in the PM10 emission factor of the whole urban area.
Εurban areas = Εtraffic + Εresidential heating
(2)
Residential heating. GTA has not a uniform population density, hence the GTA urban fabric has been differentiated into three classes (see Table 1), based on data
from the CORINE 2000 land-uses [26] and the 2011 census [29].The emission factors for each class, EF (g s-1 m2
), in Eq. (1), were calculated from the following summation over the three fuel types considered (0.0077 g kWh-1
natural gas, 0.0224 g kWh-1 heating oil and 0.2412
g kWh-1 wood) [30, 31],

EF = ∑ EFk =N P ∑ FPCPM ,
k

(3)

k

In the above expression, FP (-), represents the corresponding percentage use of the fuel type; NP (persons m-2),
is the population density that refers to the first three classes

FIGURE 2 - PM10 emissions from the urban area of the GTA accounting for vehicles (without the major road network) and residential heating.
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of population identified in earlier. Finally, CPM (g s-1 persons-1), is the PM emission per person, for each fuel type.
This emission can be calculated as:

CPM

F RA
= b
,
BP

(4)

where Fb (g kWh-1), represents the quantity of PM10
emitted from burning fuel, in order to produce 1 kWh
energy; R (kWh m-2 s), is the energy required per unit
area, per time, for heating an apartment [32]; while A
(m2 person-1), represents the mean apartment surface per
person [33]. Finally, BP (-), is the burner performance.
In Greek cities the main fuels used for residential
heating are natural gas (60%) and heating oil (40%) [29,
34]. In the last three years, as a result of the economic
crisis, wood began also to be employed for heating. Burnt
wood particles contribute further to the already over polluted GTA’s atmosphere. There are no valid data on how
much wood is burned during the winter months, so an
extra arbitrary scenario was tested to examine the impact
to atmospheric pollution (a summary of the input data for
the aforementioned equations are also provided in Table
S1). The calculated PM emissions for each of the three
urban classes (as identified earlier and in Table 1) in
January are 8.46192E-08 g s-1 m-2, 3.17322E-08 g s-1 m-2
and 1.13707E-09 g s-1 m-2 respectively. The difference
between the emissions from each urban class is caused by
the different population density.
Vehicles. Road traffic is a major pollution problem
for modern cities. Particulate matter is produced both by
mechanical means (road abrasion, tire-wear and break
lining), and by fuel combustion. There have been various
efforts on inventorying the traffic produced pollution in
Greece. The most recent published study is employed [35]
(based on a former work [36] under the auspicies of the
Greek Ministry for the Environment, Physical Planning
and Public Works) in this work and its authors kindly
provided their data for the GTA (area sources) and for the
major road network in the GTA (line sources). The spatial
resolution of that study was 2 km x 2 km so the data had
to be adjusted to the resolution of the present work (see
also Figure S2). Note that, apart from the three urban
land-use classes, used to estimate urban PM emissions,
one more extra class has been used for the smaller communities (villages) in the studied area
The estimated emissions from the urban GTA area
are graphically presented in Figure 2.
Port activities. In the GTA is located the second biggest harbor of Greece, Thessaloniki Port Authority S.A.
(THPA). The particulate matter pollution is caused by
stevedoring activities, such lifting and stowing dry bulk
cargo (minerals, scrap metals, grain, pet coke and other).
The PM emissions used in the present work are based on
a past detailed study [37] for the years 2001 to 2009 with
a monthly temporal resolution. The monthly average emis-

sion factors were again calculated for the year 2010, base
year of the current study.
In addition to the harbor, International Airport “Macedonia” (SKG) is located south-east of the city’s Centre.
In the study of Samaras et al. [16] an annual emission
factor was calculated based on the operational landing and
takeoff (LTO) cycle of the aircrafts. Using data of passengers per month, from the Hellenic Civil Aviation Authority [38], the temporal variation of the emissions was
approximated.
Agricultural activities and land erosion. In the GTA
there are areas of irrigated land, with a variety of different
cultivations, such as wheat, cereals, corn, vineyards and
other products [39] The agricultural activities, such as tilling
and harvesting can be a major particulate matter pollution
factor, on the months they are carried out. Each cultivation
type has a different timeline of activities and emission
factors. Because of the insufficient data on the exact
composition of the cultivation types and of the specific
emission factors, an overall assumption was considered:
that the PM emissions from all existing types can be
approximated as of being from the wheat production.
Though a coarse assumption it is believed that is the best
available one.
Particularly, it is assumed that the growth phase is between October and June, in which months operations such
as fertiliser top-dressing, do not pollute. On September
heavy land preparation activities take place, such as
ploughing, weeding and tilling, hence there is a high
emission factor, and on July harvesting, with a lower
one. The emission factors for the previous activities,
come from the Fugitive Dust Handbook [40], prepared for
Western Regional Air Partnership (U.S. EPA and western
USA’s local air agencies).
Apart from the irrigated land there is the non-irrigated
land. This class consists mainly of the CORINE 2000 land
use 211, described as “non-irrigated arable land” [26]. This
land-use class covers the 31% of the GTA, so it seemed
appropriate that further research should be done. The
CORINE 2000 dataset/maps were automatically constructed using orthophotographs to identify the specific
land–uses. Consequently this results in a number of missclassifications, for example the area of Aristotle University is described as “industrial or commercial units” area.
Similarly, it is common, areas with vegetation such as
pastures and sclerophyllous, which do not emit PM10
particles, to be mistaken as non-irrigated land. At the time
of the completion of the study there were not more accurate data on the consistence of the lands (recently the 16th
version of the CORINE dataset was published).
The emission factor for this class was calculated by
employing the Natural Emissions Model – Particulate
Matter (NEMO-PM), developed in the Laboratory of
Atmospheric Pollution of Aristotle University of Thessaloniki [25]. The model calculates the PM emissions owe

2354

© by PSP Volume 23 – No 9a. 2014

Fresenius Environmental Bulletin

to wind erosion, taking into account the soil texture type
and the weather conditions.
Sea spay. Water bodies like sea release airborne particulate matter with physical (the water cycle) and mechanical ways (breaking waves). In coastal environments,
like Thessaloniki, particles originating from sea are expected
to be a significant source of atmospheric pollution, still with
high temporal variation. As in the case of land the emission
factor was calculated by the NEMO-PM model [25].

of the modeled PM concentration at the Panorama station
from the monitoring values.
4. RESULTS AND DISCUSSION
4.1. Particulate emissions

In summary, the average PM emissions per month,
total and per source are presented in Figure 4. The emission calculations were performed based on the prepared
emission inventory described earlier. From these calculations it is apparent that the largest amounts of PM are
emitted from the land, especially the non-irrigated. These
emissions are expected to influence significantly the local
air quality, but the extent of the impact is also related to
other parameters of the “source”, like the initial volume,
and the specific meteorological conditions. Second most
important PM emitter is the industry, which is expected to
influence the wider GTA. The other man-made emissions
appear to be rather small, but their contribution is also a
matter of local conditions and topography. To reach to a
conclusion on the specific impact of each source category,
these findings should and will be used in conjunction with
the results of the dispersion modeling system; where one
can relate the emission’s magnitude with the actual ground
concentration.
4.2. Validation of emission’s inventory and overall methodology

FIGURE 3 - Relation of the observed monitoring values (average
and maximum) at Panorama station with the wind direction.
3.4 Background concentration levels

The background pollution represents the pollution
originating from sources outside the study area (i.e nearby
cities, trans-boundary pollution) and unfortunately the
pollution from sources within the study area that where
omitted or missed. Therefore, before the actual comparison of the modeled results versus the measurements there
is the need to discuss the assumption for the estimation of
the background concentration. Most of the times, a monitoring station outside or close to the borders of the study
area is considered to be the one who provides the background pollution levels. In addition, it has to be checked
that the data are not biased by sources inside the GTA and
to avoid any “double” counting. In a past study [1], it was
considered that the Panorama station, of the RCM network can be the background station and this was confirmed in the present work by examining the relation
between the observed PM concentration values and the
wind direction at the wind station. This relation is presented in Figure 3 (see also Figure S3) and the conclusion
is that the average PM concentration is around 23 µg m-3,
with just a small enhancement during Southern winds,
which is the wind direction that transfers pollutants from
the GTA to the Panorama station. Consequently, the background concentration can be calculated by the subtraction

In this paragraph the methodology employed to estimate the specific emission factors is validated by comparing the results of the CALPUFF modeling system with the
measurements from the official air quality monitoring network for the year 2010. This monitoring network is operated by the administrative authority of Region of Central
Macedonia, Greece [39]. The results comparison took
place for two representative stations of the GTA: a) the
Kordelio station, a suburban station located west of the
city centre close to the main industrial sites and b) the
Ag.Sofias (or St. Sofias) station, a traffic station located
in the heart of the city.
The final estimation of the concentration levels derives after adding to the modeled results the “background”
concentration levels, according to the methodology described earlier.
The comparison between the modeled results and the
values from the monitoring network is presented in Figure 5.
It was based on monthly data and only for three months
because of lack of adequate data from the monitoring
stations for the study year.
Observing Figure 5, it is concluded that the estimations of the present work agree with those measured, at a
satisfactory level. Unfortunately lack of sufficient hourly
data from all the monitoring stations sustains unreliable
any attempt to directly compare modeled vs measured
hourly values. Nevertheless, the proposed methodology,
to prepare the detailed emission inventory and to employ
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FIGURE 4 - Total and per source PM10 emissions per month for the study year, 2010, based on the prepared emission inventory.

FIGURE 5 - Monthly average particulate matter concentrations calculated by CALPUFF model system plus the background concentrations
compared to data from the monitoring at a) Kordelio and b) Ag, Sofias (St. Sofias) station

FIGURE 6 - Modelled monthly average particulate matter concentrations including all of the employed sources for a)June and b) October
2010.
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the CALPUFF modeling system, is considered successful
and more than valid from the qualitative point of view.
Employment of more detailed monitoring data in the future
studies is considered essential to complete the quantitative
evaluation of the inventory and the model system itself.
4.3. Sources’ impact assessment

The overall and specific impact of the studied PM
sources will be discussed in this section. Figure 6 illustrates the overall impact on the local air quality of the PM
emission sources in GTA for two selected months, June
and October. At this point it should be noted that all contour plots (like Figure 6) do not include the background
concentration, as in some of the presented cases it would
make obsolete any comparison and conclusion.
It is observed that the western suburbs face the larger
impact, while the problem in the centre it appears less
pronounced, the monthly average concentrations are still
over or very close to the annual EU limit concentration
value of 40 µg.m-3 (even without the background concentration). The concentrations in eastern suburbs are significantly lower. The higher concentration levels of October
in comparison to the ones in June are mainly attributed to
the frequent Northern and North-Western winds, which
carry the airborne PM from the industrial areas to the
GTA, and to the higher emissions owe to residential heating and traffic. Even from Figure 5, the industrial activities north and west of GTA appear to be the main contributor of the particulate matter pollution in GTA. However, this cannot be a safe conclusion when all the PM
sources are studied simultaneously, because other secondary neighboring sources are most probably distorting the
total impact. For example, as it would be presented later,
emissions from the “non-irrigated land”, significantly impact local air quality in the north-east, north-west and
south areas of the GTA. Therefore, in the next paragraphs
the impact of each of the main sources’ categories will be
studied separately to identify the contribution of each to
the GTA’s PM10 pollution issue.
Industrial activities. The average monthly contribution to particulate matter pollution caused by the industrial
plants and quarries in the GTA is estimated (see Figure S4).
The emissions for these sources are fixed during the
months, as the variances in the production rates are usually
small. Two representative months were chosen, May and
December, to show the differences to average concentrations, caused by weather conditions.
It is shown that the PM10 average concentrations in
May are significantly lower than those in December. That
happens because in May the average wind speed was
higher. On the other hand in December the average wind
speed was lower and there were many calm hours (160
instead of 50 for May). In both cases, it is observed that
the western suburbs are influenced more than the rest city.
It is also implied that the industrial activities affect the
GTA in locally restricted way, yet creating particulate
matter concentrations over the 40 µg m-3 EU limit.

Other anthropogenic sources. In this section are presented some combinations of simulating the anthropogenic activities except from the industrial sources; these
are traffic, residential heating, the harbor, the airport and
agricultural activities. For demonstration purposes December was chosen, because most of the aforementioned
sources coexist (see Figure S5).
Comparing the four images, it is implied that even for
the winter months the traffic is the main pollution source
for the GTA. Regarding to the residential heating, it affects more the overcrowded city centre than the suburbs.
The pollution caused by the harbor activities remains in
the area, where was created and it is much smaller than it
was suspected to be. Finally the particulate matter pollution caused by the airport, remains in the same area.
Agriculture and non-irrigated land. Furthermore the
influence of the agricultural activities to the GTA in June
and September is estimated by disabling all the other
sources (see Figure S6). It is shown that the average concentrations in September are higher than in July, because
of the slower speed winds and the bigger emission factors.
It is concluded, that the pollution caused affects mainly
the rural areas and less the urban Thessaloniki. Even
though, in September agricultural activities can add to the
western and eastern suburbs up to 32 µg m-3. Finally, it is
expected that overly airborne particulates from agricultural activities could have a larger contribution if resuspension was taken into consideration.
The soil in North Greece is considered to be rather
unstable and vulnerable to natural erosion [25], so high
PM10 concentrations are expected. Similarly to agricultural land, the particulate emissions from the non-irrigated
land have a profound local effect, in rural areas. This
effect is expected to be also significant in the urbanized
part of GTA, mainly because of the re-suspension phenomenon (check also Figure S7 where the concentration
levels of PM only owe to the non-irrigated land for two
selected months May and December are presented).
Sea spray particles. Similar to the other groups of
sources, the contribution of the sea spray particles to
Thessaloniki’s PM10 pollution is estimated by running the
dispersion model with only this source enabled (see Figure S8). It is observed that the contribution of the sea is
generally small and restricted to the coast line. Although,
in some occasions the sea salt can add up to 8 µg m-3,
worsening the city’s atmosphere even more.
4.4. The return to wood fuel for residential heating

Although there are no official data of wood consumption for heating purposes, this phenomenon is featured
more often, because of the economic recession and constantly increasing price of heating petroleum. In addition,
the majority of wood burning takes place in fire places
and outdated woodstoves with no efficient particulate
control. Therefore, an arbitrary scenario is studied where
20% of the heating petroleum use is substituted by wood.
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FIGURE 7 - Contribution of each source in the PM10 concentration levels at the four stations of RCM for three selected months of year 2010,
based on the proposed methodology.

The model results, as expected show that the effect is
higher during the winter months (see Figure S9 for the
modelled concentration levels in January) where the heating need is higher. It is presented that the average concentration peak, grows from 8 to 24 µg m-3 for the city centre.
This happens because the emission factor of wood burning is ten times the one for petroleum burning (detailed
results on Table S1) and the efficiency rate of the wood
burner is much lower. The situation can be deteriorated by
the use of paper instead of wood. Finally it is observed
that the pollution of the residential heating affects mainly
the urban areas because of the larger population density.
5. CONCLUSIONS

In the present study a methodology is described to assess the contribution of the local anthropogenic and natural primary PM sources (in the range of 50 km) affecting
the Greater Thessaloniki Area (GTA). The methodology
employs an updated inventory from a past study and the
use of specific emission factors and models to estimate
the primary particulate emissions, an assumption for the
quantification of the background concentration levels and
the CALPUFF modeling system. Especially the updated
PM emissions inventory includes almost all anthropogenic sources e.g. (industrial activities, traffic, docking
activities, airport transportation, irrigated land activities
and heating), and natural sources (e.g. non-irrigated land
and sea spray) in a radius of 25 km. The validity of the
methodology is checked by comparing the monthly calculated PM concentration with the corresponding date from
the official air quality monitoring network for the base
year 2010. Though, the agreement is in the range of
± 5 µg m-3, this eventually is limited to 3 months and 2
stations because of lack of sufficient data in the rest of the
period.

To perform the qualitative assessment of the impact
of each source to local air quality separate calculations
were performed using only the corresponding emissions.
The contribution of each source at the location of the four
stations of the Region of Central Macedonia (RCM) is
presented in Figure 7. The findings can be summarized as
follows:
The main contributors to the high levels of PM according to this analysis are:
a) in the center of the city and the western suburbs,
the industry, car traffic, residential heating (winter
months)
b) in eastern suburbs, the effect of industry and car
traffic is of similar magnitude, followed by the residential
heating (winter months)
c) Agricultural activities impact mainly the rural areas of the GTA, in the months they occur. Adding the
impact from the non-irrigated land, both these sources
have a profound impact in Western GTA. The impact is
expected to be higher and even reach the city centre if the
re-suspension phenomenon is considered.
d) regardless of the detailed inventorying of PM
sources within the 25 km radius of GTA there is still an
average of 30% attribute to “background” PM pollution.
This can be regional and transborder pollution, secondary
particulates and secondary sources like the re-suspension
of PM which were not considered.
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ABSTRACT

1. INTRODUCTION

In order to find out if new perspective antagonists of
β-adrenergic receptors, ortho-/meta-alkoxyphenylcarbamic
acid esters containing fluorinated N-phenylpiperazine fragment (labelled as 6a–6f and 8a–8e), might also act as the
antioxidants, the aim of current study was to investigate
their antioxidant profile by applying two in vitro methods.
Following mentioned, the capability of these compounds
to reduce relatively stable reference 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals in performed spectrophotometric analyses and to protect tyrosine from the peroxynitrite
mediated nitration by applying the HPLC method was
inspected. The position of alkoxy side chain bonded to
lipophilic aromatic moiety as well as the ability of hydrogen bond formation and electrostatic effects, which have
been induced by fluoro or trifluoromethyl substitution within
the aromatic fragment of 4-phenylpiperazin-1-yl, have
been considered the essential factors, which have influenced an antioxidant potential of investigated molecules.
It could be hypothesized that isosteric replacement of
etheric bridge for carbamoyloxy moiety has not probably
been favorable structural modification in terms of an antioxidant effect. Relatively high lipophilicity of all tested
compounds might be important, however, it was not an
essential aspect which has affected such potency. From the
entire investigated set, ortho-methoxy substituted compound 6a involving 4-(4-fluorophenyl)piperazin-1-yl moiety
has been able to reduce the DPPH radicals most markedly.
The in vitro studies have also pointed to the most pronounced peroxynitrite ions scavenging potential of the substance 8c, a meta-propoxy substituted compound which has
contained 4-(3-trifluoromethylphenyl)piperazin-1-yl group.
KEYWORDS: phenylcarbamates; β-adrenoceptor antagonists;
antioxidants; electronic effects

* Corresponding author

Free radicals and other reactive oxygen species,
which are constantly formed in humans, include hydroxyl
(OH•), nitric oxide (NO•), superoxide ( –) and peroxyl
(RO2•). Peroxynitrite (ONOO–), hypochlorous acid (HOCl),
hydrogen peroxide (H2O2), singlet oxygen (1O2) and
ozone (O3) are not free radicals but can easily lead to free-radical reactions (not only) in human body. The term
„reactive oxygen species“ is often used to include not
–
only the radicals OH•, RO2•, NO• and
but also the
1
–
non-radicals HOCl, O2, ONOO , O3 and H2O2. The free-radical mechanisms have been implicated in the pathology of several human diseases, including cancer, atherosclerosis, malaria, rheumatoid arthritis and neurodegenerative diseases [1]. The β-adrenergic receptors antagonists (β-ARAs) have been primarily used as the drugs in
the treatment of cardiovascular diseases such as ischaemic
heart disease, angina pectoris, arrhythmia, hypertension,
cardiomyopathy or as the prevention after myocardial infarction. In addition, more recently they have been accepted as a method of the therapy for heart failure [2]. Interestingly, part of the beneficial cardiovascular effects
shown by such group of compounds has already been
associated with antioxidant properties that some of them
have possessed [3]. The previous research of Mak and Weglicki [4] has suggested that an antioxidant potential
of propranolol (Figure 1) has been related to its intrinsic
chemical properties (lipophilicity) rather than to its
quinidine-like membrane stabilization influence. Similarly,
another β-ARA, metipranolol (Figure 1), has shown remarkable antioxidant profile, with an effect not dissimilar
from the reference antioxidant Trolox [5]. Previous in vitro
investigation of a lipophilic, non-selective third-generation
β-ARA, carvedilol (Figure 1), has indicated that given
compound has been regarded as approximately 10-fold
more potent antioxidant than vitamin E. In addition, several metabolites of carvedilol have been considered ex-
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tremely strong antioxidants, being 30- to 80-fold more
efficient than carvedilol and up to 1000-fold more potent
than vitamin E [6–8]. As an antioxidant, carvedilol´s mechanism of action has not been clearly understood yet, but it
appears to be different from free radical scavengers such as
α-tocopherol [9]. The antioxidant effect of another member from the class of β-ARAs, carteolol, has been attributed to the quinolinone fragment incorporated within its
structure (Figure 2) which could served as a hydroxyl
radical scavenger [10, 11].
Taking into account the above-mentioned rationale,
the purpose of current research was therefore to in vitro
investigate whether any of inspected compounds 6a–6f
and 8a–8e (Table 1) could be potential antioxidants. The
results from previous pharmacological evaluation of the
structures from the set 6 [12] have indicated that significant negative chronotropy has been noticed after applying

the compound 6f. Furthermore, all inspected derivatives
6a–6f have delayed or prevented the onset of extrasystoles, fibrillation and cardiac arrest, respectively. From
entire analyzed series, as the most effective structure has
been regarded the compound 6f which has significantly
increased the consumption of ouabain needed to elicit extrasystoles and heart arrest (antiarrhythmic effect). Moreover, all the derivatives 6a–6f have been more active than
used standard, propafenone [13]. In addition, single intravenous application of the substances 6b, 6c, 6e and 6f,
respectively, to guinea pig model [13] has confirmed their
essential characteristics as β-ARAs – cardioinhibitory effect. The authors of the paper [12] have also suggested that
analogical structures with more bulky substituent attached
to 3´-position of the aromate within 4-phenylpiperazin-1-yl
moiety (8a–8e) could be promising in terms of their influence on cardiovascular functions.

FIGURE 1 – Chemical structure of some selected antagonists of β-adrenergic receptors which exhibit antioxidant properties.

FIGURE 2 – The indication of fundamental chemical fragments within the molecule of carteolol, the β-adrenergic receptor antagonist with
strong antioxidant potential.
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Considering another potential therapeutic use of currently in vitro tested substances, the derivatives 6a–6c have
also shown moderate effect against Gram-positive bacteria,
Escherichia coli and, similarly, the compounds 8a–8b
have shown moderate activity against a yeast, Candida
albicans [14].

2. MATERIAL AND METHODS
2.1 Synthesis and Physicochemical Parameters Determination

The preparation of currently in vitro evaluated compounds labelled as 6a–6f and 8a–8e (Table 1), chemically
1-[3-(2-/3-alkoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(4-fluoro-/3-trifluoromethylphenyl)piperazinium chlorides (where alkoxy=methoxy to propoxy group), their
spectral characteristics as well as elemental analyses data
have been previously published in the literature [12, 15].
The determination of fundamental physicochemical parameters of these molecules, i.e. solubility profile, dissociation constant pKa and lipophilicity descriptors (the
log Pexps estimated by shake-flask method in the octan-1-ol/buffer medium with pH = 7.3, the log k´s from RP-HPLC, the RMs from RP-TLC), with appropriate readouts
can be found in papers [12, 15–17].
Other compounds, which have been used in the in vitro
experiments, were purchased: tyrosine (BDH Chemicals,
UK), 3-nitrotyrosine (Sigma-Aldrich, Germany) and Trolox,
chemically (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Fluka Chemie, Switzerland). All these
chemicals were of an analytical grade.
2.2 The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Reduction Assay

The free radical scavenging ability of tested compounds was determined with the DPPH assay by following
the procedure described by Masteiková et al. [18]. The
solution (200 µL) of respect compound dissolved in ethylene glycol monomethyl ether (c=0.1 mg·mL–1) was
made up to 2.0 mL with methanolic solution of DPPH (c=
0.1 mmol·L–1), one of a few stable organic nitrogen radicals which showed strong visible absorption. After 5 min,
the absorbance value was measured at the wavelength of
517 nm using the UV/VIS spectrophotometer HP 8453
(Hewlett Packard, USA). The decrease in the absorbance
of respect DPPH solution has indicated an increase in the
DPPH• scavenging effect. The reduction of the DPPH•
was calculated relative to the measured absorbance of the
control as means ± standard deviation (SD) of three parallel
measurements according to the equation given below:


Asample 
 × 100
% DPPH = 1 −
 A

control 

where: %DPPH – the percentage of the DPPH reduction; Asample – the absorbance at 517 nm; Acontrol – the absorbance at 517 nm in control measurement.

2.3 The Peroxynitrite Scavenging Potential
2.3.1 Preparation of Solutions

Peroxynitrite solution was prepared by applying
previously published method [19]. Aliquots of H2O2
(c=0.6 mol·L–1) dissolved in HClO4 (c=0.5 mol·L–1) and
NaNO2 (c=0.5 mol·L–1) in water (10 mL each) were precooled to -2 °C and then rapidly mixed. The reaction was
quenched immediately by an addition of 5 mL cold NaOH
(c=3.5 mol·L–1). Unreacted H2O2 was removed by the
treatment with an excess of MnO2 and the solution was
filtered. The concentration of ONOO− ions was determined
spectrophotometrically in alkaline solution using ε302=
1670 L·mol−1·cm−1. Stock solutions were stored frozen at
-80 °C for several months without noticeable decomposition.
Eight microliters of peroxynitrite solution (c=
15 mmol·L–1) in NaOH (c=50 mmol·L–1) were drawn and
rapidly mixed in the injector of the HPLC autosampler
with 42 µL of the tyrosine solution (c=1.0 mmol·L–1) in
80 mmol·L–1 KH2PO4–Na2HPO4 buffer (pH=6.0) containing 0.25 mmol·L–1 of the tested compound and ethylene
glycol monomethyl ether (in a 1:1 ratio with water solution).
2.3.2 Peroxynitrite Scavenging Assay Using HPLC System

The reaction mixture was directly injected in the
HPLC system (HP1100 with an autosampler, a quaternary
pump, a diode-array detector; Agilent Technologies, USA).
The separation was carried out with a Supelcosil ABZ + Plus
column (250 × 4.6 mm, 5 µm particle size; Supelco, USA)
column temperature was set to 25 °C, the mobile phase
consisted of 90 % HCOOH (c=40 mmol·L–1) and 10 %
CH3CN (v/v) at a flow rate of 1 mL·min–1. The chromatograms were detected at the wavelength of 276 ± 20 nm
against the reference wavelength of 600 ± 100 nm. The
activity of the tested compounds was calculated relative to
the measured 3-nitrotyrosine peak area of the control as
means ± standard deviation (SD) of three parallel measurements according following equation:

 AUCsample 
 ×100
% INH = 1 −
 AUC

control 

where: %INH – the percentage of the inhibition of tyrosine nitration; AUCsample – the area under curve of
3-nitrotyrosine peak; AUCcontrol – the area under curve of
3-nitrotyrosine peak in control measurement.
The percentage of inhibition of tyrosine nitration was
compared to that of the Trolox standard.
3. RESULTS AND DISCUSSION

While the β-ARAs are effective in the treatment of
cardiovascular diseases, the real contribution of antioxidant effects for their potency is still unclear, but may constitute a valuable benefit for final healing outcome [3].
Taking into account the general chemical structure of
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classical β-ARAs, which has been indicated for the molecule of carteolol in Figure 2, the capability of investigated
compounds 6a–6f and 8a–8e (Table 1) to act as the antioxidants of the DPPH radicals and the peroxynitrite ions
scavengers could be influenced by following physicochemical and structural aspects: (i) by lipohydrophilic properties of investigated molecules; (ii) by positional isomerism
of alkoxy side chain attached to lipophilic aromatic ring;
(iii) by isosteric replacement of ether bond for carbamoyloxy moiety; (iv) by the hydrogen bonding, electrostatic
and steric effects initiated by (fluorine-containing) substituent which was bonded to the aromate of 4-phenylpiperazin-1-yl fragment.
In addition, on the basis of chemical reactions involved, major antioxidant potential assays can be roughly
divided into two categories [20]: hydrogen atom transfer
(HAT) reaction based assays which quantify the hydrogen
atom donating capacity and a single electron transfer (ET)
reaction based assays which measure the antioxidant´s
reducing capacity. It means that an oxidant abstracts electron from an antioxidant causing (color) changes of an oxidant. The DPPH assay has been previously believed to involve the HAT reaction, however the papers [21–23] have
suggested that given reaction in fact has behaved like the
ET one. Possible impacts of aforementioned factors will be
discussed in the parts below.
The previous research [4] has found out that a number of the β-ARAs have shown concentration-dependent
membrane antioxidant (antiperoxidative) capacity. In terms
of the lipohydrophilic properties, carvedilol and propranolol
have been considered among the most lipophilic β-ARAs
which have shown strong antioxidant potential [24]. In fact,
carvedilol is a compound with log Pexp output (estimated
in octan-1-ol/water partition system) of 3.40 [25], which
is similar to that of propranolol (determined in the range

of 3.12–3.30), as reported in the literature [26]. The research of Butler et al. [24] has pointed out that carvedilol
has fluidized the liposome bilayer and the present lipophilic carbazole moiety (Figure 1) has played the dominant role in that interaction. The carvedilol fragment has
represented the most hydrophilic portion of the molecule
which has been probably executed from the hydrophobic
region of liposome bilayer. However, the differential scanning calorimetry readouts [24] have also revealed that
carvedilol has behaved differently than propranolol. At
lower drug concentrations, carvedilol and propranolol have
appeared to fluidize the bilayer in a similar manner, however, as the drug concentration has increased, carvedilol
has produced stronger effect. Experimental log Pexps [16,
17] previously estimated for evaluated sets 6 and 8 have
been in the interval of 3.25–4.06 (Table 1). These results
have clearly demonstrated that all the tested structures
have been comparably or even more lipophilic than carvedilol or propranolol and they would probably be capable of
perturbing the lipid bilayer. On the contrary, determined
%DPPH and %INH values (Table 1) have revealed that
relatively high lipophilicity could be important but it was
not an essential factor in terms of the abilities of such
basic alkoxy substituted phenylcarbamic acid esters to reduce
the DPPH radicals and to scavenge the peroxynitrite ions as
well. It has to be also taken into the consideration that the
elongation of alkoxy side chain (i.e. the increase in the
lipophilicity) within both tested series 6 and 8 has not
proportionally led to the compounds with more promising
antioxidative potential.
While lipophilicity has facilitated the compound’s perturbation of the lipid (or liposome) bilayer, specific chemical fragments have also been essentially required for the
optimal antioxidant effect in terms of the DPPH radicals
reduction and the peroxynitrite ions scavenging as well. It

TABLE 1 – The potential of evaluated compounds 6a–8e to reduce the DPPH radicals (%DPPH) and to protect tyrosine from the peroxynitrite mediated nitration (%INH).

Entry
R1
R2
log Pexp*
6a
2-OCH3
4´-F
3.61
6b
2-OC2H5
4´-F
3.90
4´-F
4.13
6c
2-OC3H7
4´-F
3.25
6d
3-OCH3
4´-F
3.59
6e
3-OC2H5
4´-F
3.62
6f
3-OC3H7
3´-CF3
3.57
8a
2-OCH3
3´-CF3
3.63
8b
2-OC2H5
3´-CF3
3.53
8c
3-OCH3
8d
3-OC2H5
3´-CF3
3.61
3´-CF3
4.06
8e
3-OC3H7
Trolox
–
–
–
*
The log Pexp readouts of investigated compounds were adopted from the article [16]
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%DPPH
7.6 ± 0.2
5.6 ± 0.2
2.0 ± 0.1
1.3 ± 0.1
1.2 ± 0.1
0.4 ± 0.1
1.1 ± 0.2
1.1 ± 0.2
1.4 ± 0.2
0.8 ± 0.1
0.9 ± 0.1
94.7 ± 0.3

%INH
-10.9 ± 0.3
-10.8 ± 0.3
-8.8 ± 0.4
-10.0 ± 0.6
-6.2 ± 0.2
-8.1 ± 0.3
2.5 ± 0.2
1.0 ± 0.3
2.6 ± 0.4
1.2 ± 0.3
2.3 ± 0.3
51.3 ± 0.2
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has been previously indicated that in the case of carvedilol
this would involve indole-derived carbazole group [24, 27],
for propranolol that fragment would be the naphthalene
moiety [24], as drawn in Figure 1. Current experimental
findings have indicated that ortho-alkoxy positional isomers have been considered more promising than the meta-alkoxy ones in terms of their capability of reducing the
reference DPPH radicals, especially in the series of 6 (Table 1). It could be suggested that an intramolecular hydrogen bond was formed between N–H group of carbamoyloxy
fragment and oxygen atom of present ortho-alkoxy side
chain. The consequence of given process was the creation
of virtual five-membered ring which was directly bonded
to aromatic system. All these intramolecular interactions
have supported the forming of the regions (i.e. the area of
present aromatic ring and the contributions from nitrogen
and oxygen atoms) of negative electrostatic potentials, serving thus as the electron donor site. The presence of such
areas has been previously reported for structurally similar
compounds, procaine, lidocaine and heptacaine, and published in the literature [28]. The existence of the described
electron donor sites has been favorable from the point of
the capability of 6a–6c to interact with the DPPH radicals,
ones of the most commonly used substrates for fast evaluation of antioxidant effect because of their stability (in
radical form) and the relative simplicity of the assay [29],
leading to their reduction. In addition, the reason why, in
general, the compounds 6a–6f have shown stronger potential to reduce the DPPH radicals compared to the molecules 8a–8e has been in the nature of the substitution
within their basic compartment (concerned substituent has
been labelled as R2 in Table 1). Such very essential aspect
is discussed in another section of this paper.
On the other hand, the presence of alkoxy side chain
attached to meta-position of aromatic ring (compounds
6d–6f and 8c–8e, respectively) has been regarded as only
slightly favorable for the peroxynitrite ions scavenging
potential compared to ortho-alkoxy substituted compounds (6a–6c, 8a and 8b, respectively). Following observed experimental results (Table 1), it could be supposed that electronic properties of the substituent within
basic compartment of these ortho-/meta-alkoxyphenylcarbamic acid esters would be more noticeable factor by which
their potential of the peroxynitrite ions scavenging could be
modified.
To be the best of our knowledge, current paper present
the first report about the antioxidant properties of ortho/meta-alkoxyphenylcarbamic acid esters containing 2-hydroxypropane-1,3-diyl connecting chain. In the light of the
ability to act as the reduction agents for the DPPH radicals
and the scavengers of the peroxynitrite ions, isosteric replacement of etheric linkage for carbamoyloxy moiety in the
structure of all investigated compounds 6a–8e has probably
can not be considered favorable structural modification.
Except of strong lipophilicity enhancement, the effect
of fluorine substitution in organic compounds include the
ability of fluorine to participate in hydrogen bonding either

as a hydrogen-bond acceptor or as an inductive activator of
a hydrogen-bond donor group. This behaviour has a substantial effect on the biological activity of fluorochemicals [30]. Fluorine substitution on aromatic substructures
has rendered the remaining aromatic hydrogen substituents
more acidic, so the capacity of such compounds to act as
hydrogen bridge donors has been enhanced. Not only lone
electron pairs of fluorine could act as hydrogen bridge
acceptors but also electron-rich aromatic π electron system
of N-phenylpiperazine fragment.
The Hammett constant σ can describe the influence of
a functional group on acidity or basicity of a neighboring
site and it determines the distribution of partial charges
over the surface of a biologically active molecule, modulating its binding behaviour towards a target structure [30].
The more positive the Hammett sigma constant is, the more
electron-withdrawing influence of respective atom/group is
observed. According to a monography of Kirsch [30], the
value of σ for fluorine atom in 4´-position of aromatic system is +0.06 (compounds 6a–6f), for trifluoromethyl group
attached to 3´-position (8a–8e) is +0.41. For the completeness, the atom of hydrogen has the value of Hammett
constant defined as 0.00. An insight into the chemical
structure of the compounds from the set 8 has indicated
that the ability of fluorines within trifluoromethyl group
to act as hydrogen bridge acceptors has been enhanced
due to strong electron-withdrawing effect and, furthermore, the acidity of aromatic hydrogens let them considered potential hydrogen bond donors.
Following the opinion that the DPPH• reduction has
been regarded as the ET reaction, relatively low σ value
for fluorine atom bonded to 4´-position of aromatic ring
has led to the assumption that the DPPH• as an oxidant
has been able to abstract more easily electron from relatively electron-rich aromatic system of 4-(4-fluorophenyl)-piperazin-1-yl fragment (6a–6f) compared to the compounds bearing 4-(3-trifluoromethylphenyl)piperazin-1-yl moiety (8a–8e). The consequence has been recognizable in higher %DPPH values related to 6a–6f compared
to those entries for 8a–8e.
As mentioned in a previous section of this paper, the
most efficient compounds from the in vitro inspected set
were the ortho-alkoxy substituted ones (6a–6c) which have
shown the %DPPH readouts in the range from 7.6 ± 0.2
(molecule 6a) to 2.0 ± 0.1 (derivative 6c). In addition,
pharmacological experiments have revealed that these
ortho-alkoxy substituted molecules have induced statistically significant decrease in heart rate. Following given
statement, it might be assumed that outlined antioxidant
potential of concerned derivatives could contribute to
their cardioinhibitory effect [13].
Another characteristics of β-ARAs – the ability to antagonize the influence of β-sympathomimetics, has been
previously investigated in vitro for meta-propoxy substituted compound 6f, more specifcally, its capability to
block positive chronotropy involved by isoprenaline. The
estimated value of pA2=9.2 has meant its relatively high
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anti-isoprenaline, i.e. β-adrenolytic efficiency [13]. Following given, indeed, such high β-adrenolytic potency
might not guarantee notable ability to reduce the DPPH
radicals (Table 1).
For the sake of completeness, the %DPPH output estimated for applied standard Trolox, a water-soluble analogue of vitamin E [31], was 94.7 ± 0.3 (Table 1).
Under the experimental conditions used (pH=6.0), the
reaction of tyrosine with the peroxynitrite solution has led
in an almost 3-nitrotyrosine product formation [32]. The
addition of investigated compounds 6a–8e has protected
tyrosine from the peroxynitrite mediated nitration with
varying effect. From the perspective of the substituent selection attached to basic part, the structural differences between
evaluated sets 6 and 8 have resulted in relatively higher
values of %INH for 8a–8e compared to the outputs related
to 6a–6f (Table 1). The molecules from the series 6 have
even catalyzed the nitration process which has been
clearly indicated by negative readouts of %INH. In addition, the %INH outputs assigned to 8a–8e have been lower
in comparison to estimated data for Trolox (%INH=
51.3 ± 0.2). From both evaluated sets of the compounds,
the highest ability to inhibit the nitration of tyrosine has
been noticed for the molecule 8c (%INH=2.6 ± 0.4), as
shown in Table 1.
It has been previously demonstrated [33, 34] that
carvedilol has been almost completely metabolized in vivo
and its 3-hydroxylated analogue, BM-910228 (also known
as SB 211475, a less potent β-blocker) has shown notable
superior antioxidant potency which might significantly
contribute to known therapeutic effects of carvedilol. Similarly, propranolol has been extensively in vivo metabolized
and its relative stable hydroxylated metabolite, 4-hydroxypropanolol, has acted as an extremely potent amphiphilic
antioxidant which might support clinical benefits attributed to propranolol therapy [35]. It could be only speculated whether possible in vivo oxidative hydroxylation at
aromatic ring of N-phenylpiperazine moiety in phase I
metabolism [36, 37] could lead to such metabolites of 6a–
8e which might exhibit pronounced antioxidant effects.
Predominant features of fluorine-containing substituents are their strong electronegativity and extremely low
polarizability. Thus, depending on the interaction partner,
steric interactions can be dominated either by the attractive complementary distribution of partial charges, e.g.
hydrogen bonding to fluorine, or by the strong electrostatic repulsion of tightly bound lone electron pairs in
steric fluorine – fluorine interactions [30]. In the light of
steric properties, simplistic comparison between the
„size“ of hydrogen, fluoro and fluorocarbon substituents
must be made with care. The impact of these features,
which will arise from 2´-position of fluorine (substituent
R2) at N-phenylpiperazin-1-yl [13, 38], on an antioxidant
profile of such substituted derivatives will be discussed
in another research paper.

4. CONCLUSIONS

Considering the important role of the antioxidants in
biological systems, a series of original β-adrenergic receptor antagonists, which structurally belong to the class of
basic ortho-/meta-alkoxyphenylcarbamic acid esters (where
alkoxy=methoxy to propoxy group), has been evaluated in
vitro for its capability to reduce the DPPH radicals as well
as to act as the peroxynitrite ions scavengers. Possible
antioxidant potential of these compounds might contribute,
in part, to their cardiovascular therapeutic benefits. Focusing on chemical structure of investigated molecules, ortho-position of alkoxy side chain attached directly to the
aromate within lipophilic part, the hydrogen bonding ability, electronic and electrostatic effects, which have been
initiated by fluorine-containing substituent bonded to the
aromatic ring of present N-phenylpiperazine fragment, have
appeared to be such essential factors which have formed
their antioxidant profile. Furthermore, following performed
in vitro experiments, it has been suggested that isosteric
replacement of etheric bridge, which the molecules
of classical β-adrenoceptor blockers have usually contained,
for carbamoyloxy moiety has probably not been regarded
as favorable structural modification. Indeed, relatively high
lipophilicity of all the compounds under the study might
not be considered explicit guarantee of their antioxidant
potency. For the sake completeness, in terms of inspected
ability to reduce the DPPH radicals and to scavenge the
peroxynitrite ions, the importance of steric interactions
induced by the substituent attached to N-phenylpiperazine
moiety will be comprehensively interpreted in the future
after publishing other experimental trials.
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